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ZG[ � \�]9^V_a`cbedgfihXjlk6mone_�p�bed�_�qgbrmo^ [l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[ t
ZG[uZ v�wVw _�p�_�qgbexajly�`cdgjzq�{W|V^X} [2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[ ��~

> ��UHIc��7G;�:Q7GA<R�3�UT58I���79;�:QACRT3E793�:QUVAC=H7J: /J�
� �
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~ [ � v nenr}ajW`�jWb�^XjWd [2[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[ � t
~ [uZ \�maqgbrjzp�|H^X}odgdg|X�Td�qg_a^X{zjW^ [2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�ZaZ
~ [u� k�p<�_ w _�p�_�qgbrmo^ [2[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�Z ~

~ [u�G[ � ��hXjW`cbedgfihXj2\�maqgbrjzp�|V^X} [2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�Z ~
~ [u�G[uZ � q�p�_ahVnrjW^V�Vmaqgbrjzp�|V^X} [s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�Zo�

� �OUV������791FIcD���3EUH�#1FIW�C�E7GAL��;� �5F7GRT3E7G3EPSRT5FUVA�1FIWUX:<1FR�3 ?V�
¡G[ � v nenr}ajW`�jWb�^XjWd [2[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�Zat
¡G[uZ ¢ jWd�mo^V_a^X{Wdgbe}o^V_anr£Fmap�`�xamo^�\�jW|Xq�jzpgmo^VjW^�be`¥¤-|Xqg_a^Xmon [l[s[l[2[l[l[2[l[s[2[l[l[l[2[���¦
¡G[u� §©¨Sª¬« jzqghVmG�Xj [s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�� ~
¡G[ ~ v d�]9`c`�jzq�p�brjW`cjzqghXmG�Vj [l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[��a­

� ®�RT5FUVA�1FIWUX:<1FR�3�IQ��7GIWIQ;63�=T7G3¯UH3��C�E7G�#1FIW���°D6RV:C187GA<:Q7G�±�³²��´;�:QUH3ERT5 ��/
­G[ � µXpo�|VhXjzpgjly�^Mq�jzpidg|Vf�hG|V^X}ajW^ [l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[ ~V�
­G[uZ « jWdgdg|V^V}c�Xjzp « _�}o^Xjzq�£8jWn��V_��Hh��_a^X}obe}a¶ajWbrq [l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[ ~ Z

Y 0¸·º¹c²�»¼3�:<7JACIQ;E�C�º;63�=T7G3¯D67JI�Iz:QACUH�E5F793�D6RV:C187GA<:Q7G3°��;�:<UH3�R�5FI �T�
�J[ � ½!brpg¶9|V^X}��Xjzp¾bemo^Vbedgbrjzp�jW^V�XjW^ � q�p�_ahVne|H^X} [l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[ ~ t
�J[uZ �Gw jz¶Gq�pgmod�¶am w b�dgf�hXjly�^Jq�jzp�dg|VfihJ|V^V}ajW^ [l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�¡�¦
�J[u� § jW` w jzp�_�qg|Xp�dgqg_��HbenebrqQ�_�q-�Xjzp ¢ _a�Vbr¶�_anrj [2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�¡a¡

¿ ®�RT5FUVA�1FIWUX:<1FR�3�IQ��7GIWIQ;63�=T7G3¯UH3�Iz:QACUH�E5F793�D6RV:C187GA<:Q7G�À��;�:QUT3�R�5 ��Y
ÁG[ � ¤
jz¶�_a^V^Mq�j ¨ pg}ajz�T^Vbedgd�j [l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�¡o�
ÁG[uZ « jWdgdg|V^V}ajW^���jWb	�zÂ [l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�¡aÁ
ÁG[u� « jWdgdg|V^V}ajW^¼be`¥\Ãbene|Xqgbemo^V`�m9�Xj [l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�­ �
ÁG[ ~ µXp�ma{zjW^ �Gw b�^ « m9�Xj [l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�­ ~
ÁG[u¡ « jWdgdg|V^V}ajW^�{W|Xp ¨-�9§-ª¬§ hXjzmapibrj [l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[�­aÁ
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vs[ � \�jzp	��
�j ª
� jzp��V_a` w £8jzp�¶Jpg]amodgqg_�q [l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[l[s[ ���
vs[uZ \�jzp���
�j�����
�j ª¬« b�dgf�hX¶Gpg]amod�qg_�q [l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[l[s[ ��­

v¸[uZG[ � \�bej � 
¾j ª � 
�j ª¬« b�dgf�hG|V^X}�|H^V���V_ad©\Ãbene|Vqgbrmo^ w p�b�^X{Wb w¥[l[2[l[s[2[l[l[l[2[l[s[ ��­
v¸[uZG[uZ µV|V^X¶Gqgbrmo^XjWnenejzp v |X£F�H_a| [l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[l[s[)Á�¦
v¸[uZG[u� ¤ jzq�pibrjz� [l[l[l[2[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[l[2[l[l[2[l[s[2[l[l[l[2[l[s[)Á ~
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�
U���7G545F7G3���7JACKo791F�C�63E1FI ��?
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*�|Xp�¤
jW_a^Jq
+
mapgqg|V^X} �Xjzp�µXpi_�}aj ^V_af�h �VjW` v |X£F�H_a|¯|V^V�¯�Xjzp � q�p�|X¶Gqg|XpB�Xjzp « _�q�jzpibrj,+ jzp��VjW^
¨.-9w jzp�be`�jW^Jq�jL�H|Xp�f�hV}ajz£i�|VhVpgq�/E�VbejcjWbe^XjW^#¤-nebefg¶�be^ �V_ad10 ^V^Xjzpgj³�Xjzp�{W|�|V^Jq�jzp�dg|Hf�hXjW^V�VjW^32��54 jz¶ ª
q�j¼}ajWd�qg_�q�q�jW^ [ ½!brj�qgbrjz£Ãdgbefih �V_a`cbrq�be^ �Hbrj « _�q�jzpibrj¼jWbe^V�Vp�be^X}ajW^#n¬�_adgd�q�/ h��_a^X}aq6+
jWd�jW^Mqgn�bef�h xamo^
�Xjzp ¨ ^Xjzpg}obej��Xjzplxajzp7+
jW^V�Xjzq�jW^ � mo^V�Vj�_��8/��V_�dgbef�h�_a|X£F}ap�|V^V� xamo^�¤
jW|X}o|V^X}od�j:9�jz¶Gq�jW^#^G|Xpsdgmon ª
f�hVj � q�p�|X¶Gqg|XpgjW^ _a|5;6�mod�jW^ ne_ad�d�jW^</S�XjzpgjW^ v |Vd��XjWhV^G|V^X} `cbrq��Xjzpc½ jWn�nrjW^Vn¬�_a^X}aj¼�Vjzp � mo^V�Xj�xajzp ª
}onrjWbefihM�T_�p-b�d�q [ µ��|Xp-�XjW^³^J|X¶9nrjW_�pgjW^L�V{�+ [ dg|X�H^G|X¶9nrjW_�pgjW^L¤ jzp�jWbef�h>=@? � ¦BA<C �8DFE ��jW�VbrjW^Jq `c_a^³dgbefih
hXm9f�hXjW^Vjzpg}ajzqgbedgfihXjzp6G2_a`c`c_ ª mG�Xjzp § jWben�f�hXjW^Vdgq�p�_ahVnrjW^</��VjzpgjW^H=FpgjWn�_�qgbrxGb�d�qgbedgfihXjzp E 0 ` w |VnedJI �|X��jzp
�VbrjB�Xj�¤
pgma}onebej ª ¤ jz{WbejWhJ|V^V}LKNMPO�QRI jWbe^Xjzp´½ jWnenrjW^Hn¬�_a^X}ajB|V^V�#�V_a`cbrq��Xjzp�`c_ - b�`c_an `O�ma}onebef�hVjW^
v |�;6�modg|V^V}�{W|X}ajzmap��V^XjzqS+¾brp�� [
0 ^ � q�pgjW|Xj -9w jzpibe`�jW^Jq�jW^L+
jzp��XjW^#�VbrjWd�jBhXm9f�hXjW^Xjzp�}ajzqgbedgf�hVjW^ � mo^V�XjW^#_a|X£©�VbrjL{W|#|H^Mq�jzp�d�|Vf�hXjW^H�Xj
« _�q�jzp�brjT=4�H_ad § _�pg}ajzq E }ajWnrjW^V¶Jq�|H^V�2jWd�¶amo`�`sqE{W|2jWbe^Xjzp ¢ jW_�¶Jqgbemo^s{�+¾b�dgf�hXjW^l��jWb��XjW^ [ 0 ` µV_anenrj��Vjzp
jWne_ad�qgb�dgf�hXjW^ � q�pgjW|V|H^X}2dgbe^V���Vbej©kSpgmU4�jz¶Jqgb�nV|V^V� § _�pg}ajzq<4�j�+
jWbened	xamap
|V^V��^V_afihL�XjW` � q�pgjW|Xxamapg}o_a^V}
be�XjW^Jqgbedgfih´|V^V�´|V^Jq�jzp�dgf�hVjWbe�XjW^´dgbefih�^J|Xp	be^´behVpgjW`V0 ` w |HnedE|H^V�¸b�hXpgjzp ¨ ^Xjzp�}obrj [ \�|Vp�f�h�be^VjWne_ad�qgbedgfihXj
� q�pgjW|H|V^X}OhHbe^X}ajz}ajW^�¶C_a^V^#�V_ad § _�p�}ajzq´�H|Xp�f�h��VbrjLxamo` k�pgmU4�jz¶Jqgbenl�|X��jzpgq�p�_�}ajW^Xj ¨ ^Vjzpg}obrjL_a^V}aj ª
pgjz}aqW+
jzp��XjW^</º|V` _a^Vd�f�hVnebej�XajW^V� |V^Mq�jzp v |VdgdgjW^V�V|V^X}Y+ jWbeq�jzpgjzp § jWb�nef�hXjW^ b�^O�XjW^ZGÃp�|V^V�X{W|Hd�qg_a^V�
{W|Xp �|Hfg¶G{W|X¶ajWhXpgjW^</JmG�Vjzp |V`)be^�`�jWhVpgjzpgj�^VjW|Xj § jWbenef�hVjW^c{W|L{zjzpg£F_an�nrjW^ [ \Ãbrj�½¯be^V¶ajWn ª |V^H� ¨ ^Xjzp�}obrj ª
xajzpgq�jWben�|V^X}B�Xjzp ¢ jW_�¶Gqgbrmo^Vd w pgmG�H|X¶Jq�j´n �_adgdgq ¢ �|Vfg¶9dgf�hHn �|Vdgd�j´_a|X£
�Vbrj´\�]9^V_a`cbe¶��Xjzp � q�pgjW|V|H^X}³|H^V�
�V_a`cbeq©�Xjzp¾d�qg_�q�q�}ajz£4|V^V�XjW^VjW^�½ jWf�hVdgjWn�+¾brpg¶9|V^X}�{W| [
¨[-Gw jzp�be`cjW^Mq�jWnen���jWd�qgbe`c`¸q\+
jzp��XjW^�h��_a|5]H}O�Vbej³µXmapi`�£F_�¶Gq�mapgjW^ �Xjzp § _�pg}ajzqgdc_a|Vd´�XjW^�}ajW`�jWd ª

d�jW^XjW^#½!brpg¶9|V^X}od7^G|Xjzp�d�f�hV^Vbeq�q�jW^</��Vbrj³d�m_+
mohVn-�Vbrj � q�pgjW|V|V^V}�_a^#jWbe^Xjzp¸_a|Hd�}ajW�XjWhV^Jq�jW^3`�_a�V|V^V}od ª
xajzpgq�jWben�|V^X} ��jWdgfihXpgjWbr��jW^V=@a jWnrjz¶Gq�p�bed�f�hXjzp³µXmap�`�£4_�¶Jq�map_a E /-_an�d�_a|Vfih°be` µV_anen¾jWbe^Xjzp � q�pgjW|V|V^X} `�brq
d w b�^M��jWhV_�£Fq�jzq�jW^ § jWb�nef�hXjW^��Hbrj2½ jWf�hVdgjWn�+¾brpg¶9|V^X}��|X��jzp��Vbrj2`c_�}o^Vjzqgbedgf�hVjW^ « mo`�jW^Mq�js��jzpo�|Vfg¶9dgbefih ª
qgbr}ajW^L=@a `c_�}o^Vjzqgbedgf�hVjzp©µXmap�`�£4_�¶Jq�map_a E [ \�bej « jWdgdg|H^X}�nejzq�{zq�jzpgjzp�£i�|HhXpgq�j�_a|V£��VbrjÃ_a^Xmo`c_anrjW^B`c_�}o^Vj ª
qgbedgfihXjW^ « mo`�jW^Jq�j��Xjzpcb�|X¶9nrjzmo^XjW^</º�Vbrj´¶amo^Vd�bed�q�jW^Jql^J|Xpl`�brqÃjWbe^Xjzp � |X�Td�q�p�|X¶Gqg|XpÃ�XjWddb�|X¶Gnejzmo^Vd
jzpg¶9n¬�_�pgq1+ jzpi�XjW^ ¶º�mo^V^XjW^ [E« jWdgdg|V^X}ajW^��Xjzp � q�p�|V¶Jqg|Xp�£F|V^V¶Jqgbrmo^ C b�^ �Xjzp�be^XjWn�_ad�qgbedgfihXjW^ ¨ nrjz¶Jq�p�mo^ ª
b�|X¶Gnejzmo^ ª � q�pgjW|V|H^X}�hV_���jW^O}ajz{zjWbr}aq�/��V_adgd��V_adTb�|X¶9nrjzmo^�^VbefihMqÃ_aned�}ajWdg_a`sq�jWds`cbrq��VjW` ¨ nrjz¶Jq�p�mo^
+
jWf�hVd�jWne+¾brpg¶Gq�/ad�mo^V�Xjzp�^��H_adgd	�Vbrj � q�pgjW|H|V^X}Ã_a^´jWbe^XjW` w |V^V¶Jq�£ �map�`cbr}ajW^"*�jW^Jq�p�|V`.jzpg£Fmonr}aq [ \ÃbrjWdgjW`
*�jW^Jq�p�|V` ¶amo^V^Mq�j³�V|Xp�fih �y���jzp w po�|X£FjW^ �Xjzp��-_anene_a^ ª GÃpgmodgdl¤
jz{WbrjWhG|V^X}3=4dgbrjWhXjc{ [ ¤ [gf k6mQx ta¡ih E �Vjzp
�Gw b�^���� Z {W|X}ajzmap��V^Vjzqj+ jzpi�XjW^ [
kmlonqpsr�tut�viw@xzyu{Uw@t|rR}�~myu}����iw�{d��~�xmw@�U�U{i�J}��_xmy��
��~znjr�{�r�{U}�~mw@t�tuw[�:��{�pU�Rxmn���r���~m�Rxmw�{T�:��{W��~�xm�U��~m�ix����U{U��~myu��{iw�{��
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\ÃbrjWdgj�*�jW^Jq�pgjW^c�Tbene�XjW^c�Hbrj��2mo^Vdgqgbrqg|XjW^Jq�jW^��XjzpJb�|X¶9nrjzmo^XjW^L|V^V�6+
jzp��XjW^³_aned��Ã|V_�pg¶9dS��jz{zjWbefihV^Xjzq [
0 ` hVjW|Xq�j¾}º�|Vneqgbr}ajW^ � qg_a^V�V_�p��V`cmG�XjWn�n�+ jzp��VjW^�be^Vdg}ajWdg_a`sq
d�jWf�hHd xajzpidgf�hVbejW�XjW^Xj § ] w jW^ =@a µ ne_Wxamap�d�a E
|H^Mq�jzp�d�f�hVbrjW�VjW^ =4| w /6� mi+¾^</ d q�p�_a^X}aj /Sf hH_�p�` /6q m w / � maq�q�mo` E /��Vbrj³�VbrjBd�qg_�pg¶L+
jWf�hHd�jWn�+¾brp�¶ajW^V�XjW^
§ jWbenefihXjW^Z=@a 
�_a�Xpgmo^XjW^8a E _a|X£F�H_a|XjW^¼|H^V��{W|VdQ�_�q�{Wn�bef�h�{W|��XjW^ ¨ br}ajW^Vd�f�hV_�£Fq�jW^ « _adgd�j /�`�_a�V|V^V}�|V^V�
�9w be^��V|Xp�fih��Hbrj�µV_�pg�Hne_a�H|V^X}>=Fpgmaq�/�}ajWnr�8/��Hn�_a| E fihV_�p�_�¶Gq�jzp�bedgbejzpgqW+ jzpi�XjW^ [ \Ãbrj�µXjWne��^G|V_a^Jq�jW^ �Xjzp
dgqg_�pg¶ajW^ ½ jWf�hVdgjWn�+¾brpg¶9|V^X}³dgbe^V���Vbrj�d�ma}ajW^V_a^V^Jq�jW^ GÃn�|Xmo^XjW^</ + jWnefihXj�d�jWnr��jzpÃµV_�pg�Hne_a�H|V^X}�q�pi_�}ajW^
|H^V���V_a`�brq¾^VbefihMqÃ^G|Xp¾{�+¾b�dgf�hXjW^��XjW^��Ã|V_�pg¶9d©xajzpi`cbrq�q�jWne^</�d�mo^V�Xjzpi^�_a|Vfih�|H^Mq�jzpgjWb�^V_a^V�Xjzp�+ jWfih ª
dgjWn�+¾brpg¶ajW^ ¶��mo^H^XjW^ [ \�_ad´½ jWfihVd�jWn�+�brpg¶9|V^X}od w maq�jW^Jqgbe_an�{�+�bedgf�hVjW^��XjW^��Ã|H_�pg¶Gd\+¸�_afihVd�q�`cbrq��XjW`
v �Hd�qg_a^H�</Sd�m �V_adgdcjWdc^VbefihMq�` �ma}onebef�h b�d�q�/	jWbe^X{zjWne^Vj��Ã|V_�pg¶9d�_a|Vdc�XjW` hV_a�Xpgmo^Vb�dgf�hXjW^ � jzp��H_a^V�
{W|On¬�mod�jW^ =@a �
mo^�]T^XjW`cjW^Mq�a E [ ¤ jWb v ^V^��_ahXjzp�|H^X}�hVbe^X}ajz}ajW^ +¾brp��¼�Hbrjl¤-be^V�V|V^V}cdgf�h�+¸�_af�hVjzp�|V^H�¼�Vbrj�2|V_�pg¶9d-¶��mo^V^VjW^ +¾brjW^G|V_adgbr£FpgjWbrj § jWbenef�hVjW^���jWhV_a^V�XjWnrq�+
jzp��XjW^L=@a _ad�]9` w q�maqgb�dgf�hXj�µXpgjWbehVjWbrq�a E [
b�jz��jW^��VjW^ d�ma}ajW^V_a^H^Mq�jW^ � _anrjW^V{�^J|V_�p�¶Gd�/6�Vbrj³�Vbrj��Ã|H_a^Mq�jW^X{W_ahHnrjW^��VjWd\b�|X¶9nrjzmo^Vd�_a|Vdg`c_afihXjW^</
j - bed�qgbejzpgjW^L^VmGfihLx9brpgqg|VjWnenrj	�Ã|H_�pg¶ ª¬v ^Jqgbe^J|H_�pg¶ ª k _a_�pgj"=�^ ^ E /X�Vbej�_a|X£F}ap�|V^V�³�Xjzp�y�^Vdgf�hE�_�pg£8jzp�jWne_�qgbrmo^
_a|Hd2�XjW` � _�¶9|V|V` jW^Vd�q�jWhVjW^ ¶��mo^H^XjW^ [ \ÃbrjWd�j � jzj�^G|V_�pg¶9dlnebrjz£Fjzp�^ `cbrq2�XjW^ZG2ne|Xmo^XjW^�{W|Vdg_a`�`�jW^
¤
jWbrq�p �_�}aj�{W|XpW0 ` w |Vned�xajzp�q�jWbene|V^X}³be` 
�_a�Vpgmo^ [ y�` jWb�^ jWbe^X£4_af�hXjzpgjWd2¤-ben��Oxamo` v |X£F�H_a| �Xjzp 
�_ ª
�Vpgmo^XjW^�{W|O��jz¶amo`c`�jW^</Vp�jWf�hV^XjzqÃ`c_a^O�Vbrjd0 ` w |Vn�dg_a^Mq�jWb�nrj2�Xjzp�GÃn�|Xmo^XjW^�|H^V� � jzj�^G|V_�pg¶9d©{W|��XjW^
� _anejW^X{�^J|H_�pg¶Gd�|V^V��jzp�h��_anrq��V_a`cbrq��Vbrj
�lmo^Vd�qgbrqg|XjW^Jq�jW^�^G|V_�pg¶9d�/T�Hbrjs�Vbrj¸}onrjWbefihXjW^��2|V_a^Mq�jW^V{W_ahVnrjW^
+�brjc�Vbrj � _anrjW^V{�^J|V_�p�¶GdlhH_���jW^8/�^J|XpsjWbe^Xj�}ap<�m Xajzpgj « _ad�d�j [ 0 ^ �VbrjWdgjW` ¤-bene� �H_a|XjW^ dgbef�h �Vbrjc¤-_ ª
p�]amo^XjW^�_a|Vd´�XpgjWb��Ã|V_�pg¶9d =�^�^B^ E /	�Vbej « jWd�mo^XjW^ _a|Vd�jWbe^VjW`
�2|V_�pg¶ ª¬v ^Jqgbe^G|V_�pg¶ ª k6_a_�p =�^ ^ E _a|X£@/
+
m9�V|Xp�fihLdgb�f�h³�V_ad-kSpgmaq�mo^B_aned�=4|V|V� E ª /9�V_adJb¾jW|Vq�pgmo^B_anedT=4|H�V� E ª �2mo`¸�Hbe^V_�qgbemo^��V_�p�dgq�jWnenrjW^³n¬�_adgd�q�� [
« brq��VbejWd�jW`��2mo^X{zj w q��Xjzp��2mo^Hd�qgbrqg|XjW^Jq�jW^�^G|V_�pg¶9d�n �_adgd�q�d�bef�h2jWb�^2}apgm Xajzp § jWbeno�Vjzp�be^2�Xjzp�¤-_�pg]amo^VjW^ ª
|H^V� « jWd�mo^VjW^Vd w jz¶Jq�p�mod�¶am w brj�}ajz£4|V^V�XjW^VjW^ § jWben�f�hXjW^ ¶9ne_adgd�b ]H{WbrjzpgjW^#|V^V� b�^ d�ma}ajW^V_a^V^Jq�j « |Vnrqgb ª
w nrjzq�qgd©d�]9d�q�jW`c_�qgbed�f�h¼jWb�^Xmap��V^XjW^ [
\�bej�qgbrj:]�^XjWne_ad�qgbed�f�hXjW^ � q�pgjW|Xj -9w jzp�be`�jW^Jq�j�hH_���jW^³}ajz{zjWbr}aq�/V�H_adgd-�Vbrj1= � _anejW^X{ ª E �Ã|V_�pg¶9d-_aned
jWnrj ª

`cjW^Mqg_�pgj § jWb�nef�hXjW^ =4� [ h [ mohH^Xjj+
jWbrq�jzp � |X�Hd�q�p�|V¶Jqg|Xp E _a|V£8}ajz£4_adgd�q + jzp��VjW^c¶º�mo^V^XjW^ [ \Ã_ad ��jW�XjW|Xq�jzq�/
jWb�^Xj ¨ p�h��mohG|V^X}��XjWd v |�;6�modg|V^V}od�xajzp�`��ma}ajW^Vd��V|Xpif�h � q�jWbr}ajzp�|V^X}O�Xjzp�k�pgmU4�jz¶JqgbenejW^Xjzpg}obrjc£ �|VhXp�ql{W|
¶ajWb�^XjW` {W|Vd �_�q�{Wneb�f�hXjW^>0 ^X£Fmap�`c_�qgbrmo^Hd�}aj�+¾be^V^ [ \Ã|Xp�fih �Gw be^ w mon�_�p�bedg_�qgbrmo^�xamo^ kSp�mU4 jz¶Gqgben |V^V� § _�p ª
}ajzq�¶�_a^V^�`c_a^O�Vbrjl��jWb��Vjzp�|V^ w mone_�pibedgbrjzpgq�jW^ � q�p�jW|V|V^X}�_a|V£8q�pgjzq�jW^H�Xj « brq�q�jWne|V^V} �|X��jzp¾_anenrj �Gw be^ ª
{W|Hd�qQ�_a^V�Xj�xajzp�`cjWbe�XjW^�|V^V���H_a`cbrq jWbe^XjW^�{W|HdQ�_�q�{WnebefihXjW^ck _�p�_a`�jzq�jzp ] - bejzpgjW^ [av |HdS�XjW` =4�Vb�9�jzpgjW^Jqgb ª
jWn�nrjW^ E ½!brpg¶9|V^X}od7^G|Xjzp�dgfihV^Vbrq�q-d�monefihXjzp��Vm wVw jWnrq w mon�_�p�bedgbrjzp�q�jW^Lqgbej:]T^XjWne_ad�qgb�dgf�hXjW^ � q�pgjW|V|V^X}cn�_adgd�jW^
d�bef�hL�Vbrj©d w b�^V_��Hh��_a^X}obe}ajW^ � q�p�|X¶Gqg|Xpg£4|V^X¶Gqgbrmo^XjW^�� C |V^V��� � ��jWd�qgbe`�`�jW^</s+ ma��jWbHjzp�d�q�jzpgj v |Vd�dg_�}ajW^�|V��jzp��Vbrj v |Vdgp�bef�hJqg|V^X}L�Xjzp��2|V_�pg¶9d w be^Vd©pgjWne_�qgbrx�{W|Xp�b�|X¶Gnejzmo^XjW^Vd w b�^Xp�befihMqg|V^V}�jzpine_a|X�Vq [ \�_adT0 ^ ª
q�jz}api_an xamo^�� C =�� E �|V��jzpÃ�Vbrj´¤z4W�map�¶ajW^<a dgf�hVj � ¶C_anejW^Mx�_�p�be_��Hnej
� ��jWdgfihXpgjWbr�Vq��V_���jWbE�Hbrj � |V`c`�j´�Xjzpd w be^V_��Hh �_a^X}obr}ajW^ « mo`cjW^Mq�j�_anenrjzp��Ã|V_�p�¶ ;T_Qxamap¾be` b�|X¶9nrjzmo^��
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¤
jzpo�|Hfg¶9dgbef�hJqgbr}aq[+
jzp��XjW^�_anenrjzp��Vb�^X}od	`c_ - be`c_anX�Vbrj©dgq�p�_a^X}aj ª � jzj�^G|V_�pg¶�_a^Mq�jWb�nrj /M�V_l�Hbrj ¨ pg{zjW|X}o|H^X}od ª
+-_ahXp�d�f�hXjWbe^Hnebef�hV¶ajWbrq��Xjzp2dgfih +
jzpgjW^ µ ne_Qxamap�d2_a|X£F}ap�|V^V��behXp�jzp�hXmohVjW^ « _adgd�jcdgjWhXpÃ}ajzp�be^X}�bed�q [ \Ãbrj
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¡
d ª¬v ^Mq�jWb�nrj�dgbe^V��j -Gw jzp�b�`�jW^Mq�jWn�n
^G|Xp�dgfih +
jzpc{W|X}H�_a^X}on�bef�h</ `c_a^���jzq�p�_afihMq�jzq��H_ahXjzp��Vbrj�\Ãb 9�jzp�jW^X{
�Xjzp2��jWbe�XjW^ 0 ^Jq�jz}ap�_anrj /��Hbrj�b�^O�Xjzpldgma}ajW^V_a^V^Jq�jW^ ¤84Q�mapg¶ajW^<a d�f�hXjW^ � |V`c`�jW^Xp�jz}ajWnE`cbeq��XjW^��2m wHwXª
ne|V^V}od�¶amo^Vd�qg_a^Jq�jW^ �XjWd\*�jzpg£F_an�nedÃ�XjWd2£FpgjWbrjW^>b�jW|Xq�pgmo^Vd � � |H^V����� be^L*�|Vdg_a`c`cjW^VhV_a^X}B}ajz�Vp�_afihMq+
jzp��XjW^ f ¤z4Q�m ­a­ /�¤z4Q�m �C¦Uh
� C
� � �! �"$#%"'&C =�� E)( ��� � C

� �!13254 #% �"'&C =�� E)( � M �
­
���� � �� � ���� � ���
	���
�� 7��� � � 6 ¡aZ�� 	���
�� 7��� � � � 6 6 6�� 6

¨.-9w jzp�be`�jW^Jq�jWnen�bed�q©�HbrjWd�j � map�hXjzpidg_�}ajl�Hbed�ne_a^X}´mohV^Xj2½!be�Xjzp�d w po�|VfihXjÃ}ajz�Hnebrjz��jW^�� [
¤
jzq�p�_afihMq�jzq¾`�_a^L�XjW^ G�jWdg_a`¸qgd w be^³�XjWdJb�|V¶Gnrjzmo^Hd�/Jd�m�`¸|Hdgd d�bef�hL�VbrjWd�jzp-_a|Vd
�XjW^ �Gw be^V_a^Jq�jWbenrjW^

�Xjzp��lmo^Vd�qgbrqg|XjW^Jq�jW^¼_a|X£F�H_a|XjW^8/V� [ h [��� M C� = *�+-, * ( , *0/ E ,�*�� ,! #" �%$ M C�'&
+
ma��jWb *�� �Vbrj\G2ne|Xmo^XjW^V_a^Jq�jWbenrj2|V^H�  #" � $ ¤
jWbrq�p<�_�}ajsxamo^�¤-_ahV^V�Xp�jWhVbe` w |Hned�jW^c��jzpo�|Hfg¶9dgbef�hJqgbr}ajW^ [
¤-nrjWbr��jW^�hVbejzpg+¾brj2xamo^ ¨ nenebed-|V^H�)(o_U9�j w mod�qg|Vnebrjzp�q
�Vbejl¤ jWbeq�p<�_�}ajs�Xjzp¾d ª �Ã|V_�pg¶9d©|V^J��jzpa�|Vfg¶9dgbefih ª

qgbr}aq�/Hdgm�n¬�_adgd�q©d�bef�h�£ �|Xp©�Vbej � |V`c`�jl�Xjzp�| ª |V^V�B� ª �Ã|H_�pg¶J��jWbrq�pC�_�}aj2jWbe^B½ jzpgq¾xamo^
*�+�, * ( M ¦ 6 ¡o��t+*�¦ 6 ¦oZa¡

��jzpgjWf�hH^XjW^ f ¨ ( � ~ h [ \Ãbrj2j -9w jzpibe`�jW^Jq�jWnenrj �y¾��jzp w pa�|X£4|V^X}s£ �|VhXp�q�j2{W|�jWbe^XjW`�½ jzpgq¾xamo^ ¦ 6 �at,*�¦ 6 �a�
|V^V���XjWf�¶Jq2dgbefih be` ¢ _ahV`�jW^��Xjzp2µXjWhVnrjzp�}apgjW^X{zjW^ ^VbefihMqÃ`cbrqÃ�Xjzp � map�hXjzp�dg_�}aj [ \ÃbrjWdgjzpÃy�`cd�qg_a^H�
+¾|Xpi�Xj�� taÁo� _aned �9w be^X¶Gp�bed�j���jz¶C_a^V^Jq f v dgh ÁaÁ /�
�|X} ÁaÁih [
\�jzp *�|X}o_a^V}�{W|´�XjW^�d w be^H_��Hh��_a^X}obr}ajW^�G�p<�m XajW^�be^ w mone_�p�bed�brjzpgq�jW^ � q�p�jW|Xj -Gw jzp�b�`�jW^Mq�jW^¸}ajWdgfihVbrjWhJq

�|X��jzp¾�Vbej « jWdgd�|V^X}cxamo^ v d�]9`c`�jzq�pibrjW^¼be` v |Vd�}o_a^V}od�¶C_a^H_an [T« jWdgd�}ap<�m Xaj�bed�q¾hHbrjzpg��jWb��Vbrj1*	�_ahHnrp�_ ª
q�jW^V_ad�]9`c`�jzq�pibrj -+.

M0/21 � / A/21 , / A &
�Vbrj��Vbej
\Ãb 9�jzpgjW^X{©�Xjzp *S�_ahVnrp�_�q�jW^���jWb9|V^Mq�jzpidgf�hVbejW�Vnebefih�_a|Hd�}ajzp�befihMq�jzq�jW` �Gw be^��XjWd § _�pg}ajzqgd�_a^X}obe�Vq [
\Ãbrj w hJ]Gd�br¶C_an�bedgf�hVj v d�]G`�`�jzq�p�brj

-
£Fmonr}aql�V_�pi_a|VdÃ�V|Xp�fih��lmapgpgjz¶Gqg|Xpl_a|X£ �Hbrj�^Hbef�hJqÃxamonened�qQ�_a^V�Hbr}aj

k6mone_�p�bed�_�qgbrmo^4365 �XjWd § _�pg}ajzqgdL=F}a}a£ [ _a|Vf�h!�XjWd³kSpgmU4�jz¶Gqgbened�/7398 E |V^V�°�XjWdBd�ma}ajW^V_a^V^Jq�jW^!\�b�ne| ª
qgbrmo^X£4_�¶Gq�map�d+: /T�Xjzp��H_ad � jzp�h �_aneqg^Vbed¾�Vjzp w mone_�p�bed�brjzpg�H_�pgjW^ § _�pg}ajzq�q�jWbenefihXjW^�{W|��Xjzp�jW^ G�jWdg_a`¸q�{W_ahVn
_a^X}obr�Hq�/ -!; �3 5=< 3 8>< : < -?.
\�jzp¼µXjWhVnrjzpB��jWb¾�VjzpB¤
jWd�qgb�`c`¸|H^X}��Xjzp w hJ]9dgbr¶�_anebedgfihXjW^ v d�]G`�`�jzq�p�brj bed�qY+ jWd�jW^Jqgnebefih¯}ajz}ajz��jW^
�V|Xpif�h¼�XjW^�dgqg_�qgbed�qgbedgfihXjW^�µVjWhVnrjzp¾�Xjzp�*	�_ahVnrp�_�q�jW^H_ad�]G`�`�jzq�p�brj

*
-A@ �3 5 : < * - . @ �3 5 : < �B /21 , / A

; �3 5 : < �B C &
+
ma��jWbE�Vbrj « jWdgd�{zjWbeq C w pgm w mapgqgbemo^V_anº{W|Xp v ^X{W_ahHn��Xjzp ¨ pgjWbr}o^Hbedgd�j = /21 , / A E bed�q [ ¤ jWbExamapg}ajz}aj ª��jW^XjW^¼µXjWhHnrjzp *

-
}obenrq�£ �|Xp©�VbrjÃ��jW^ �maqgbr}aq�j « jWdgdg{zjWbrq

C ; � �365D: � � 6E�F�yu{Uw�{ JG E w@x5Eit�yu�
� J�OE w@x�viyuwHF5xm��w9EU{Uyu}�}�w viyuw�} E w9G>J�U��t�yu�
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\Ãbrj�^G|V_a�Xp�_�qgbed�f�hXj v �Th��_a^X}obr}a¶ajWbrq
xamo^ § _�p�}ajzq w mon�_�p�bedg_�qgbrmo^B|V^H�L\Ãbene|Vqgbrmo^X£4_�¶Jq�map {zjWbr}aq��Vbrj�½¯befih ª
qgbe}a¶ajWbrq	�VbrjWd�jzp G�p<�m XajW^´£ �|Xp	�V_ad � q�pgjW|Vj -Gw jzp�be`cjW^Mq [ � mo` qg_�pg}ajzq�q�jWf�hH^Xmonrma}obedgfihXjW^ � qg_a^V� w |V^V¶Jq6_a|Vd
` �|Vdgd�jW^�_aned�m « _�q�jzp�be_anebejW^���jzp�jWbrq�}ajWd�q�jWnenrq1+
jzp��XjW^</	�VbrjB^Xjz��jW^#jWbe^XjzpchXmohVjW^#k6mone_�pibedg_�qgbrmo^ _a|Vfih
jWb�^XjW^ hXmohXjW^�\Ãbene|Xqgbrmo^V£F_�¶Gq�map¸_a|X£�+
jWbed�jW^ [ 
�mohXj³kEmon�_�p�bedg_�qgbrmo^VjW^ ne_adgdgjW^ dgbefih `cbeqs�Xjzp « jzqghXm9�Xj
�Vjzp¸\�]G^H_a`cbedgfihXjW^Lb�|X¶Gnejzmo^XjW^ w mone_�p�bed�_�qgbrmo^$=FxJ}on [ �l_ w brq�jWn Z E jzpg{WbejWnrjW^</��XjzpgjW^ � jzp�d�qQ�_a^V�H^Vbed2£i�|Xp
�Hbrj\2 w qgbe`�brjzp�|V^X}��VbejWd�jWd¾k _�p�_a`�jzq�jzpid¾xamo^O}ap�|V^V�Hnrjz}ajW^V�Xjzp©¤
jW�XjW|Xqg|H^X}Lbedgq [ \�jzp�\Ãbene|Xqgbemo^X£F_�¶Gq�map
b�d�q´jWbe^Xj¼`c_�q�jzp�b�_ane_��Hh��_a^X}obe}ajFG�p<�m Xaj /�{W|��XjzpgjW^N2 w qgb�`cbrjzp�|V^V}O}ajzjWbr}o^Vjzq�j « _�q�jzp�be_anebrjW^�}aj�+��_ahVnrq
+
jzp��XjW^!` �|Hdgd�jW^ [ ½ jWbrq�jzpgj v ^V£8map��Vjzp�|V^X}ajW^¯_a^!�V_ad « _�q�jzp�b�_an�d�be^V�°jW^X}#`�brq³�VjW` ¨ be^Vdg_�q�{ be^
v d�]9`c`�jzq�p�bejW`�jWdgdg|V^V}ajW^Bxajzpg�H|V^V�VjW^</Xbe^ + jWn�f�hXjW^�{W|Vp « b�^Vbe`cbrjzpi|V^X}¸dg]Gd�q�jW`�_�qgbedgf�hVjzp�µXjWhVnejzp¾�Vbrj
k6mone_�pibedg_�qgbrmo^Vdgp�bef�hJqg|V^X}Ã�XjWd § _�pg}ajzqgd h��_a|�]H}2}aj�+
jWf�hVdgjWnrq[+¾brpi� [ `E_a^X}aj ¢ jWne_ - _�qgbemo^Vd�{zjWbrq�jW^cd�be^V�´be`
dgma}ajW^V_a^V^Jq�jW^LµXp�ma{zjW^ �9w be^ « mG�Vj\=FxJ}on [ �l_ w beq�jWn ÁG[ ~ E xamo^L¤
jW�XjW|Xqg|H^X}5/J|V`)�VbrjT*�jWbrqg_��Hd�qQ�_a^V�Vj /Mbe^
�VjW^XjW^��Vbrj § _�pg}ajzq w mone_�p�bed�_�qgbrmo^�_a|X£F}ajz�H_a|Xqj+
jzp��XjW^¼`�|Vdgd�/V`��ma}onebefihVd�q�}ajzp�be^V}�{W|¼hV_anrq�jW^ [
\�bej�y�^Jq�jzp�dg|Hf�hG|V^X}O|H^V�Z2 w qgbe`�brjzp�|V^X}��Xjzp�k6mone_�p�bedg_�qgbemo^Vd�jWbr}ajW^Vd�f�hV_�£Fq�jW^ xajzp�d�f�hVbrjW�VjW^Xjzp § _�p ª

}ajzqg`�_�q�jzp�be_anebrjW^�bed�q�G�jz}ajW^Vdgqg_a^V���Xjzp�µXmap�dgfihJ|V^V}��Xjzp¾¤
m9f�hG|V`�jzp�k §-ª G�p�| wVw j [
\�bej�xamap�nebrjz}ajW^V�Vj v pg��jWbrqÃ��jWdgf�hE�_�£8qgbr}aq¸dgbef�h `�brq2�XjW^ k6mone_�p�bed�_�qgbrmo^Vd�jWbr}ajW^Hdgf�hV_�£Fq�jW^ d�mi+ mohHn	xamo^

fihXjW`cbed�f�h¼_aned¾_a|Vf�h�xamo^�d�q�p�_ahHnrjW^V�Xmaqgbrjzp�q�jW` \ ª ¤
|Vqg_a^Xmon [ \Ã_ad�}ap�|V^V�Vd<�_�q�{Wnebef�hVjT0 ^Jq�jzpgjWdgd�js_a^O�Vbrj ª
dgjW`�����jzp�jWbrqgdÃbe^�xGbrjWnejW^ q�jWbenef�hVjW^ w hJ]Gdgbe¶C_aneb�dgf�hXjW^ ¨.-9w jzp�be`�jW^Jq�jW^�jzpg£8mone}apgjWbef�h _an�d § _�pg}ajzqsjWbe^X}aj ª
dgjzq�{zq�jW^�� « _�q�jzpibe_anXbed�q v ^X£F_a^V}Ã�Vjzp t�¦ jzp (o_ahXpgj�+¾bejW�Xjzp	_a|X£8}ajzq�p�jzq�jW^</M_aned dgbefih�be^´`cbrq �XjW` f�hVjW`cb ª
d�f�hXjW^ ¢ _a�Vbr¶�_an ¨ \Ã¤ v �Xmaqgbrjzp�q�jW` \ ª ¤
|Vqg_a^Xmon�jWbe^�_a^Xmo`c_anejWd�kEmon�_�p�bedg_�qgbrmo^Hd�xajzp�hV_anrq�jW^³��jz{X�|X}oneb�f�h
�Vjzp « _�}o^Vjzq�£8jWne�H_��Hh��_a^X}obr}a¶ajWbeq¾{zjWbr}aq�j / + jWnefihXjWd¾b�` ¢ _ahV`cjW^¼�Xjzp¾}H�_a^V}obr}ajW^ � map�dgq�jWnene|V^X}ajW^�^Vbef�hJq
jzp�¶Gn¬�_�p�q +
jzp��XjW^³¶amo^V^Jq�j [�� mo^��Vjzp
d�]9d�q�jW`c_�qgb�dgf�hXjW^By�^Mq�jzpidg|Vf�hG|V^X}��VbejWd�jWd ¨ 9�jz¶Gq�jWd�+¾brpi�cjzp�hXms9�q�/
`cjWhXp´�|X��jzp©�Vbrj « jWf�hH_a^Vbedg`�jW^��Xjzp¾\�b�k°{W|¼jzp�£F_ahXp�jW^ [ *�|¼�VbejWd�jW`P*�+
jWfg¶ +¾|Xpi�XjW^�be` ¢ _ahV`�jW^
�HbrjWd�jzp v pg��jWbrq6`c_�}o^Xjzq�£FjWne�V_��HhE�_a^X}obr}aj k6mone_�pibedg_�qgbrmo^Vd�`�jWdgdg|V^V}ajW^¸_a^´`cbrq6�XjW^¸}ajz�Vp<�_a|VfihVnebefihXjW^ ¢ _ ª
�Hbr¶C_anejW^ kEmap w hM]Gpgj - be�</ §©¨ « k�2 |V^H� ¨ \Ã¤ v �Xmaqgbrjzpgq�jW` \ ª ¤
|Vqg_a^Xmon��H|Xp�f�hV}ajz£ �|VhVpgq [ y�` �XjW^
¨ be^�;T|Hdgd-�VbrjWd�jzp ¢ _a�Vbr¶�_anrj2jWbe^Xmapi�V^XjW^³{W|¼¶ �mo^V^XjW^</Vb�d�q¾|V^V�Vmaqgbrjzpgq�jWd©\ ª ¤-|Xqg_a^XmonE`cbrq©hXm9f�hXjW^Vjzpg}aj ª
qgb�dgf�hXjW^ ¨ nrjz¶Jq�p�mo^XjW^´��jWd�q�p�_ahVnrq�+ mapi�XjW^</a|V`.jWbe^XjW^´_a^V�Xjzp�jW^</a^Vbef�hJq	`c_�q�jzp�be_ane£8pgjW`��XjW^ ¢ _a�Vbr¶�_anrq¬] w
{W|sjzpg{zjW|X}ajW^ [ *�|V` � jzp�}onrjWbef�h�`cbrq��VjW^sf�hVjW`cbedgfihs�Xmaqgbrjzp�q�jW^ � |X�Td�qg_a^X{zjW^lbedgq�_a|Vf�h��VbrjWdgjWd « _�q�jzpibe_an
`�_�}o^Xjzq�£8jWn��V_��Hh��_a^X}obe}c|V^Mq�jzpidg|Vf�hJqg+
map��XjW^ [
*�|V` � jzp�d�q �_a^H�V^Vbed��Xjzp�kEmon�_�p�bedg_�qgbrmo^Hd�jWbr}ajW^VdgfihV_�£Fq�jW^¼bed�q©be^ �s_ w brq�jWn Z jWbe^¼¶G|Xp�{zjzp v �Hp�bedgd �|X��jzp

�VjW^ « jWf�hV_a^Hbedg`�|Vd-�Xjzp
\�]9^V_a`cbed�f�hXjW^ b�|V¶Gnrjzmo^VjW^ w mone_�p�bedg_�qgbemo^�}ajz}ajz��jW^</X�XjW`�dgbef�h v |Vd�£i�|VhXp�|V^ ª
}ajW^ �|X��jzp©�V_ad § _�pg}ajzqg`c_�q�jzp�be_an6¤-|Xqg_a^Xmon�|H^V���XjWdgd�jW^�kSp<�_ w _�pi_�qgbrmo^�_a^VdgfihVnebrj�XajW^ [
� mo^�}ap�|H^V�Vnrjz}ajW^V�Vjzp�¤
jW�XjW|Xqg|V^X}Ãbed�q6�Vbrj « jWdgdg|H^X}��Vjzp6k6mone_�p�b�dg_�qgbrmo^s�VjWd�b�|X¶9nrjzmo^XjW^Vd w be^Vd�]9d�q�jW`cd [
0 ^��l_ w beq�jWn ¡ +¾brp��Ã�V_�pi_a|X£JjWb�^X}ajz}o_a^X}ajW^</�+�brjSdgbefih2_a|Vd��XjW` � jzpine_a|X£9�XjWd8b «O¢©ª¬v �Hdgmap w qgbrmo^Vd�dgbr}o^V_aned
�Hbrj�k6mone_�p�bed�_�qgbrmo^ ��jWd�qgbe`�`�jW^ n¬�_ad�d�q [ \Ãbrj³`c_�}o^Xjzq�£FjWne�V_��Hh��_a^V}obr}ajW^ k6mone_�p�b�dg_�qgbrmo^Vd�jzp�}ajz�H^Vbedgdgjc�XjWd
fihXjW`cbed�f�h¼�Xmaqgbejzpgq�jW^¼¤-|Xqg_a^Xmoned¾|V^V���XjzpgjW^ 0 ^Jq�jzp w pgjzqg_�qgbemo^¼bed�q©be^ �s_ w brq�jWn ­ �V_�p�}ajWd�q�jWnenrq [
« brqS�Xjzp�£ �|Xp v nr¶amohXmonej©^XjW|XjW^�kSp �_ w _�p�_�qgbrmo^Vdgq�jWf�hV^Vbe¶¸��jWd�q�jWhJqS�V_ad.0 ^Mq�jzp�jWdgd�j /M�Vbej©�V|Xp�fih��XjW^ ¨ nrjz¶ ª
q�p�mo^XjW^Vd�q�p�_ahHnTjzp�{zjW|X}aq�jW^ ¢ _a�Hbr¶C_anej�{W|³¶9ne_adgdgb ]T{WbrjzpgjW^ [G¨
�9¢©ª¬« jWdgd�|V^X}ajW^�hVbrjzp�{W|L|V^H�L{W|Vp § jW` w j ª
pi_�qg|Xp�d�qg_��Hb�nebrqQ�_�q �Vjzp�jzpg{zjW|X}aq�jW^ ¢ _a�Vbr¶�_anrj�d�be^V�³be^ �l_ w brq�jWn � �V_�pg}ajWd�q�jWn�nrq�/�+ map�_a^�d�bef�h��Vbej ¨ pg}ajz� ª
^Hbedgd�j2�Xjzp¾k6mone_�pibedg_�qgbrmo^Vd�`�jWdgdg|V^V}ajW^³b�^ �l_ w brq�jWn Á _a^Vdgf�hHnebrj�XajW^ [
½ jz}ajW^°�Xjzp�}ap�|V^V�Vd �_�q�{Wnebef�hVjW^ ¤
jW�XjW|Xqg|V^X} �VjWd § brjz£Fq�jW` w jzp�_�qg|Xpid�]Gdgq�jW`cd´£ �|Vp��V_adck6mone_�p�b�dgbrjzp ª

q�j § _�pg}ajzq6+¾bep���b�` v ^VhV_a^V} _a|Hd�£i�|HhXp�nebefihXjzp¸_a|V£��V_ad´µV|V^V¶Jqgbrmo^Hd w p�be^V{Wb w |V^H���XjW^ v |X£F�H_a|��Xjzp
¤
m9f�hG|V`�jzp	�2pg]amod�qg_�q�j¸jWbe^X}ajz}o_a^X}ajW^ [
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¤
p�be^X}aq�`c_a^�jWb�^ d w be^J��jWhV_�£8q�jzq�jWd § jWbenefihXjW^ be^#jWbe^ « _�}o^Xjzq�£8jWn��</Sd�m>+¾brpi���Vbej³½ jWfihVd�jWn�+�brpg¶9|V^X}
d�jWbe^VjWd2`c_�}o^XjzqgbedgfihXjW^ « mo`�jW^Jq�jWds`cbeqÃ�VjW` j - q�jzp�^VjW^ µXjWne��� ��jWdgf�hVp�brjz��jW^O�H|Xp�f�h �VjW^ 
�_a`cb�n ª
q�mo^Xm w jzp�_�q�map

� M �! " <  � M � � "  #  � = ZG[ � E
`cbrq��5M�`�_a^V�%$j ª µH_�¶Jq�map�/ # M �Gw be^8/ " M &('�*)�+ M « _�}o^Xjzq�mo^</ D � M « _ad�d�js�XjWd § jWbenefihXjW^Vd [
\ÃbrjWd�j³½ jWf�hVdgjWn�+¾brpg¶9|V^X}O£i�|HhXpgql{W|#jWbe^Xjzp v |V£FhXjz�T|V^X}��Xjzp ¨ ^Vjzpg}obrjzjW^Jqg_�pgqg|V^X} |V^V��¤
b�ne�V|V^X}¼�Vjzp
d�ma}ajW^V_a^H^Mq�jW^,*�jzjW`c_a^V^VbexajW_a|Vd�/V�XjzpgjW^ w maq�jW^JqgbrjWnenej ¨ ^Xjzpg}obrj2�V|Vp�f�h��Vbej ¨ br}ajW^�+ jzp�q�j2xamo^ GÃn [ = ZG[ � E
}ajz}ajz��jW^�bedgq �

, M � � " <�D � 6 = ZG[uZ E
v �Hh��_a^X}obr}�xamo^��Xjzps`c_�}o^Vjzqgbedgf�hVjW^ �Ã|V_a^Jq�jW^X{W_ahVn D d�q�jWnenrjW^ dgb�f�h �V_���jWbj= Z-# , � E �_ ^J|Vb��Vbed�qg_a^Jq�j
*�jzjW`c_a^H^VbrxajW_a|Vd�{W| D M � # & 6 6 6 & , # jWbe^ [
0 ^�jWb�^XjW` § jWbenefihXjW^XjW^Vd�jW`¸�Hnrj�dgbe^V���Vbrjs¤
jWd�jzq�{W|V^V}od�{W_ahVnrjW^ / =., E �VbrjWd�jzpTb�bexajW_a|Vd�b�` qghXjzp�`�b ª

dgfihXjW^ GÃnejWbef�hX}aj�+�bef�hJq©��monrq�{W`c_a^V^Jxajzpgq�jWbeneq-`�brq

/ =., ,0/ , E M / =., ED< j -9w = � / ,1 832 E & = ZG[u� E

+
ma��jWb 2 �VbrjjGÃbrq�q�jzp�q�jW` w jzp�_�qg|Xp�/ / , �Xjzp v �Td�qg_a^V���Xjzp ¨ ^Xjzpg}obejW^VbrxajW_a|Vd6|V^V� 1 8 �Vbej ¤
monrq�{W`c_a^V^ ª
¶amo^Vd�qg_a^Jq�js��jz{zjWbefihV^Xjzq [
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\�bej���jzq�p�_af�hJq�jzq�jW^ / \Ãb w monrj�£i�|HhXpgjW^ {W|�jWbe^XjW` `cbrq�qgnrjzpgjW^�`c_�}o^Xjzqgbed�f�hXjW^ « mo`cjW^Mq´�XjWd ¨ ^ ª
dgjW`s�HnejWd�/5+ jWn�f�hXjWd¾}ajz}ajz��jW^Obed�q��V|Xpif�hZ= 
�jzp�nrjWbrqg|H^X}�dgbrjWhXj2{ [ ¤ [ f GÃpgj ta�ih E �

 �� � $ M = / � " # ED<���� =�� E &
+
ma��jWb��Xjzp�jzp�d�q�j´µV_�¶Gq�mapl�V_ad�`c_ - b�`c_anrj¸`�_�}o^XjzqgbedgfihXj « mo`�jW^Jq2�XjWd ¨ ^Vd�jW`¸�HnrjWd C �H_�p�d�q�jWnenrq�|V^V�
�Vjzp©{�+ jWbeq�j /H�Vbrjld�ma}ajW^H_a^V^Mq�j¸¤ pibenenrmo|Vb�^X£F|H^X¶Jqgbemo^

��� =�� E M � � , �
Z-# �Of�maqgh	� � � , �

Z-# �
���2� �
Z-# f�maqgh

� �
Z-# � `�brq �"M � " # �

1 8 2 6 = ZG[ ~ E

\ÃbrjWdgj�|V^Jq�jzp�d�jzq�{zq��Vbej�`c_ - be`c_an�`��ma}onebefihXj « _�}o^Xjzqgbed�brjzp�|V^X}�|V^V�³d�q�jWnenrq
dgbefihL_aned�
�b�jzq�q�m5a ª¬v |Vdgp�bef�h ª
qg|H^X}L�Xjzp�`c_�}o^Xjzqgbed�f�hXjW^ « mo`cjW^Mq�j��Xjzp § jWb�nef�hXjW^Obe^ =F�H{�+ [ }ajz}ajW^ E �Vbrj ¢ befihMqg|V^V}L�XjWd�j - q�jzpi^XjW^
µVjWne�XjWds�H_�p [ \Ãbrj�¤
jWbrq�pC�_�}aj³�Xjzp¸jWbe^X{zjWne^VjW^ *�jzjW`c_a^V^HbrxajW_a|Vdd+
jzp��XjW^��V_���jWbS`cbrq¸behXpgjW^ `�_�}o^Xjzqgb ª
d�f�hXjW^��2|V_a^Mq�jW^V{W_ahVnrjW^�}aj�+¾b�f�hJq�jzq �

��� =�� E M C��� ) D < / )� ) / ) 6
�9w jz{WbejWnen
jzpg}obr�Vq�dgbefih £ �|Xpc�Vbrj¼be` +
jWbrq�jzpgjW^�_a|VdgdgfihVnebrj�Xoneb�f�h���jzq�p�_af�hJq�jzq�jW^ �Gw be^ ª C� ª |V^H� �9w be^ ª � ª§ jWbenefihXjW^�_a|Vd��VbrjWd�jW^ GÃnejWbef�hG|V^X}ajW^��

� k7 M¯qg_a^Hh � " �
Z 1 8 2 M / k7 � /"A k7/ k7 , / A k7 M ��3 k7 = ZG[u¡ E

� C M ~ < qg_a^Vh���� 8����� 5� , qg_a^Vh � ��� 8����� 5 M / C � / A<C/ C , / � , / A<C M ��3 C = ZG[u­ E

|H^V���Xj:]T^Vbejzpgq
�H_�pa�|X��jzp©�Vbrj2d�ma}ajW^V_a^H^Mq�j�^V_�q��|Xp�neb�f�hXj2k6mone_�p�bed�_�qgbrmo^)3 �XjWd ¨ ^Vd�jW`¸�HnrjWd [
\Ãbrjd`E_a^V�%$j ª µV_�¶Gq�mapgjW^ |V^V� « _�}o^Xjzq�mo^XjW^�dgbe^V�B�V_���jWb �

£i�|Vp ¨ nrjz¶Gq�pgmo^XjW^���� & M Z / " & M " 8 M t 6 Zo� ~V� < � ¦ A � ��� Q 2
£ �|Vp©kSpgmaq�mo^XjW^.� ���cM ¡ 6 ¡aÁ / " �dM "�� M ¡ 6 ¦o¡�¦oÁ < � ¦ A �� !� Q 2
£i�|Vp©\�jW|Vq�jzpgmo^XjW^����#"�M ¦ 6 Áa¡o� / " "SM " �

« _a^�jzpg¶ajW^V^Jqc_a^$GÃn [ = ZG[u¡ E |H^V�3G2n [ = ZG[u­ E /��V_adgd´£ �|Xp�hXmohXjBk6mone_�p�bed�_�qgbrmo^XjW^��V_ad � jzp�h��_aneqg^Vbed�xamo^
`�_�}o^XjzqgbedgfihXjzp�{W|OqghXjzp�`�bedgf�hVjzp ¨ ^Xjzpg}obrjljW^JqgdgfihXjWbe�XjW^V��bed�q�/�� [ h [ `�brq�hXmohVjW^�µXjWne�Vjzp�^O|H^V��qgbrjz£FjW^
§ jW` w jzp�_�qg|Xp�jW^¼ne_adgd�jW^Odgbefih�jW^Mqgd w pgjWf�hVjW^V��hXmohVjsk6mone_�p�bedg_�qgbemo^Vd +
jzpgq�jsjzpgp�jWbef�hXjW^ =FxJ}on [�v �H� [�ZG[ � E [
\ÃbrjWdgj³d�ma}ajW^H_a^V^Mq�j�¤
p�|Xq�j ª µVmap�f�j « jzqghVmG�Xj +¾brpi� { [ ¤ [ xamo^ 
�mo^Vbr}�jzq�_an [ {W|Vp´k6mone_�pibedg_�qgbrmo^�xamo^
�VjW|Xq�jzp�brjzpgq�jW` ½ _adgd�jzp�dgq�ms9���jW^J|Xq�{zq [ \�bej��V_���jWbXxajzp7+
jW^V�Xjzq�jW^ « _�}o^Xjzq�j�hH_���jW^cjWbe^Xj¾µ ne|Vd�dg�VbefihMq�j
xamo^³fz_ [ � Á 2 �Hb�d Z�¦ 2 /9�Vbrj § jW` w jzp�_�qg|XpgjW^Lnebrjz}ajW^�b�` ¤
jzpgjWbefih�xamo^�� ¦ D Â �Hbed Z�¦ D Â f 
¾mo^ ta¡ih [
k%$�tu}��grRtut�w[njrR��{Uw�~my�}��
�Uw@{ IT��ngw@{�~mw �srRx
rRtut�w@t'&er�{�~myu�sr7x
r�tutuw�t)(.G��_x�*�yu�
��~m�U{U�Jviw�}CJrR�!+�w@xmw�{WpUw@t|v_w�}��
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¢ jWb�^�pgjWfihV^Xjzp�b�dgf�h³nebrj�XajW^Ldgbef�h³`cbrq jWbe^Xjzp
µXjWne� ª � § jW` w jzp�_�qg|Xpg¶amo`¸�Hbe^H_�qgbrmo^�xamo^ Z�¦ 2 |V^V�O� ¦ D Â
kSp�maq�mo^XjW^ w mone_�p�bed�_�qgbrmo^XjW^lxamo^ ta­ 6 �
� jzpg{zjW|X}ajW^8/C�Vbej�\�jW|Xq�jzpgmo^XjW^1+¸�_�pgjW^¸{W| �at 6 ��� _a|Vd�}ajzp�befihMq�jzq [

Temperatur [K]  

0.0 0.5 1.0 1.5
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] 
 

0.01

0.1

1

10

100 5.0 T

2.5 T

5.0 T

2.5 T

2.5 T

5.0 T

Brute-Force Werte
10mK, 20T (Honig)

Maximal erreichbare Brute-Force
Werte mit Bochumer Apparatur

Elektronen

Protonen

Deuteronen

v �V�Hbene�H|V^X} ZG[ � ��
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\�jzpJb�_af�hJq�jWben��VbrjWdgjzp « jzqghVmG�Xj�nebrjz}aq
be^c�XjW^�j - q�pgjW` ne_a^X}ajW^ v |V£8�H_a|V{zjWbrq�jW^c£i�|Xp��Vbej¾k6mone_�p�bedg_�qgbemo^</
�Vbrjcb�` µV_anenrj³�XjWd 
�\ ª¬§ _�pg}ajzqgd´`�jWhVpgjzpgjc½ m9f�hXjW^���jzq�p�_�}ajW^ ¶�_a^V^ [ y�^Jq�jzp¸�XjW` G�jWdgbefihMqgd w |V^X¶Gq
xamo^ v d�]G`�`�jzq�p�brjW`�jWd�dg|V^X}ajW^³��jWb � q�p�_ahVnrj -9w jzp�be`�jW^Jq�jW^�ne_ad�d�jW^Bdgbef�hB¤
p�|Xq�j ª µVmap�f�j ª¬§ _�p�}ajzqgd��V_ahVjzp
^G|Xp©dgf�h�+
jzp¾xajzp7+
jW^V�XjW^</V�H_´{W|Xp « b�^Vbe`cbrjzpi|V^X}¸dg]Gd�q�jW`�_�qgbedgf�hVjzp�µXjWhVnejzp�jWbe^�½ jWf�hHd�jWn��Xjzp©k6mone_�pib ª
dg_�qgbrmo^Hd�p�befihMqg|V^V}\+ �|H^Vdgf�hVjW^Vd +
jzpgq bedgq [Gv |5Xajzp��XjW` bed�q-�Vbrj	� �|VhVn�nrjWbed�qg|V^V}2xamo^��lpg]amod�qg_�qgd�]9d�q�jW`�jW^</
�Vbrjc¤-_adgb�d�q�jW` w jzp�_�qg|XpgjW^ xamo^�� ¦ D Â |V^V� �V_�p�|H^Mq�jzp2��jzpgjWbrqgdgq�jWnenrjW^ j - q�pgjW` }ajzp�be^V}5/�d�m��V_adgd2�Hbrj
v |Vd +-_ahVnVxamo^ � q�pgjW|Xj -9w jzp�be`�jW^Jq�jW^�_a|V£�dgmonef�hXjÃ`cbrq d�jWhXp�}ajzpibe^X}ajW^ � q�p�_ahVnedgq�p<�mo`�jW^</M� [ h [ }ajzp�be^V}ajzp
½ �_�p�`�jWne_ad�q¾£i�|Xp©�VjW^ �2pg]amod�qg_�q�jW^8/H��jWdgf�hVp<�_a^X¶Gqg+¸�_�pgj [
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½ jz}ajW^��Xjzp©}ajzp�be^V}ajW^ « _ad�d�js�XjWd ¨ nrjz¶Gq�pgmo^Vd�|V^V���VjW`¥�V_a`cbrq�xajzpg�T|V^V�XjW^XjW^Bh��mohVjzpgjW` `c_�}o^Xjzqgb ª
dgfihXjW^ « mo`�jW^JqEbe` � jzpg}onrjWbefihl{W|��XjW^db�|X¶9nrjzmo^XjW^</Qd�be^V�l�Vbej ¨ nrjz¶Gq�pgmo^XjW^¸dgf�hXmo^s��jWbapgjWne_�qgbrxÃjWbe^V£F_afih
{W| p�jW_anebedgbrjzp�jW^V�XjW^ ¤
jW�Vbe^X}o|V^V}ajW^ xamo^ Z 6 ¡ 2 |V^V� �ºÂ%{W| fz_ [Eta��� w mone_�p�bed�brjzpgq6=FxJ}on [�v �V� [uZG[ � E [
\Ã|Xp�fih jWbe^Xjc�V]G^V_a`�bedgf�hVj « jzqghXm9�Xjc¶�_a^V^ �VbejWd�jchXmohXjck6mone_�p�b�dg_�qgbrmo^ }ajW^G|Xq�{zq¸|V^H� q�jWben�+
jWbed�jc_a|X£
�Vbrjdb�|X¶9nrjzmo^XjW^��|X��jzpgq�pi_�}ajW^ + jzpi�XjW^ [
\Ã_�{W| dgbe^V�O_anenrjzp��Hbe^X}od w mone_�p�b�dgbrjzpg�H_�p�j ¨ nrjz¶Gq�pgmo^XjW^</ w _�p�_a`c_�}o^Vjzqgbedgf�hVj"*�jW^Mq�pgjW^8/T^Xmaq�+ jW^V�Hbr}5/��Hbrj
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�VjW^�_aned § _�p�}ajzqg`c_�q�jzp�be_anebejW^�xajzp7+
jW^V�Xjzq�jW^�\Ãbe_a`�_�}o^Xjzqgbr¶�_Ã{W|X}ajz£i�|HhXpgq + jzpi�XjW^c` �|Vd�d�jW^ [ \ÃbrjWd�j©\�m ª
qgbejzp�|V^X}�¶�_a^V^sdgm_+
mohVnJfihXjW`cbed�f�hs`�brq�jW^Jqgd w pgjWfihXjW^V�XjW^ � |X�Hd�qg_a^V{zjW^ �j=FxJ}on [ �l_ w beq�jWna~ [uZG[ � E _aned�_a|Vfih
b�^X£8mone}aj�xamo^ � f�h �_a�Vbr}o|V^X}��V|Vp�f�h¼bemo^Vbedgbrjzp�jW^V�Xj � q�p�_ahVne|V^V} =FxG}on [ �l_ w brq�jWnº~ [uZG[uZ E jzp�£8monr}ajW^ [
¨ be^´jWbe^V£F_afihXjWd�¤-bene�8/ +¾brj©�Xjzp �y¾��jzpgq�p�_�}o|H^X}odg`�jWfihV_a^Vbedg`�|Vd £4|V^X¶Gqgbrmo^Vbrjzp�q�/a}obr�VqS�Xjzp
d�ma}ajW^V_a^V^Jq�j

� monebe� � qg_�q�j ¨ 9�jz¶Gq\= �V�9¨ E [
\Ã_ad¾xamo` b�|X¶Gnejzmo^�_a` 2�pgq��XjWd w _�p�_a`c_�}o^Xjzqgb�dgf�hXjW^,*�jW^Jq�p�|V`cd-jzpg{zjW|V}aq�j « _�}o^Xjzq�£8jWn�� ����£i�|VhXpgq
{W|sjWbe^Xjzp6\�b w mon ª \�b w mon ª ½ jWf�hVd�jWne+¾brpg¶9|V^X}5/��Vbrj�b�` 
�_a`�benrq�mo^Xm w jzp�_�q�map �VbrjWd�jWd � ]Gdgq�jW`cdE�H|Xp�f�hljWbe^XjW^
*º|Vdg_�q�{zq�jzp�` � ��� ��jzp �|Vf�¶Gd�bef�hJqgbr}aqg+¾brpi���
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\ÃbrjWdgjzp *�|Vdg_�q�{zq�jzpi`�£i�|HhXpgq´{W|�jWbe^Xjzp � jzpidgf�hVbejz�H|V^X} �Xjzp ¨ ^Xjzpg}obrjzjWbr}ajW^�+
jzpgq�j��XjWd � ]Gd�q�jW`�dc|V^V�
{W| jWbe^Xjzp
�lm wVw ne|V^V}B�Vjzps��jWbe�XjW^ �Gw be^Vd w jz{WbrjWd [ ½ jz}ajW^��Xjzp��snrjWbe^VhXjWbeq�xamo^ � � }ajz}ajW^ �|V��jzp¸�XjW`
j - q�jzp�^XjW^�µXjWne�0� =.����Q �

@
� ¦BA �_E ¶C_a^H^ ������d�qQ�mapi|V^X}od�qghXjzmap�jzqgbedgf�h ��jWhH_a^V�XjWnrq\+ jzp��VjW^ |V^V�

£ �|VhXp�q-b�^Bjzp�d�q�jzpT2�pi�V^J|H^X}�_a|X£6�Hbrj2}ajWd�qQ�mapgq�jW^,*�|Vd�qQ�_a^V�Vj
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 �jM �2}obeneq©|V^V� 	 
 	 be^��XjzpTGÃp<�m XajW^Xmap��V^G|V^X}�xamo^ ����Q � nebrjz}aq [
\�bej ¨ ^Xjzp�}obrjzxajzp�dgfihVbrjz�H|V^V}��VbrjWd�jzp�*�|Vd�q �_a^V�Vjc}ajz}ajW^ �|X��jzp´�XjW^ |V^V}ajWd�q �mapgq�jW^#bed�qs_a|X£F}ap�|V^H� �Xjzp

y�^Jq�jzp�d�jzq�{W|V^X}�¶GnrjWb�^�|V^V� +¾brpi�³b�`�£8monr}ajW^H�XjW^�xajzp�^V_afihVn¬�_adgd�br}aq [
GÃnrjWbefihJ|V^V} = ZG[ � E ��jWdgfihXpgjWbr�Vq��VbrjL}ajWd�qQ�mapgq�jW^H*�|Hd�qQ�_a^V�Xj³_aned « bed�f�hG|V^X} �Xjzp�|H^X}ajWd�qQ�mapgq�jW^</ +
m ª

�H|Xp�f�h �|X��jzpLhX£ ª¬¨ be^Hd�q�p�_ahVne|H^X}�^Vjz��jW^°�XjW^�dgma}ajW^V_a^V^Jq�jW^�jzp�n�_a|X�Vq�jW^ �y���jzpg}H�_a^X}ajW^ =4_aned�m p�jWbe^XjW^
¨ nrjz¶Gq�pgmo^XjW^ ª m9�Xjzpjb�|V¶Gnrjzmo^VjW^Vd w be^5;Tb w d E _a|Vf�h�xajzp���maq�jW^Vjl`��ma}onebefih + jzp��VjW^</X�Vbrj2�Vbrj v |Vd +-_ahVnrpgj ª
}ajWn * D M * �¾£ �|Xp
`c_�}o^XjzqgbedgfihXj2\Ãb w moned�q�p�_ahVn�|V^X}2xajzp�nrjzq�{zjW^ [ \Ãbrj �y���jzp�}o_a^X}od +-_ahXp�dgfihXjWbe^Vneb�f�hX¶ajWbrq
�Vjzp©xajzpg��maq�jW^XjW^ �y���jzpg}H�_a^X}ajsbedgq©�V_���jWbº|V`¥�XjW^¼µV_�¶Gq�map 	 
 	 � |H^Mq�jzp�dgjzq�{zq [
¤ jWb�dQ�_�q�qgbr}ajW^H�Xjzp ¨ be^Vd�q�pi_ahVne|V^X}Ãxamo^ « br¶Jp�m_+
jWnenrjW^�`�brq �Xjzp
µXpgj�^G|XjW^X{�jWbe^XjWd�xajzpg��maq�jW^XjW^ �y¾��jzp ª

}o_a^V}od =�� � M�� � * ��� E ¶�_a^V^#�V_a`cbrq�jWbe^ b�|V¶Gnrjzmo^VjW^X{W|Vd�qg_a^V��d�jWnrjz¶Gqgbrx }aj w |H` w qc+
jzp��XjW^(=FxG}on [
v �V� [6ZG[uZ E [ ½!brj³j:9�jz¶Gqgbrx �VbejWd�jzp¸k |V` wVw p�ma{zjWdgdsbedgq�/Eh �_a^X}aq��V_���jWb�d�qg_�p�¶ xamo^��Vjzp ¢ jWne_ - _�qgbemo^Vd ª
{zjWbeq��Xjzp ¨ nejz¶Jq�pgmo^VjW^¼�V{�+ [ b�|X¶Gnejzmo^XjW^�_�� [ ¤
jWb ¤ jW�Hbe^X}o|V^X}ajW^�xamo^ Z 6 ¡ 2 |H^V� �ºÂ nebrjz}ajW^��VbrjWd�j
£ �|Xp ¨ nrjz¶Gq�pgmo^XjW^�be` « benenebedgjz¶G|V^H�XjW^M��jzpgjWb�f�h +¸�_ahXpgjW^H� dgbrjL£i�|Xp\b�|X¶9nrjzmo^XjW^ jWbe^Vbr}ajO� ¦ / ��jzq�p�_�}ajW^f v G ��Áih [ \Ã_ad¸��jW�XjW|Xq�jzq�/E^H_af�h�jWbe^XjW` }ajz¶am wHw jWneq�jW^ �y���jzp�}o_a^X}�xamo^ ¨ nrjz¶Gq�pgmo^XjW^ ª |V^V�Lb�|X¶9nrjzm ª
^VjW^Vd w be^B£��_anenrq��V_ad ¨ nrjz¶Jq�p�mo^OdgfihV^XjWnen�be^¼d�jWbe^VjW^ v |Vd�}o_a^X}od�{W|Hd�qg_a^V�O{W|Xpo�|Vf�¶B|H^V��d�q�jWhJq��H_a`cbrq©£i�|Xp
+
jWbrq�jzpgj�y�`c¶Gne_ wHwVw pgma{zjWdgdgj©{W|Xp � jzpg£i�|V}o|V^X} [ ¤
jzxamap��V_ad _a^X£ �_a^V}onebef�hLbe^��VjW^c}aj w |V` w q�jW^ *�|Hd�qg_a^V�
}ajz�Hp�_af�hJq�jTb�|X¶9nrjzmo^�b�^�d�jWbe^Vj v |Hd�}o_a^X}odgne_�}aj�{W|Xpo�|Vf�¶J¶ajWhVpgq�/Jdgb�^V� �|X��jzp��V_ad ¨ nejz¶Jq�pgmo^ + jWbeq�jzpgj�b�| ª
¶9nrjzmo^XjW^ be^ �VbrjWdgjW^ *�|Vdgqg_a^V� }ajz�Vp�_afihMq1+ mapi�XjW^ [ µ �|Xp��Vbrj ¢ jWn�_ - _�qgbrmo^Hd�{zjWbrq�jW^ 2 C & |V^V� 2 C � �Xjzp
¨ nrjz¶Gq�pgmo^XjW^´�V{�+ [ b�|X¶9nrjzmo^XjW^�}ob�nrq	_��Hh��_a^X}obr}2xamo^��Xjzp ¨ nejz¶Jq�pgmo^VjW^ w mone_�p�bedg_�qgbemo^�3 & ^H_af�h f v G ÁaZih �

2 C &�� � A��&���� < 3 & �V{�+ 6 2 C � ��� 7���! � 7"
<
2 C &�# � � 3 �&%$ A<C & = ZG[uÁ E
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� [ h [ hXmohXj « _�}o^Xjzq�£FjWne�Xjzp
��jz}º�|H^Vd�qgbr}ajW^c�Hbrj©k6mone_�p�bedg_�qgbemo^</M�V_ 2 C & `cbrq�dgq�jWbr}ajW^V�XjW`)µXjWne��d�f�hV^XjWn�nrjzp
_��H^Vb�`c`sq6_aned 2 C ��|V^V�s��jWbod�q�jWbr}ajW^V�Vjzp ¨ nrjz¶Jq�p�mo^XjW^ w mone_�p�bed�_�qgbrmo^2be`.d�qg_�qgbedgfihXjW^¸µH_anen�= �L� 3 �& E�� ¦
}obenrq [
½ jz}ajW^��Xjzp2|V` �XjW^ µV_�¶Jq�map 	 
 	 �

;
� A�� |V^Jq�jzp�d�jzq�{zq�jW^ ½ _ahXp�dgfihXjWbe^Vneb�f�hX¶ajWbrqÃbed�q�jWbe^Xj6b�|X¶9nrjzm ª

^XjW^ w mone_�pibedg_�qgbrmo^¼^G|XpÃbe^�|H^V`cbrq�q�jWnr�T_�pgjzp�b´�_ahXj´�XjWd w _�p�_a`c_�}o^Xjzqgb�dgf�hXjW^>*�jW^Jq�p�|V`cd�`��ma}oneb�f�h [ \Ãbrj
hXmo`�ma}ajW^Vj � jzpgq�jWb�ne|V^X}c�Xjzp�k6mone_�p�bedg_�qgbemo^��|X��jzp¾�Vbej2}ajWdg_a`sq�j�k�pgma��j2jzpg£8mone}aq��V|Xpif�h¼\Ãb w mon ª \Ãb w mon ª
�y���jzp�}H�_a^X}aj��Xjzp b�|X¶9nrjzmo^XjW^ [ \ÃbrjWd�jOd�ma}ajW^V_a^V^Jq�j �Gw be^V�Vb 9º|Vdgbemo^,]T^V�Xjzq��V|Vp�f�h�jWbe^VjW^ ¢ _a^V�Vmo` ª
½ _anr¶ ª �_ahV^Vneb�f�hXjW^¼k�pgma{zjWdgd©dgqg_�q�q�/Tbe^ +
jWnef�hVjW` �Xjzp©_a|X£ 0 � �|X��jzpgq�p�_�}ajW^Xj �Gw b�^Lxamo^ 0 C jWhXjzp�_a|X£�jWb�^+
jWbrq�jzpgjWdÃ_a^ 0 � }ajz¶am wVw jWnrq�jWdTb�|X¶Gnejzmo^ �|X��jzpgq�pi_�}ajW^�_aned�_a|X£.0 C {W|Xp �|Vf�¶J}ajz}ajz��jW^ +¾brp�� [ kSp�be^V{Wb w brjWnen¶�_a^V^ �|X��jzp �XjW^ � monebe� � qg_�q�j ¨ 9�jz¶Jq-jWbe^Vj�b�|X¶Gnejzmo^XjW^ w mone_�p�bed�_�qgbrmo^cbe^�
 �mohVj��Xjzp ¨ nrjz¶Jq�p�mo^XjW^ w mone_ ª
p�bed�_�qgbrmo^BjzpgpgjWbefihMqS+ jzp��VjW^ [
§ _�qgdQ�_af�hHnebef�h +¾bepg¶ajW^��Vjzp �Gw be^V�Vb 9º|Vdgbemo^�_an�nrjzp��Vbe^V}od ¢ jWne_ - _�qgbrmo^Vdgxamapg}H�_a^X}aj�jW^Jq�}ajz}ajW^</S�Vbrj��Hbrj

« _ - be`�_an w mone_�p�bedg_�qgbemo^�_a|X£ljWb�^XjW^°^HbrjW�Xp�br}ajzp�jW^ ½ jzpgq¼neb�`cbrqgbrjzpgjW^ [ ½¯brj hXm9f�h!�VbrjWdgjzpBb�d�q�/ h��_a^V}aq
jWbe^Xjzpid�jWbrqgd�xamo^°�Xjzp ¨ 9�jz¶GqgbrxGbeq �_�qc�Xjzp �Gw b�^V�Vb 9º|Vdgbrmo^8/�_a^V�Xjzpgjzpid�jWbrqgd�xamo^°�Xjzp ¢ jWn�_ - _�qgbrmo^Hd +
_ahVp ª
dgfihXjWbe^Vneb�f�hX¶ajWbrq
�Xjzp�b�|X¶9nrjzmo^XjW^³_�� [ `�jzq�{zq�jzpgj2bedgq �Vbrp�jz¶Jq ¶amapgpgjWnebrjzp�q `cbrq
�Xjzp v ^X{W_ahHnT�Xjzp w _�p�_a`�_ ª
}o^Xjzqgbed�f�hXjW^Y*�jW^Mq�pgjW^8/o�V_2�Vbrj ¢ jWne_ - _�qgbrmo^�£4_ad�qS_a|Vd�dgf�hVn�brj�XonebefihO�|V��jzpS�Hbrpgjz¶Gq�j-k�pgma{zjWdgd�j /J� [ h [ ½ jWf�h ª
d�jWn�+�brpg¶9|V^X}¼`cbrq w _�p�_a`c_�}o^Vjzqgbedgf�hVjW^3*�jW^Jq�pgjW^#d�qg_�q�q�]T^V�Vjzq f v G ��Áih [ k _�p�_a`�_�}o^XjzqgbedgfihXj *�jW^Mq�p�jW^
¶º�mo^V^XjW^��V_���jWb�_a|Vf�h � jzp�|V^XpgjWb�^Vbr}o|V^X}ajW^,=F{ [ ¤ [ `�monrjz¶9|Vne_�p�jzp � _a|Xjzp�d�q�ms9 E d�jWb�^</G�Hbrj2^Vbef�hJq-£i�|Vp-�VjW^
k6mone_�p�bed�_�qgbrmo^Vdg_a|X£F�H_a|¸{W|Xp � jzpg£i�|V}o|V^X}Ãd�q�jWhXjW^</�_���jzp �VjW^\b�|X¶9nrjzmo^XjW^¸jWbe^XjW^ ¢ jWne_ - _�qgbrmo^Vd�¶�_a^V_anº�ms9 ª
^XjW^ [ b�brjW�Xp�be}aj ¢ _a�Hbr¶C_ane¶amo^X{zjW^Mq�pi_�qgbrmo^XjW^ ��jz} �|V^Vd�qgbe}ajW^Od�mo`�brq��VjW^ �9w be^Jq�p�_a^Vd w mapgq�/H_a^H�Xjzpgjzp�d�jWbeqgd
bed�qS_���jzp��Hbrj v ^X{W_ahHnX�Xjzp�\�b�k ª £ �_ahHbr}ajW^Y*�jW^Jq�pgjW^�£ �|Xp	jWbe^XjW^cj:9�jz¶GqgbrxajW^ck |V` wVw p�ma{zjWdgd	^Xmaq
+
jW^V�Vbe}5/
d�m �V_adgd¸be` 
�be^J�Hnebef�¶�_a|X£�}o|Vq�j³k6mone_�p�b�dg_�qgbrmo^Vd�jWbe}ajW^Vdgf�hH_�£8q�jW^#�Xjzp¸k�pgma��jcjWbe^32 w qgbe`�|V` £ �|Xps�Hbrj
\�maqgbrjzp�|V^V}c}ajz£F|H^V�XjW^ +
jzp��XjW^¼`�|Vdgd [
¨ be^ + jWbeq�jzpgjzp « jWf�hV_a^Hbedg`�|Vd�/H�Xjzp��Vbrj « _ - be`�_an w mone_�p�bedg_�qgbemo^L��jz}apgjW^V{zq�/HhV_�q©d�jWbe^Vjly¾p�d�_af�hXj�be^
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�Vjzp�¤
pgjWbrq�j´�Xjzp ¨
�9¢©ª `�be^Hbrj [ µV_anen�d��HbrjWd�j¸dgmL�Vp�jWbrq�bedgq�/T�V_adgd�jWbe^ �y¾��jzp�n�_ wVw �Xjzp �y���jzp�}o_a^X}od +-_ahXp ª
d�f�hXjWbe^Hnebef�hV¶ajWbrq�jW^�£i�|Vp =�� & � � � E |V^V� =�� & , � � E d�qg_�q�q�]T^V�Vjzq�/ +¾brpi�#^Vjz��jW^��XjW`�}aj�+c�|V^Hdgf�hJq�jW^
*º|Vd�qg_a^V�c_a|Hf�h��VjzpSjW^Mq�}ajz}ajW^V}ajWd�jzq�{zq�jl}aj w |V` w q [ \Ãbrj©jzpgp�jWbef�hJ�H_�pgj¾k6mone_�pibedg_�qgbrmo^ch �_a^X}aq�be^c�HbrjWd�jW`
µH_anenVxamo^³�XjW` � jzpih��_anrqg^VbedS��jWb��Xjzp�kSp�ma{zjWdgd�j�_�� [ \ÃbrjWd�jzp ¨ 9�jz¶Jq +¾brp��c_an�d�\Ãb 9�jzpgjW^MqgbejWnen � moneb�� � qg_�q�j
¨ 9�jz¶Gq\=4\ �V�9¨ E ��jz{zjWbef�hV^Vjzq f ¤
map � �z_ h [
\ÃbrjjG³�|Vneqgbr}a¶ajWbrq �XjWd � monebe� � qg_�q�j ¨ 9�jz¶Jq�jWd	_an�d�+�brpg¶9dg_a`�jzp kEmon�_�p�bedg_�qgbrmo^Hdg`�jWf�hH_a^Vbedg`�|Vd�+¾|Xp��Xj xamo^
� f�hV`�|X}a}aj�|V^H� (aj:9�p�brjWd�_a^d` « b��S^V_afihX}aj�+¾brjWdgjW^ f � ( ­a¡ih /Cbe^2�XjW` �HbrjSkSpgmaq�mo^VjW^l�XjWd��lp�bed�qg_anene+
_ad ª
dgjzp�d �|X��jzpWb¾jzm9�X]9` ª 0 mo^VjW^$=�b���� 1 E /��Vbej�_aned w _�p�_a`c_�}o^Xjzqgbed�f�hXjY*�jW^Jq�pgjW^ £4|V^X}obrjzp�q�jW^</ w mon�_�p�bedgbrjzp�q
+�|Xp��XjW^ [
\ÃbrjL�Xjzpg{zjWbrqs_an�d � qg_a^V�H_�p��V`c_�q�jzp�b�_anebrjW^ xajzp7+
jW^V�Xjzq�jW^ v ne¶amohXmonrj�d�mi+¾brj v `c`�mo^Hbe_�¶ |V^V� �VbrjY`�b ª
qghHbe|V`chJ]G�Vp�be�Xj�£Fmonr}ajW^B^VbefihMq-�XjW` � monebe� � qg_�q�j ¨ 9�jz¶Jq�/Xd�mo^H�Xjzp�^³�Xjzp
dgma}ajW^V_a^V^Jq�jW^ ¨
�9§-ª¬§ hXjzmap�brj /
_a|V£©�VbrjLb�` £Fmonr}ajW^V�XjW^�¶G|Vpg{�jWbe^V}ajz}o_a^X}ajW^ +¾brp�� [Ev |Vdg£i�|VhVp�nebefihXjzpgjWd2�V_�{W|#|V^V� {W|V` �H�9¨ ]T^V�XjW^
d�bef�h�{W|H` ¤
jWbed w brjWn�be^ f ¤
map � �z_ h / f v G ��Áih |V^V� f v G ÁaZih [
\�bej �y���jzpinrjz}o|V^X}ajW^�{W|V` �H�9¨ ��jzpo�|Hfg¶9dgbef�hJqgbr}ajW^�^VbefihMq��Vbrj¸\Ãb w mon ª \Ãb w mon ª ½ jWfihVd�jWn�+�brpg¶9|V^X}��Xjzp

w _�p�_a`c_�}o^Xjzqgbed�f�hXjW^ *�jW^Jq�pgjW^¯|V^Mq�jzp�jWbe^V_a^V�Xjzp_/ �Vbrj�{W|°jWb�^Xjzp v |X£4d w _anrqg|H^X} �Xjzp *�jzjW`c_a^V^HbrxajW_a|Vd
b�^¼¤2�_a^V�Xjzp�^G|V_adgbe¶amo^Mqgbe^G|Vbrjzpinebef�hVjzpj*º|Vd�qQ�_a^V�Xjs£i�|VhVpgq [ \Ãbrjsd�ma}ajW^V_a^H^Mq�j ¨ ^G|V_an �Gw be^ § jW` w jzp�_�qg|Xpgj
= ¨-�9§ E § hXjzmap�brjS}obe�Vq�£i�|Xp��VbrjWdgjW^sµV_anenMjWbe^XjSqghVjzp�`�m9�X]G^H_a`cbedgfihXjS\Ã_�p�d�q�jWnene|H^X}¾�XjWdE\Tb�k ª k�pgma{zjWdgd�jWd [
\�jzpl½ jWfihVd�jWn�+�brpg¶9|V^X}od�jW^Xjzp�}obrj��Vjzp ¨ nrjz¶Gq�pgmo^XjW^Vd w be^Vd�+¾brp��OjWbe^Xj § jW` w jzp�_�qg|Xp 2 � � {W|X}ajzmap��H^Xjzq�/
b�hXpgjzpd*�jzjW`c_a^�+ jWfihVd�jWn�+¾bepg¶G|H^X}od�jW^Xjzpg}obej¸jWbe^Vj § jW` w jzp�_�qg|Xp 2

.
& [ºv ^V_anema}Bn �_adgd�q2dgbefih £i�|Xp2�Vbej1b�| ª¶9nrjzmo^XjW^s�Vbrj § jW` w jzp�_�qg|Xp 2

.
� jWbe^X£i�|VhXpgjW^ [ \ÃbrjWd�j § jW` w jzp�_�qg|VpgjW^ldgbe^H�2be` qghXjzp�`�bedgf�hVjW^cGÃnrjWbefihX}aj ª

+�bef�hJq `cbeq��Xjzp�G2brq�q�jzpgq�jW` w jzp�_�qg|Xp 2�� be�XjW^Jqgbedgf�h [ ½ �_ahVpgjW^V� 2
.
& |H^V� 2

.
�¯`cbrq �Xjzp k6mone_�p�b�dg_�qgbrmo^

�|V��jzp2�Vbej�jW^Mqgd w pgjWf�hXjW^H�Xjc¤
p�benenrmo|Hbe^ ª µV|V^V¶Jqgbrmo^�{W|Vdg_a`c`cjW^Vh��_a^X}ajW^</�_an�d�m¼�Vbrj � jzpgq�jWb�ne|V^X}�_a|X£-�Vbrj
jWb�^X{zjWne^XjW^L*�jzjW`c_a^H^VbrxajW_a|Vd2_a^X}ajz��jW^</���jWdgfihXpgjWbr�Vq 2 � � �Vbej¸p<�_a|H`cnebefihXj v ^Xmapi�V^J|H^X}odg`��ma}oneb�f�hX¶ajWb ª
q�jW^��Xjzp �Gw b�^Vd-be^V^Xjzp�hH_anr�LjWb�^XjWd�*�jzjW`c_a^J�H_a^V�VjWd [
\Ãbrjl�V]G^V_a`�bedgf�hVjlkEmon�_�p�bedg_�qgbrmo^Bjzp�£8monr}aq�be^��VbrjWd�jW`¥¤-ben���be^B{�+ jWb � qg|X£FjW^��
\Ã|Xpif�h ¨ be^Hd�q�p�_ahVne|H^X}�xamo^ « br¶Gpgmi+ jWnenejW^</��VjzpgjW^OµVpgj�^J|VjW^X{�|V` * / xamo^ �Xjzp ¨ nrjz¶Gq�pgmo^XjW^Vn�_�p�`�map ª£Fpgj�^G|XjW^X{Ã_���+
jWbefihMq ��/G¶ �mo^V^XjW^ ¨ nrjz¶Gq�pgmo^XjW^Hd w be^�;�b w d	be^V�H|X{Wbrjzpgq[+
jzp��XjW^8/G�Vbej�{W| �y���jzp�} �_a^X}ajW^B{�+¾b ª
d�f�hXjW^¼�VjW^BjW^Mqgd w pgjWf�hXjW^H�XjW^�¤
jzpgjWbef�hVjW^¼�XjWd�*�jzjW`�_a^M�H_a^H�XjWd-£ �|HhXpgjW^ [ ¤
jWb�d �_�q�qgbr}ajW^H�Xjzp ¨ be^Hd�q�p�_ah ª
n�|V^X} ]�^V�XjzqsjWb�^Xj G2nrjWbef�hJ��jWd�jzq�{W|V^X} {�+¾b�dgf�hXjW^#�VbrjWdgjW^#¤
jzpgjWb�f�hXjW^�d�qg_�q�q [ ½ jWbrq�jzp�j ¨ be^Vdgq�p�_ahVne|V^V}
xamo^ « br¶Jp�m_+
jWnenrjW^³�Xjzpg}onrjWbefihXjW^�µVpgj�^J|VjW^X{�|H^V�"`�jWb�d�qg|V^X}\+��|Xp��Xj¾{W|�¶ajWbe^Vjzp j:9�jz¶JqgbexajW^³k6mone_�pibedg_�qgb ª
mo^HdQ�_a^V�Xjzp�|H^X}2£i�|HhXpgjW^ [o¨ p�d�q �Hbrj©�Vb w mone_�pgj�½ jWfihVd�jWn�+�brpg¶9|V^X}s�Xjzp ¨ nrjz¶Gq�pgmo^XjW^Hd w be^Vd	|H^Mq�jzpgjWb�^V_a^V�Xjzp
£ �|VhXp�q�{W|´jWbe^Xjzp	hXmo`cma}ajW^XjW^ § jW` w jzpi_�qg|Xp 2 � �´�V|Xp�fih �Gw be^ ª �Gw b�^ ª �y¾��jzpg}H�_a^V}ajS{�+¾bedgfihXjW^´�XjW^ ¨ nrjz¶ ª
q�p�mo^XjW^ [ \�jzp2xamo^ �Vjzp ¢ jWd�mo^V_a^X{zjW^Xjzp�}obrj , M O%� & _���+
jWbefihXjW^V�Xj § jWben * , M * O / `�|VdgdT+
jz}ajW^�Vjzp ¨ ^Xjzpg}obrjzjzp�hH_anrqg|V^X}Oxamo^ �Gw be^ ª �9w be^ ª ½ jWfihVd�jWn�+¾bepg¶G|H^X}od�pgjWd�jzp�xamobrp��Vjzp ¨ nrjz¶Gq�pgmo^XjW^ �|X��jzp�^Xmo` ª
`cjW^ +
jzp��XjW^ [ \ÃbrjWd�}ajWdgf�hVbejWhMqÃ�V|Xp�fihOy�`�map��H^J|V^V}��Xjzp �Gw be^Vd¾be^V^Xjzp�hH_anr���XjWd�¤-_a^V�XjWd�/�+ m9�V|Xpif�h
d�bef�h��Vbrjl½ jWfihVd�jWn�+�brpg¶9|V^X}od�jW^Xjzp�}obrjW^</H`cbeqghVbe^ 2 � �#�_a^V�Xjzpgq [ \Ã_a�V|Xp�fihObedgq¾jWdÃ`��ma}onebefihO�H_ad ¢ jWd�jzp ª
xamobep�{W|L¶6�|VhVnejW^ =�� � M � & � / E |V^V� w modgbrqgbex�{W| w mon�_�p�bedgbrjzp�jW^c�V{�+ [ {W|�hXjWbr{zjW^L=�� � M � & , / E /�+-_adjWb�^Xjzp©^Xjz}o_�qgbrxajW^OkEmon�_�p�bedg_�qgbrmo^¼jW^Mqgd w p�bef�hJq [
0 ^��Vjzp�{�+
jWbrq�jW^ � qg|X£8jS+¾brp��c�H|Xp�f�h��XjW^c½ �_�p�`�jz¶amo^Jqg_�¶Jq-jWbe^ § jW` w jzpi_�qg|Xp�_a^X}onrjWb�f�hc{�+�bedgf�hVjW^ 2 � �
|H^V� 2

.
� xamon�nr{zma}ajW^ =@a § hVjzp�`c_an « b - b�^X}5a E [E��BrR{�~m�sr�{?I�r���{Uw�}�yu�Un�B�yu~�x
r7~ &��Br 7 IT� E &PB�� E ( k%7��
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\ÃbrjLb�|X¶Gnejzmo^XjW^ dgbe^V� �|X��jzp 
¾] w jzpg£FjWbe^ ª ½ jWf�hHd�jWn�+¾brp�¶G|V^V}�_a^ �Vbrj ¨ nrjz¶Jq�p�mo^XjW^!}ajz¶am wVw jWnrq�/g+
m ª
�V|Xpif�h �Xjzp¸½ �_�pi`�jz¶amo^Mqg_�¶Gq�d�qg_�q�q�]T^V�VjW^ ¶�_a^V^ |V^V� jWbe^ �y���jzp�q�p�_�}��Xjzp ¨ nrjz¶Gq�pgmo^XjW^ w mone_�p�b�dg_�qgbrmo^
_a|X£��VbejSb�|V¶Gnrjzmo^VjW^�jzpg£Fmonr}aq [ \�bejWd�jzp-½ �_�p�`cjW_a|Vd�qg_a|Vdgfih³}ajWdgf�hVbejWhMq-�V|Xp�fihcjWbe^VjW^�µ neb wXª µ nrm w {�+ jWbrjzp
¨ nejz¶Jq�pgmo^VjW^Vd w be^Hd�/�}ajz¶am wVw jWnrqs`cbrqsjWbe^XjW` b�|X¶9nrjzmo^XjW^Vd w be^�;Tb w�[ \Ã_���jWb��_a^V�Xjzp�qsdgbefih �Vbrj ¨ nrjz¶Jq�p�m ª
^XjW^ w mone_�pibedg_�qgbrmo^�|V^V�´�V_a`cbeq 2

.
& ^VbefihMq�/a�XjW` b�|X¶9nrjzmo^XjW^X{zjzjW`c_a^VpgjWd�jzpgxamobrp +¾brp���_���jzpS`cbrq 4 jW�VjW`

µ neb w �Vbrj ¨ ^Vjzpg}obrjWO�� �!{W|X}ajz£ �|VhXp�q
�H{�+ [ jW^Jq�{zma}ajW^</��Vbrj /9�V_´�V_adjGÃbrq�q�jzp©_a^��VbrjWdgjW` k�pgma{zjWdgd©^Hbef�hJq
��jzq�jWbenebr}aq©b�d�q�/H_a|Vd��XjW` �Gw be^ ª �Gw b�^ ª ½ jWf�hVdgjWn�+¾brpg¶9|V^X}odgpgjWd�jzpgxamobrp�¶amo`c`sq [ 2 � � |H^V� 2

.
� }onrjWbef�hVjW^

dgbefih¼_a^ [
µ��|Xp �V_ad § hVjzp�`c_an « b - be^X}¯bed�q �Vbrj 
¾] w jzpg£FjWbe^ ª ½ jWf�hHd�jWn�+¾brp�¶G|V^V}°^Xmaq�+ jW^V�Hbr}5/�_a^H�Xjzpgjzp�d�jWbeqgd

¶�_a^V^�jWbe^Xjldgqg_�pg¶³_a|Hd�}aj w p<�_�}aq�j 
�µ � �XjW^ § jW` w jzp�_�qg|Xpi_a^X}onrjWbefih�be^V^Xjzp�hH_anr�LjWb�^XjWd�*�jzjW`c_a^J�H_a^V�VjWd
��jWhVbe^V�Vjzp�^ [ \�jzp�b�^VhXmo`�ma}ajW^Xj � jzp��VpgjWbrq�jzp�|H^X}odg`�jWfihV_a^Vbedg`�|Vd�£ �|VhXpgq´�V_�{W|</S�V_ad�dc�XjW^�jWbe^X{zjWn�^XjW^
¨ nejz¶Jq�pgmo^VjW^Vd w be^HdSjWbe^³��jWd�qgbe`c`¸q�jzp�¤
jzpgjWbef�h�b�` *�jzjW`c_a^M�T_a^V�³{W|X}ajzmap��V^Xjzqg+�brp��</Gdgbef�hBd�mo`�brq jWb�^Xj
� |X�Td�q�p�|X¶Gqg|Xp2be^V^XjzpihV_anr� �XjWds¤-_a^V�VjWd2jWbe^Vd�q�jWn�nrq [�¨ nrjz¶Gq�pgmo^XjW^Hd w be^Vd�¶º�mo^V^XjW^ ^Hbef�hJqlmohV^Xj6+
jWbrq�jzpgjWd
{�+¾bed�f�hXjW^��VbrjWd�jW^ � q�p�|X¶Gqg|XpgjW^ + jWfihVd�jWne^</�d�m³�V_adgd�jWbe^Xj¸¤
jWhVb�^V�Xjzp�|V^V}c�XjWd § jW` w jzp�_�qg|Xpi_a^X}onrjWbefihVd
be^V^Vjzp�hV_anr�¼jWb�^XjWdÃ¤
_a^H�XjWd�£8monr}aq [ \Ã_ad � jzp�h��_aneqg^Vbed�xamo^ 
�µ � |V^V�Oq�jW` w jzp�_�qg|Xp�_a|Vdg}onrjWbef�hVjW^V�XjzpÃ�Vb ª
w mone_�pgjzp�½ jWf�hVdgjWn�+¾brpg¶9|V^X}B�Xjzp ¨ nrjz¶Gq�pgmo^XjW^ bedgq�d�mo`�brq�`cbeq���jWdgqgbe`c`�jW^V��£i�|Vp��VbejsjzpgpgjWb�f�hJ�H_�pgj�k6m ª
ne_�p�b�dg_�qgbrmo^��XjWd©^G|X¶9nrjzmo^Vbed�f�hXjW^ �Gw be^Vd�]9d�q�jW`cd [
½!bef�hJqgbr}aj v |Vdgdg_�}aj-�Xjzp ¨
�9§�§ hXjzmap�brj
bed�q�/C�V_adgd �Vbrj « _ - be`c_an w mone_�p�b�dg_�qgbrmo^l^G|Xp �V|Xp�fih
���|VhHne|V^X}

�V{�+ [ 
�jWbr{zjW^ �XjWd �Gw be^ ª �9w be^ ª ½ jWfihVd�jWn�+¾bepg¶G|H^X}od�pgjWd�jzp�xamobrp-��jWdgqgbe`c`¸q�/T_aned�mB|V^V_��Th��_a^X}obr}Lxamo^��Vjzp
b�|X¶Gnejzmo^XjW^Vne_�p�`cmapg£8p�j�^J|XjW^V{6|V^H�2�V_a`cbrq��Xjzp�|H^Mq�jzp�d�|Vf�hJq�jW^
�2jzpi^Vd�mapgq�jSbedgq [ y�^Jq�jzp�dgfihVbrjW�Vneb�f�hXjC�2jzp�^ ª
d�mapgq�jW^ be^V^Xjzp�hH_anr�OjWb�^XjzplkSpgma��jcd�mon�nrq�jW^ _aned�mB��jWb jWbe^ |V^V� �Xjzpid�jWnr��jW^ « br¶Gpgmi+ jWnenejW^X£8p�j�^J|XjW^V{´�H_ad
« _ - be`�|V` behXp�jzp6k6mone_�p�b�dg_�qgbrmo^´_a|X£�+ jWbedgjW^ [ \�|Vp�f�h´�XjW^ § jW` w jzp�_�qg|Xpg¶amo^Jqg_�¶Jq	{W|H` jWnejz¶Jq�pgmo^Hbedgf�hVjW^
½ jWf�hHd�jWn�+¾brp�¶G|V^V}od�pgjWd�jzpgxamobep d�moneneq�j�jWd
_a|5Xajzp��XjW`�`��ma}on�bef�h³d�jWbe^</JjWbe^Xj	�2jzp�^Vd�map�q�j��|X��jzp �Hbrj�_a^V�Vjzpgj
{W| w mone_�pibedgbrjzpgjW^ [
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\Ãbrj w p�be^X{Wb w brjWnenrjW^ �y¾��jzp�nrjz}o|H^X}ajW^��Xjzp©xamap�_a^V}ajWhXjW^V�XjW^ v �HdgfihV^Vbrq�q�j2{zjWbe}ajW^</�+
jWnef�hXj��2mo` w mo^XjW^ ª
q�jW^�£i�|Vp©�Vbrj2q�jWf�hH^VbedgfihXj ¢ jW_an�bedgbrjzp�|H^X}¸jWb�^XjWd w mone_�p�bed�brjzpgq�jW^ § _�p�}ajzqgd�^Xmaq�+ jW^H�Vbr}�dgb�^V� [9v �V�Tbene�V|V^V}
ZG[ ~�{zjWbr}aq¾�Vbrj �lmo` w mo^XjW^Mq�jW^��XjWd©¤
mGfihJ|H`�jzp�k6mone_�p�b�dgbrjzpgq�jW^ § _�pg}ajzqgd¾_an�d©¤-nrmGf�¶J�Tbene� [

v �V�Hben��V|V^X} ZG[ ~ �C�S� � ���  ��o� �!� 		�U
 �s�����������m	
�:�
	:�°� ������	�� �
G�p�|V^V�HdQ�_�q�{Wnebefih³dgq�jWhXjW^¼{�+
jWb � ]9d�q�jW`�jl{W|Vp � jzpg£i�|X}o|V^X} �
� ��7JA����O7o²��l7GA<D6UH��P�� 7JAC ºA<�TRHIW:QUX:  HR�� �614361F7JA<:#�#18: 7G143E7G� ? 6 �¾�%3ERHA���UH54587918:Q793º²
DE793�� UH=T3E7M:Q793��
\ÃbrjWd�j v ^Hne_�}aj³b�d�q¸£ �|Xp´�XjW^�¤
jzq�p�brjz����jWb�jWbe^Vjzp § jW` w jzp�_�qg|Xp´xamo^!�ºÂ _a|Hd�}ajWnrjz}aq�|V^V��jzp ª
`��ma}onebefihMq´�V|Xpif�h b�hXpgjcpgjWn�_�qgbrx dgf�hV^VjWnenrj v �V¶E�|VhVnr{zjWbrq2xamo^�^G|Xpsjzq�+
_ Z � � � qg|V^H�XjW^ �Hbeds{W|Xp
¨ pgp�jWbef�hG|V^X}��VjWds¤
jzq�p�brjz�Hd�`�mG�H|Vdl|V^V� �Xjzp § m w nrmo_a�Xjzp ª¬v |Vdg£i�|VhVp�|V^X}BjWbe^ xajzp�h��_anrqg^Vb�dg`��_sXobr}
dgf�hH^XjWnenrjWd � jzp�`�jWdgd�jW^�xajzp�dgfihVbrjW�XjW^Vjzp¸kSp�ma��jW^ [�v |Hd�£i�|HhXp�nebefihXj´\�_�pid�q�jWnene|V^V}¼{W|��HbrjWd�jzp v�wXª
w _�p�_�qg|Xpj]T^V�Xjzq�dgbefih¼be^ f 
�_�p to�_h /�jWbe^Xj2¶9|Xpg{zj\*�|Vd�_a`c`�jW^X£4_adgdg|V^V}�be` v ^VhH_a^X} [

� ��7JA
��� � �O7o²�� 1FIW���� ºA<�TRTIz:QUX:´��18:¸143�:Q7G=HA�1F7JA<:Q79� Y-� IQ;EP6A<UH5F7918:Q7G3ED67G3 ·�R�5F7G3ERT1FD67G3 [
« beq�jWb�^Xjzpl¤-_adgbed�q�jW` w jzp�_�qg|Vp�xamo^ jzq
+-_ ­�¦ D Â |V^V� �Xjzp « �ma}onebef�hV¶ajWbrq2xajzp�dgfihVbrjW�XjW^Xj « _ ª
}o^Xjzq�£FjWne�XjzpB{W|�jzp�{zjW|X}ajW^</�ne_adgd�jW^¯dgbefih!be^°�HbrjWd�jzp v ^Vne_�}aj k�pgma��jW^�|V^Jq�jzp ¢ _ahV`�jW^J��jW�Vbe^ ª
}o|V^X}ajW^ `�m9�Xjzp�^Vjzp � q�p�jW|Xj -Gw jzp�b�`�jW^Mq�jB|V^Jq�jzp�dg|VfihXjW^ [ \Ã_�pa�|X��jzp�hVbe^H_a|Vdl}ajWd�qg_�q�q�jzq³�Vbrj � _ ª
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p�be_��Hben�brqQ�_�q��XjWd � monejW^Xmobe�XjW^¯d�]9d�q�jW`c_�qgbedgfihXj y�^Jq�jzp�dg|Hf�hG|V^X}ajW^!xamo^ « _�}o^Xjzq�£8jWn��V_��Hh��_a^X}obe} ª
¶ajWbrq�jW^��Xjzp�k6mone_�p�bedg_�qgbemo^Vd�jWbr}ajW^Vd�f�hV_�£Fq�jW^ [Hv |Vf�h��VbrjWdgjzp��2pg]amod�qg_�q�bed�q¾b�^ § m w nrmo_a�Xjzpgq�jWfihV^Vbr¶
_a|Vd�}ajz£ �|VhXpgq´|V^V��}ajWd�qg_�q�q�jzq��V_a�H|Xp�f�h#jWbe^�£ �|Xp´jWbe^XjW^�\Ãbene|Xqgbrmo^V¶Jpg]amodgqg_�q�jW^�xajzp�}onrjWbef�hHd + jWb�d�j
dgf�hV^VjWnenrjWdB|V^V� w pgma�TnrjW`cnrmod�jWd³½ jWfihVd�jWne^ �Vjzp¼kSpgma��j [�¨ be^Vj ¤
jWdgfihXpgjWbr�T|V^X} �XjWd v |X£8�T_a|Vd
|V^V�B�Xjzp¾µV|H^X¶Jqgbemo^Vd +
jWbed�jl�XjWd « bedgfihX¶Gpg]amod�qg_�q�jW^ ]�^V�Xjzq©dgbefih¼be` v ^VhV_a^X} v¸[

\Ãbrj���jWb��XjW^ « _�}o^Xjzqgd�]9d�q�jW`�jlhV_���jW^d4 j�+
jWbened jWbe^Xj�µXjWne�V_��B+
jWbef�hG|V^X}´xamo^ *�� Q �
@
Z < � ¦BA � [ \�bej ª

d�j 
�mo`�ma}ajW^VbeqQ�_�qs`¸|Hdgdlbe` 
�be^J�Hnebef�¶�_a|X£ �Hbrjc\�b�k }ajz£8map��Vjzpgqd+
jzp��XjW^</º�V_�dgbej�jWbe^Xj�_a^V^��_ahXjzpi^V�
}onrjWbefihXjj`�_�pi`�mapg£Fpgj�^J|VjW^X{
�Vjzp[^J|V_ad�br£8p�jWbrjW^ ¨ nrjz¶Gq�pgmo^XjW^�be` « _�q�jzp�be_anX}aj�+¸�_ahVp�nrjWbed�q�jzq [ G�pC�m Xajzpgj¾y�^ ª
q�jzp�dgfihVbrjW�Xj +c�|Xpi�XjW^ _a|X£ v �B+ jWbefihJ|H^X}ajW^��Xjzp¸m w qgbe`c_anrjW^#k6mone_�p�bedg_�qgbemo^Vd�£Fpgj�^J|VjW^X{�be^V^Vjzp�hV_anr� �VjWd
« _�q�jzp�be_aned�/Hxajzpg�H|V^V�VjW^�`cbrq ¨ be^J�H|5XajW^�b�^��Xjzp©jzpgpgjWb�f�hJ�H_�pgjW^¼k6mone_�p�b�dg_�qgbrmo^B£ �|VhXpgjW^ [
\Ã_ad � _�¶G|H|V`cd�]9d�q�jW` ��jWbe�Xjzp v ^Vn�_�}ajW^�b�d�q��Vjzp ��¦a¦a¦ D � QsO ª¬¢ mGmaqgd w |H` w d�qg_a^V�8/��XjzpÃ£i�|XpÃ�Vbrj¸^Vmaq ª
+
jW^V�Vbr}ajs\Ã_a` w £F�Xpi|Vfg¶ajzp�^HbrjW�Xp�br}o|H^X}�b�` � 
¾j ª
� jzpi�V_a` w £Fjzpg��jzq�p�brjz�¼�H{�+ [ {W|VdQ�_�q�{Wn�bef�h�£ �|Xp¾�Hbrjly�` ª
+¸�_anr{W|H^X}c�XjWd ��
�jWnebe|V`¥be`¥\Ãben�|Xqgbrmo^V`�m9�XjÃ�XjWd « bedgfihX¶Jp�]amod�qg_�q�jW^Odgmapg}aq [
*�|Vp��X]9^V_a`cbedgfihXjW^ k6mone_�p�b�dg_�qgbrmo^(+
jzp��XjW^ « br¶Gpgmi+ jWnenejW^Vd�]9d�q�jW`�j ��jW^��maqgbr}aq�/��XjzpgjW^ µXp�j�^J|XjW^V{

�Xjzp jWnrjz¶Gq�pgmo^Vb�dgf�hXjW^ `E_�p�`�mapg£Fpgj�^G|XjW^X{���jWbs}aj�+ �_ahHnrq�jW` « _�}o^Xjzq�£8jWn�� jW^Mqgd w p�bef�hJq [ \Ã_ad ¤
mGfihJ| ª
`�jzp�k § xajzpg£i�|X}aq2�|X��jzp « br¶Gpgm_+
jWnenrjW^X}ajW^Vjzp�_�q�mapgjW^c`cbeq �
jW^Mq�jzp�£8pgj�^G|XjW^X{zjW^cxamo^ ¡a­ � ���5/ �C¦ � ����/taÁ � ����|H^V� ��~ ¦ � ���5/8+
mG�H|Xp�f�h « jWdgdg|H^X}ajW^ ��jWb « _�}o^Vjzq�£8jWne�Vjzp�^ xamo^ Z 2 / Z 6 ¡ 2 / � 6 ¡ 2 |H^V�
¡ 2 jzpi`��ma}onebefihMq�+ jzp��VjW^ [Vv n�nrj\G�jW^Xjzp�_�q�map�jW^���jWd�q�jWhXjW^�_a|Vdg0 « k v	§©§-ª \Ãbrm9�XjW^</T�Vbrj =F�Hbed¾_a|X£6�VjW^
¡a­ � ��� ª 2Ãdg{Wbenene_�q�map E p�jWf�hV^Xjzp�}ajWd�q��|Xq�{zq¾¶amo^Jq�pgmonen�brjzpgq�|V^V��_a^X}ajWdgq�jW|Xjzpgqj+
jzp��XjW^B¶º�mo^V^XjW^ [V¨ be^XjÃj -GªjW` w n�_�p�bedgfihXj �y¾��jzp�d�bef�hJq��|X��jzp©�V_ad �C¦ � ��� ª � ]9d�q�jW` ]T^V�Xjzq�dgb�f�h¼be^ f � f�h taÁih [
\Ãbrj-¤
jWd�qgbe`c`�|V^X}��Xjzp b�|X¶9nrjzmo^XjW^ w mone_�pibedg_�qgbrmo^2jzp�£8monr}aq �|X��jzpE�V_ad6¶ajzp�^H`c_�}o^XjzqgbedgfihXj ¢ jWd�mo^V_a^V{ ª

xajzpg£4_ahXpgjW^(=�b «O¢ � E [ \�jzpcµXpgj�^G|XjW^X{z��jzpgjWb�f�h�xamo^¯� ¦ � ��� �Hbed ��¦a¦ � ��� jzp�`��ma}oneb�f�hJq¸jWd�/ kSp�m ª
q�mo^XjW^���jWb « _�}o^Xjzq�£FjWne�Xjzpi^ xamo^�jzq
+-_ ¦ 6 Za¡ 2 �Hbed � 2 |V^V� \�jW|Xq�jzp�mo^XjW^ �Tbed2hVbe^V_�� {W|�� 6 ¡ 2 {W|
xajzp�`�jWd�d�jW^ [ 
�jzpg{Wd�qa�|Hfg¶��VbejWd�jzp v�wVw _�p�_�qg|Vp�bed�q��Vbrjd`�bexajzp w mJmon8b «�¢�ª ¤
m - /º�VbrjljWbe^Vj « jWd�dg|V^X}³be`
�
mo^Jqgbe^G|Xmo|Vd ª ½ _Qxaj « mG�H|Vd	jzp�`��ma}on�bef�hJq�/M� [ h [ �H|Xp�f�h 
¾m9f�hX£Fpgj�^G|XjW^X{zjWbe^Hd�q�p�_ahVne|H^X}�}ajzpibe^X}ajzp[0 ^Mq�jW^ ª
dgbrqQ�_�q�be^B�V_ad « _�q�jzp�be_an +
jzp��XjW^³¶9nrjWbe^Xj v ^Jq�jWbenrjÃ�Xjzp�k6mone_�p�bed�_�qgbrmo^³{zjzp�d�qQ�mapgq©|V^H�L�Vbej ¢ jW_�¶Jqgbrmo^��VjWd
� ]9d�q�jW`cd©�H_�p�_a|X£6}ajW`�jWdgd�jW^ [
v |X£E�Vbej�¤
jWd�qgbe`�`¸|V^V}��Xjzp©k6mone_�pibedg_�qgbrmo^B_a|Vd��XjW` }ajW`�jWd�d�jW^XjW^ b «O¢©ª � br}o^V_an�+¾bep��Lb�^ �l_ w brq�jWn ¡
_a|Vd�£ �|VhXpinebef�hVjzp jWbe^V}ajz}o_a^X}ajW^ [H§ jWf�hV^Hbedgf�hVjl\�jzqg_ab�ned-{W|V`¥xajzp7+
jW^V�Xjzq�jW^ b «�¢�ª � ]9d�q�jW` ]�^V�XjW^Bdgbefih
be^ f ¢ jWb t ~ h |V^H���XjW^��V_�p�be^BjW^JqghV_anrq�jW^VjW^ ¢ jz£FjzpgjW^X{zjW^ [
\Ãbrj v |X£F��jzpgjWbrqg|V^V}5/V\�_�pid�q�jWnene|V^V}�|V^V� v p�fihVbrx9brjzp�|V^V}c�Xjzp�k6mone_�p�b�dg_�qgbrmo^Vdgd�br}o^V_anrjlbedgq�_a|Xq�mo`c_�qgb ª

dgbrjzp�ql|V^V� jzpg£Fmonr}aq��|X��jzpÃjWbe^Xj ¨[-Gw jzp�b�`�jW^Mq � nem_+ �
mo^Jq�pgmonS= ¨-� � E � ma£Fq
+-_�pgj /6�Vbrj�be^>`�_�� � 0 ¨ ½ �
w pgma}api_a`c`cbrjzpgq�|V^V�O_a|X£.0 ^Jq�jWn � ª kSp�ma{zjWdgd�map2�H_adgbejzpgq�jW^Ok-�-d¾|H^Mq�jzp « �Jª ½¯b�^V�Xm_+�d � be^Vdgqg_anenebrjzpgq©b�d�q [
\ÃbrjWd�j � ma£Fq
+-_�pgj �|X��jzp7+
_afihMq�|V^V�Od�q�jW|XjzpgqÃ_a|Vf�h �Vbej � q�pgmo`¸xajzp�d�map�}o|V^X}ajW^O£ �|XpÃ�Vbrj¸kEmon�_�p�bedg_�qgbrmo^Hd ª
`c_�}o^Xjzq�j [�¨ b�^ + jWbeq�jzpgjzp�k-�)�|X��jzp7+-_af�hJq��VbrjlµH|V^X¶Gqgbrmo^¼�Xjzp	�2pg]amo_a^Vne_�}aj����Vbrj § hVjzp�`�mo`�jzq�p�bejW�V_ ª
q�jW^ +
jzp��XjW^Lxamo^BjWbe^Xjzp Á<ª �l_a^V_an ª ½!be�Xjzp�dgqg_a^V�Vdg`�jWd�d��Vpo�|Vf�¶aj�_a|V£8}ajW^Xmo`�`�jW^B|V^V�³_a^³�VjW^ ¢ jWf�hV^Xjzp
�|X��jzp�`cbeq�q�jWnrq [ ��
�j ª¬¨ be^V}o_a^X}odg�Xp�|Hfg¶L|H^V� ��
�j ª µ ne|Vdgd�/Gd�mi+¾brj2�Xjzp�*�|Hd�qg_a^V�B�Xjzp 
¾jWn�be|V`c^V_afihX£i�|Vnene_a| ª
q�mo`c_�qgbr¶Y+ jzpi�XjW^ �|X��jzp�jWbe^XjW^ v \2�°jz��jW^X£4_anened�_a^³�HbrjWd�jW^ ¢ jWf�hH^Xjzpg+ jWbeq�jzpg}ajz}ajz��jW^</X�Xjzp
�H_�pa�|X��jzp ª
hVbe^H_a|VdS_a|VfihL�Vbej��2mo^Jq�pgmonenrj¾|H^V� � q�jW|Xjzpi|V^X}s�Xjzp « br¶Jp�m_+
jWnenrjW^X}ajW^Xjzpi_�q�mapgjW^ �|V��jzpi^Vbe`c`¸q [ \�bej¾��j ª
^G|Xq�{zq�j � ma£8q�+
_�pgj´bed�q � jzpgxajzp ª �-n�brjW^Mq ª £ �_ahVbr}L|V^V��jzp�` �ma}onebef�hJqÃd�mL�Vbej �y¾��jzp7+-_af�hG|V^X}³�Xjzp¾}ajWd�_a`sq�jW^
k §�ª¬v ^Vn�_�}ajs_a|Vf�h¼xamo^�_a^V�Xjzp�jW^ ¢ jWfihV^Xjzp�^ [
� B �U��tuw r7xDI rR��{iw@~myu� * w�}���{srR{U��w
� � y�w�x5E w�y��Ur�{Uviw�t ~8w�}8}�yu���T�Un3w�yu{i��w@~�x
rR��w�{iw
	�rRxmw�{=G�w�yu�
�Uw�{ �
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k6mone_�pibedgbrjzpgq�j�b�jW|Xq�pgmo^XjW^Jqg_�pg}ajzqgd�d�q�jWhXjW^,+
jz}ajW^ �XjWdc*�jzpg£4_anenedÃ�XjWdÃ£FpgjWbrjW^,b�jW|Xq�pgmo^Vd2b�^ ¢ jWbe^X£Fmap�`
^Hbef�hJqc{W|Xp � jzpg£i�|V}o|V^X}5/ `�_a^�^G|Xq�{zq³�H_ahXjzp�£i�|Xp � q�p�jW|Xj -Gw jzp�b�`�jW^Mq�jO�Vbrj b�jW|Xq�pgmo^XjW^ w mone_�pibedg_�qgbrmo^
b�^V^Xjzp�hV_ane���XjWds\�jW|Vq�jzpgmo^Vd [ \Ã_O�V_ad2{W|Xpsk6mone_�pibedg_�qgbrmo^Vd�`�jWdgdg|V^V}³xajzpR+ jW^V�Vjzq�j b «�¢�ª � ]Gd�q�jW` _an ª
nejzp��Vbe^X}od�^G|Xp��Vbej	}ajWdg_a`sq�j��2jzp�^H`c_�}o^Xjzqgbedgbejzp�|V^X}-`�jWdgd�jW^s¶C_a^H^</Wbed�qºjWbe^Vj;�2mapgpgjz¶Gqg|Xp��Xjzp���jWdgqgbe`c` ª
q�jW^B\�jW|Xq�jzpgmo^VjW^ w mone_�p�bedg_�qgbemo^L_a|X£E�Vbrj�b�^Mq�jzpgjWd�dgbrjzpgjW^V�Vj�b�jW|Xq�pgmo^XjW^ w mone_�pibedg_�qgbrmo^³^Xmaq
+
jW^V�Vbe} [ ½!brj
hVmGfih¼�VbrjWd�j �lmapgpgjz¶Gqg|Xp�{W|¼d�jWbe^�hV_�q�/�+¾brpi�³b�`�£8monr}ajW^H�XjW^¼hXjzpg}ajWnejWbrq�jzq [
\�_ads\�jW|Vq�jzpgmo^ d�q�jWneneqÃ�VjW^ }ajz�H|V^V�XjW^VjW^>*º|Vd�qg_a^V� {�+¾b�dgf�hXjW^ k�pgmaq�mo^ |V^V�>b�jW|Xq�pgmo^ �H_�p [�� jWbe^

GÃjWdg_a`sqgd w be^#bed�q � M �s/ �V_ad�`c_�}o^XjzqgbedgfihXj « mo`�jW^Jq´��jzq�p �_�}aq " M ¦ 6 Áa¡o� ~ "�� |V^V�L+
jWbefihMq´�V_ ª
`�brq�|V`'jzq
+-_ Z 6 ¡�� xamo^ jzp � |V`c`�j��Xjzp�`�_�}o^XjzqgbedgfihXjW^ « mo`�jW^Jq�jc�Xjzp���jWbe�XjW^ b�|X¶9nrjzmo^XjW^�_�� [
\Ã_ad¾��jW�VjW|Xq�jzq�/X{W|Xp¾¤
jWdgfihXpgjWbr�H|H^X}��XjWd©\�jW|Xq�jzpgmo^XjW^V}ap�|V^V�X{W|Hd�qg_a^V�Vd-pgjWb�f�hJq¾�Xjzp � � C ª *�|Vdgqg_a^V��_an ªnejWbe^¼^VbefihMq�_a|Vd [�¨ d¾b�d�q¾�Vbrj¸¤ jWb�`cbedgfihJ|V^V}cxamo^ h��mohXjzpgjW^O¤
_ahH^V�XpgjWhVb�` w |VnedgjW^L^Xmaq�+ jW^H�Vbr} [ ½ jz}ajW^
�Vjzp w modgbrqgbexajW^�k _�p�brqQ�_�qÃ�XjWd�\�jW|Vq�jzpgmo^VdÃbed�q¾�Vjzp�k ª *�|Vd�qg_a^V��`cbrqc����
�^VbefihMq�jzp�ne_a|X�Hq�/Td�mB�V_adgd��Xjzp
^E�_af�hVd�qghE�mohXjzpgjl\ ª *�|Vd�qg_a^H��{W|Xp©¤
jWdgf�hVpgjWbr�H|V^V}´hVjzp�_a^X}ajz{zma}ajW^F+ jzp��VjW^�`¸|Vd�d [ \Ã|Xp�f�h¼xajzp�dgf�hHbrjW�Xj ª
^Vj¼qghXjzmapgjzqgbed�f�hXj v ^Vd<�_�q�{zj�|V^Jq�jzpYb�|Xp ª ¤
jzpo�|Hfg¶9dgbef�hJqgbr}o|V^V} �XjWd �Gª |V^V� \ ª *�|Hd�qg_a^V�XjWd�¶C_a^V^��V_ad
\�jW|Xq�jzp�mo^�be`PGÃp�|V^V�X{W|Hd�qg_a^V�B�V_�pg}ajWd�q�jWn�nrqj+
jzp��XjW^¼�V|Vp�f�hBjWbe^VjW^¼fz_ [�ta¡�� be}ajW^ � � C ª *�|Vd�qg_a^H�¼`cbrqjWb�^Xjzp	jzq
+-_ ¡�� br}ajW^�¤ jWb�`cbedgfihJ|V^V}��XjWd � \ C ª *�|Hd�qg_a^V�XjWd Cz[ y�^Mq�jzpidgf�hVbejW�VnebefihXj �ljzp�^V`�m9�XjWnenrj
£i�|VhXpgjW^{W|OjWbe^Xjzp�¤
jWbe`cbedgfihJ|H^X}��XjWd�\ ª *�|Vd�qg_a^V�VjWd�/T�Vbejl{�+¾bedgfihXjW^O~ � |V^H�¼jzq
+-_ ­ 6 ¡�� nebrjz}ajW^ �H�Vjzp « brq ª
q�jWne+ jzpgq�nebrjz}aq���jWb[=F~ 6 t,* � 6 ¦ E � f ¢ mo^ to�_h [
\Ãbrj « bedgfihJ|H^X}l�XjzpS��jWbe�XjW^ *º|Vd�qQ�_a^V�Xj-£i�|VhXpgq	�V_�{W|8/M�V_adgdS�Hbrj-}ajW`�jWdgd�jW^Xj�\�jW|Xq�jzpgmo^XjW^ w mone_�pibedg_�qgbrmo^
^Hbef�hJq©`cbrq©�Xjzp�b¾jW|Xq�p�mo^XjW^ w mone_�p�bed�_�qgbrmo^ �|X��jzpgjWbe^Vd�qgb�`c`sq [
\�jzp �Jª *�|Vd�qg_a^H� bed�qc�V_a�V|Vp�f�h fihV_�p�_�¶Gq�jzp�bedgbrjzp�q�/S�V_adgdck�pgmaq�mo^XjW^ ª |H^V�3b¾jW|Xq�p�mo^XjW^Vd w b�^ w _�p�_an ª

nejWn�_a|Hd�}ajzp�befihMq�jzq¾d�be^V�³|V^V�³{W|��XjW`�j - q�jzp�^���jzma�H_af�hJq��H_�pgjW^ G�jWdg_a`¸qgd w be^	�
��
�¶am wVw jWne^ [ µ��|Xp©�Vbrj
k6mone_�pibedg_�qgbrmo^¸�Xjzp�b�|X¶9nrjzmo^XjW^l��jW�XjW|Vq�jzq��XjzpE\ ª *�|Hd�qg_a^V�</C�V_adgd��HbrjWd�j�dgb�f�hs_a^Jqgb w _�pi_anenrjWna{W|V` ¤-_ahV^ ª
�VpgjWhVbe` w |Vned6_a|Vd�p�befihMq�jW^³` �|Vd�d�jW^</o|V`)`cbrq��XjW`)¤-_ahV^V�XpgjWhHbe` w |Vn�dE�XjW^ G�jWdg_a`¸qgd w be^�jzpg{zjW|X}ajW^L{W|
¶ �mo^V^XjW^L=FxG}on [Hv �V� [H�G[ � E [
¨ be^�pgjWbe^Xjzp �Jª *�|Vd�qg_a^H�c£i�|VhXpgqS{W|LjWbe^Xjzp
¶9|X}ajWned�]9`c`�jzq�p�b�dgf�hXjW^�½ jWnenrjW^X£4|V^X¶Gqgbrmo^c�VjWd \�jW|Xq�jzpgmo^Hd�/

�Hbrj ¤ jWb�`cbedgfihJ|V^V}��VjWd¼\ ª *�|Vd�qg_a^V�VjWdB��j�+�brpg¶Gq³jWb�^Xj v �B+ jWb�f�hG|V^X} xamo^ �Vjzp �l|X}ajWnr}ajWd�qg_aneq�|V^V�
�H_a`cbrq-jWbe^�jWnrjz¶Gq�p�bed�f�hXjWd��2|V_a�Xp�| w mone`cmo`�jW^Mq
xamo^�� M ¦ 6 ZaÁaZ�
 ��� � = 
 M ¨ nrjW`�jW^Jqg_�p�ne_a�V|H^X} E [
k�� w�ngw�yu{�~8yu}�~�vUr�ngy ~zv_y�w 	�r��_xm}����iw�yu{Utuyu���i�:w�y ~'D_ngyu~zv_w@x�viw@x8w@{�~m}��_xmw��
�Uw�{Uviw;I �U}�~
rR{svTrR�i�|~�xmyu~�~ �
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v �V�Hben��V|V^X} �G[ � �º
 � ����
:���:� ��s��� 	 � 		�U��	:�5�
	-� �s� �:�
\Ãbrjs\�jW|Xq�jzpgmo^VjW^X{W|Vd�qQ�_a^V�Vjsd w _anrq�jW^�b�`¥j - q�jzpi^XjW^ « _�}o^Xjzq�£8jWn���be^��V_ad § p�b w nrjzq�q

	 � � $ M 	 �c� $ & 	 � ¦ $ & 	 � ��� $
_a|X£�|V^V�´d�q�jWnenejW^�dgbef�h�_an�d;�2m wVw n�|V^X}��VjWdS¤-_ahV^V�XpgjWhHbe` w |Vn�d�jWd�|V^H���Vjzp b�|V¶Gnrjzmo^VjW^Vd w be^HdE`cbeq 
�benr£Fj
�Xjzp���nrjz�Hdgfih ª G�map��Xmo^ �2mJj��L{WbrjW^Mq�jW^ +¾brj2£Fmonr}aq©�V_�p �

	 �c� $ M � �� 	 ZcZ $ 	 � ��� $ � ��� �C � 	 Z � $ 	 � ¦ $ � , � CC � 	 Zc¦ $ 	 �c� $ �
	 � ¦ $ M � �C � 	 Z � $ 	 ����� $ � ��� �� 	 Z�¦ $ 	 � ¦ $ � , � �C � 	 Z ��� $ 	 �c� $ �

	 � ��� $ M � CC � 	 Z´¦ $ 	 ����� $ � ��� �C � 	 Z ��� $ 	 � ¦ $ � , � �� 	 Z � Z $ 	 �c� $ � &
+
ma��jWb �Vbej6*�|Hd�qQ�_a^V�Xj 	 � D � $ M 	 �c� $ � & 	 � ¦ $ � & 	 � ��� $ � �Xjzp � |H`c`�j¸�Vjzp�b�|X¶9nrjzmo^XjW^Vd w be^Vd�be`« _�}o^Xjzq�£8jWn���dgbefih¼_a|Vd©�VjW^F*�|Vd�qQ�_a^H�XjW^��Xjzp©jWbe^V{zjWne^XjW^ b�|V¶Gnrjzmo^VjW^Vd w be^Hd jzp�}ajz��jW^.�

	 �c� $ � M �� C� C��� �� C� C���	 � ¦ $ � M C� � �� C� C��� �� C� � C���C, C� � �� C� � C��� �� C� C��� = �G[ � E
	 ����� $ � M �� C� � C��� �� C� � C��� 6

\Ãbrj³½ _ahXp�dgfihXjWbe^Vneb�f�hX¶ajWbrqsjWbe^XjWd¸��jWdgqgbe`c`¸q�jW^Zb�|X¶Gnejzmo^XjW^X{W|Vd�qg_a^H�XjWd¸b�^ jWbe^XjW` }ajz}ajz��jW^XjW^�\�jW| ª
q�jzpgmo^XjW^V{W|Vd�qg_a^V� n �_adgd�q¼dgbefih �V|Xpif�h �Vbrj �Ã|H_a�Xp�_�q�j �Xjzp¼¶amap�pgjWd w mo^V�Vbrjzp�jW^V�XjW^ �-nrjz�Hdgfih ª G�map��Vmo^�2mGj���{WbrjW^Jq�jW^�_a^X}ajz��jW^ [
µ��|XpÃ�XjW^,*º|Vd�qg_a^V� 	 �c� $ �VjWd�\�jW|Xq�jzpgmo^Hd�jzpih��_anrq�`�_a^O_aned v ^Mq�jWbenE�XjWdTb¾jW|Xq�p�mo^XjW^Vd w b�^Vd�/H�Xjzp�jW^Jq ª
}ajz}ajW^��XjW` \�jW|Xq�jzpgmo^XjW^Hd w be^�_a|Vdg}ajzp�bef�hJq�jzq�d�be^V�³jWbe^Xj2½ _ahXpidgf�hXjWb�^VnebefihX¶ajWbrq-xamo^

� � �� � � , � � �C � < � C� � � , � � �� < ¦ � � M ¦ 6 ��¡
jW^Jqgd w pgjWfihXjW^V�¼£ �|Xp 	 � ¦ $ �

� � �C � � � , � � �� < � C� � � , � � �C � < ¦ � � M ¦ 6 ¡�¦
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|H^V�B£i�|Vp 	 � ��� $
� � ���� � , � � �C � < � C� � � , � � CC � < ¦ � � M ¦ 6 ��¡

\Ã_ad���jW�VjW|Xq�jzq�/.+ jzpi�XjW^ / C �Vjzpc\�jW|Vq�jzpgmo^XjW^�b�` *�|Vd�qg_a^V� 	 ��� $ }ajW`�jWdgd�jW^8/Sd�m ��j:]T^V�XjW^�dgb�f�h
xamo^��VbrjWd�jW^�jzq�+
_ ¡�� be`�\ ª *�|Vd�qg_a^H�</Sbe^��XjW` ��¡�� �Xjzp"b¾jW|Vq�pgmo^XjW^ _a^Jqgb w _�p�_an�nrjWn
{W|V`�\�jW| ª
q�jzp�mo^XjW^Vd w b�^ _a|Vd�}ajzpibef�hJq�jzqcdgbe^V� [ 0 ` *�|Hd�qg_a^V� 	 � ¦ $ ��jzq�p<�_�}aq��VbejWd�jzp v ^Jq�jWben ¡�¦�� |H^V� £ �|Xp´�XjW^
	 � ��� $ ª *�|Vd�qg_a^H��jz��jW^X£F_an�ned ��¡��³[
\Ãbrjl¤
jWd�qgb�`c`¸|H^X}c�XjzpSb�jW|Xq�pgmo^XjW^ w mon�_�p�bedg_�qgbrmo^³£Fmonr}aq¾_a|VdTGÃn [ = ZG[u¡ E {W|

3 ��M / k7 � / A k7/ k7 , / A k7 &
+
ma��jWb�£i�|Xp¾�Vbejs¤
jWd�jzq�{W|V^X}od�{W_ahHnrjW^ / k7 �H{�+ [ / A k7 �Xjzp¾��jWbe�VjW^ �Gw be^H^VbrxajW_a|Vd�`cbeq¾�XjW` ma��jW^,G�j ª
d�_�}aq�jW` }obenrq �

/ k7 M ta¡ 6 � � / C , ~ 6 t�� < ��¡�� / A<C , ~ 6 t�� < Za¡�� / C , ¡�¦�� / �/ A k7 M ta¡ 6 � � / A<C , ~ 6 t�� < ��¡�� / C , ~ 6 t�� < Za¡�� / A<C , ¡�¦�� / � 6
/ C / / A<C |V^V� / � d�be^V���Vbrj2¤
jWd�jzq�{W|V^V}od�{W_ahVnrjW^O�Xjzp©jW^Jqgd w pgjWfihXjW^V�XjW^¼\�jW|Xq�jzp�mo^XjW^V^VbrxajW_a|Hd [
¨ be^Vd�jzq�{zjW^¼jzpg}obr�Vq �

3 � M ¦ 6 taZa­a¡ < / C � / A<C/ C , / A<C , / � 
 ��� � �M ¦ 6 taZa­a¡ < 3 " = �G[uZ E

\Ã_ad6hXjWb�Xaq�/C�Vbrj b�jW|Xq�pgmo^XjW^ w mon�_�p�bedg_�qgbrmo^2b�d�qE�V_a`�brq�|V` pgjWne_�qgbrx � 6 �a¡�� }ajzp�be^X}ajzp6_aned��HbrjS}ajW`�jWdgdgjW^Xj
\�jW|Xq�jzp�mo^XjW^ w mone_�p�bed�_�qgbrmo^ [
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¤-|Xqg_a^Xmon´}ajWh �map�q {W| �Xjzp G�p�| wHw j#�Xjzp jWbe^�+ jzp�qgbr}ajW^ v ne¶amohXmonrj |V^V�.hV_�q �Vbrj � |V`�`�jW^X£Fmap�`�jWn
� � 

	_2 
 =@a 
 ª ¤-|Xqg_a^Vmon�a E �V{�+ [ be^��XjW|Vq�jzp�brjzpgq�jzpÃµXmap�` � � \�	_2Ã\ C =@a \ ª ¤-|Xqg_a^Xmon�a E [º¨ d�j - bed�qgbejzpgjW^be^Vdg}ajWdg_a`sq2x9brjzp �2mo^Hd�qgbrqg|Xqgbrmo^Hdgbed�mo`�jzp�j /T{�+
jWb w p�b�`��_�pgj /�jWbe^ d�jz¶9|V^V���_�p�jWd�|H^V� jWbe^�q�jzpgqgb¬�_�pgjWds¤
| ª
qg_a^Xmon�/6�Vbrjcdgb�f�h �V|Vp�f�h |H^Mq�jzp�d�f�hVbrjW�Hnebef�hVj v q�mo`c_a^Xmap��V^G|V^X}ajW^ xamo^XjWbe^V_a^H�Xjzps|V^Jq�jzp�dgfihXjWbe�XjW^ |H^V�
xajzp�dgfihVbrjW�XjW^Vj w hJ]Gdgbe¶C_aneb�dgf�hXjÃ|V^V��fihXjW`cbed�f�hXj ¨ br}ajW^VdgfihV_�£Fq�jW^¼_a|X£�+ jWbedgjW^Z=FxJ}on [H§ _���jWnenej�~ [uZ E [
\�jzp´p �_a|V`cn�bef�hXj v |X£F�H_a| �Vjzp « monrjz¶ �|Vnrj�bedgqs��jWd�qgbe`c`¸qs�V|Vp�f�h��Vbrjc~ ª ¤-be^V�Hbr}a¶ajWbrq¸�Vjzp �2mohHnrjW^ ª

d�q�ms9º_�q�mo`�jl|V^V��jWbe^Xjzp-�V_a`cbrq xajzpg�H|V^H�XjW^XjW^�d w � ª 
�]G�Vp�be�Vb�dgbrjzp�|V^V}Ã�Vjzp �Hb�^V�XjW^V�XjW^ v q�mo`�mapg�Hbrqg_anej /
�VbrjÃdgbefihBbe^³q�jzq�p�_�jW�VbedgfihXjzp ¢ b�f�hJqg|V^X}�jzp�d�q�pgjWf�¶ajW^¼|V^V�³{W|³jWbe^XjzpS*�bef�¶J{W_af�¶ ª µVmap�` �Xjzp �2mohHnrjW^Vd�q�ms9 ª
¶ajzq�q�jW^ b�^O�XjW^ w pibe`��_�pgjW^�|V^V� �XjW` d�jz¶9|V^V���_�p�jW^�¤-|Xqg_a^VmonE£ �|VhXp�jW^ [ \Ã_adÃq�jzpgqgb �_�pgjc¤-|Xqg_a^Xmon6¶C_a^H^
be^ d�jWbe^VjzpdGÃjWdg_a`sqghVjWbrql_aned § jzq�pi_�jW�Xjzp�`�monrjz¶6�|Vn _a^X}ajWd�jWhVjW^>+ jzpi�XjW^</�`cbrqÃjWbe^XjW` � ª *�jW^Jq�p�_ane_�q�mo` /
d�mi+¾brjs�Xp�jWb « jzqghJ]Gn ª |V^V�BjWbe^Vjzp 
¾]9�Xpgm - ]9nr}ap�| wHw jÃ_a|X£ �XjW^ ¨ fg¶ajW^��VjWd § jzq�pi_�jW�Xjzp�d [
¨ be^Vbr}aj ¨ br}ajW^Hdgf�hV_�£Fq�jW^ �Xjzp¼be` ¤-|Xqg_a^Xmon2_a|V£8q�pgjzq�jW^H�XjW^ ¤-be^V�V|V^V}ajW^°dgb�^V�°b�^¯�Vjzp³£Fmonr}ajW^V�VjW^

§ _���jWn�nrj2{W|Vdg_a`c`cjW^X}ajz£F_ad�d�q [
¤-be^V�V|H^X} `
�_a^X}aj f I D h \Ãbedgd [ ª¬¨ ^Xjzpg}obej f �
�)���� h * ¨ b v ^Mq�jWb�n<0 mo^VjW^M�Hb�^V�V|V^X}

 � 
 � ~ ~ �a¡G[ ~ ZG[ � ª ZG[ �_M ¦ ¦
� �9� � ¡ ~ � ~ �J[uÁ ZG[u¡<ª ZG[u¡ M ¦ ¦
� � 
 � ¦ot ~V� ¦9[u­ ZG[u¡<ª ZG[ �_M ¦9[ ~ ¦9[ ¦M�
� ��2 ��~ � �a­�¦ / ¦ ZG[u¡<ª �G[u¡ M�� [ ¦ ¦9[uZ�¦
2 � 
 ta­ ~ ­ ~ [ � �G[u¡<ª ZG[ �_M�� [ ~ ¦9[uZat

§ _���jWn�nrj�~ [ � �9�g� �B	:�����	�B� �:�
	:� ��	
�-�W� ���/ :�����s������	���% * ���  R	 
_	��"��� ��	�� �s�m	=�c� �T	
�7	:��
���	
�-�g��		�U�.� ���
��	
� � �����_��� �� �
	:� ��	
�U�S�����s�������
�����:����	
���
v |X£F}ap�|V^V���Xjzp�|H^Mq�jzp�d�f�hVbrjW�Hnebef�hVjW^ ¨ nejz¶Jq�pgmo^Vjz}o_�qgbrxGbeqQ�_�q�jW^�xamo^ �T/[2 |V^V� 
 dgbe^V���Vbrj³� ��2 ª /

2 � 
 ª |V^H��� � 
 ª ¤-be^H�V|V^X}ajW^ w mone_�p_/5+ map�_a|Hd¾`�monrjz¶9|Vne_�p�jl\�b w mon�`�mo`�jW^Jq�j2pgjWdg|VnrqgbejzpgjW^</V�Vbrjl�H_�{W|
k ����H�w�y ~ {iyu����~�r�{Uviw@xm}z�:w@xmngw@xm��~'D=E w$G�yuw���~�}�y��
�Wyu{dviyuw�}�w�n��[rR�Uy ~mw�t�v_yuw J w$G�w�yu�
�U{��U{i� J��i~
rR{U��tB��tuw�yu���iw@xmnjr +�w�{

r��_��viyuw.� �iv_xm����w�{iy�}�yuw@x�~mwMH8yuw r��_��viyuw[v_w��i~mw@xmyuw@x�~mw[pi��xmn��
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£ �|VhXp�jW^</H�V_adgdÃ�Vbej¸¤-|Xqg_a^Xmone`cmonrjz¶E�|Hnrj¸be^O�Xjzp�;S�|Vdgdgbe}ajW^Ok hV_ad�j��|X��jzp¾½ _adgd�jzpid�q�ms9��Hpa�|Vfg¶ajW^J�Hbe^H�V|V^ ª
}ajW^�`cbrq�jWbe^V_a^H�Xjzp6_ad�d�ma{Wbebrjzpgq	dgb�^V� [ \�bejWd £i�|VhVpgqE{W|´jWb�^Xjzp � qQ�_�pg¶9|V^X}2�XjWd	`�monejz¶G|Vn�_�pgjW^"G�jz£i�|V}ajWdS|V^V�
b�d�q©|V^Jq�jzp¾_a^V�XjzpgjW` £ �|Xp©�Hbrj2hXmohXjW^ � bejW�Xj w |V^X¶Gq�j2�Xjzp v nr¶amohXmonrjlxajzpi_a^Mq�+ mapgqgn�bef�h � [

v �V�Hben��V|V^X}¸~ [ � � �c��	 �_�m	
��� �s�����������5���.� �������
��� 	-� 	 � 		�U�S�5�m�s���s� � �s�e	�� ���� �:�
¨ be^q+
jWbrq�jzpgjzp ¨ 9�jz¶Jq�/-�Xjzp³_a|X£2�Vbrj�|V^Jq�jzp�dgfihVbrjW�Vn�bef�hXjW^ ¨ nrjz¶Gq�pgmo^Xjz}o_�qgbrx9brqQ�_�q�jW^¯�XjzpL_�q�mo`c_�p�jW^

¤-be^H�V|V^X}odg_�p�q�jW^�{W|Xpo�|Vfg¶G{W|X£i�|VhXpgjW^Lbed�q�/9bed�q-�Xjzp�d�m´}ajW^V_a^V^Jq�j1a 0 ^V�V|V¶Jqgbrxaj ¨ 9�jz¶Gq�a [ \Ãbrj2�V|Vp�f�h ¨ nrjz¶ ª
q�p�mo^XjW^Mxajzpidgf�hVbejz�H|V^X}BjW^Jqgd�q�jWhXjW^V�XjW^�k _�pgqgbe_anene_a�H|V^X}ajW^���j�+¾brpg¶ajW^ be^Jq�p�_a`�monrjz¶9|Vne_�p�j�jWnejz¶Jq�pgmodgqg_�qgb ª
d�f�hXj´µXjWne�Xjzp_/T�Vbrj¸_a|Vf�h _a^�_a^V�XjzpgjW^ v q�mo`�jW^ �XjWd « monrjz¶E�|Vned��Vbrj ¨ nrjz¶Gq�pgmo^XjW^V�Vb�f�hJq�j³�_a^V�Xjzpi^ [ \Ãbrj

�]9�Xpgm - ]9nr}ap�| wVw j�be`�¤
|Vqg_a^Xmon +¾brpg¶Gq
jWnrjz¶Jq�p�mo^XjW^V_a^X{WbrjWhVjW^V�</�+ m9�V|Xpif�hBdgbefihBjWbe^Xj w modgbrqgbrxajÃk _�pgqgb ª
_an�ne_a�V|V^X}´_a` _a^V}apgjW^X{zjW^V�XjW^ �2mohVnrjW^Vdgq�ms9�_�q�mo` �Hbene�Xjzq [
\Ãbrj-¤-be^V�V|H^X}od�jWnrjz¶Gq�pgmo^XjW^¸�Xjzp�� � 
 ª ¤-be^H�V|V^X}�+ jzp��VjW^¸d�q �_�p�¶ajzpS_a^��Hbrj�
�]9�Xpgm - ]9nr}ap�| wVw jS}ajz{zma}ajW^8/
+-_adS{W|cjWbe^Xjzp � fih +¸�_afihJ|H^X}s�Xjzp
� � 
 ª ¤-be^V�H|V^X}2|V^V���V_a`�brq	{W|�jWbe^XjzpShE�mohXjzpgjW^ ¢ jW_�¶Jqgbrx9brqQ�_�q��HbrjWd�jzp

 ª¬v q�mo`�j¸£i�|VhVpgq [
0 ` 
�be^J�Hnebef�¶°_a|X£��XjW^ ¨ be^Vd�_�q�{ xamo^ ¤-|Xqg_a^Xmonsbe^ w mone_�p�bed�brjzpgq�jW^ � q�pgjW|Xj -9w jzp�be`�jW^Jq�jW^!{zjWbefih ª

^Vjzq��VbrjWdgjWd « _�q�jzp�be_an6�Xjzp�^H_ahXjz{W|Od w be^Vnrmodgjly�^Jq�jzpg}ap�|V^H��_a|Vd [ b¾jz��jW^O�XjW^ =F£ �|Xp��V_ad ¨[-Gw jzp�be`cjW^Mq
7 � E H ���Ut v_yuw � � < ��xm�U�i� wg�:��{�yu�_xmw@x ��x J��+:wS�U{Uv�@���t�r7xmy�}�yuw@x5EUrRxm�:w@yu~�ngyu~ w�yu{iw@x ITw�~m� �_tu��xm�i�U� wg�:w�xm��tuw�yu��� EUrRxy�}�~'DB�sr E w�{"viyuw $�tu�:���U��t�wjw�yu{iw�{�H w�}�w@{�~mtuyu�
�6� J���iw@xmw�{ ��y�w�viw��i�U{U��~ rRt�} viyuwjw�{�~m}��ixmw@���iw�{sv_w�{ $zt���r�{iw��5p J�_x J��i~
rR{
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}aj�+c�|V^Hdgf�hJq�jW^ E d w be^J��jWhV_�£Fq�jzq�jW^L|V^H�L�V_a`�brq w mone_�pibedgbrjzpg�T_�pgjW^�½ _adgd�jzpid�q�ms9�¶ajzpi^XjW^Bq�p�_�}ajW^��Vbrj v ^ ª
q�jWbenrj��Xjzp-d w be^J��jWhV_�£8q�jzq�jW^��2jzp�^Vj�_a|Vd
�Xjzp-^V_�q��|Xp�neb�f�hXjW^ 0 d�maq�m w jW^V`�bedgf�hG|V^X}sxamo^��lmohVnrjW^Vd�q�ms9�|H^V�
� _a|Xjzpid�q�ms9 {W|V` w mone_�p�b�dgbrjzpg�H_�p�jW^ 
�be^Jq�jzpg}ap�|V^V�B��jWb [ \�jW^�}ap �m Xaq�jW^O¤
jWbrq�pi_�}�nebrjz£Fjzpgq©�V_���jWb�`cbeq�jWb ª
^XjW` ^H_�q��|Xp�nebefihXjW^ � mapg¶amo`c`cjW^ xamo^ jzq�+
_°� 6 � � �Xjzp �Gw be^ ª ��� Z<ª �ljzp�^ C � � [�« brq�jWbe^XjW` v ^Mq�jWb�n
xamo^ fz_ [	¦ 6 ¦ ~ � C  2 = �Gw be^ ¡ � Z E be^��Vjzp�^V_�qa�|Vp�nebefihXjW^ « bedgfihJ|H^X}5/E¶�_a^V^�jWbe^#hVbrjzpgxamo^#jzpg{zjW|X}aq�jzp
y�^Mq�jzpg}api|V^V�¼�V_ahHbe^X}ajz}ajW^�xajzp�^H_af�hVn¬�_ad�dgbr}aqg+
jzp��XjW^ [
µ �|Xp � q�pgjW|Vj -Gw jzp�be`cjW^Mq�jl£Fjzp�^XjzpT+¾befihMqgbe}³bedgq��Vbrj�\Ãbef�hJq�j��Xjzp"=F}aj�+ �|V^VdgfihMq�jW^ E � q�pgjW|X{zjW^Jq�pgjW^ be`

« _�q�jzp�be_an [ \ÃbrjWd�jcG�p �m Xaj�+¾bep����V|Vp�f�hB�XjW^³d�ma}ajW^V_a^V^Jq�jW^�\Ãbene|Xqgbemo^X£F_�¶Gq�map :�_a^X}ajz}ajz��jW^</X�Xjzp ��^G|Xp
£i�|Xp��H_ad « _�q�jzp�be_an ��jzq�p�_afihMq�jzq �¼�Xj:]T^Hbrjzpgq�b�d�q�_an�d � jzp�hE�_anrqg^Vbed��Xjzp w mone_�p�bedgbejzpg�H_�pgjW^�{W|VpdGÃjWdg_a`sq ª
{W_ahVn	�Xjzp2be^Jq�jzpgjWdgd�brjzpgjW^V�XjW^��2jzp�^Vj [ 0 ` µV_anen �XjWd C 
 ª ¤
|Vqg_a^XmonedÃ£i�|VhXpgq��VbrjWdÃ_a|X£ :LM C � � M ¦ 6 � �a¡ /
£i�|Xp
\ ª ¤-|Xqg_a^Xmon�jzp�}obr�Vq d�bef�h': M C �

��� M ¦ 6 Za�aÁG[ `�jzq�{zq�jzpgjzp©½ jzpgq-xajzpgpibe^X}ajzpgq-dgbefih�jW^Jqgd w pgjWfihXjW^V�³��jWb^VbefihMq xamonened�qQ�_a^H�Vbr}ajzp \�jW|Xq�jzpibrjzp�|V^X}��XjWd « _�q�jzp�b�_aned [ µ��|Xp
�V_ad
be` ¢ _ahV`�jW^³�VbrjWd�jzp v pg��jWbrq�xajzp7+ jW^ ª
�Xjzq�js\ ª ¤-|Xqg_a^Xmonz+¾brp��Bxamo`P`�brjz£Fjzp�_a^Jq�jW^���jWbe^¼\�jW|Xq�jzp�bejzp�|V^X}od�}api_a�Bxamo^ tat 6 ¡�� _a^X}ajz}ajz��jW^ [

¨ be}ajW^Vdgf�hH_�£8q � ª ¤-|Xqg_a^Xmon 0 dgm ª ¤
|Vqg_a^Xmon Z<ª ¤-|Xqg_a^Vmon q�jzpgq ª ¤-|Xqg_a^Xmon
« mone`c_adgd�j f ��Q D���� h � ~ [ � Z = 
 E � Á ~ [ � Á =4\ E
� � w�[<f�� � h �a� �J[u¡ � ¦oÁG[ ~ tatG[u¡ ÁaZG[uZ
� ` w�[<f�� � h � Áat 6 ¡ �s�a��~ 6 � Za¡G[u¡
µ ne_a`c` w ¶Jq f�� � h �a¡ =4\ E ZaÁ = 
 E
*
�|V^H�Xq�jW` w�[8f � � h � ~ ¦ =4\ E ~ ��¦ = 
 E
\Ãbef�hJq�j f �5Q�� D � h ¦9[uÁ�¦otaÁ = 
 E ¦9[uÁ�¦ �a� = 
 E ¦9[uÁ�¦oÁ�¦ = 
 E ¦9[ ��Áa¡a­ = 
 E

¦9[ut � to� =4\ E ¦9[ut�¦otaÁ =4\ E ¦9[ut � �a� =4\ E ¦9[uÁataZaZ =4\ E
� bed�¶amodgbrqQ�_�q f � 3 h ZG[uta¡ = Z�¦ � � E ~ [ �C¦ = � ¡ � � E ~ [uZ �Y= � ¡ � � E �G[u��¦ = ��¦ � � E
\Ãb w mone`�mo`�jW^Jq f \ h � [u­a­ � [ ��t � [u­a­
\ÃbrjWnrjz¶ [ �2mo^Vd�qg_a^Jq�j � �J[ �Y= Za¡�� � E � �J[ � = Za¡�� � E � ¡G[uÁ = Za¡�� � E � ¦9[ut = ��¦	� � E
` �mod�n [ be^ 
 � 2 f ��Q � h �J[ut tG[u¡ � ZG[u¡ 


¢ � v¾ª ½ jzpgq Z ~ = 
 E � ¦a¦ = 
 E Z�¦a¦ = 
 E � Z�¦a¦a¦ = 
 E
\Ãbene|Xqgbemo^X£F_�¶Gq�map ¦9[ � �a¡ = 
 E � ¦9[uZa�aÁ =4\ E
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\�jzp¾k�pgma{zjWdgd��Xjzp¾�X]9^V_a`cbed�f�hXjW^ b�|X¶Gnejzmo^XjW^ w mone_�p�bed�_�qgbrmo^Bbed�q�^V_af�hO�XjW^ v |Vd�£i�|VhXp�|V^V}ajW^³b�^ �l_ w b ª
q�jWn Z _a^��H_ad � map�hV_a^H�XjW^Vd�jWbe^Bxamo^F^J|H_adgbr£FpgjWbrjW^ ¨ nejz¶Jq�pgmo^VjW^�be` « _�q�jzp�be_an�}ajz�H|V^V�XjW^ [ \�_L�Vbrj2£i�|Xp
�H_adlk6mone_�p�bedgbejzpgq�j § _�p�}ajzq¸jWbe^V}ajWd�jzq�{zq�jW^ « _�q�jzp�be_an�brjW^ \Ãbe_a`c_�}o^Xjzqgbe¶C_¼d�be^V�</º` �|Vd�d�jW^ behV^VjW^ w _�p�_ ª
`�_�}o^XjzqgbedgfihXj1*�jW^Jq�pgjW^¼�V|Vp�f�h�\�maqgbrjzp�|H^X}c{W|X}ajz£ �|VhXpgq�+
jzp��XjW^ [
�y¾�Hn�bef�hXjzpR+ jWbedgjc+¾|Xpi�XjW^��Tbedgne_a^X}L�Vbrj�mapg}o_a^VbedgfihXjW^ � |X�Hdgqg_a^X{zjW^q= v nr¶amohVmonrj /º\�bemonrj E �V|Xp�fih « b ª

d�f�hG|V^X}l`cbrqSfihXjW`cbed�f�hXjW^ ¢ _a�Vbr¶�_anrjW^´�V{�+ [o¨ pg{zjW|X}o|V^V}l�Xjzp ¢ _a�Hbr¶C_anej©�V|Xp�fih�f�hXjW`cb�dgf�hXj ¢ jW_�¶Gqgbrmo^
b�` « _�q�jzp�be_an�d�jWnr�Td�q �Xmaqgbejzpgq�/�+��_ahXpgjW^V�L�Vbrj�\�maqgbrjzpi|V^X}´`cbrq�q�jWned
brmo^Vbed�brjzpgjW^V�Xjzp � q�p�_ahVne|H^X}s�XjW^³_a^ ª
map�}o_a^VbedgfihXjW^ « _�q�jzp�be_anebrjW^ = v `c`cmo^Vbe_�¶�/�`�brqghVb�|V`chJ]G�Xpibe�Xj E xamapg��jWhV_aneq�jW^ +
_�p [
0 ` ¢ _ahH`�jW^ �VbrjWd�jzp v pg��jWbrqT+¾|Xp��XjW^ _a|Vfih v nr¶amohXmonrj�d�q�p�_ahHnrjW^V�Xmaqgbrjzp�q�|V^H��_a|V£ behXp�j�k6mone_�p�b�dgbrjzp ª
�T_�pg¶ajWbrq©hVbe^�|H^Mq�jzp�d�|Vf�hJq [
0 `%£Fmonr}ajW^V�XjW^¯d�monenÃ�V_�pg}ajWdgq�jWnenrq + jzp��VjW^</ +�brj��H_adL{W| |H^Mq�jzp�d�|Vf�hXjW^H�Xj « _�q�jzp�be_an2\�b�k ª £��_ahVbr}

}ajW`�_af�hJqY+¾bep�� [ � map�_��¯£8mone}aqcjWbe^Xj¼¶9|Xpg{zj �y¾��jzp�dgb�f�hJq �|X��jzp��Vbrj�fihXjW`cbed�f�hXjW^ ¢ _a�Vbr¶�_anrj /S�Vbej¼{W|Xp
\�maqgbrjzpi|V^X}�jWbe^X}ajWdgjzq�{zqS+¾|Xpi�XjW^ [
v |Vd��Xjzp « jW^X}ajO�XjzpLf�hXjW`cb�dgf�hXjW^ ¢ _a�Vbr¶�_anrj¼hV_���jW^ d�bef�h £ �|Xpc�XjW^ ¨ be^Vd�_�q�{�_anedc\�maqgbrjzp�|H^X}od ª

`�_�q�jzp�be_an-�Vbrj b�beq�pgm - be�Xp�_a�Hbr¶C_anejLk6map w hJ]Jp�j - be��|V^H� §©¨ « k�2��s/Sd�m_+�brj��Vbrj³mapg}o_a^VbedgfihXjW^��
pi= � E ª�lmo` w nrj - j ¨ 
�¤ v � |V^H� ¨ 
�¤ v¾ª � �'� /X��j�+¸�_ahXp�q [

v �V�Hb�ne�V|V^X}³~ [uZ � 
 �.��� �s����� � 	
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kEmap w hM]Gpgj - be� +¾brp�����jzpgjWbrqgd�d�jWbrq�`�jWhXp�_aned ��¦ (o_ahVpgjW^�_aned´f�hXjW`cb�dgf�hXjWd ¢ _a�Vbr¶�_an�£ �|Xp��VbrjB\�m ª
qgbejzp�|V^X}Bmapg}o_a^Vb�dgf�hXjzp § _�p�}ajzqg`c_�q�jzp�be_anebejW^ ��jW^J|Xq�{zq f « _a^ ­atih [ ¨ dsnebrjz}aqlbe^ ¶Gp�bed�qg_an�nebe^XjzpÃµXmap�` _aned
p �maqgnebef�h ª map�_a^X}ajWd-k�|Vnexajzp�xamap [ \Ã_ad « monrjz¶ �|Vn�bed�qSpibe^X}a£ �map�`cbr}s_a|V£8}ajz�H_a|Vq
|V^H� § p �_�}ajzp��XjWd ¢ _a�Vbr¶�_aned
b�d�q
�Hbrj2|V^X}ajWd �_�q�qgbr}aq�j � qgbefg¶9d�q�ms9 ª � _a|Xjzp�d�q�ms9��Hbe^H�V|V^X}5/9�Vbrj���jWb ¢ _a|V`¸q�jW` w jzp�_�qg|Xp�_anenrjzp��Hbe^X}od pgjWne_ ª
qgbex³be^Hd�qg_��Hbenºbedgq�/Vd�m��V_adgd��Vbrj � |V�Hd�qg_a^X{l|V^Jq�jzp����|VhVne|V^V} = ¦ ��� �Hbed ­ ��� E }ajWne_�}ajzpgq�+ jzp��VjW^¼`¸|Hdgd [
k6map w hM]Gpgj - be� bed�q2^J|Vpld�jWhXpldgfih +
jzps�V{�+ [ }o_�p¸^Vbef�hJqlbe^ ¤-|Xqg_a^Xmon	n �modgnebefih</ + m9�V|Xp�fih�jWbe^XjY*�|X}o_���j
xamo^ ½ _adgd�jzp¸_an�dW` �modg|V^V}odg`cbrq�q�jWn ^Xmaq�+ jW^V�Hbr} +¾brp�� [ \Ã_a�V|Xpif�h,+¾brpi���Vjzpl\�b�ne|Xqgbrmo^X£4_�¶Gq�mapl�Xjzpl`cbrq
�HbrjWd�jW` ¢ _a�Vbr¶�_anH�Vmaqgbrjzpgq�jW^BkSpgma��j�}ajzp�be^X}a£i�|X}obr}�dgf�hVnejWf�hJq�jzp [Xv |X£��Hbrj � mapgq�jWb�nrj��Vjzp ½ _adgdgjzpg{W|X}o_���j
hHbe^VdgbefihMqgn�bef�hB�Xjzp©d�q�pi|X¶Jqg|VpgjWnenrjW^ � qg_��Hb�nebrqQ�_�q��Xjzp w pC�_ w _�p�brjzpgq�jW^�k�pgma��jW+¾brp��Bd w �_�q�jzp¾jWbe^X}ajz}o_a^V}ajW^ [
v ned v nrq�jzp�^H_�qgbrxajB{W| �XjW`�`cbrq�qgnejzp7+ jWb�nrj³^Hbef�hJqc`�jWhXpcbe` 
�_a^V�XjWn-jzp�hE�_anrqgnebefihXjW`�k6map w hJ]Jpgj - be�

]�^V�XjzqBd�jWbrq³jWbe^Vbr}ajW^ (o_ahXp�jW^¯�HbrjOfihXjW`cbedgfih �_ahV^Vneb�f�hXj � |X�Hd�qg_a^V{ §©¨ « k�2 v ^�+ jW^V�H|V^X} [-v |Vfih
��jWb��VbrjWdgjW` ¢ _a�Vbr¶�_an�nebrjz£Fjzpgq-jWbe^Xj2^VbefihMq ª _��H}ajWd �_�q�qgbr}aq�j � qgbefg¶9d�q�ms9 ª � _a|Xjzp�d�q�ms9 ª ¤-be^V�V|H^X}��V_adj^G|V_adgb ª
£FpgjWbrj ¨ nrjz¶Gq�pgmo^ [ 
�be^Vdgb�f�hJqgnebef�h �Vjzp ¨ be^V£F_afihVhXjWbrq2��jWbS�Xjzp¸kSp<�_ w _�pi_�qgbrmo^ �XjWd § _�pg}ajzqg`�_�q�jzp�be_aned�hV_�q
� 	 D 	 D � D � <%K F ~�x
r I w@~m� �_t <�@ yu� w@xmy�viyu{>< O < � � �_t� �_��v_yu�Un Eiy�}�K 	 < F5~m� �_tF< 	 < � �iv_xm��� �=Ei�i~ �_x
r7~m� & 	 <�( PF< ���_�����_xm��njrR~�&P: (�ng��{i��� �iv_x
rR~



� � ����� � ����	-������� � ���$ 
���m�s��
_	:� Za�

¨ be}ajW^Vdgf�hH_�£8q k6map w hJ]Jp�j - be� §©¨�« kJ2 ¨ \Ã¤ v
� |V`�`�jW^X£Fmap�`�jWn � � 
 	 b � 2 � 	 
 C�� b�2 b�_ 1 f � C � \ � � 2  �
p < \ � 2 h A� q�p�|V¶Jqg|Xp pibe^X}a£��map�`cbr} p�be^X}a£��map�`cbe} �-hXjWn�_�q�¶amo` w nrj -
¢ _a�Hbr¶C_aneq¬] w b�2 � bW2 � �-pi= � E
« monrjz¶E�|Hnr}aj�+¾befihMq ��~V� [ � ¡ � ¡a­G[uZa¡ �at � [ ~ ­
� fihV`�jWnr{ w |H^X¶Jq � ­aZ�� � �a­�� � � �at�� �
µ ne_a`c` w |V^X¶Gq � ��¡�� � ­o� � �
\Ãbene|Xqgbemo^X£F_�¶Gq�map � ��M C��C � � M ¦9[ �a� ¡ ~ � � M 	

C � C M ¦9[ ¦o­a�aÁ � "_M � �
� 	 C M ¦9[ �a� Za¡\Ãbef�hJq�j � �

� ) E` �mod�nebef�hV¶ajWbrq�½ _adgd�jzp }o|Xq dgf�h�+
jzp }o|Xq
` �mod�nebef�hV¶ajWbrq©¤-|Xqg_a^Xmon dgf�h�+ jzp }o|Xq }o|Xq
µV_�pg��j qgbrjz£Fpgmaq pgmaq ª map�_a^V}aj pgmaq ª x9brmonrjzq�q
nebrjz}aq�xamap�_aned ¶Gp�bed�q [ k |Vnrxajzp ¶Gp�bedgq [ k�|Vnrxajzp ¶Jpibed�q [ k�|Hnrxajzp
¤
jz{W|X}od7^G|XjWnenrj µ ne|V¶C_ v G1/ � f�h�+
jWbr{ � br}o`c_ v ne�Xp�befih «�[ �2p�|H` w monef

§ _���jWn�nrj¼~ [u� �©������	:� �	�	��� ���
	�� � 	
�! �	:���5� 
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§©¨ « k�2��VjW^ � mapgq�jWb�n�/C�H_adgd6jWd6�Hbrpgjz¶GqEbe^�¤-|Xqg_a^Xmon9n¬�modgneb�f�hsb�d�q [ �v |5Xajzp�n�bef�h�bed�qEjWd6�VjW`.k6map w hM]Gpgj - be�
�_ahV^Vn�bef�h</�jWdSn�brjz}aq jz��jW^V£F_anen�d6_an�d ¶Jp�b�d�qg_anenebe^VjWdEk |Vnrxajzp	xamo^�p �maqgn�bef�hXjzpSµ �_�pg�T|V^X}Ãxamap [ 0 ^�`cbrq §©¨ « k�2
�Xmaqgbrjzp�q�jW` k6monr]ajzqghJ]GnejW^¸|V^H�lk6monr]G`cjzpg£8mon�brjW^l¶amo^V^Jq�jW^�hXmohXj �V]G^V_a`�bedgf�hVjSkEmon�_�p�bedg_�qgbrmo^VjW^ljzpgpgjWb�f�hJq
+
jzp��XjW^ f ¤-|V^ ta¡ih [ \�jzp ¨ be^Vdg_�q�{¾b�^�¤
|Vqg_a^XmonV£i�|VhXpgq�j�{W|�½ jzpgq�jW^</G�Vbrj©`cbrq kEmap w hM]Gpgj - be� ª �Xmaqgbejzpgq�jW`
« _�q�jzp�be_an xajzpg}onrjWb�f�hJ�H_�p2dgbe^V�3=4kSpgmaq�mo^VjW^ w mone_�p�bedg_�qgbemo^XjW^�xamo^ � Áat 6 Z�� Q , Á�¦ 6 ¡�� |V^H�O\�jW|Xq�jzpgm ª
^XjW^ w mone_�pibedg_�qgbrmo^XjW^³xamo^ � �aÁ 6 ~ � Q , �aZ 6 Z�� /�4�j�+ jWb�ned�be`¥\Ãbene|Xqgbemo^V`�m9�Xj���jWb Z 6 ¡ 2 f k�n��| to�_h E [
§©¨ « k�2 bed�q +¾brj k6map w hJ]Gpgj - b��¯^Hbef�hJq�be^ w jzpi�XjW|Xq�jzp�brjzp�q�jzpBµVmap�` jzp�h �_aneqgnebef�h8/
d�m �H_adgd�_a|Vf�h

£i�|XpO�Vbej \�maqgbrjzp�|V^X}�xamo^ �XjW|Vq�jzp�brjzpgq�jW` « _�q�jzp�b�_an¸_a|X£c�Hbrj C 
 ª µVmap�`À{W|Vpa�|Vfg¶G}ajz}ap�b 9�jW^ + jzp��VjW^
`�|Vdgd [ ½ jz}ajW^¯�Xjzpc}ajzpibe^X}ajW^ ¨ be^V`cbed�f�hG|V^X}odg`�jW^V}ajW^���jzq�p<�_�}aqL�Xjzp v ^Mq�jWben¾�Xjzp 
 ª¬v q�mo`�jO_anenejzp ª
�Vbe^V}od�+ jW^Vbe}ajzp¾_aned ¦ 6 ¡�� = §©¨�« kJ2 E �V{�+ [ |V^Jq�jzp ¦ 6 ��� =4k6map w hM]Gpgj - be� E |V^V��n�brjz}aq©�V_a`cbrq�be^��Vjzp
G�p<�m XajW^Vmap��V^G|V^X}��XjWd v ^Jq�jWbened¸�Xjzp¸^Hbef�hJqs�XjW|Xq�jzpibrjzpgq�jW^ �lmohVnrjW^Vd�q�ms9 ª ½ _adgd�jzpid�q�ms9 ª ¤-be^H�V|V^X}ajW^�be^
�XjW`¥xajzpR+ jW^V�Vjzq�jW`'¤-|Xqg_a^Xmon [
\Ã_ad ¢ _a�Hbr¶C_an ¨ 
�¤ v©ª �-pi= � E +¾bep��¼jz��jW^X£4_anened�d�jWbrq¾x9brjWnrjW^ (o_ahVpgjW^�jzp�£8monr}ap�jWbef�h _anedÃ\�maqgbrjzp�|V^V}od ª

dg|X�Td�qg_a^X{Ã£i�|Vp v nr¶amohVmonrjÃ��jW^G|Xq�{zq [ �-hVjW`cbedgfih³hH_a^V�XjWnrq
jWd©dgbefih��V_���jWb�|V`�jWbe^XjW^³jWbe^X¶ajzpi^Vbr}ajW^ « j ª
qg_anenr¶amo` w nrj - `�brq �-hXpgmo` _an�dC�2mJmapi�Vbe^V_�qgbrmo^Hd�{zjW^Mq�pi|V` [ \�_ad |V^X}aj w _a_�p�q�j ¨ nrjz¶Gq�pgmo^6+¾bep���}ajWnebrjz£Fjzpgq
_a|Vd©�VjW` � ª 2�pg�Tbrqg_anº�XjWd��-hVpgmo`cd f ¤-|V^ Á ~ h [
¨ 
�¤ v hV_�q�be` � jzpg}onejWbef�h�{W|��VjW^Zb�brq�pgm - be�Xpi_a�Vbr¶�_anrjW^ jWbe^Xj�£F_ad�q ZG[u¡ £F_afihXj « mon�`c_adgd�j>=FxJ}on [E§ _ ª
��jWnenrj�~ [u� E |V^V�B�V_ad ¢ _a�Vbr¶�_anTbedgq-b�^ ` �modg|V^X}�pgjWne_�qgbex�be^Vd�qg_��Tben =m*�jzpg£F_an�ned�p�_�q�j�jzq
+-_ Z��)w pgm � qg|H^V�Xj
f ¤¸�|Vn ta¡ih E /�jWbe^X}ajz£FpgmapgjW^Obe^¼jWb�^XjW^�µXjWdgq�¶��map w jzp��HnrjWbr�Hq�jWbe^,*�jzpg£F_an�n�_anenrjzp��Hbe^X}od�_a|Vd�|V^V�O`cbrq ¨ 
�¤ v
w p<�_ w _�p�brjzpgq�j�kSp�ma��jW^��TnrjWbr��jW^�|H^Mq�jzp�µ n��|Hdgdgbr}od�qgb�fg¶9d�q�ms9 ª ���|VhVne|V^V}�x9brjWnrj)(o_ahXp�j¼\Tb�k ª £��_ahVbr} [ � jWbrq
jzq
+-_ad
`�jWhXp�_aned¾� ¦ (o_ahXp�jW^cnebrjz}aq ¨ 
�¤ v _a|Vf�hLbe^´xamonenedgqQ�_a^V�Vbr} w jzp��XjW|Xq�jzpibrjzpgq�jzpSµXmap�`)_aned ¨ 
�¤ v¾ª
�
pi= � E ª � �'� =4be` +
jWbrq�jzpgjW^�¶9|Xpg{ ¨ \�¤ v � }ajW^V_a^V^Jq E xamap f �2p�| t�¦Uh [ \�bejg+¾bef�hJqgbr}od�q�jW^ w hM]9dgbr¶�_anebedgfihXjW^
¨ be}ajW^Vdgf�hH_�£8q�jW^O�Xjzp©}ajW^V_a^V^Jq�jW^�fihXjW`cbed�f�hXjW^ ¢ _a�Vbr¶�_anrjT]T^V�XjW^�d�bef�h¼b�^ § _���jWnenrj"=F~ [u� E [
� 8 yuw�}�w J�w$G�w@y��
�U{��i{U�8yu}�~5yun � rR{sv_w�t J�OEituy��
�.�5J�_x�viw�{ �.��ng�Utuw ��� k + � 7 + B 7 � � D9H8yux
v[yunF����tu��w�{Uviw�{ r E w�x�viw�{i{U���
�E w�{��i~5G�~'DUvirJ}�yuw.}�yu����yun J�w�xmw�yu���Wv_w�}�@���t�rRxmyu}�yuw@x�~mw�{
K�r7xm��w@~m}zw�yu{U��w$E J�_xm��w@x�~z�UrR~ �
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µVmonr}ajW^V�Xjs�VpgjWb � f�hVp�brq�q�jldgbe^H�B£ �|Xp©�Hbrj2kSp �_ w _�pi_�qgbrmo^¼�XjWd § _�pg}ajzqg`c_�q�jzpibe_aned¾^Vmaq
+
jW^V�Vbr} �
� \�jWd�m - ]J}ajW^HbrjzpgjW^��XjWd©¤-|Xqg_a^Xmon =F}a}a£ [ _a|Vfih��XjWd©½ _adgd�jzp�d E
� ¨ be^H`cbedgfihXjW^B�Xjzp ¢ _a�Hbr¶C_anej
� = � q�p�|X¶Gqg|Xp ª |V^H� E µXmap�`�}ajz�T|V^X}c�V|Xpif�h ¨ be^X£Fp�brjzpgjW^³be^�µ n �|Vdgd�br}od�qgbef�¶Gd�q�ms9

¨ p�d�q�jzp � fihXp�brq�q-�Xjzp § _�pg}ajzq w p<�_ w _�pi_�qgbrmo^�bed�q-�V_ad-\�jWd�m - ]J}ajW^HbrjzpgjW^¼�XjWd�¤-|Xqg_a^Vmoned [ \�_�{W| +¾brp��LpgjWb ª
^VjWd � qgbefg¶9d�q�ms9�}o_adc= ¢ jWb�^VhXjWbrqgd�}api_a� tatG[utat�� E £i�|Vp
jzq�+
_�� ¦ `cbe^B�Hbed�� ¡ `cbe^��H|Xp�f�hB�Vbej�µ n��|Vd�dgbr}a¶ajWbrq
}ajWnejWbrq�jzq  U/o|V` }ajWn¬�mod�q�jW^ � _a|Xjzp�d�q�ms9B{W|´jW^Jq�£8jzp�^VjW^ [J� _a|Xjzp�dgq�ms9Bbedgq w _�p�_a`c_�}o^Xjzqgbed�f�hc|V^H�¸¶�_a^V^�dgb�f�h
|H^X} �|V^Vd�qgbe}´_a|V£6�Vbej ¢ jWne_ - _�qgbrmo^Vd�{zjWbrq�jW^O�Xjzp w mone_�p�bed�brjzpgq�jW^BkSpgma��jl_a|Vd7+¾brpg¶ajW^ f « _a^ ­atih [
0 `�{�+
jWbrq�jW^ � f�hXpibrq�q6+ jzpi�XjW^ �Vbrj ¢ _a�Vbr¶�_anrj�be^ �V_ad�¤
|Vqg_a^Xmon©jWbe^V}ajW`cbedgfihMq [ k6map w hJ]Gpgj - b�� bed�q

b�^O¤-|Xqg_a^Xmon6^G|Xp�dgjWhXpÃ��jW�Hbe^X}aq¾n¬�mod�nebef�h�|V^V��jzpg£Fmap��XjzpgqÃ_anedT` �modg|V^V}odg`cbrq�q�jWnE½ _adgd�jzp =4�VbejWd�jWdÃd�monenrq�j
jz��jW^Vdgm\+¾bej��V_ad-¤-|Xqg_a^Xmonº�H|Xp�f�h � qgb�fg¶9d�q�ms9�}o_ad¾�XjWd�m - ]G}ajW^Vbrjzpgq�+
jzp��XjW^ E [ \ÃbrjÃ¤ jWb�`�jW^X}o|V^X}´¶�_a^V^
_a|V£�{�+
jWb v pgq�jW^Ljzpg£Fmonr}ajW^��ojW^Jq
+
jW�Xjzp�+¾brpi�c�Vbrj©jzp�£8map��Vjzp�nebefihXj « jW^V}aj�½ _adgdgjzp
�XjW` ¤-|Xqg_a^XmonH{W|X}aj ª
}ajz��jW^ |V^V���V_ad ¢ _a�Hbr¶C_an6_a^VdgfihVnebrj�XajW^H�Obe^��VbrjWdgjzp « bedgfihJ|V^V}³_a|X£F}ajWn �mod�q�/�m9�XjzpÃjWdT+¾brp��O{W|V^ �_afihVd�q
�H_ad ¢ _a�Vbr¶�_anJb�^¸�V_ad6½ _adgdgjzp	jWbe^X}ajW`cbed�f�hJq6|V^H�¸�VbejWd�jJ`
�modg|V^X}Ã�XjW`.¤-|Xqg_a^Xmon9{W|X}ajWd�jzq�{zq �o[�§¾¨�« kJ2
|H^V� ¨ \�¤ v ��jW^E�maqgbr}ajW^�¶ajWb�^O{W|HdQ�_�q�{WnebefihXjWd�` �modg|V^V}odg`cbrq�q�jWn6|V^V��¶��mo^V^VjW^��Hbrpgjz¶Gq�be^O�V_adÃ¤
|Vqg_a^Xmon
jWb�^X}ajW`cbedgfihMqg+
jzp��XjW^ [
v ^VdgfihVnebrj�XajW^H�c+¾bep��s�VbejJ`
�modg|V^X}�£i�|Vp6`�jWhVpgjzpgj « be^G|Xq�jW^�}ajWdgfih �|Xq�q�jWnrq�/o|V`.�V_ad6{W|X}ajWd�jzq�{zq�j ¢ _a�Vbr¶�_an
xamon�ned�qQ�_a^V�Vbe}³{W|�n¬�mod�jW^ [ \ÃbrjWdgjzp¸kSp�ma{zjWdgdl¶�_a^V^ �V|Vp�f�h xamapidgbef�hJqgbr}ajWd v |X£�+¸�_�p�`cjW^ �Xjzpc`
�modg|V^X}¼_a|X£
§ jW` w jzp�_�qg|Xp�jW^Oxamo^ �a¡�� � = §©¨�« kJ2 E �Hbed ¡�¦	� � =4k6map w hJ]Jpgj - be� E ��jWdgfihVnrjW|V^Vbe}aq�+
jzp��XjW^ [�¨ xajW^ ª
qg|VjWnenº|V^X}ajWn¬�modgq�j �2p�bed�qg_an�nrj2d�monenrq�jW^��V|Vp�f�h¼µ beneq�p�_�qgbrmo^�_a|Vd©�VjzpS` �modg|H^X}´jW^Mq�£Fjzp�^JqS+
jzp��XjW^ [
\Ãbrj�*�|Vdg_a`c`cjW^Vd�jzq�{W|V^X}l�Vjzp |V^Jq�jzp�dgfihVbrjW�Vneb�f�h��Xmaqgbrjzp�q�jW^�kSp�ma��jW^8/o�Vbrj©be` ¢ _ahV`�jW^��VbrjWd�jzp v pg��jWbrq
xajzpi`�jWdgd�jW^ +�|Xp��XjW^</Xdgb�^V��be^ § _���jWn�nrjÃ~ [ ~�_a|X£F}ajz£i�|VhVpgq [
0 ` nejzq�{zq�jW^ � fihXp�brq�qS�XjWd�kSp<�_ w _�pi_�qgbrmo^Vd�xajzpg£4_ahXpgjW^Hd.+¾brp��´�Vbejj` �modg|V^V}2jWbe^X}ajz£FpgmapgjW^ [ (oj©^V_af�h � jzp ª

+
jW^V�V|H^X}od�{�+
jWfg¶�¶C_a^V^��H_ad « _�q�jzpibe_anX{W|�jWbe^VjW` ¤
nemGf�¶¸}ajz£FpgmapgjW^6+
jzp��XjW^8/amG�XjzpSb�^ � �|X}ajWnef�hVjW^c`cbrq
\Ã|Xpif�hV`�jWd�d�jzp�^Bxamo^ � D D �Hbed ZG[u¡ D D [
\Ã_adE¤
nemGf�¶Jqg_�pg}ajzq6nebrjz£Fjzpgqº�XjW^l`c_ - be`c_ana`O�ma}onebef�hVjW^lµ��|Vnenr£4_�¶Jq�map��VjWd § _�p�}ajzqgf�mo^Mqg_abe^Vjzp�d [ µ��|XpL�B�|X}ajWn ª
fihXjW^³��jzq�p<�_�}aq
�Hbrj ¢ _a|V`c_a|Vd�£ �|Vnen�|V^X}2��jWbT�Hbef�hJq�jWd�q�jzp�k _afg¶9|V^X}´qghXjzmapgjzqgbed�f�hB`c_ - be`c_an � ~ � /9j -Gw j ª
pibe`�jW^Jq�jWnen�+ jzp��VjW^¼_���jzp¾^J|Vp�jzq
+-_ ­ ~ � jzpgpgjWbefihMq f ¢ moh h [
0 ` 
�be^J�Hneb�fg¶�_a|X£ � q�p�_ahVnej -Gw jzp�be`cjW^Mq�j¼`�|Vdgd�jWbe^ �2mo` w pgmo`cbed�d�}ajz£F|H^V�XjW^q+
jzp��XjW^°{�+¾bedgfihXjW^

�VjzpSjWbe^Xjzp�dgjWbrqgdSh��mohXjzp�jW^ `�|H`cbe^XmodgbeqQ�_�q6jWb�^XjWd�¤-nrm9fg¶Gqg_�pg}ajzqgd-|V^V�c�VjzpS��jWdgd�jzpgjW^0���|VhVnrjWbr}ajW^Hdgf�hV_�£Fq�jW^
�VjWdN���|X}ajWn�f�hXjW^Jqg_�pg}ajzqgd [ 
�jzp�d�q�jWnene|H^X}l|V^V� ¨ be^Vd�_�q�{©jWbe^XjWd ¤
|Vqg_a^Xmon ª ¤-nrm9fg¶Gqg_�pg}ajzqgd�bed�qS��jWdgfihXp�brjz��jW^
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« _�q�jzpibe_an *º|Vdg_a`c`�jW^Hd�jzq�{W|V^X} f �\h \Ãbene|Xqgbemo^ ª �Gw be^H�Vbef�hJq�j µ �_�p��H|V^X}
\Ã¤-| ¢ _a�Vbr¶�_an \ � 2 £4_�¶Jq�map f �\h f � ¦ C 	 j A �>� h

¨ \Ã¤ v©ª \Ã¤-| t � [ ~ ~ [ ¦ ~ [u­ Za�G[ ��~ ­G[ � ¡a� �X¶Gn [ ª xGbrmonejzq�q
k6map w hJ]Jpgj - be� ª \Ã¤-| t ~ [u¡ ¦9[u¡ ¡G[ ¦ Za�G[u¡ ~ ZG[ � �a� qgbrjz£ ª p�maq
§©¨�« kJ2 ª \�¤-| tatG[u¡ ¦9[u¡ � Za�G[u­at � [utaZo� p<�maqgnebefih ª }ajWnr�

§ _���jWn�nrjl~ [ ~ �6�8���:���;� 	:����	�� 
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be^ f k�n��| to�_h [ µ��|Vp¸�Vbrj�xamap�nebrjz}ajW^V�Vj v p���jWbeqW+¾|Xp��Xjc_a|Hdgdgf�hHnebrj�Xonebefih �Vbrj �B�|X}ajWnefihXjW^X£Fmap�` }aj�+¸�_ahVneq�/
+
jWben2dgbrj ^Xjz��jW^!�Xjzp¼jWb�^X£F_afihXjzpgjW^ 
�jzp�d�q�jWnen�|V^X} _a|Vf�h �XjW^ � mapgq�jWben2�Tbrjzq�jzq¼be^ �XjW^!xajzp�d�f�hVbrjW�VjW^
}apgm XajW^ § _�pg}ajzqgf�mo^Jqg_abe^Xjzpi^ �Xjzp���jWbe�XjW^�¤
mGfihJ|H`�jzp �2pg]amodgqg_�q�j¼jWbe^X}ajWd�jzq�{zq + jzp��VjW^�{W|�¶��mo^V^VjW^ [
\Ã_�po�|X��jzp�hVb�^V_a|Vd8+�brp��s�H|Xp�f�h�y�`cd w �|VnejW^s�Xjzp jWbe^X{zjWn�^XjW^����|X}ajWnef�hVjW^¸`cbeq6µ n��|Vd�dgbr}ohXjWneb�|V` �Vbrj-�V|Xp�fih
�Vbrj	jWb�^X}ajWd�q�p�_ahVneq�jW^ « be¶Jpgmi+ jWn�nrjW^2jWbe^X}ajz�Hp�_af�hJq�j�½ �_�p�`�jS��jWdgdgjzp8+ jz}a}ajz¶ �|VhVneq�/Q�V_ad�}ajWd�_a`sq�j § _�pg}ajzq
+
jWbed�q¾�V_a`�brq-jWbe^Xj2}onrjWbefihV`��_sXobr}ajzp�j § jW` w jzpi_�qg|Xp©_a|X£ [
*�|Vp 
�jzp�d�q�jWnen�|V^X}O�Vjzp����|X}ajWnef�hVjW^Z+¾bep����HbrjL¤-|Xqg_a^Xmon ª¬¢ _a�Vbr¶�_an
= ª ½ _adgdgjzp E ª¬« b�dgf�hG|V^X} `cbrq 
�ben ª

£Fj jWbe^Xjzp �9w p�brq�{zj be^ ;��|Hdgdgbr}ajW^ � qgb�fg¶9d�q�ms9 }ajzq�pgm w £Fq [ 
�brjzpg��jWbÃd�q�jWhXjW^ {�+
jWb « �ma}onebefihX¶ajWbrq�jW^ {W|Vp
� jzpg£ �|X}o|V^X} �o�H_ad « _�q�jzpibe_anX¶�_a^V^��Vbrpgjz¶Gq	be^��XjW^ � qgb�fg¶9d�q�ms9�}ajzq�pgm w £Fq[+ jzpi�XjW^</�mG�VjzpSjWbe^XjW` µ n �|Vd�dgbr} ª
d�qgbef�¶Gdgq�ms9�d�q�p�mo` /V�Xjzp-�V|Xp�fih�jWbe^VjWGÃn�_adghXjWneb - n �_a|V£8q�/G{W|X}ajWd�jzq�{zqg+
jzp��XjW^ [ ¤
jWb�jzp�d�q�jzpgjzp « jzqghXm9�Xj�b�d�q
�V_�p�_a|V£G{W|s_af�hJq�jW^</C�H_adgd��VbejSµ6n��|Vdgdgbr}a¶ajWbeqgd�ma��jzp ;6�_af�hVj	}one_�q�qEbedgq [ \�bej�_a|X£X�VbrjWd�j 2Ã��jzp7;6�_af�hXj�}ajz�Vp�_af�h ª
q�jW^�¤-|Xqg_a^Xmonrq�pgm w £8jW^�^XjWhV`�jW^ �l|X}ajWnr}ajWd�qg_aneq�_a^</E£8pibrjzpgjW^ be^H^Xjzp�hV_anr� xamo^ ­ / �Hb�d Á / =4_��Hh��_a^V}obr}xamo^cbehVpgjzp.GÃp<�m Xaj E |V^V��dgbe^X¶ajW^´be^´�XjW^ � qgb�fg¶9d�q�ms9LjWbe^8/i+
jW^V^��Vbrjj2���jzp ;6�_afihXj
}ajWd�qQ�mapgq.+¾brpi� [�� b�^X¶ajW^
�Vbrj��l|X}ajWne^�xamapihXjzp�jWbe^8/Md�msq�p�jzq�jW^ GÃ_adgjWbe^VdgfihVn��|Vdgdgj©_a|X£�mG�Xjzp
�Vbrj����|V}ajWnef�hXjW^���jzp�d�q�jW^ [ \ÃbrjWdgj « j ª
qghXm9�Xj´nebrjz£Fjzpgq����|X}ajWn�f�hXjW^Oxamo^�}onrjWbef�hH_�pgqgbr}ajzpÃµXmap�` |V^V��}one_adgbr} ª _a`�map w hXjzp � q�p�|X¶Gqg|Xp�/V¶�_a^V^�_���jzp
^G|Xp©��jW�Vbe^X}aq-£ �|Xp©�Vbrj2µXjzp�qgbr}o|V^X}c}ap �m Xajzpgjzp « jW^X}ajW^�_a^V}aj�+
_a^V�Vqj+ jzpi�XjW^ 	 [
*�|Xp 
�jzp�d�q�jWnen�|V^X}�}ap<�m Xajzpgjzp « jW^X}ajW^ § _�pg}ajzqg`c_�q�jzp�b�_anedg+¾brpi�L�V_ad�¤-|Xqg_a^Vmonºbe^�jWb�^XjW^�µ n �|Vdgdgbe}od�qgbefg¶ ª
d�q�ms9ºd�q�pgmo` }ajzq�pgm w £Fq�/M�Xjzp	jWbe^Xj�µ n��|Vd�dgbr}od�qgbef�¶Gdgq�ms9 ª }ajz¶E�|VhVnrq�jSGÃn�_adgd w brpi_anrj
�H|Xp�f�h5;Tbrj�Xaq [av ` |V^Mq�jzp�jW^
¨ ^H�Xjc�Xjzp1GÃn�_adgd w brpi_anrj¸��j:]T^H�Xjzq2dgbef�h jWbe^ be^ µ n��|Vd�dgbr}od�qgbef�¶Gdgq�ms9#d�q�jWhXjW^H�Xjzp v |�9�_a^V}a��jWhE�_anrq�jzpl£i�|Xp
�Vbrj¸¤
|Vqg_a^Xmonr¶E�|X}ajWnef�hVjW^ =FxG}on [Tv �V� [ =F~ [u� E E [ b�_afih��HbrjWd�jzp « jzqghXm9�Xj¸¶º�mo^V^XjW^O`cbrq©jWb�^Xjzp�µXp�j�^J|XjW^V{
xamo^Bjzq
+-_�� / A<C �Vbej	���|V}ajWnef�hXjW^³}ajzq�pgm w £8q�+
jzp��XjW^ [9v |V£�behXpgjW^L½ jz}c�V|Xpif�h³�VbrjdGÃne_adghXjWn�b - £8map�`cjW^dgbefih¼�Vbrj � �|X}ajWnef�hVjW^�xamo^�}one_adgbe}c_a`�map w hXjzp � q�p�|X¶Gqg|Xp [
b�_af�hJq�jWben��VbrjWdgjzp « jzqghXm9�Xj2bed�q�/9�V_adgd��Vbej�}ajz£FpgmapgjW^XjW^ ���|X}ajWnef�hVjW^L¶9nrjWbe^Vj ¨ b�^Vdgf�hHn �|Vdgd�j /Jxajzp�`�|Xqgnebefih
� qgbef�¶Gdgq�ms9�}o_ad�/	jW^JqghV_anrq�jW^8/6�Vbej³�XjW^#\Ãbene|Xqgbemo^X£F_�¶Gq�map´hXjzp�_��Hd�jzq�{zjW^ [ µ��|Xp��Vbrj `�_���map�|V^Jq�jzp�dg|Hf�hG|V^ ª
}ajW^¼�Xjzp©k6mone_�pibedg_�qgbrmo^VdgjWbr}ajW^VdgfihV_�£8q�jW^�dgq�jWnenrq-�VbrjWd-¶ajWbe^BkSp�ma�HnrjW`��V_�p�/X�V_��Vbej�\ÃbefihMq�jl�XjWd § _�pg}ajzqgd
^VbefihMq jWbe^Hd w brjWnrq [ ¤ jWb � q�pi_ahVnrj -9w jzpibe`�jW^Jq�jW^s_anenrjzpi�Vbe^X}odz+¾brp��¸�Vbrj `E|V`cbe^Vmodgbrq �_�qE�H|Xp�f�h��Vbrj
}ajzp�be^V}ajzpgj
\Ãbef�hJq�j¸_��Th �_a^X}obr}�xamo^O�Xjzp�G�p �m Xaj��Xjzp ¨ b�^Vdgf�hHn �|Vdgd�j�jzq
+-_ad�¶GnrjWb�^Xjzp [
¤
jWb���jWbe�XjW^ « jzqghXm9�XjW^¼¶�_a^V^O�Vbrj\G�p<�m Xaj��Xjzp����|V}ajWnef�hXjW^O�V|Xp�fih �v ^V�Xjzp�|V^V}´�VjWd��l_a^	�|HnrjW^V�V|Xpif�h ª
`�jWdgdgjzp�d©�Xjzp �9w p�brq�{zj2x�_�p�bebrjzp�qJ+
jzp��XjW^ [
µ��|Xp
�Vbrj¾be^L�VbrjWd�jzp v p���jWbeq	��jWd�f�hXp�bejz��jW^VjW^ « jWd�dg|V^X}ajW^ +¾|Xp��Xj��Vbrj©jWbe^Vjj+¾brj¾�Hbrj¾_a^V�Xjzp�j¾kSp<�_ w _ ª

p�_�qgbrmo^Hdg`�jzqghXm9�Xjc��jW^G|Xq�{zq�/�_��Hh �_a^V}obr}�xamo^��Vjzp « jW^V}ajL�XjWds��jW^ �maqgbr}aq�jW^ « _�q�jzp�be_aned [ \�bej�\Ã|Xp�f�h ª
`�jWdgdgjzp��Xjzp����|V}ajWnef�hXjW^¼��jzq�pi_�}ajW^¼£i�|Xp©_anenrj w pC�_ w _�p�brjzpgq�jW^�k�pgma��jW^ � 6 Á D D �Hbed Z 6 Z D D [
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v �H�Hbene�V|H^X}s~ [u� �%��� � ��� 	:����	:��
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�U�S�5�m�s���s� � ����B	:� �	��	�� �
� jWhXpW+¾befihMqgbe}�be` 
�be^J�Hnebef�¶O_a|X£
}o|Xq�jLk6mone_�pibedg_�qgbrmo^VdgjWbr}ajW^VdgfihV_�£8q�jW^ �XjWd « _�q�jzp�be_anedsbed�ql�Vbrj ¨ p ª

{zjW|V}o|V^X}2�XjWd	}one_ad�_�pgqgbr}ajW^ *�|Vdgqg_a^V�XjWd [ b�_af�h « jWdgdg|V^V}ajW^´xamo^ § _�¶�_ane_2|V^H�1b�bebe^Hbr¶amod�¶9bMxajzp�hHbe^V�Xjzpgq
�Hbrj\GÃne_ad�£Fmap�`c_�qgbemo^¼�Vbrj¸�-n�|Vd�q�jzp�|V^V}´�Vjzp©{W|X}ajWd�jzq�{zq�jW^ w _�p�_a`�_�}o^XjzqgbedgfihXjW^ « monrjz¶E�|Vnrjl|V^V���V_a`cbrq
jWb�^VhXjzpg}ajWhXjW^H��jWbe^Vj � jzp�`�be^V�Xjzp�|H^X}s�Xjzp-jzpgpgjWb�f�hJ�H_�pgjW^ « _ - be`c_an w mon�_�p�bedg_�qgbrmo^Ld�m_+�brj�jWb�^XjW*º|V^V_ah ª
`cjl�Xjzp �Gw b�^ ª GÃbrq�q�jzp ª¬¢ jWne_ - _�qgbrmo^ f § b t�¦Uh [
\Ãbrj�}one_adgbr}aj ¨ p�dgqg_�pgp�|V^X}W+�brp��c�V|Vp�f�hL�Vbrj v �V¶E�|HhVnr}ajWdgfih +¾b�^V�Vbr}a¶ajWbrq	��jWd�qgb�`c`sq �Jbed�q��VbejWd�j¾hXm9f�hL}aj ª
^G|X}j+�brp��l�Vbej�¤-bene�V|V^V}
jWb�^Xjzp�¶Gp�bed�qg_an�nebe^XjW^Ãk�hH_ad�j�j:9�jz¶Jqgbexl|V^Mq�jzpi�Xp �|Vf�¶Jq [ \Ãbrj
¤-bene�V|V^V}©�Xjzp�½ _adgdgjzp ª
dgq�ms9��Vp �|Vfg¶ajW^�be` ¤-|Xqg_a^XmonE��jz} �|V^Vd�qgbe}aq©�Vbrj1GÃn�_ad�£8mapi`c_�qgbrmo^</H�H_�jWbe^Xjsy�`�map��H^J|V^V}��Xjzp « monrjz¶ �|Vnrj
{W|VpE¶Gp�bed�qg_an�nebe^XjW^ � q�p�|X¶Gqg|Xp���jWhVbe^H�Xjzpgq<+¾brpi� [Q¨ b�^Xj hXmohVj � bed�¶amodgbeqQ�_�q6�Xjzp.`
�modg|V^X}�xajzp�hVbe^V�Vjzpgq�jz��jW^ ª
£4_anened�jWbe^Xj��lp�bed�qg_anen�bedg_�qgbrmo^�|V^H���Vbrj�µXjWhVnrmapi�V^J|H^X}s�Xjzp ;S�|Vdgdgbe}ajW^�k�hH_ad�j¾�HnejWbr�Vq�be` £8jWdgq�jW^ *�|Hd�qg_a^V�
+
jWbrq�}ajWhXjW^H��jzp�hV_anrq�jW^ [ \Ãbrj � b�d�¶amodgbrqQ�_�qS¶�_a^V^c�H|Xp�f�h�¤ jWb�`�jW^X}o|V^X}2xamo^�jzq
+-_ ZG[u¡�� � ­G[u¡�� ½ _adgdgjzp
dgm_+
jWbrq jzpih��mohMq�+
jzp��XjW^</G�V_adgd-dgbefih�jWb�^Xjzp�d�jWbrqgd�GÃn¬�_ad�jzp�`cbeq�}o|Xq�jW^Bk6mone_�p�bed�_�qgbrmo^Vd�jWbr}ajW^Hdgf�hV_�£Fq�jW^³�Hben ª
�VjW^</T_a^V�Vjzpgjzp�d�jWbrqgd�jWbe^Vj¸\�jzxGbeq�p�b ]H¶�_�qgbrmo^��XjWd¾}ajz£FpgmapgjW^VjW^ « _�q�jzp�be_an�d���jWb ¨ p7+��_�p�`¸|H^X}L_a|Vdg�HnrjWbr�Vq [�s_anrmap�be`�jzq�pibedgf�hVj « jWdgdg|V^X}ajW^8/G�Vbej�be^³�VbrjWdgjW` *�|Hdg_a`c`�jW^VhH_a^X}sxamo^ f § b t�¦Uh �V|Xp�fihX}ajz£ �|VhXpgq +¾|Xp ª
�VjW^</V{zjWbr}ajW^ �VbrjWd©£i�|Xp ¨ 
�¤ v©ª �Xmaqgbejzpgq�j�¤-|Xqg_a^Vmon w pgma��jW^�jWbe^H�XjW|Xqgbr} [ k6mone_�pibedg_�qgbrmo^Vd�`�jWdgdg|V^V}ajW^¼_a^
jWb�^Xjzp�d�jWbrqgd `cbeq §¾¨�« kJ21/a_a^V�Xjzp�jzp�d�jWbrqgd	`cbeq k6map w hM]Gpgj - be�´�Xmaqgbrjzpgq�jW^ 
 ª ¤-|Xqg_a^Xmon w p�ma��jW^´¶amo`�`�jW^
{W| �XjW`�d�jWnr��jW^ ¨ pg}ajz�H^Vbed [ ½ �_ahXpgjW^V� �Vbrj §©¨�« kJ2 ª �Xmaqgbrjzpgq�j�kSp�ma��j�behXpgj�k6mone_�p�bedg_�qgbemo^Vd�£��_ahVbr}a¶ajWbrq
^H_af�h v |X£o+��_�p�`�jW^ _a|X£¸jzq
+-_ � ­�¦ Â xajzp�nrmap�/-{zjWbr}aq�j �H_ad¼k6map w hJ]Jpgj - be� ª �Vmaqgbrjzpgq�j « _�q�jzp�b�_an2¶ajWb ª
^Vj��VbejWd���jz{9�|X}onebefihXjW^ ¨ b�^M�H|�XajW^ [ b�_af�h � jzp ;��|Vdgdgbr}o|H^X}�|V^V�O½!brjW�Xjzp ª¬¨ be^X£Fp�brjzpgjW^¼�Vjzp�k�pgma��jW^ +-_�p
_a|Hf�h �V_ad §©¨ « k�2 ª �Xmaqgbrjzp�q�j « _�q�jzp�be_an�+�brjW�Xjzp´xamonen w mone_�p�bedg_�qgbemo^Vd�£ �_ahVbr} f *º_�+ taÁih /�dgm �H_adgd��Xjzp
GÃp�|V^V��£ �|Xp��VbrjWd�jWd � jzp�hV_anrq�jW^�be^O�Xjzp�½ _ad�d�jzpg{W|X}o_���j���jWbE�XjzpÃkEmap w hM]Gpgj - be� ª �Xmaqgbejzpgq�jW^�k�pgma��jl{W|
d�|Vf�hXjW^�bed�q [
2 w qgbedgfihLb�d�q �Vbej�_a`�map w hXj � q�pi|X¶Jqg|Vp
�XjWd }ajz£FpgmapgjW^XjW^ « _�q�jzp�be_aned-�V|Xpif�hLjWbe^�}on�_adgbr} ª �V|Xpif�hVdgb�f�hXqgb ª

}ajWd v |Vd�d�jWhXjW^³}ajz¶ajW^V^X{zjWbefihV^Xjzq�/�+��_ahXpgjW^V� �2p�b�d�qg_anenebed�_�qgbrmo^��V_ad « _�q�jzp�be_an�m w _�¶Ljzp�d�f�hXjWbe^VjW^³n �_adgd�q [
v |X£-�VbrjWd�j´½ jWbedgjc¶C_a^H^ �V_ad w pC�_ w _�p�brjzpgq�j « _�q�jzp�be_an�xamap�d�mapgqgbrjzp�qW+ jzp��VjW^</�^Xm9f�h ��jzxamapsjWb�^Xj´{zjWbrq ª
_a|V£o+ �_a^H�Vbr}aj2k6mone_�p�bedg_�qgbemo^Vdg`�jWdgd�|V^X}ajW^�be` �2p�]amod�qg_�q�jW^O�H|Xp�f�hV}ajz£ �|VhVpgq +�brp�� [
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¤
jWb	�VbrjWd�jzp v pgq2�Xjzp2\�maqgbejzp�|V^X} + jzpi�XjW^ �Vbrj ¢ _a�Vbr¶�_anrj´be` « _�q�jzp�b�_an	d�jWnr�Hd�q�jzpg{zjW|X}aq [�� jzq�{zql`�_a^
�V_ad « _�q�jzp�be_an©bemo^Vbedgbrjzp�jW^V�Xjzp � q�p�_ahVne|V^V}�_a|Vd�/ dgm�¶º�mo^V^XjW^ b�^X£8mone}ajB_�q�mo`�_�pgjzpc�V{�+ [ `�monejz¶G|Vn�_�pgjzp
v ^Xpgjz}o|V^X}od ª |V^V�(0 mo^Vbed�_�qgbrmo^Vd w p�ma{zjWdgd�j w _�pi_a`c_�}o^XjzqgbedgfihXj3*�jW^Mq�pgjW^ jWbe^Xjzp�dgjWbrqgd��V|Vp�f�h ¨ be^X£4_a^X}
£FpgjWbrjzp ¨ nrjz¶Gq�pgmo^XjW^</<_a^V�Xjzpgjzp�dgjWbrqgdE�H|Xp�f�h v |5;6�modg|V^X}¾jWbe^XjzpEfihXjW`cbed�f�hXjzp ¤-be^V�V|V^V}ajW^2jW^Vd�q�jWhXjW^ [C¨ be^ ª
{zjWnehXjWbeq�jW^¼hVbrjzpg{W| ]�^V�XjW^�dgbefih¼be^ �l_ w brq�jWn �J[ � [
\ÃbrjshHbrjzp¾|V^Jq�jzp�dg|VfihMq�jW^OkSpgma��jW^ +�|Xp��XjW^�|V^Jq�jzpj;��|Vdgdgbr}ajW` v pg}amo^���jWb�jWbe^Xjzp § jW` w jzp�_�qg|Xp©xamo^

t�¦ Â `cbrq Z�¦ � 
	�sª¬¨ nrjz¶Jq�p�mo^XjW^ �Xmaqgbrjzpgq [ \Ãbrjc¤
jWd�q�pi_ahVne|V^X}�£4_a^V� d�qg_�q�q¸_a` ¨ be^Hdgf�hG|Vdgdgn�be^V_afs�Vjzp
¤
mo^V^XjzpB¤
jWdgf�hVnejW|V^Vbr}o|V^V}odg_a^Vne_�}aj ¨ ` �9v |V^Jq�jzp � jzpR+ jW^V�H|V^X} jWbe^VjWd GÃ_ad�¶6�|VhVnejzp ª ¤
jWd�q�p�_ahVne|H^X}od ª
¶Gpg]Jmodgqg_�q�jW^ [ \�bejWd�jzp��lpg]amod�qg_�qBbed�q�jWbe}ajW^Mqgneb�f�h¯^J|XpL£ �|VpL�XjW^ § jW` w jzpi_�qg|Xpg��jzpgjWbefih �Hbed�hVbe^V_��°{W|
� Z�¦ Â%_a|Vd�}ajWnrjz}aq f « jWb to�_h /º|V`'_���jzpÃ�XjW^V^Xm9f�h���jWb�qgbrjz£FjW^ § jW` w jzp�_�qg|VpgjW^�_�pg��jWbrq�jW^O{W|O¶ �mo^V^VjW^</
+¾|Xpi�Xj jWbe^ d w jz{WbrjWnenrjzp ¨ b�^Vdg_�q�{ ��jW^J|Vq�{zq�/©�Xjzp¼`cbrq�µ n��|Vdgd�br}o_�pg}amo^!}ajz£i�|Vnenrq +
jzp��XjW^ |V^V� b�^¯�VjW^
¤
jWd�q�p�_ahVn�|V^X}od���jzpgjWbefihBjWbe^X}ajWd�jzq�{zq�+ jzpi�XjW^B¶amo^V^Jq�j [
\Ã_ad2¤-|Xqg_a^Xmon�+¾|Xp��Vj / +¾brj�be` xamapi_a^X}ajWhXjW^V�XjW^ v �HdgfihV^Vbrq�q���jWd�f�hXp�bejz��jW^ =4^V_�qa�|Xp�n�bef�h�mohV^Xj�*º| ª

dg_�q�{��Xjzp�f�hVjW`cbedgfihXjW^ ¢ _a�Hbr¶C_anej E be^-� �|X}ajWnefihXjW^X£Fmap�` }ajz£FpgmapgjW^�|H^V��be^´¶9nrjWbe^Xj � �_af�¶of�hXjW^L}ajz£ �|Hnenrq C � [
\Ãbrj � �_afg¶ofihXjW^¼�VbrjW^Jq�jW^B�Xjzp � jzpgjWbe^X£4_af�hG|V^X}´�Xjzp 
�_a^H�VhV_��H|V^V}¸|V^V�L`c_af�hJq�jW^BjWd�`��ma}oneb�f�h</9|V^Jq�jzp ª
dgfihVbrjW�Vneb�f�hXj�kSp�ma��jW^ be^�jWbe^Vjzp � brq�{W|V^X}³{W| ��jWd�q�p�_ahVnejW^ [�� brj´�VbrjW^XjW^�}onrjWbefihX{zjWbrqgbr}¼_a|Hf�h _aned w n�_�q�{ ª
d w _�p�jW^V�XjWd©¤
jWh��_anrqg^Hbed-£i�|Vp©�Vbrjd`�_�}ajzpi|V^X}c�XjWd���jWd�q�pi_ahVnrq�jW^ « _�q�jzp�be_aned�be`¥kSpgma��jW^V�Vj�+
_�p [
µ��|XpB�Vbrj�¤
jWd�q�p�_ahHne|V^X} +¾|Xp��XjW^��VbrjOk�pgma��jW^�be^°�XjW^¯µ6n��|Vdgdgbr}o_�p�}amo^ ª¬¨ be^Hdg_�q�{¼}ajz�Vp�_afihMq�/�+-_ad³{W|
nrjWbefihMq�jW^ � f�h�+¾brjzp�br}a¶ajWbeq�jW^���jWb
�Xjzp�k�ne_�q�{Wbejzp�|V^X}O£i�|VhVpgq�j /6�H_�jWd´xamapg¶amo`�`�jW^�¶amo^V^Jq�j /S�V_adgd´dgbefih
�Vbrj � �_afg¶ofihXjW^�^VbefihMq j - _�¶Gq-be` � q�p�_ahVn ;HjWf�¶J��jzpgjWb�f�h���jz£4_a^V�XjW^�|H^V���V_ad « _�q�jzp�be_an��V_a`cbrq ^Vbef�hJq-�Vbrj
xamonenrjW0 ^Jq�jW^Vdgbrq �_�q¾�VjWd ¨ nrjz¶Gq�pgmo^XjW^Hd�q�p�_ahVned�d�_ah [
¨ d�+�|Xp��XjW^�\ ª ¤
|Vqg_a^Xmon w pgma��jW^ `cbrq2|V^H��mohV^Vj"*º|Vdg_�q�{´xamo^ dgf�h�+
jzpgjW` ½ _adgd�jzps��jWb6xajzp�d�f�hVbrjW�Vj ª
^XjW^ ¨[-Gw modgbeqgbrmo^Vd�{zjWbrq�jW^���jWd�q�p�_ahHnrq�/a|V` |V^Jq�jzp�dgf�hHbrjW�VnebefihXj ¢ _a�Vbr¶�_anr¶amo^X{zjW^Jq�p�_�qgbrmo^VjW^�{W|�jzpg{zjW|X}ajW^ [
\�jWd +
jWbrq�jzpgjW^ +¾|Xp��Vjl{W|Xp �y¾��jzp w po�|X£F|H^X}��Xjzp ¨-�9§-ª¬§ hVjzmap�brjs_a^��XjW`+d�q�p�_ahVnrjW^H�Xmaqgbrjzpgq�jW` « _�q�jzp�b ª
_anSjWb�^Xjcq�jWbene�VjW|Xq�jzp�brjzpgq�jc¤-|Xqg_a^Vmon w pgma��j w p<�_ w _�p�brjzpgq�/�d�mi+¾brjc£ �|Xp � jzp�}onrjWbef�hHdg`�jWdgdg|H^X}ajW^ _a|Vfih C 
 ª
¤-|Xqg_a^Xmon [
\Ãbrj ¢ _a�Hbr¶C_an��Vbef�hJq�j,+¾|Xp��VjO�V_���jWbÃ`cbrq 
�benr£Fj��Xjzp ¨ nrjz¶Jq�p�mo^XjW^Vd w b�^XpgjWd�mo^V_a^V{���jWd�qgbe`c`¸q [ \Ãbrj

µ n¬�_af�hVj³|V^Jq�jzp¸�VjW` xamo` ¨
�9¢©ª �Gw jz¶Jq�p�mo`�jzq�jzps}ajWnebejz£8jzpgq�jW^ v �Hd�map w qgbemo^Vdgdgbr}o^H_an	bed�q w p�m w map�qgbrmo^V_an
{W|Xp �2mo^X{zjW^Jq�p�_�qgbrmo^#�Xjzp w _�p�_a`�_�}o^XjzqgbedgfihXjW^3*�jW^Mq�pgjW^ [ \Ã_��Vbrj G�p<�m XajL�HbrjWd�jzp¸µ n¬�_afihXjL_a|Hf�h xamo^
_ wVw _�pi_�qgbrxajW^ k _�p�_a`�jzq�jzp�^�_��Hh��_a^X}aq�/Ebed�qÃ£i�|Vp2jWbe^Xj v �Hd�mone|Xq���jWd�qgb�`c`¸|H^X}³�Vjzp ¢ _a�Vbr¶�_ane�Vb�f�hJq�j´�Hbrj�l_anebe�Vp�_�qgbrmo^�}ajz}ajW^�jWbe^Vj-k�pgma��j-��jz¶�_a^V^Jq�jzp �Gw be^H�Vbef�hJq�j-^Xmaq
+
jW^V�Vbr} [ 0 ` xamap�nebrjz}ajW^H�XjW^�µV_anen�+¾|Vp��Xj
{W|¼�VbejWd�jW` *�+ jWf�¶�`cbrq §©¨�« kJ2.�Vmaqgbrjzpgq�jWd�\ ª ¤-|Xqg_a^Xmon w p<�_ w _�p�brjzp�q�/G�XjWd�d�jW^ �Gw be^H�Vbef�hJq�jÃdgbef�h�_a|Hd
�Xjzp ¨ be^�+
_a_�}aj��XjWd ¢ _a�Vbr¶�_aned´jzpgpgjWfihV^XjW^°n¬�_adgd�q�|H^V��{W| jWbe^VjW`�½ jzpgq³xamo^ = Z 6 ¦o¡o��¡ * ¦ 6 ZaZaÁa­ E <
� ¦BC 	 
 A Q>�O£i�|VhXpgq�j [ � mo^��VbrjWd�jzp « bedgfihJ|V^V} +¾|Xp��XjW^�� ¡ kSpgma��jW^ }ajz{zma}ajW^#|V^V� {W|Xps¤
jWd�qgb�`c`¸|H^X}
�Xjzp � q�pgjW|V|V^X}�4�j�+ jWb�ned � `c_anºxajzp�`cjWdgd�jW^</5+-_ad©jWbe^VjW^ « brq�q�jWne+ jzpgq©`�brq � qg_a^V�V_�pi�V_���+
jWbefihJ|V^V}�xamo^
= � ¦ � 6 Za�?* � � 6 ¦M� E�
 ,¥jzpg}o_�� [Hv |Hd��VbrjWd�jW`¥½ jzp�q©£8mone}aq¾�Xjzp��l_an�br�Vp�_�qgbrmo^Hd�£F_�¶Gq�map-{W|��

Z 6 ¦o�aZa¡ < � ¦ C  &
��� ���� 6

k + 8 yuw[� Jr��
�:�
�Uw�{�E w�}�~mw��Uw@{�r��i}8�sr�{Uviw�tu} J�=EUtuyu���iw�n � rRx
v_y�{iw�{U}�~m��� DU��w@xmnJ�_~mt�yu�
��w@y�{ @���t ��w�}�~mw@xm��w9H w9E w��
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\Ãbrj « jWdgdg|H^X} �Xjzpcd�q�p�_ahHnrjW^V�Xmaqgbrjzp�q�jW^ kSpgma��jW^#jzpg£Fmonr}aq�j�_a^V_anrma} ��jWd6+¾|Xp��VjW^ 4�j � � qgbefih w pgma��jW^
}ajz{zma}ajW^8/��VbejJ4 j�+
jWbened � `c_an�xajzp�`�jWdgdgjW^ +¾|Xpi�XjW^ [X« beq 
�b�nr£8j2�XjWd��l_anebr�Hp�_�qgbrmo^Vd�£4_�¶Gq�map�d
jzpgpgjWf�hH^XjW^
d�bef�h�_a|Vd¾�XjW^Bjzp�hV_anrq�jW^VjW^�½ jzpgq�jW^��Hbrj2be^ § _���jWnenej�~ [u¡ _a|X£8}ajz£ �|VhXp�q�jW^ ¢ _a�Vbr¶�_ane�Vb�f�hJq�jW^ [ \�bejl_a^X}aj ª
}ajz��jW^XjW^�µXjWhVnrjzp©£Fmonr}ajW^¼_a|Hd¾�Xjzp � qg_�qgb�d�qgbr¶B�Xjzp ¨ b�^X{zjWne`�jWdgd�|V^X}ajW^B|V^V���Xjzp�µXjWhVnrjzpg£Fmapgq w ;�_a^X{W|V^X}
�H|Xp�f�h��Hbrj �l_anebr�Hp�_�qgbrmo^ [
\�bej�¤
jWd�q�p�_ahHne|V^X}³�Xjzp2kSpgma��jW^ � , Z |H^V� � , ~Bjzpg£Fmonr}aq�j�4�j�+ jWben�d¾}onrjWb�f�hX{zjWbrqgbe} [�v |X}ajW^X£��_anenebr}Lbed�q�/�H_adgd �Hbrj��2mo^V{zjW^Mq�p�_�qgbemo^³�Vjzp w _�p�_a`c_�}o^Xjzqgbed�f�hXjW^ *�jW^Jq�pgjW^³^Vbef�hJq-`cbrq �Vjzp
¤
jWd�q�p�_ahHne|V^X}od�{zjWbeq
d�¶�_ ª

n�brjzpgq [ G�p�|H^V�2hVbrjzpg£ �|Xpºbed�q�xajzp�`¸|Vqgnebef�hljWbe^XjS|V^Jq�jzp�dgfihVbrjW�Vneb�f�hXjSk6modgbrqgbemo^Vbrjzp�|V^V}-�Vjzp�kSpgma��jW^�+¸�_ahVpgjW^V�
�Vjzp ¨.-9w modgbrqgbrmo^B|V^V���H_a`cbrq�jWbe^Xjl^Hbef�hJq�xajzpg}onrjWbefihM�T_�pgj v |VdgnrjW|VfihMqg|H^X}c�XjWd « _�q�jzp�be_aned¾�V|Xp�fih¼�XjW^
¨ nrjz¶Gq�pgmo^XjW^Vd�q�pi_ahVn [ 0 ^�+¾brj�+
jWbrq2`��ma}oneb�f�hXjzp7+
jWbed�j � �_�q�qgbr}o|V^X}od�j:9�jz¶Gq�jc��jWb	�Xjzp ¨ p�{zjW|X}o|V^X}¼�Xjzp ¢ _ ª
�Hbr¶C_anejÃ_a|V£8q�pgjzq�jW^8/Hn �_adgd�q©d�bef�h¼_a|V£8}ap�|H^V�B�Xjzpj+
jW^Vbr}ajW^¼\Ã_�q�jW^�^Vbef�hJq©dg_�}ajW^ [
\�_ad�be^Jq�jW^Vdgbrxaj ¨ nejz¶Jq�pgmo^VjW^M��mo`¸�H_�p��XjW`�jW^Jq�£i�|VhXpgq-{W|�jWbe^Vjzp¾µ��_�pg�H|V^X}��XjWd¾¤
|Vqg_a^Xmoned¾_��Th��_a^X}obr}

xamo^B�Xjzp�\Ã_a|Xjzp©�Xjzp-¤
jWd�q�p�_ahVn�|V^X} [ \�bej�dgfih +-_af�h¼��jWdgq�p�_ahVnrq�jW^³kSpgma��jW^Y+ jWb�d�jW^³jWbe^XjÃhXjWnen ª x9brmonrjzq�q�j /
�Hbrj¾ne_a^X}¸��jWd�q�p�_ahVnrq�jW^�jWbe^Xj©qgbejz£ ª x9brmonrjzq�q
�HbedSd�f�h�+
_�pg{zj2µ��_�pg�H|H^X}¸_a|X£@/ +
ma��jWbH^Vb�f�hJq _anenrj	���|X}ajWnefihXjW^
jWb�^Xjzp���hV_�pg}aj�}onrjWbef�h³be^Jq�jW^Vdgbrx�}ajz£ �_�pg�VqJ+¾|Xpi�XjW^ [ b�jz��jW^³dgjWhXp
�H|V^X¶9nrjW^�q�p�_�q�jW^�_a|VfihBhXjWnenrj�� �|X}ajWn ª
fihXjW^�_a|V£�/ +
_ad�xajzp�`¸|Vq�jW^°n �_ad�d�q�/��V_adgdL�Vbrj�¤
jWd�q�pi_ahVne|V^X} ^Hbef�hJq�hXmo`�ma}ajW^ �|X��jzp��XjW^ }ajWdg_a`sq�jW^
k�pgma��jW^M��jzpgjWb�f�hBxajzp�nebejz£ [
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\Ãbrj « jWdgdg|V^V}©�Xjzp�k6mone_�p�bedg_�qgbemo^2jzpg£Fmonr}aq-�|X��jzp��V_adº¶ajzp�^H`c_�}o^XjzqgbedgfihXj ¢ jWd�mo^V_a^X{zxajzpg£4_ahXpgjW^ =�b «�¢WC E [
\Ã_�{W|,+¾brp���d�jW^X¶GpgjWf�hJqÃ{W|V`'k6mone_�pibedg_�qgbrmo^Vdg£8jWne��jWbe^Xj �Gw |Vnrjl|H`'�V_ad « _�q�jzp�be_anE}ajz�Vp�_afihMq [E� q�pi_ahVnrq
`c_a^!�|V��jzp2�VbejWd�j �Gw |Vnrj¸jWbe^ dgfih +-_af�hXjWd 
�mGfihX£8p�j�^J|XjW^V{z£8jWne� ^V_ahVjc�Xjzp �2jzp�^Vn�_�p�`�mapg£Fpgj�^G|XjW^X{¸`�brq

 jWb�^</8+
jzp��XjW^#�Vbrj�¤
jWd�jzq�{W|V^V}od�{W_ahVnrjW^#�Xjzp�*�jzjW`c_a^V^VbrxajW_a|Hd¸�V|Vp�f�h y�`�¶9ne_ wVw jW^ jWbe^Hbr}ajzp �Gw be^Vd
}ajM�_a^V�Xjzp�q [ \Ã_ad « jWdgd w p�be^X{Wb w �Vjzp�b «O¢ bed�q�/T�Vbrj ¢ jW_�¶Gqgbrmo^��Xjzp¾jWnejz¶Jq�p�b�dgf�hXjW^ ¨ br}ajW^Vd�f�hV_�£Fq�jW^O�VjWd
« _�q�jzp�be_an ª �Gw |VnrjW^Vd�]9d�q�jW`cd´_a|X£��VbrjWd�j �v ^V�Xjzp�|V^V}O{W|���jWd�qgbe`�`�jW^ [ \�_�{W|$+¾brp��#d�jzp�brjWn�n�{W|Xp �Gw |Vnrj
jWbe^ �2mo^V�XjW^Vd�_�q�maps}ajWdgfihV_anrq�jzq�/ d�mO�V_ad�dsdgbefih jWbe^ � f�h�+¾be^X}a¶GpgjWbedÃjzp�}obr�Vq [ \Ãbrj �v ^V�Vjzp�|V^X}¼�Xjzp�¤
j ª
d�jzq�{W|V^V}od�{W_ahVnrjW^³be` « _�q�jzp�be_anT£i�|VhXpgq	{W|LjWbe^Xjzp �v ^V�Vjzp�|V^X}l�Xjzp-`c_�¶Gpgmod�¶am w b�dgf�hXjW^ « _�}o^Vjzqgbedgbrjzp�|H^X}
|V^V�B¶�_a^V^���jWdgfihXp�brjz��jW^ +
jzp��XjW^¼�V|Vp�f�hBjWbe^Vj2¶amo` w nrj - j � |Vdg{zj w qgbr�Hben�brqQ�_�q

� = 
 E M ��� = 
 E ��
 ��� � = 
 E�6 = ¡G[ � E
\Ãbrj-��jWbe�XjW^ � |V`c`c_a^H�XjW^¸dgq�jWhXjW^��V_���jWb9be` *�|Vdg_a`c`cjW^VhV_a^X}�`cbrq	�XjW` �Vbed w jzp�d�brxajW^Y= � � = 
 E E �H{�+ [�XjW` _��Td�map w qgbrxajW^ v ^Jq�jWben = � � � = 
 E E �VjWd©�Xjzq�jz¶Gqgbrjzpgq�jW^ � be}o^V_aned f ¢ jWb t ~ h [\Ãbrj « _�}o^Vjzqgbedgbrjzp�|H^X}2�XjWd « _�q�jzpibe_aned £i�|VhXpgq6_a|Vf�h�{W|´jWb�^Xjzp �v ^V�Vjzp�|V^X}Ã�Xjzp 0 ^H�V|X¶GqgbrxGbeqQ�_�q " = 
 E |H^V�0 ` w jW�V_a^X{��1= 
 E �Xjzp �Gw |Vnrj � " = 
 E M " � = � , ~���� � = 
 E E

�1= 
 E M � , 
 
 " � = � , ~���� � = 
 E E
� �1= 
 E M � , 
 " � < ~���� � � � = 
 E� ��� �

.
�

, 
 
 " � = � , ~���� � � = 
 E E� ��� �
.
�

&
+
ma��jWb " � M 0 ^V�V|V¶Jqgbrx9brqQ�_�q¾�VjzpÃnejzjzpgjW^ �Gw |Vnrj /�� M µ��|Vn�nr£F_�¶Gq�map�/�_��Hh��_a^X}obr}³xamo` �Gw |HnrjW^Mxamon�|V`�jW^
|V^V���VjWdgd�jW^ v |�9
�|Vnene|V^V}�`cbeq « _�q�jzp�be_an �2|V^V� �VM 2ÃhH`cdgf�hVjzp�½¯be�Vjzp�d�qg_a^V�¼�Vjzp �Gw |Vnrj [
k B �U��tuw r7xDI rR��{iw@~myu� * w�}���{srR{U��w7�J�w@}����_xmw�yFEi~�viyuw �.���U�Utu�i{U��G9H8yu}��
�Uw�{ I�rR~mw@xmy�r�t��U{Uv��_�i�Utuw��
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\Ã_ad¸��jW�XjW|Xq�jzq�/ � � � q�p<�_�}aq�{W|V` mohV`cdgfihXjW^ ½!be�Xjzp�dgqg_a^V� ��jWb�/<+¸�_ahXp�jW^V� � � �XjW^ be^V�V|X¶GqgbrxajW^ ½!b ª�Vjzp�d�qg_a^V� �_a^V�Vjzpgq [
\Ãbrj6G �|Xq�j��XjWd � f�h�+¾be^X}a¶GpgjWbed�jWdj+¾brp��¼_an�d�mLbe^Hd�}ajWdg_a`¸q¾��jzjWbe^�;T|Hdgd�q [ \Ã|Xp�fih �v ^V�Xjzp�|H^X}c�XjWdW2ÃhV` ª
d�f�hXjW^O½¯b��Xjzp�d�qg_a^V�VjWd©¶amo`c`¸q�jWd�{W|¼jWb�^XjW` `cbeq�qgnrjzpgjW^ `�jWbed�qg|V^V}od�xajzp�ne|Vdgq 3)be^O�Xjzp�dgq�pgmo`c�V|Xpif�h ª
;Tmodgd�jW^XjW^ �9w |Vnrj /9�Xjzp¾_aned �Gw _a^V^G|V^X}odQ�_a^H�Xjzp�|V^X}´�Xjzq�jz¶Gqgbrjzpgqg+
jzp��XjW^�¶�_a^V^ [3 M C� � �� = � � � � E M C� � �� 
 " � < ~���� � � � = 
 E ; � � � = 
 E = ¡G[uZ E
`�brq � � M �Gw |VnejW^Vd�q�pgmo` [
½ jz}ajW^³�Xjzp
kSpgm w mapgqgbrmo^H_anebrqQ�_�q {�+¾bedgfihXjW^ � � � |H^V���Xjzp `�_�¶Jpgmodg¶am w bedgfihXjW^ « _�}o^Xjzqgbedgbejzp�|V^X}5/obedgq��Xjzp`�jWbed�qg|V^V}od�xajzp�ne|Vdgqº{W|Xpo�|Vf�¶J{W|X£ �|VhXp�jW^s_a|X£XjWbe^Vj �v ^V�Xjzp�|V^V}¾�XjzpE¤
jWd�jzq�{W|H^X}2�Xjzp �ljzp�^X{zjzjW`c_a^V^HbrxajW_a|Vd
|H^V�O�H_a`cbrq2�Xjzp2k6mone_�p�bedg_�qgbemo^��VjWd « _�q�jzp�b�_aned [ \�jzplkSpgm w mapgqgbrmo^H_anebrq �_�qgd�£4_�¶Jq�map2��jWbe^HhV_anrq�jzq�dgm_+
mohVn
v �Hh �_a^V}obr}a¶ajWbrq�jW^Bxamo` b�|X¶9nrjzmo^XjW^Vdg]Gd�q�jW`¥dgjWnr�Hd�q�/X_aned�_a|Vfih¼_ wVw _�pi_�qgbrxaj ¨ be^5; �|Vdgd�jÃ|V^V�B`�|Vdgd-£ �|Xp
4�jW�Xj « jWdgdg|H^X}��V|Xpif�h �s_anebr�Vp�_�qgbemo^B}aj�+ mo^V^VjW^ +
jzp��XjW^ [ \ÃbrjWdgj¸d�mc}ajW^H_a^V^Mq�j §©¨Sª �l_anebr�Vpi_�qgbrmo^�bed�q
GÃjz}ajW^Vd�qg_a^V�O�XjWd v �Hdgf�hH^Vbrq�q�jWd ¡G[u�G[
µ��|Vp6�Vbej \�jzq�jz¶Jqgbejzp�|V^X}�¶GnejWbe^Xjzp � br}o^V_anrjS��jW�VbejW^Mq6`c_a^¸d�bef�h��XjzpJa � br}o^V_an ª¬v xajzp�_�}aj a « jzqghXmG�Vj /<��jWb

�Vjzp��Xjzp¾_��H{W|X£F_ahVpgjW^V�XjlµXp�j�^J|XjW^V{z��jzp�jWbef�hObe^ �l_a^��_anejs|V^Jq�jzpgq�jWbenrqj+�brp�� [ \Ã_ad�µVpgj�^J|VjW^X{z�H_a^V� +¾brp��
^ ª `c_anJ�H|Xp�f�hV£F_ahXp�jW^Y=@a ^ ª � +
jzj w d�a E |V^H�s�Vbrj � br}o^V_anej �Xjzp jW^Jqgd w pgjWfihXjW^V�XjW^ �l_a^ �_anrj-_a|X£4_a�V�Vbrjzp�q [ \Ãbrj
� br}o^V_aneh��mohVj +¸�_afihVd�q	�V_a�V|Xpif�h�|V` �XjW^´µV_�¶Jq�map ^</C�H_ad	d�qg_�qgbed�qgbed�f�hXj ¢ _a|Hdgf�hXjW^´^G|Xp	|V` �XjW^´µV_�¶Gq�mapB � /�d�mB�V_adgd¾`�_a^�jWbe^Vjcb¾jzq�q�m<xajzpg��jWdgd�jzp�|H^X}��XjWd � � ¢©ª
� jzp�h��_anrqg^Hbedgd�jWd�|V` B � ��jz¶amo`c`sq [�� ]9d�q�j ª
`�_�qgbedgf�hVj�µXjWhHnrjzp�/-�VbrjO_a|V£s_ wVw _�p�_�qgbexaj ¨ be^�;��|Vd�d�j¼{W|Xpo�|Hfg¶G}ajWhXjW^</J+ jzp��VjW^¯�H_a�V|Xp�fih°`cb�^Vbe`cbrjzp�q�/
�H_adgd©`cbrq��Xjzpid�jWnr��jW^ � +
jzj w {W_ahVn�/V`cbeq-�Vjzp¾�V_ad ¢ jWd�mo^V_a^X{Wdgbe}o^V_an��Xjzq�jz¶Gqgbrjzpgqj+�brp��</9_a|5Xajzp�hV_ane���Xjzp
¢ jWd�mo^V_a^X{sjWbe^ � br}o^V_an�}ajW^Vmo`c`�jW^¼|V^H�Bxamo^��XjW` ¢ jWd�mo^V_a^X{Wd�br}o^V_an�dg|V�Vq�p�_ahVbrjzp�q +¾bep��L=@a v �H{W|X}5a E [
½ jWbeq�jzpgj v |Vd�£ �|VhXp�|V^V}ajW^¸hVbejzpg{W|´|V^V�´{W|´q�jWf�hH^VbedgfihXjW^ ¨ b�^X{zjWnehXjWbrq�jW^´�Xjzp[b «�¢�ª¬v�wVw _�p�_�qg|Xp[]T^V�XjW^
d�bef�h¼b�^ f ¢ jWb t ~ h [
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¤
p�b�^X}aq�`c_a^¯\�jW|Xq�jzpgmo^XjW^¯`cbrq�b�hXpgjW` �2jzpi^Vd w be^���M´��b�^ jWbe^�j - q�jzp�^VjWd « _�}o^Xjzq�£FjWne�</ dgm £i�|VhXpgq
�Hbrj *�jzjW`c_a^V_a|X£4d w _aneqg|V^X}³{W| jWbe^Xjzp v |X£4hXjz�H|V^X}B�Xjzp ¨ ^Xjzpg}obrjzjW^Jqg_�pgqg|V^V}¼|V^V� _��Hh �_a^X}obe}³xamo^��Xjzp
`�_�}o^XjzqgbedgfihXjW^��Ã|H_a^Mq�jW^X{W_ahHn D M �s� & ¦ & �¸d�q�jWnenrjW^�dgbef�h��XpgjWbS�_ ^G|Vbe�Vbedgqg_a^Mq�j ¨ ^Xjzpg}obrjW^VbexajW_a|Vd 	 D $jWb�^ [ \ÃbrjsµXp�j�^J|XjW^V{zjW^�£i�|Xp��Hbrj �y���jzp�}H�_a^X}aj 	 �s� $ � 	 ¦ $ |V^H� 	 ¦ $ � 	 � $ +¸�_�pgjW^¼}onejWbef�hO|V^V�¼be^O�Xjzp�ljzp�^XpgjWd�mo^H_a^X{Wd w jz¶Jq�p�mod�¶am w brjÃ£i�|VhXpgj2�VbrjWd©{W|�jWbe^Xjzp�jWbe^V{Wbr}ajW^ ¢ jWdgmo^V_a^X{Wnebe^Hbrj [
0 ` fihXjW`cbedgfih }ajz�H|H^V�XjW^XjW^N*�|Hd�qg_a^V� �XjWd�¤
|Vqg_a^Xmone`�monrjz¶6�|Vned�_an�nrjzp��Vbe^V}od¸j - bed�qgbejzpgjW^ jWnrjz¶Gq�p�bedgfihXj
µVjWne�X}ap�_a�VbejW^Mq�jW^O_a` �2jzpi^Xmapgq�/H�Vbejl_a^V^��_ahXjzp�^H��jW^Mqgn�_a^X}L�Xjzp2� ª \ ª |V^H�F2 ª \ ª ¤-be^V�V|V^V}odg_af�hVdgjsnrm ª
¶�_anebed�brjzpgq©dgbe^H� [ \�bejs½ jWf�hHd�jWn�+¾brp�¶G|V^V}c�VbrjWd�jzp¾µVjWne�X}ap�_a�VbejW^Mq�jW^�`cbrq©�XjW` �Ã|V_a�Xpi| w mone`�mo`�jW^Jq��XjWd
\�jW|Xq�jzp�mo^Vd�£ �|VhXp�q6{W|�jWbe^Xjzp � jzp�dgf�hHbrjz�H|V^X}l�Vjzp�*�jzjW`c_a^H^VbrxajW_a|VdT=FxJ}on [Jv �V� [�¡G[ � E [ ½ jW^V^L�Xjzp µVjWne� ª
}api_a�VbrjW^Jq�_ - be_aned�]9`c`�jzq�p�b�dgf�h���jz{X�|V}onebef�hO�XjzpÃ¤
b�^V�V|V^X}odgp�bef�hJqg|V^X}cb�d�q�/Td�q�jWn�nrq�dgb�f�h��Vbrj ¨ ^Xjzpg}obrj��XjWd
D ª jW^Jqgd w p�jWf�hXjW^V�VjW^ b�bexajW_a|Vdg+¾brj2£Fmonr}aq¾�H_�p �

, ) M ��� 
 � D , � 

	 = � < f�mod ��� ��� E = � D � � � =�� , � E E & = ¡G[u� E
+
ma��jWb��VjzpLjzp�dgq�j � |V`c`c_a^V���Vbrj ¨ ^Xjzpg}obrj �XjWd³|V^X}ajWd�qQ�map�q�jW^(*�jzjW`c_a^V^VbrxajW_a|Hd³|H^V���Xjzp³{�+
jWbrq�j
�Hbrj �Ã|V_a�Xp�| w mone+ jWfihVd�jWn�+¾bepg¶G|H^X}od�jW^Xjzpg}obejs�V_�p�d�q�jWn�nrq [ µ��|Xp 

	 }obenrq�� 

	 M C

�

 � < 
 
 `�brq 
 � �XjW`



��� �����j		�-�s� �s��
	����� ���s� �-����� � �s� ��	:�5�
	-� �s� 	:�,� � �S���m� ���s� � �

ω0 ω0−3ωq 

ω0+3ωq

ω0+6ωq

ω0-6ωq

ω0

m = -1

m = 0

m = +1

Θ = 0 Θ = π/2

E
n

er
gi

e

v �V�Hbene�H|V^X} ¡G[ � �º�g��	
��� �m	:� � � 	7�s��� � 	
� ��	:�5�
	-� �s� 	:���
� �o� �4� ���
	�� ����� 	 ���
	
����	�� )L������	�� ��	:� � % ������� �
� � � 	�%��7	A����� �������#��	
� ��$�	� �����	������� ����� � 	-������� �����_���s� � 	P�	� ��	:� �.���4�i�������

�Ã|V_a�Vp�| w mone`�mo`�jW^Jq�|V^V� 
 
 M�� ��� Q�� � � �XjW` jWnrjz¶Gq�p�bed�f�hXjW^¼µVjWne�X}ap�_a�VbejW^Mq�jW^ [ � bed�q©�Xjzp¾½¯be^V¶ajWn
{�+¾bed�f�hXjW^¼�VjW`¥j - q�jzpi^XjW^ « _�}o^Xjzq�£FjWne�¼|V^V���Vjzp ¢ befihMqg|H^X}c�XjWd�jWnrjz¶Gq�p�bed�f�hXjW^¼µVjWne�X}ap�_a�VbejW^Mq�jW^ [

\Ãbrj ¢ jWdgmo^V_a^X{z£Fpgj�^J|VjW^X{zjW^ 
 1 |V^V� 
 A /º�Vbrj�{W|V` w modgbrqgbrxajW^ �y¾��jzpg}o_a^V} 	 ¦ $ � 	 � $ �V{�+ [ {W|H`
^Xjz}o_�qgbrxajW^ 	 �s� $ � 	 ¦ $ }ajWh��mapgjW^</Tdgbe^V���


�� M 
 �
	 � 
 	 = � f�mod � � ��� E = ¡G[ ~ E
|V^V�B}ajW^	�|X}ajW^ +
jz}ajW^ ¦�� f�mod � � �l�Vjzp¾¤
jW�Vbe^X}o|V^V}
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ma��jWb�4 j�+
jWbened��Vbej2pgjWf�hJq�j � jWbeq�jl�Xjzp¾y�^X}onrjWbefihJ|V^V}�£ �|Xp � M �zQ Z /H�Vbrjln�be^X¶ajÃ£ �|Vp � M ¦ }obeneq [
�y��HnebefihXjzp7+
jWbed�j + jzp��VjW^��Hbrj���jW^G|Xq�{zq�jW^´¤
|Vqg_a^Xmon w pgma��jW^�_a`�map w h¸}ajz£FpgmapgjW^ =4dgbrjWhVj �l_ w brq�jWnM~ [uZ E /

+-_ad��|X��jzp6`�_�¶Jpgmodg¶am w bedgfihXj©¤
jzpgjWbef�hVj
{W|´jWb�^Xjzp GÃnrjWbefihMxajzpgq�jWb�ne|V^X}Ã�Xjzp 2 ª \ ª |V^V�c� ª \ ª ¤-be^V�V|H^X}ajW^
|V^V�2�H_a`cbrq��Xjzp�jWnejz¶Jq�p�b�dgf�hXjW^sµXjWne�X}ap�_a�HbrjW^Mq�jW^l£i�|VhVpgq [ ½¯bep��ÃjWbe^Ã��jWd�qgbe`c`¸q�jzp�µXp�j�^J|XjW^V{z��jzp�jWbef�h2xamo^
�Xjzp6b «O¢ _��V}ajzqg_adgq�jzq�/Sd�m ]�^V�XjW^#dgbef�h�£ �|Xpg4�jW�XjBµXpgj�^G|XjW^X{��XjWd1b «�¢�ª µXjW^Hd�q�jzp�d *�|Vdgq �_a^V�Xj /E�Hbrj
_a|X£F}ap�|V^V���VjWd w _adgd�jW^H�XjWd-½¯b�^X¶ajWned � �Vbej ¢ jWd�mo^V_a^X{z��jW�Vb�^X}o|V^X} ¡G[ ~cjzpg£ �|VnenejW^³|H^V�Bbe` �Gw jz¶Gq�p�|V`
jWbe^Xjd`Ebe^VbrjÃjzpg{zjW|V}ajW^ [
\Ãbrj�0 ^Jq�jW^VdgbeqQ�_�q-�Vjzp ¢ jWd�mo^V_a^X{Wn�be^VbrjW^</G�VbrjÃdgbefih³_a|Hd x9brjWnrjW^B�VbejWd�jzp ¨ be^X{zjWnen�be^VbrjW^c_a|V£8�H_a|VjW^³b�d�q w pgm ª
w mapgqgbrmo^V_an9{W|Vp��XjzpgjW^ v ^X{W_ahVnm/o�Vbrj �\+
jz}ajW^��XjzpSpC�_a|V`cnebefihXjW^�0 d�maq�pgm w brj©�Vjzp�µXjWne�X}api_a�VbrjW^Jq�jW^���^G|Xp
xamo^��Xjzp�\Ãbef�hJq�j " �"�� �Xjzp¾� ª \ ª |V^V� 2 ª \ ª ¤-be^V�V|V^V}ajW^ w pgm¸½!be^X¶ajWnejWnrjW`�jW^Jq
_��HhE�_a^X}obr}´d�jWbe^³¶C_a^H^ [
0 d�maq�pgm w brj2��jW�XjW|Vq�jzq ( /(�� M � � � / C 6 `cbrq (�� M!dgbe^ � ( � 6
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\Ã_a`cbeq�}obenrq©�Vbrj2k�pgm w mapgqgbrmo^V_anebeqQ�_�q ( /( � ;
dgbe^ � 6

\Ã_ad©hVjWb�Xaq�/V�VbrjW`�b�^VbrjW^Vbe^Jq�jW^VdgbeqQ�_�q +
jWbed�q-��jWb � M �zQ Z jWbe^ « _ - be`�|V` _a|V£E|V^V�³xajzp�d�f�h�+¾be^V�Xjzq-£i�|Xp
� M ¦9[
µ��|Xp��V_ad©\�jW|Xq�jzpgmo^XjW^VpgjWd�mo^V_a^X{Wd�br}o^V_anº��jW�XjW|Xq�jzq©�H_ad�/V�V_adgd�£ �|Xp©�VbejlµXpgj�^G|XjW^X{zjW^


 1 M 
 � � � 

	 |V^V� 
 A M 
 � , � 

	 = ¡G[u¡ E
0 ^Jq�jW^VdgbrqQ�_�qgdg`�_ - be`�_�_a|X£8q�p�jzq�jW^</H�VbrjÃjWbe^VjW^ v �Td�qg_a^V�Bxamo^ ­ 

	 hV_���jW^�� [
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Signal der C-D-Bindung
Signal der O-D-Bindung
Überlagertes Signal

v �V�Hb�ne�V|V^X} ¡G[uZ ���8���:� � � 	�����	�� 
:����� � 		�=�1	��5�
	
� �s��	:� ����� � �s� �d�s��� � 	��(��	:���.� ��_��	:� � 	
�c��� ��� �����
.�� �����S�����s�������

\Ã_ad GÃjWdg_a`sqgd�br}o^V_anV�T_a|Xq	dgbef�h�_a|VdS�XjW^´��jWbe�XjW^ � be}o^V_anrq�jWbenrjW^�_a|X£@/o�Vbrj-{W|V` �y���jzpg}o_a^X} 	 �s� $ � 	 ¦ $
�H{�+ [ 	 ¦ $ � 	 � $ }ajWh �map�jW^ =FxG}on [<v �V� [�¡G[uZ E [ \Ãbrj ¢ jWd�mo^V_a^X{Wn�be^Vbrj	{W|V` �y���jzp�}o_a^X} 	 �s� $ � 	 ¦ $ dgqg_�pgq�jzq
£ �|Xp-½!be^X¶ajWn � M ¦ `�brq 
 A M 
 � � ­ 

	 |V^V�³jWbe^Xjzp-¶amapgp�jWd w mo^V�VbrjzpgjW^H�XjW^ 0 ^Jq�jW^VdgbrqQ�_�q � A /V^Vbe`�`sq_a^ 0 ^Jq�jW^VdgbrqQ�_�q��Hb�d
|H` « _ - be`¸|H`���jWb � M �zQ Z = 
 A M 
 � , � 

	 E {W|�|V^V�³jW^V�Xjzq©hHbrjzp�be^³jWbe^XjW`k6jW_�¶ [
\�jzp �y���jzpg}o_a^X} 	 ¦ $ � 	 � $ w p�mG�V|V{Wbrjzpgq¾jWb�^ xajzpg}onrjWbefihM�H_�p�jWd ¢ jWd�mo^H_a^X{Wdgbr}o^V_anm/��V_ads_anenrjzp��Vb�^X}od©��jWb

 1 M 
 � � � 

	 d�qg_�pg¶�}aj w jW_�¶Jq�dgqg_�pgq�jzq�|V^V�´`cbeq6{W|H^XjWhV`�jW^V�Vjzp µVpgj�^J|VjW^X{\=F{W|V^XjWhH`�jW^V�XjW` ½!be^ ª
¶ajWn E ¶9nrjWbe^Xjzp +¾brp��</o|H` ��jWb 
 1 M 
 � , ­ 

	 = � M ¦ E `cbrq�jW^H�VnebefihXjzp[0 ^Mq�jW^Vd�brqQ�_�q � 1 _��H{W|X�VpgjWfihXjW^ [E � tuw�yu�����i{U� & � � � ( ��yFE_~Jw�yu{iwSw@y�{_��rR���iw?I J����tuyu���i�:w�y ~'D�viyuw�? �sr�v_xm�i� ��tu�:���i�Utu�U{i��}�}�~ Jr7xm�:wjr��i}Jv_w�nVviw@~mw���~myuw@x�~mw�{
�_yu��{Ur�t�vi�ixm�
�+ITw�}�}��U{i��viw@}.@�w r���r Ei}�~
r�{sv_w�}zr E=G��U}��
� Jr7~5G�w�{�� F�yu{Uw.w �ir���~mwDJ�w�}�~myungnJ�i{U� y�}�~zrR�i��v_yuw�}�w 	�w@y�}�w[r E w@x
{Uyu����~ n J����tuyu�
�!D vUrSviyu� ��t|r7xmw F ��w���~mw�viyuw @�w r���}MG��i}mr�ngngw�{_x J�U�
�:w�{�t�rR}�}�w�{�K 8 �it�� �NP �i{sv�}���ngyu~.viw@x 	1w@x�~ � J�ix����
�U{�~mw@xm}��
� JrR~5G�~�H8yux
v��
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Signal de
OD-Bindung

Probe 15 (C4D9OH)

Probe 3 (C4D9OD)

v �V�Hbene�H|V^X} ¡G[u� �Q��	:�5�
	-� �s� 	:����� ��� �s�e	������[����� � � ��	2��	:���.���_� ��	
� .�� ��� �S�o� �s����� �
�B� �
	
� �	�	����	 ���|���
�	�5	 
 � � �������:� �����s���	�����	���������B	:� � �O�c��	�
��.��� �U�����T�o� ��	
� � 	P�	���
	��¼
C��� �����
	-��� 	
� �7	A�����
	:��
 � ��� �s� �L�B���
�����5��������� � 	 , � ���*�	�5	:� �

\Ãbrj�be` ¤-|Xqg_a^Xmone`cmonrjz¶E�|Hn�_a|X£Fq�pgjzq�jW^V�XjW^,2 ª \ ª ¤
b�^V�V|V^X}chH_�q©}ajz}ajW^	�|X��jzp��VjW^�� ª \ ª ¤-be^V�V|H^X}ajW^
jWbe^XjW^O|V` jzq�+
_ � ¦�� }ap<�m XajzpgjW^O½ jzpgq�£i�|Vp��XjW^�jWnrjz¶Jq�pibedgf�hVjW^�µXjWne�V}ap�_a�VbrjW^Jq�jW^ f �s_a� ��¡ih [ \Ã_ad���j ª
�XjW|Xq�jzq�/��Vbej ¨ ^Vjzpg}obrjW^VbrxajW_a|HdL�Xjzp�\�jW|Xq�jzpgmo^VjW^¯_a|Hd³�HbrjWd�jzpB¤
b�^V�V|V^X}�d w _anrq�jW^°}ajW`��_sXHGÃn [ = ¡G[u� E
jW^Jqgd w pgjWfihXjW^V��h��mohXjzp�_a|X£�/ +-_ad¸{W|�}ap<�m XajzpgjW^ �y���jzpg}o_a^X}od�£Fpgj�^G|XjW^X{zjW^ 
 � |V^H� �V_a`cbeqs}ap<�m XajzpgjW`
v �Hd�qg_a^V���Xjzp 0 ^Jq�jW^Vdgbrq �_�qgd�`c_ - b�`c_�£ �|VhVpgq [ \�_ad � jzp�h �_anrqg^Vb�d	�Xjzp 2 ª \ ª {W|��Xjzp � ª \ ª ¤-be^V�H|V^X}ajW^´��j ª
q�p<�_�}aq £i�|Xp6�H_ad6¤-|Xqg_a^Vmon��M� t /�jW^Jqgd w pgjWfihXjW^V�´bed�q �Vbrj 0 ^Jq�jW^VdgbeqQ�_�q6�XjWd � br}o^H_anedE_a|HdE�Xjzp 2 ª \ ª ¤-be^V�H|V^X}
`cbrq��VbejWd�jW^BµV_�¶Jq�map�|V^Jq�jzp��Xpo�|Vf�¶Jq [ \Ãbrj2µXmapi` �Xjzp ¢ jWdgmo^V_a^X{Wnebe^Hbrj¾�HnejWbr�Vq-_���jzp©�Hbrj�}onejWbef�hXjW+�brj2be`
µV_anenejL�Xjzpc� ª \ ª ¤-be^V�V|V^V}5/��V_��Hbrj��V_�£i�|Xplxajzp�_a^Jq
+
mapgqgneb�f�hXjW^ « jWf�hV_a^Vb�dg`�jW^�}onrjWbef�hVjW^�y�p�d w pi|V^X}od
dgbe^H� [
\Ã_adB}ajWdg_a`¸q�j \�jW|Vq�jzpgmo^XjW^XpgjWdgmo^V_a^X{Wdgbr}o^H_an�dgq�jWnenrqBdgbef�h¯_a|VdB�Xjzp �y���jzpine_�}ajzp�|V^X}#�Xjzp¼� ª \ ª |H^V�
2 ª \ ª¬¢ jWdgmo^V_a^X{Wdgbr}o^H_anrj³�H_�p [ 0 ^ v �V� [�¡G[u� bedgq¸jWbe^#�X]9^V_a`cbed�f�h w mone_�pibedgbrjzpgq�jWd � br}o^V_an
�V_�pg}ajWd�q�jWn�nrq�/
be^ �XjW` �Vbej�¤
jWbrq�p<�_�}aj���jWbe�Vjzp�¤-be^V�H|V^X}ajW^Ojzpg¶ajW^V^J�H_�pldgbe^V� [ \�mo`cbe^HbrjzpgqT+¾brp����VbrjWd�jWd � be}o^V_an�xamo^
�XjW`)¤ jWbeq�p�_�}s�Xjzp
� ª \ ª ¤-be^H�V|V^X}ajW^</o�Vjzp��XjzpJ2 ª \ ª ¤-be^V�H|V^X}2bed�qS^G|Xp��XjWd�hV_anr��jzpg¶ajW^V^J�H_�p�/ + jWbenXb�hXp
k6jW_�¶C_��Td�qg_a^V��dgmc}apgm X�bedgq�/V�V_adgd©dgbejl_aned � q�p�|V¶Jqg|Xp©b�^��XjW^�µ ne_a^X¶ajW^�d�bef�hJq��H_�pj+¾bep�� [
*�|Vp �y���jzp w p �|X£4|V^X}¸�Xjzp ¨
�9§-ª¬§ hXjzmap�brj�_a^�d�q�p�_ahVnrjW^H�Xmaqgbrjzpgq�jW` « _�q�jzpibe_an +¾|Xp��Vj¾jWbe^Xj�q�jWbene�VjW|Xq�j ª

p�brjzp�q�j©¤
|Vqg_a^Xmon w pgma��j /J� � \�	_2 
\/ w mone_�p�bedgbejzpgq�=FxG}on [ �l_ w brq�jWn ÁG[u¡ E [ \Ã_ad �X]G^H_a`cbedgfihXj � br}o^V_anX�VbejWd�jzpkSp�ma��jÃd�moneneq�j�^V_afih³�VjW` ma��jW^³}ajWdg_�}aq�jW^�^G|Xp ¢ jWd�mo^V_a^X{Wn�be^VbrjW^J��jWbrq�p<�_�}aj¾_a|Vd-�XjW^�� ª \ ª ¤-be^V�V|H^X}ajW^
hV_���jW^¯|V^V�¯�V_a`cbrqL¶ajWbe^Xj + jWbrq�jzp�j � q�p�|X¶Gqg|XpLbe^¯�XjW^ � jWbrq�jW^!_a|X£�+ jWb�d�jW^ [ 0 `%pgjWf�hJq�jW^ § jWben��Vjzp
v �V� [�¡G[u� bed�q�jWbe^��X]9^V_a`cbed�f�hXjWd � br}o^H_an �VbejWd�jzp�kSpgma��jB�V_�pg}ajWd�q�jWneneq´|H^V��`c_a^#jzpg¶ajW^V^Jqc�XjW|Xqgnebefih</
�V_adgd¾jWd©¶ajWbe^VjW^ 
�be^ +
jWbed©_a|V£6jWb�^¼|V^Jq�jzp�ne_�}ajzpgq�jWd � br}o^V_an�}obr�Vq [ ¤
jWbe�Xj�be^��Xjzp v �V� [�¡G[u� �V_�pg}ajWd�q�jWn�n ª
q�jW^ � br}o^H_anrj�dgqg_a`c`�jW^Bxamo^�d�q�p�_ahHnrjW^V�Xmaqgbrjzp�q�jW^Lk�pgma��jW^³|H^V�L|H^Mq�jzp�d�f�hXjWbe�VjW^³d�bef�hB^G|Xp�be^L�Vjzp 
�] ª
�Xpgm - ]9nr}ap�| wVw jl�XjWd « monrjz¶ �|Vned�/H� [ h [ �Xjzp�y�^Jq�jzp�dgfihVbrjW��b�^¼�XjW^ ¢ jWd�mo^V_a^X{Wdgq�p�|X¶Gqg|XpgjW^�b�d�q©jz��jW^X£4_anened
hVbrjzpi_a|X£	{W|Xpo�|Vf�¶J{W|V£i�|VhVpgjW^</Hd�mB�V_adgd��Vbrj�be`+nebe^X¶ajW^ � br}o^V_anE_a|X£8q�p�jzq�jW^V�XjW^ � q�p�|X¶Gqg|XpgjW^�qg_�qgdQ�_af�hHnebef�h
xamo^��VjW^¼¤
jWbrq�p<�_�}ajW^��VjzpT2 ª \ ª ¤-be^V�V|V^V}´hVjzpgpo�|VhXp�jW^ [
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0 ` qghXjzpi`cbedgfihXjW^cGÃnrjWbefihX}aj�+¾befihMqJ= §©¨ �_E ¶�_a^V^Ã��jWba�Xj:]T^Vbejzpgq�jzp § jW` w jzpi_�qg|Xp�|V^V� « _�}o^Xjzq�£FjWne�Vd�qQ�_�pg¶aj
_a|Hd��Vjzpl¤ moneq�{W`c_a^V^Jxajzpgq�jWbene|V^V} GÃn [ = ZG[u� E �Vbrj´^V_�q��|Xp�neb�f�hXj´k6mone_�p�bedg_�qgbemo^�`�brq�
�benr£Fj¸�VjzpÃ¤
p�b�nenrmo|Vbe^ ª
£4|V^X¶Gqgbrmo^>=4dgbrjWhVj
�l_ w brq�jWn Z E ��jWdgqgbe`c`¸qJ+
jzp��XjW^ [
½ jz}ajW^��VjzpM�Ã|V_a�Vp�| w mon�+
jWf�hVd�jWne+¾brpg¶9|V^X}-bed�q��Hbrj §©¨Sª k6mone_�p�bedg_�qgbemo^ljz��jW^X£4_anened�_��HhE�_a^X}obr}¾xamo`.½!be^ ª
¶ajWn � /�_anenrjzpi�Vbe^X}od�¶�_a^V^�jWbe^Xj �2mapgpgjz¶Gqg|Xp�+
jz}ajW^ �Xjzp�}ajzpibe^X}ajW^ � qQ�_�pg¶aj´�XjzpÃ½ jWf�hVdgjWn�+¾brpg¶9|V^X}³be`
¤-|Xqg_a^Vmon xamo^ 
 	 Q 
 �

@
� ¦ A � f \Ã|Vn ta­ih xajzp�^V_af�hHn �_adgdgbr}aqW+
jzp��XjW^ [ \Ãbrjcµ n �_afihXj�|V^Jq�jzpl�XjW` b «O¢©ª

v �Hd�map w qgbrmo^Vdgd�br}o^V_anVbedgq�jWbe^ « _sX´£ �|Xp-�Vbrj�k6mone_�pibedg_�qgbrmo^³|V^V��¶C_a^V^³d�mo`cbeq
_a|X£E�Vbrj §©¨Sª µ n �_af�hXjW^VjWbe^ ª
hVjWbrq�jW^

- 5 � ¶C_an�br�Vp�brjzp�q +
jzp��XjW^ [
3 5 � M ~	qg_a^Vh ��� 8��� 5� , qg_a^Vh � ��� 8��� 5 M�	 < ��
 7
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; - 5 � = ¡G[u­ E

� = 
 E bedgq¸�V_���jWbS�Vbej�\Ãb 9�jzp�jW^X{³�VjWdlxamo^��Xjzp\b «�¢ �Xjzq�jz¶Jqgbejzpgq�jW^ ¢ jWd�mo^V_a^X{Wd�br}o^V_aned � � = 
 E |V^V��VjW` d�m©}ajW^V_a^H^Mq�jW^ v �V{W|V}odgdgbr}o^V_an � � = 
 E [ `�jzq�{zq�jzpgjWd�}aj�+�be^V^Jq�`c_a^</Qbe^H�XjW` �V_ad�k6mone_�p�b�dg_�qgbrmo^Vd�£FjWne�|H` jzq
+-_�� ¦�� pgjW�H|X{Wbrjzpgql|V^H� jWbe^ � be}o^V_anS_a|X£F}ajW^Xmo`c`�jW^Z+¾brp�� [ \�|Vp�f�h��Vbrj ¨ pi^VbrjW�Xp�be}o|V^X}B�XjWd
« _�}o^Xjzq�£FjWne�XjWdLbed�qc�Vbrj b «�¢ ^Hbef�hJqc`�jWhXp�b�^ ¢ jWd�mo^H_a^X{�`cbrqc�VjW` �Gw b�^Vd�]9d�q�jW` |V^V� jWd�jzpg}obr�Vq
d�bef�h�jWbe^ � be}o^V_an�/�+
jWnef�hVjWd�b «O¢©ª jWbr}ajW^Xj =4be` + jWd�jW^JqgnebefihXjW^O£8pgj�^G|XjW^X{W_��Th��_a^X}obr}aj E µXjWhVnrjzpg£4_�¶Gq�mapgjW^
��jWbe^HhV_anrq�jzq [H� brj � |V�Vq�p�_�¶Gqgbrmo^��VbrjWd�jWd � br}o^V_aned-xamo^��XjW` ¢ jWd�mo^V_a^X{Wd�br}o^V_anº£i�|VhXpgq��V_�{W|8/H�V_adgd��VbrjWd�j
v pgq©�Xjzp�µXjWhVnrjzp¾b�` \Ãb 9�jzp�jW^X{Wdgbr}o^V_anº^Hbef�hJq©`�jWhXp¾_a|V£8qg_a|VfihXjW^ [
\Ãbrj�0 ^Mq�jz}api_�qgbrmo^Vd�}apgjW^V{zjW^ ` �|VdgdgjW^��H_���jWb6d�m�}aj�+ �_ahHnrq�+ jzp��VjW^</º�V_adgd�jWbe^Xj�` �ma}oneb�f�hVd�qÃ£FjWhVnrjzpg£FpgjWbrj
¤
jWd�qgb�`c`¸|H^X}��Vjzp6µ n¬�_afihXj�|V^Mq�jzpihV_anr�´�XjWd � br}o^V_anedE`��ma}onebefih´bed�qE|H^V�¸d�be^V�s�H_a`cbrqE_��Th��_a^X}obr}�xamo^��Xjzp
¤
pgjWbeq�j��XjWd ¢ jWd�mo^V_a^X{Wdgbe}o^V_aned [ µ��|Xp2\ ª ¤-|Xqg_a^VmonE��jzq�p<�_�}aq2�VbejWd�j¸jzq�+
_ Za­�¦ �W� 
 /º_a|5Xajzp�hH_anr���HbrjWd�jWd
¤
jzpgjWb�f�hXjWd +¾brpi� ^J|VpL^Xm9f�h°jWbe^Xj>G�p�|V^V�Hnebe^VbrjB�Xjzq�jz¶Gqgbrjzpgq [ 0 ` ¢ _ahH`�jW^°�HbrjWd�jzp v pg��jWbrq"+�|Xp��XjW^
£ �|Xp��Hbrj©k6mone_�p�bedg_�qgbemo^Vdg`�jWdgd�|V^X}ajW^�_a^³�VbrjWd�jW` « _�q�jzp�be_anHjWbe^XjSb «�¢�ª µXjW^Vdgq�jzp ª ¤
pgjWbrq�j�xamo^ ¡�¦a¦ �W� 
 /
� [ h [ jWbe^ � +
jzj w ��jzpgjWbefihBxamo^ *2Za¡�¦ �W� 
L|V` �Hbrj ¢ jWd�mo^V_a^V{z£8pgj�^G|XjW^X{ 
 � }aj�+¸�_ahVnrq [
\�bej¼kEmon�_�p�bedg_�qgbrmo^��XjWdc�X]9^V_a`cbed�f�hXjW^ � be}o^V_aned�jzpg}obr�Vqcd�bef�h `�brq GÃn [ = ¡G[u­ E b�^�jWbe^X£4_af�hXjzpc½ jWb�d�j

_a|Hd
�VjW` � jzp�hE�_anrqg^Vbed
�Xjzp
}ajW`�jWdgd�jW^XjW^ � br}o^V_an ;6�_afihXjW^XjWbe^HhXjWbrq�jW^ =
- "�
 ��E {W|L�VjW^L¶�_anebr�Hp�brjzpgq�jW^ §¾¨	ª

µ n¬�_afihXjW^XjWbe^HhXjWbrq�jW^��
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 � M 3 5 � <

- "�
 �- 5 � = ¡G[ � E

\�bej³��jWdgfihXp�brjz��jW^Xj��l_anebr�Hp�_�qgbrmo^ +¾brp��#_a|Vd�}ajz£i�|VhXpgq´��jWb § jW` w jzpi_�qg|XpgjW^�|V` �ºÂ /	be^��XjW`��Vbrj
*�jWbrq�jW^�£i�|Xp¾�XjW^ v |X£F�H_a|¼�VjWd §©¨Sª � br}o^V_aned�b�` « b�^J|Xq�jW^J��jzpgjWbefih¼nebrjz}ajW^ [ y�` jWbe^XjW^¼`��ma}on�bef�hVdgq©}aj ª
pibe^X}ajW^ d�qg_�qgbedgqgbedgf�hVjW^�µXjWhVnejzpc{W| ��jz¶amo`c`�jW^8/.+ jzp��VjW^ xGbejWnrj � br}o^V_anej¼`cbrqchXmohXjW^ � + jzj w {W_ahVnrjW^
= � ¦a¦a¦ �Hb�d Z�¦a¦a¦ E _a|X£8}ajW^Vmo`c`�jW^³|V^V���VjzpgjW^ « brq�q�jWn�+
jzpgq�{W|Vp
¤
jWd�qgbe`�`¸|V^V}s�XjWd �l_anebr�Vpi_�qgbrmo^Vd�£4_�¶ ª
q�mapid©be^ GÃn [ = ¡G[u­ E ��jW^J|Xq�{zq [
½ jz}ajW^��Xjzp¸}apgm XajW^#¤ p�jWbrq�j��XjWd¸\�jW|Vq�jzpgmo^XjW^Vdgbe}o^V_anedsb�` ¤-|Xqg_a^XmonSxamo^ Za­�¦ �z� 
�xajzpg}on�bef�hXjW^�`cbrq
� K �Uw�xmnjr�t�F%&��UyutuyFEixmyu�Un



��� � � �º��� )Z	������ � 	 �a¡
jWbe^XjW` kSpgmaq�mo^VjW^Vdgbr}o^V_anT=Fjzq
+-_ ­�¦ �W� 
 E |V^V� �Xjzp�|V` jWb�^XjW` µV_�¶Gq�map ¡ }ajzp�be^V}ajzpgjW^ ^V_�qa�|Vp�nebefihXjW^
k6mone_�p�bed�_�qgbrmo^B��jWb6�ºÂ /Vbedgq
�Vbej � br}o^V_aneh��mohVj��XjWd�\�jW|Xq�jzpgmo^VjW^Vdgbr}o^V_an�d�|V` jWbe^XjW^�µV_�¶Gq�map¾xamo^�`�jWhVp
_aned Z�¦ }ajzp�b�^X}ajzpL_anedLbe` µH_anen¾�XjWdLkSpgmaq�mo^VjW^V^V_af�h�+
jWbed�jWd � [ \�_a`�brq�xajzpg�T|V^V�XjW^ b�d�qcjWbe^ jW^Jqgd w p�j ª
f�hVjW^V�Ld�f�hVnrjWfihMq�jzp�jWd � br}o^V_an � ¢ _a|Vdgf�h ª
� jzp�h��_anrqg^Vb�d�/od�m¸�H_adgd��Vbej � jW^VdgbeqgbrxGbeqQ�_�qS�XjWd \�jzq�jz¶Gq�map�d�]9d�q�jW`cd
jzp�h��mohJq + jzpi�XjW^�`¸|Hdgd [ µ��|Vp �Hbrj « jWdgdg|H^X}ajW^�be` � 
¾j ª �2p�]amod�qg_�q�jW^"+¾|Vp��Xj �H_ahXjzp jWbe^ § _�pg}ajzqgf�mo^Jqg_ab ª
^Xjzp�`cbrq-be^V^VjW^Vnebrjz}ajW^V�Vjzp¾� ¦ +¾be^V�Hbr}ajzp �9w |Vnrj©��jW^G|Xq�{zq [X¨ be^L`cbrq-�VbrjWd�jW` � ]9d�q�jW`�_a|X£F}ajW^Xmo`c`�jW^XjWd
§©¨Sª � br}o^V_an�b�d�q¾be^ v �V� [�¡G[ ~B�V_�pg}ajWdgq�jWnenrq [ \Ãbrj « jWdgd�|V^X}�be`'\Ãbene|Xqgbrmo^V¶Jpg]amodgqg_�q�jW^¼¶amo^V^Jq�j�^G|Xp¾`�brq
jWbe^Xjzp�dg_�q�q�jWne£ �map�`�br}ajW^ v ^Xmapi�V^J|H^X}O�Xjzp �Gw |Hnrj = ­ ½¯b�^V�V|V^X}ajW^ E �V|Xpif�hX}ajz£i�|VhXpgq\+ jzpi�XjW^</ �V_O�H_ad
« _�}o^Xjzq�£8jWn�� w _�p�_an�nrjWn9{W|XpN�2p�]amod�qg_�qg_af�hVdgj�xajzp�n �_a|X£8qS|H^V�´jWbe^Xj©d�jW^V¶JpgjWfihMq
�V_�{W|c_a^X}ajz�Hp�_af�hJq�j �Gw |Vnrj
hXmohXjzp-½!be^V�V|H^X}od�{W_ahVnT_a|X£8}api|V^V�³�Xjzp-}ajzp�be^X}ajW^ v �Hd�qQ�_a^V�Xj�{�+¾bed�f�hXjW^B�XjW^³jWbe^X{zjWn�^XjW^�½!be^V�H|V^X}ajW^
=@? � D DFE £i�|Xp �Vbej¾��jW^J|Vq�{zjW^ « br¶Gpgm_+
jWnenrjW^L^Vbef�hJq-`�jWhXp w _adgdgbrjzpg�T_�p�}aj�+
jWd�jW^ +¸�_�pgj6=F½ jWnenrjW^Vn �_a^X}aj
Z 6 � D D �Tbed�jzq
+-_ ¡ 6 ~ D DFE [ \ÃbrjWd�jWd�k�pgma�HnrjW` qg_a|Vf�hJq���jWbe` � 
�j ª �2pg]amod�qg_�q�jW^´^Vb�f�hJq�_a|X£@/W�V_©�Xjzp�{W| ª
}ajWh��map�be}aj�� ª¬« _�}o^Xjzq jWbe^�µXjWne��d�jW^X¶GpgjWf�hJq6{W|Xp �lpg]amod�qg_�qg_af�hHd�j���jzpgjWbrqgd�q�jWneneq�/Qd�mo`cbrq6�VbrjJb «�¢�ª �Gw |Vnrj
w _�p�_an�nrjWn�{W|Xp v f�hVdgjsbe^ ¢ b�f�hJqg|V^X}c�Xjzp « br¶Gpgm_+
jWnenrjW^VjWbe^Vd�q�p�_ahHne|V^X}�_a^X}ajz�Vp�_afihMq�+ jzp��VjW^�¶amo^V^Jq�j [
\�jzp�b�_af�h�+ jWb�d�jWbe^XjWd §©¨	ª � be}o^V_aned�`cbrq��Xjzp � _�q�q�jWned w |Hnrj +
_�p8+
jz}ajW^s�VjWd�dgf�hHnrjWf�hJq�jW^ � be}o^V_an � ¢ _a|Hdgf�h ª
� jzp�h��_aneqg^Vbedgd�jWd¾nrjWbe�Xjzp�^VbefihMq�`��ma}onebefih [
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v �V�Tbene�V|V^V} ¡G[ ~ ���\� � ����������	��	
�l
 ��� � �s� � �s� �����S�5�m�s��� � �
\Ãbrj¸��jWbº�Vjzp §©¨Sª¬« jzqghXm9�Xj�_a|X£8q�p�jzq�jW^V�XjW^�µVjWhVnrjzp¾¶ �mo^V^XjW^¼jWbe^Xjzp�d�jWbeqgd¾be^��Xjzp�¤
jWd�qgbe`c`�|V^X}��Vjzp

§©¨Sª¬§ jW` w jzp�_�qg|Vp�|V^H���XjWd « _�}o^Xjzq�£FjWne�XjWd�nebrjz}ajW^8/E_a^V�Xjzp�jzp�d�jWbrqgd�d�qg_�qgbed�qgb�dgf�hXjzp6b�_�qg|Xp��V|Xp�fih��Hbrj
« brq�q�jWn�+
jzpgq��Hbene�H|V^X}��Xjzp §©¨	ª µ n¬�_afihXjW^XjWbe^HhXjWbrq�jW^ d�jWbe^ [ `�jzq�{zq�jzpgj�µVjWhVnrjzpR^G|XjWnenrj�¶�_a^V^ w p�be^V{Wb w brjWnen
�V|Xpif�h v |X£4^V_ahV`�jÃjW^Jqgd w pgjWfihXjW^V��x9brjWnrjzp � be}o^V_anrj2��jWnebrjz�Hbe}s¶9nrjWbe^B}ajWhV_anrq�jW^ + jzpi�XjW^ [
\�jzplµXjWhVnrjzpÃ��jWb��VjzpÃµVjWne�5+
jzpgq���jWd�qgbe`c`�|V^X}L¶C_a^V^��V|Xpif�h��Vbrj¸hVmohXj�k�p<�_�{Wbedgbemo^</T`cbeq��XjzpÃdgbefih�_a|Hd
�XjzpSb «�¢�ª µXpgj�^G|XjW^X{��V_ad©µXjWn���jzpgpgjWfihV^XjW^¼n¬�_ad�d�qc= *�� Q �

@
� ¦ A � E xajzp�^V_afihVn¬�_adgd�br}aqj+
jzp��XjW^ [
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v nedBjWbe^Vj �Vjzp¼��jWbe�XjW^�
�_a| w q�£8jWhVnejzpR^J|VjWnenrj��HnrjWbr�VqB�V_a`cbeqB�Hbrj § jW` w jzp�_�qg|Vp�`�jWdgdg|H^X} [ \�bejWd�j jzp ª
£Fmonr}aq be` ��
�j ª �2pg]amod�qg_�q�jW^ �|X��jzp�jWb�^XjW^ �2mohVnrj�+�be�Xjzp�d�qg_a^H�</��Xjzp }ajz}ajW^ jWbe^XjW^.¶amo`c`�jzpg{WbejWnenrjW^
GÃjzp�`c_a^Vbe|H` ª¬§ jW` w jzpi_�qg|Xp�d�jW^Vdgmapc¶C_an�br�Vp�brjzp�q6+¾|Xp��Xj [ \�bej�µXjWhHnrjzp�/ �HbrjOdgb�f�h¯_a|VdL�Vjzp��l_an�br�Vp�_�qgb ª
mo^�jzpg}ajz��jW^cnebrjz}ajW^Lbe` ¤
jzpgjWbefihcxamo^ * � �³[ \Ãbrj § jW` w jzp�_�qg|Vpg¶amo^Vd�qg_a^X{��XjWd;�2pg]amodgqg_�q�jW^ +¸�_ahVpgjW^V�
�Vjzp v |X£4^V_ahV`�j��Vjzp §©¨Sª � br}o^V_anejLnebrjz}aq¸��jWbSjzq
+-_ * � 6 ¡�� /	d�m �V_adgd�dgbefih jWbe^qG�jWdg_a`¸q�£FjWhVnrjzp´xamo^
¶9nrjWbe^Vjzp *2Z�� £i�|Xp©�Vbrj § jW` w jzp�_�qg|Xpg��jWd�qgb�`c`¸|H^X}sjzpg}obe�Vq [
\Ãbrj�{�+
jWbrq�j 
�_a| w q�£8jWhVnejzpR^J|VjWnenrj�`cbeq * ~ � bed�q³�Xjzp�d�qg_�qgbed�qgb�dgf�hXj µXjWhVnejzp³��jWb��XjzpB¤ jWdgqgbe`c`�|V^X}
�Vjzp¼µ6n �_af�hXj �VjWd¼^V_�qa�|Xp�n�bef�hXjW^ � be}o^V_aned [�v ^V�Xjzpgj µXjWhVnejzpR^J|VjWnenrjW^ nebrjz}ajW^ b�^ �Xjzp b�_afih +
jWbed ª |V^V�
� jzpid�q �_�pg¶ajzpgjWnrjz¶Gq�pgmo^Vbe¶¼|V^V��`�_af�hXjW^�be^Vd�}ajWd�_a`sq�jWbe^XjW^OµXjWhVnrjzp�xamo^Ofz_ [ * � 6 ¡�� _a|Vd [ \Ãbrj ¨ be^X{zjWn ª
hVjWbrq�jW^¼hVbrjzp�{W| ]T^V�XjW^Bdgbefih¼be^ f ¢ jWb t ~ h [
0 ^Vd�}ajWd�_a`sq�jzpg}obr�Vq�dgbef�hOjWbe^OµXjWhVnrjzpÃ�Xjzp�^H_af�h �Xjzp §¾¨	ª¬« jzqghXmG�Vjs��jWd�qgbe`c`¸q�jW^��V]G^V_a`�bedgf�hVjW^�k6m ª
n�_�p�bedg_�qgbrmo^Bxamo^¼��jzq�pi_�}odg`��_sXobr}c¶9nrjWbe^Vjzp©_aned ¡��³[

	 1 � � @Q69< < F#RCMO>PF�< F#RTD;I�� F

\ÃbrjO¤ jWdgjzq�{W|V^X}��Vjzp ¨ ^Xjzp�}obrjW^VbrxajW_a|Vd��XjWd�be` « _�}o^Xjzq�£FjWne����j:]�^V�VnebefihXjW^�\�jW|Xq�jzpgmo^VdLbed�q���monrq�{ ª
`�_a^V^Mxajzp�q�jWbenrq©`cbrq / ) ;

j -Gw � � , )1 2 � &
+
ma��jWb , ) �Vbrj ¨ ^Xjzpg}obrj��XjWd D ª q�jW^,b�brxajW_a|VdÃbed�q�|V^V��£ �|XpÃ�Vbrjlp�jWbe^XjW^ =4|H^X}ajWd�qQ�mapgq�jW^ E *�jzjW`�_a^V^Vb ª
xajW_a|Hd

, ) M ��� 
 � <�D
`�brq D M �s� & ¦ & , �l��jzq�pC�_�}aq [
\�jzp ¨ be^5;T|Vdgd �Xjzp �2|V_a�Xp�| w mon�+
jWf�hHd�jWn�+¾brp�¶G|V^V}\=mGÃn [ = ¡G[u� E E £i�|HhXpgq {W|�jWbe^XjW` {W|VdQ�_�q�{WnebefihXjW^ ¨ ^Xjzp ª

}obejzq�jzp�` /9�Xjzp-jW^Mqgd w pgjWf�hXjW^H�³_a|V£��Vbrj�¤ jWdgjzq�{W|V^X}od�{W_ahVnejW^ +¾brpg¶Gq [ y�^Mq�jzp©�VjWdgd�jW^B¤
jzpa�|Vfg¶9dgbefihMqgbe}o|V^X}
jzp�}ajz��jW^�dgbef�h¼£i�|Xp©�Hbrj2¤ jWdgjzq�{W|V^X}L�Vjzp©jWbe^X{zjWne^VjW^ *�|Vd�qQ�_a^V�Vj

/ C M / < j -Gw =��
� 
 � ��� � 

	 < = � f�mod � � ��� E E/ A<C M / < j -Gw = ��� � 
 � ��� � 
 	 < = � f�mod ��� ��� E E = ¡G[uÁ E/ � M / < j -Gw = Z �
� 

	 < = � f�mod � � �°� E E &
+
ma��jWb / jWbe^Vj�b�map�`cbrjzp�|H^X}od�¶amo^Vd�qg_a^Jq�jÃbed�q�|V^H���,M = 1 2�E A<C �Xjzp v �H¶E�|Xp�{W|V^X}d+
jz}ajW^³jWbe^X}ajz£i�|VhXpgq
+�|Xp��Xj [
\Ã_ad � jzp�h �_anrqg^Vb�d��Xjzp¾¤
jWd�jzq�{W|V^X}odg{W_ahVnrjW^��Vjzp �_a|5XajzpgjW^ b�brxajW_a|Vd�bed�q/ C/ A<C M¯j -Gw = Z � � 
 � E�� 2��M � � = ¡G[ut E
|H^V�!�Xj:]T^Vbrjzp�qL�V_a`cbeqB�VjW^ d�m�}ajW^V_a^V^Jq�jW^ v dg]G`c`cjzq�p�brj w _�p�_a`cjzq�jzp � /�_a|X£��XjWdgd�jW^ ¤
jW�XjW|Vqg|V^X}
d w �_�q�jzp©jWbe^X}ajz}o_a^V}ajW^ +¾brpi� [
b�_afih>G2n [ = ZG[u­ E b�d�q��Vbejsk6mone_�p�bedg_�qgbemo^��XjWd �Gw be^ ª � ª � ]Gdgq�jW`cd¾�Xj:]�^Vbrjzpgq©_aned�¤
jWd�jzq�{W|V^X}odg{W_ahVne�Vb 9�j ª

p�jW^X{l�Xjzp �_a|5Xajzp�jW^F*�jzjW`c_a^V^HbrxajW_a|Vd�/H^Vmap�`cbrjzpgq�_a|X£ �VbrjcG�jWd�_a`sq�{W_ahVn6�Xjzp �9w be^Vd
3 C M / C � / A<C/ C , / � , / A<C M ~ < qg_a^Vh ��� 8��� 5� , qg_a^Vh � � � 8��� 5 6
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« brq / �/ A<C M j -Gw =��
� 
 � , � � � 

	 = � f�mod � � ��� E E
M � < j -9w = � � � 

	 = � f�mod � � ��� E E
M � < j -9w = � 
 �
 + =�� � 
 � = � f�mod � � ��� E E E
M � C 1 � 
 �
 + = � f�mod � � ��� E

£Fmonr}aq¾�V_a`cbeq�£i�|Xp©�Hbrj2kEmon�_�p�bedg_�qgbrmo^
3 = � & � E M � � ���

� � , � , � C 1 ��� �� + 
 ��� "�� 7 � A<C � 6 = ¡G[ � ¦ E

µ��|Xp¼\ ª ¤-|Xqg_a^Xmon2bed�q��Vbej��Ã|H_a�Xp�| w mon�+
jWf�hVdgjWn�+¾brpg¶9|V^X} dgfih +-_af�h8/¾�V_ad � jzp�h��_aneqg^Vbed³bed�q 

	 Q 
 �
@

� ¦ A � /S|V^H��jWd�jzpg}obr�Vqcd�bef�h b�^�jzp�d�q�jzp b �_ahXjzp�|V^V} �Vbrj�jWbe^X£4_af�hVj�� ª |V^V_��Hh �_a^X}obr}aj�µXmap�`�jWn©£ �|Xpc�Hbrj
k6mone_�p�bed�_�qgbrmo^ 3 M � � ���

� � , � , � 6 = ¡G[ �a� E
\Ãbrj �y���jzpg}o_a^X}odgbe^Jq�jW^VdgbeqQ�_�q�jW^ � � d�q�jWnenrjW^�dgb�f�h�jz��jW^Vd�mc_an�d©µV|V^X¶Gqgbrmo^¼�Vjzp v d�]9`c`�jzq�pibrjl�V_�p �

� 1 ; / C � � � ; � � � � � C 1 � � �� + 
 ��� "�� 7 � A<C � � < � � C 1 � +� � 
 ��� "�� 7 � A<C � � A<C
� A

; / � � � A<C ; � � C 1 � � �� + 
 �	� "�� 7 � A<C � ��� � < � � C 1 � +� � 
 ��� "�� 7 � A<C � � A<C 6
0 hXp � jzp�h��_aneqg^Vbed�bed�q

� 1� A M � � � � C 1 � � �� + 
 ��� "�� 7 � A<C �
� C 1 � � �� + 
 �	� "�� 7 � A<C � ��� & = ¡G[ � Z E

+-_ad¾|V^Jq�jzp � jzp�^V_afihVn¬�_adgd�br}o|V^X}c�Xjzp�dgf�h�+
_afihXjW^��Ã|V_a�Xp�| w mone+ jWfihVd�jWn�+¾bepg¶G|H^X}sdgbefihBpgjW�V|X{Wbejzpgq©_a|X£
� 1� A M � � � �

� ��� M � 6 = ¡G[ � � E

v ^��VbrjWd�jzp � q�jWnenej
jzp�¶ajW^V^MqS`�_a^</a�V_adgd	�Xjzp v d�]9`c`�jzq�p�brj w _�p�_a`�jzq�jzp � d�jWbe^XjW^�b�_a`�jW^��XjWd � jzp�h��_aneq ª
^Vbed�d�jWd2�Xjzp �y���jzp�}o_a^X}od�£Fpgj�^J|VjW^X{zjW^>+
jz}ajW^ q�p<�_�}aqs|V^H� jWbe^ « _sX�£i�|Xpl�Hbrj �y¾��jzp�h��mohG|V^X}B�XjWd2jWb�^XjW^
}ajz}ajW^	�|X��jzp¾�VjW` _a^V�XjzpgjW^�kEjW_�¶¼b�` v �Hdgmap w qgbrmo^Vd�d w jz¶Jq�p�|H`)�V_�pid�q�jWnenrq [
y�` �Vbrjck6mone_�pibedg_�qgbrmo^!�|X��jzp\GÃn [ = ¡G[ �a� E ��jzpgjWf�hH^XjW^ {W| ¶º�mo^V^XjW^ bedgql�V_ad � jzp�h��_aneqg^VbedÃ�Xjzp �y���jzp ª

}o_a^X}odgb�^Mq�jW^Vd�brqQ�_�q�jW^ = ¡G[ � Z E �V{�+ [ = ¡G[ � � E ^Xmaq
+
jW^V�Vbr} [
\Ãbrj �y���jzpg}o_a^X}odgbe^Jq�jW^Vdgbeq �_�q�jW^cdgbe^V� w p�m w map�qgbrmo^V_anG{W|Xp�¤
jWd�jzq�{W|V^V}od�{W_ahVne�Vb�9�jzpgjW^V{¾�XjWd[b�brxajW_a|Vd	{�+�b ª
dgfihXjW^��XjW^XjW^ �Vjzp �y���jzpg}o_a^X}Odgqg_�q�q�]T^V�Xjzq [ (ajW�Xjzp¸jWbe^X{zjWne^Vj �y���jzp�}o_a^X}�jzpg{zjW|V}aq¸jWbe^VjW^ _a�V�VbeqgbrxajW^
¤
jWbrq�p�_�}Ã{W|´jW^Jqgd w pgjWfihXjW^V�XjW^�`�b�^Vbrj�be` v �Hd�map w qgbemo^Vdgd w jz¶Gq�p�|V` /Qdgm��V_ad�d6�HbrjJ`Ebe^VbrjW^Hh��mohXjSbe` ¢ jWdgm ª
^V_a^X{Wd�br}o^V_anGdgbef�h´�Vbepgjz¶Jq6_a|Vd �Xjzp v ^V{W_ahVnJ�HbrjWd�jzp �y¾��jzpg}H�_a^V}aj
|V^H�¸�V_a`�brqE�Xjzp 0 ^Mq�jW^HdgbrqQ�_�q � � jzpg}obe�Vq [
\Ã_ad80 ^Mq�jW^HdgbrqQ�_�qgd�xajzp�hE�_anrqg^Vbed[= ¡G[ � � E ¶C_a^H^2�V_a`cbrqº{W|XpEkEmon�_�p�bedg_�qgbrmo^Hd���jWd�qgbe`c`�|V^X}
�V|Xp�fihl�V_ad � jzp�hE�_anrq ª
^Vbed2�Vjzpsk6jW_�¶Gh��mohVjW^ jzp�d�jzq�{zq\+ jzp��VjW^ [ \�_���jWbSb�d�q2{W| ��jW_af�hJq�jW^</E�V_ad�d2�Vbrjck6jW_�¶GhE�mohXjW^ ^VbefihMq2xamo^
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�VjzpTG�p�|V^H�Vnebe^Vbej¾�XjWd � br}o^V_aned-_a|Vd¾}ajW`�jWdgd�jW^ + jzp��VjW^</Vd�mo^V�Xjzpi^¼be^��Xjzp¾b�^ v �V� [�¡G[u¡ �V_�pg}ajWd�q�jWn�nrq�jW^
½ jWb�d�j [ ½!brjsbe^ v �Hd�f�hV^Vbeq�q ¡G[uZ ��jWdgf�hVp�brjz��jW^</9�H_a|Xq¾d�bef�h¼�H_ad¾\�jW|Xq�jzpgmo^XjW^Hdgbr}o^V_an�_a|Hd©{�+
jWb § jWbenrjW^
_a|V£�/X�Vbrj 4�j�+ jWb�ned-be^³jWbe^XjW`¥k6jW_�¶BjW^V�XjW^ [ \�jzp©��jW^V_af�hJ�H_�pgq�j � fihJ|Hnrq�jzpg��jzpgjWbefihLjWb�^XjWd�k6jW_�¶Gd�}ajWh �mapgq
_an�d�m´{W|V` 4 j�+
jWbened-_a^V�VjzpgjW^ § jWben�dgbr}o^V_an�|V^V�B�V_�pg£E�V_ahXjzp-��jWb��Vjzp©¤ jWdgqgbe`c`�|V^X}��Xjzp �y¾��jzpg}o_a^V}odgbe^ ª
q�jW^HdgbrqQ�_�q2^VbefihMq���jzpa�|Vfg¶9dgbefihMqgbe}aq�+
jzp��XjW^ [ \Ãbrj´kEjW_�¶9h��mohXj´jzpg}obe�Vq�d�bef�h d�mo`cbeq��V|Vp�f�h��XjW^ v �Td�qg_a^V�
{�+�bedgf�hVjW^#�Vjzp �9w brq�{zjL�VjWd´jWbe^XjW^#|V^V�#�Xjzp�be` � f�hG|Vnrq�jzpg��jzpgjWbefih�_a^V}aj:]Hq�q�jzq�jW^ � jzp�ne_a|V£Fd�£4|V^X¶Gqgbrmo^
�VjWd©_a^V�XjzpgjW^�kEjW_�¶9d [
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\�bejWd�j « jzqghXm9�Xj�dgjzq�{zq
xamapi_a|Vd�/9�V_adgd
�Vbrj�_a|Hd�{W|V`�jWdgdgjW^V�XjW^ � br}o^V_anrj�be` GÃnejWbef�hX}aj�+�bef�hJq }ajW^Vmo` ª
`cjW^N+¾|Vp��XjW^ [�� br}o^V_anrj��XjWd³kEmon�_�p�bedg_�qgbrmo^Hdg_a|X£F�H_a|Vd"+��_ahXpgjW^V�¯�Xjzp�\�b�k +
jWbed�jW^¯jWbe^¯^VbefihMqB�Xjzp
k6mone_�pibedg_�qgbrmo^BjW^Jqgd w pgjWfihXjW^V�XjWd � jzp�h��_anrqg^Hbed��Xjzp¾k6jW_�¶9h��mohXjW^�_a|V£ [
GÃp�|V^V�Vnejz}ajW^V��£i�|Vpc�Vbrj ¢ b�f�hJqgbr}a¶ajWbrqL�Vjzp�k6mone_�p�bedg_�qgbemo^Vd���jWd�qgbe`c`�|V^X}¯�|X��jzpc�Vbej v d�]9`c`�jzq�pibrjW`�j ª
qghVmG�Xj2bedgq-_a|�Xajzp��XjW` �Vbej v ^V^V_ahH`�j /X�V_adgd��Vbrj2k6mone_�p�b�dg_�qgbrmo^�hXmo`�ma}ajW^ �|X��jzp-�HbrjÃ}ajWdg_a`sq�j�kSpgma��j
xajzp�q�jWbenrq�b�d�q [T¨[- bedgqgbrjzpgjW^ 0 ^VhXmo`cma}ajW^VbrqQ�_�q�jW^</�d�m�£ �|VhXp�jW^��Vbrj¸¤ jWbeq�p<�_�}aj�h��mohXjzp w mon�_�p�bedgbrjzp�q�jzp¾¤
jzpgjWb ª
fihXj�{W| jWbe^XjzpljW^Jqgd w p�jWf�hXjW^V�VjW^ v d�]G`�`�jzq�p�brj /��Hbrj"+
jW^Vbr}ajzp¸dgqg_�pg¶ w mon�_�p�bedgbrjzp�q�jW^ `cbrql}ajzp�b�^X}ajzpgjW^
k6jW_�¶9h��mohXjW^G|V^Jq�jzp�dgf�hHbrjW�XjW^$+
jzp��XjW^°�VbrjWd�jW^ �|X��jzp�ne_�}ajzpgq�/ d�m �V_adgdL�V_adLpgjWdg|VnrqgbejzpgjW^V�Xj � br}o^H_an©�Vbrj
v d�]9`c`�jzq�p�bejO�Xjzp³hXmGfih w mone_�pibedgbrjzpgq�jW^�¤ jzp�jWbef�hXj _a|X£�+ jWb�d�q [ \Ã_ad³}ajWdg_a`¸q�j � br}o^V_anj+�brp�� be^°�Vbrj ª
dgjW` µV_an�n {�+-_�p´¶GnejWbe^Xjzp¸dgjWbe^</E_an�dsjWbe^ � br}o^H_anSjWbe^Xjzp´hXmo`�ma}ajW^�hXm9f�h w mone_�p�bed�brjzpgq�jW^ k�pgma��j /6_���jzp
�H_ad¾k6jW_�¶GhE�mohXjW^Mxajzpih��_anrqg^Vbed�bed�q��V_Wxamo^ ^VbefihMq¾��jzq�p�ms9�jW^�|V^V�¼�Hbrjs�V_�p�_a|Hd©jzp�`cbeq�q�jWnrq�j¸k6mone_�p�b�dg_�qgbrmo^
�|V��jzpidgf�h��_�q�{zq©�VjW^ +
_ahVpgjW^�½ jzpgq�|V^Mq�jzp�y�`cdgqQ�_a^V�XjW^¼|V`¥`cjWhXpgjzpgjlµV_�¶Gq�mapgjW^ [
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\ÃbrjWd�jWdÃkSp�ma�HnrjW`¥q�p�beq�q¾��jWb��Xjzp §©¨	ª¬« jzqghXm9�Xj´^Vbef�hJq�_a|V£�/��V_c��jWb�behVp��V_ad � br}o^V_an�be^Mq�jz}api_anE_a|Vdg}aj ª
+
jzpgq�jzq.+¾brp��¸|V^V�¸jzxajW^Mqg|VjWnenGxamap�hV_a^V�XjW^Vj 0 ^VhXmo`�ma}ajW^HbrqQ�_�q�jW^´be^¸�Vjzp k6mone_�pibedg_�qgbrmo^¸¶amapgpgjz¶Gq ��jzpo�|Vfg¶ ª
dgbefihMqgbe}aqT+
jzp��XjW^ [�¨ be^ � jzpg}onrjWbefih �Xjzp2^V_af�h���jWbe�XjW^ « jzqghVmG�XjW^ ��jWd�qgb�`c`sq�jW^�k6mone_�p�bed�_�qgbrmo^ bed�qÃbe^
v �V� [�¡G[u­ {W|Od�jWhXjW^ [ 0 ` ¢ _ahH`�jW^��Xjzp¾µXjWhHnrjzp¾d�qgbe`�`�jW^¼�Vbrj ¨ pg}ajz�H^Vbed�d�j³�|X��jzpgjWbe^</9d�m��V_ad�d©�V_Wxamo^
_a|Vd�}ajz}o_a^V}ajW^3+ jzp��VjW^ ¶�_a^V^</6�V|Xp�fih��Vbej�\�b�k jWbe^VjLhXmo`�ma}ajW^Vj³k6mone_�p�b�dg_�qgbrmo^�{W| jzpg{zjW|V}ajW^</6�Hbrj
_a|Vfih�^V_afih��Xjzp v d�]9`c`�jzq�p�brjW`cjzqghXmG�Vj2¶amapgpgjz¶Gq©��jzpgjWf�hV^Vjzqj+ jzpi�XjW^�¶�_a^V^ [
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µ��|Xp��Hbrj©be` \Ãbene|Xqgbemo^X¶Jp�]amod�qg_�q�jW^�xajzp�`�jWd�d�jW^XjW^�k�pgma��jW^´¶amo^V^Jq�j�_a|VdS�VjW^cbe` v �HdgfihV^Vbrq�q ¡G[u� }aj ª
^V_a^V^Jq�jW^1GÃpa�|V^V�XjW^l¶ajWbe^ §©¨Sª � br}o^V_ana}ajW^Vmo`c`�jW^d+
jzp��XjW^8/Qd�m¾�V_ad�d��VbrjSk6mone_�pibedg_�qgbrmo^l_a|Hdgdgf�hHnebrj�Xonebefih
�|X��jzp©�Vbrj v d�]9`c`�jzq�p�bejW`�jzqghXm9�XjÃ��jzp�jWf�hV^XjzqS+¾|Xp��Xj [
\Ã_�{W| +�|Xp��XjW^��Vbejl_a|X£8}ajW^Vmo`c`�jW^XjW^ � br}o^V_anrj2jWbe^Vjzp©`c_�qghXjW`c_�qgbed�f�hXjW^�µV|V^X¶Gqgbrmo^¼_a^V}aj w _adgd�q¾|H^V�
�V_�p�_a|HdE�Vbej k6jW_�¶GhE�mohXjW^�jzp�`cbrq�q�jWnrq [ \�jzp	µ6beqE��jzpo�|Vf�¶Gd�bef�hJqgbr}aqE|H^Mq�jzp _a^V�XjzpgjW` �Vbej �Ã|V_a�Xpi| w mon�+ jWfih ª
d�jWn�+�brpg¶9|V^X}#�|X��jzp 

	 /6�VbrjL�Hb w mone_�pgj � jzpg�VpgjWbeq�jzp�|V^X}�|V^V� �Vbej v dg]G`c`cjzq�p�brjLb�^ �XjW^ jWnrjz¶Jq�pibedgf�hVjW^
µXjWne�V}ap�_a�VbrjW^Jq�jW^</ 4 j�+
jWbened�£i�|Vp��Vbej´� ª \ ª |V^V�,2 ª \ ª ¤
b�^V�V|V^X}ajW^8/Td�mi+¾brj�jWbe^Xj ¢ jWbehXj\+ jWbeq�jzpgjzp2µV_�¶ ª
q�mapgjW^</©�|X��jzpl�Vbrjc_ wVw _�p�_�qgbrxaj�|V^H� d�]Gdgq�jW`c_�qgbedgfihXjLµV_�¶Gq�mapgjW^�jWbe^�;Tbej�XajW^ |V^V� �Vbejc_anedlk _�p�_a`�jzq�jzp
_a^X}aj w _ad�d�qS+
jzp��XjW^B¶º�mo^V^XjW^ [T� jWhXp¾_a|Vd�£ �|VhXpinebef�hVjWd hVbejzpg{W| ]T^V�Xjzq©d�bef�h¼b�^ f \�|Hn ta­ih [
v |Vd¸�VjW^�d�m�}aj�+
mo^V^XjW^XjW^�k6jW_�¶C_adg]G`c`cjzq�p�brjW^ +¾brp����Vbrj�k6mone_�p�b�dg_�qgbrmo^���jzp�jWf�hV^Xjzq´|V^V� `cbrq¸�VjW^
}ajW`�jWdgdgjW^XjW^°µ n¬�_afihXjW^XjWbe^HhXjWbrq�jW^ be^Hd � jzp�h��_anrqg^Hbed�}ajWd�jzq�{zq [�v �V� [�¡G[ � {zjWbe}aqL�Vbrj¼\Ã_�p�dgq�jWnene|V^X} �Hbrj ª
d�jzpc��jWbe�VjW^qGÃp<�m XajW^ }ajz}ajW^XjWb�^V_a^V�Xjzp [ y�`�_a|Vfih £i�|Xp´¶GnrjWb�^Xjzpck6mone_�p�bedg_�qgbemo^Vdgdgbr}o^H_anrj³|H^V��d�monef�hVj /
�Vbrj1+¸�_ahXp�jW^V� �XjWd2k6mone_�p�bedg_�qgbemo^Vdg_a|X£F�H_a|Vd�}ajW^Xmo`c`�jW^,+�|Xp��XjW^</Txajzp�n¬�_adgd�nebef�hVj¸½ jzpgq�jL_a^X}ajz��jW^ {W|
¶º�mo^V^XjW^</�+¾brpi��_a|Vd��Xjzp-}ap�_ w hVbedgfihXjW^L\Ã_�p�dgq�jWnene|V^X}�jWbe^By�`�pgjWf�hH^J|V^V}od�£F_�¶Gq�map-{�+¾bedgfihXjW^ v dg]G`c`cj ª
q�p�brj-|V^V�¸µ n¬�_af�hXjW^VjWbe^VhXjWbrq�jW^��V|Xpif�h�nebe^XjW_�pgj ¢ jz}apgjWdgd�brmo^�}aj�+ mo^V^VjW^ [ \Ãbrj v ^ w _adgdg|H^X}¾jzpg£Fmonr}aq �V_���jWb
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_a^��VbrjlhXmohXjW^�k6mone_�pibedg_�qgbrmo^Vd7+ jzpgq�j /H£i�|Xp©�Hbrj2�V_ad � ]9d�q�jW` b�` GÃnrjWbefihX}aj�+¾befihMqj+-_�p [
\�bej³y�^VdgbefihXjzp�hXjWbeq�/6`cbeq¸�Xjzp��VbrjB^V_afih �Xjzp v d�]9`c`�jzq�p�bejW`�jzqghXm9�XjL��jWd�qgb�`c`sq�jW^�k6mone_�p�b�dg_�qgbrmo^

_a^V}ajz��jW^�n¬�_adgd�q�/Xjzpg}obe�Vq©dgbefih¼_a|Vd©�Xp�jWb v ^Jq�jWbenrjW^��
� µXjWhVnrjzp�be^#�Xjzp´¤
jWd�qgbe`c`�|V^X}��Xjzp v d�]9`c`�jzq�pibrj /6� [ h [Ev ��+
jWbefihJ|V^V}��XjWd´`c_�qghVjW`c_�qgbedgfihXjW^
µ brqgd�xamo^��VjW^¼\Ã_�q�jW^ w |V^X¶Gq�jW^</

� µXjWhVnrjzp�be^��Xjzp¾¤
jWd�qgbe`�`¸|V^V}c�Xjzp¾µ n¬�_af�hVjW^XjWbe^VhXjWbeq�jW^</
� µXjWhVnrjzp�be` y�`�pgjWf�hH^J|V^V}od�£F_�¶Gq�map�/V�Xjzp¾xamo^��Xjzp � _�pibe_�qgbrmo^¼�Xjzp�G�jzp�_a�XjW^¼hVjzpgpo�|VhXp�q [

\�jzp6µXjWhVnrjzp�b�^l�XjW^2µ n¬�_af�hVjW^XjWbe^VhXjWbeq�jW^lbed�q��V_���jWb�}ajz}ajW^	�|V��jzpE�XjW^l_a^V�Xjzp�jW^2��jWbe�XjW^Ã{W|2xajzp�^H_af�hVn¬�_ad�dgb ª
}ajW^ � [ \Ãbrj�y�^VdgbefihXjzp�hXjWbeq�be^ �Xjzp2¤
jWd�qgbe`c`�|V^X}��XjWd2k6jW_�¶9h �mohXjW^Jxajzp�h �_anrqg^Hbedgd�jWd�jzpg}obr�HqÃd�bef�h �Vbrp�jz¶Jq
_a|HdL�Xjzp � _�p�be_�qgbemo^¯�VjzpLjWbe^V{zjWne^XjW^�µ brq w _�p�_a`�jzq�jzp�|V^V����jWdgqgbe`c`¸qL_a|Vfih¯�VjW^�µXjWhVnejzp�^���jWb��Xjzp
¤
jWd�qgb�`c`¸|H^X}c�Xjzp v |Vd�}onrjWb�f�hVd�}ajzpi_a�XjW^B£i�|Vp¾�XjW^�y�`�pgjWf�hH^J|V^V}od�£F_�¶Gq�map [
µ��|Xp2_anenej��V|Vp�f�hX}ajz£ �|VhXp�q�jW^ « jWdgdg|H^X}ajW^ nebrjz}aqÃ�Vbrj � |V`c`cj��VbejWd�jzp2µXjWhVnrjzpR^G|XjWnenejW^Obe^ �XjzpcG�pC�m XajW^ ª
mapi�V^J|H^X}´xamo^ *2¡*� p�jWne_�qgbrx [

� B yu�
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v ^X£F_a^V}#�Xjzp t�¦ jzp)(o_ahXp�jF+¾|Vp��XjW^ xamo^ § pgjW^Mqg_an�_a^X}aj jzq³_an [ _a` k � 0c|H^V�¯� ¨ ¢ b « jWdgdg|V^V}ajW^
�V|Xpif�hX}ajz£i�|VhXpgq�/6�Vbrj��Vjzp v |Vd +-_ahVn
�XjWd § _�pg}ajzqg`c_�q�jzpibe_aned�£i�|Vp¸�V_ad1b v ~ �O¨.-9w jzp�be`�jW^Jqs�Xjzp �9« �
�VbrjW^VjW^Ld�mon�nrq�j f § pgj t�¦Uh [ \Ãbrj2y�^Mq�jzp�d�|Vf�hG|V^X}ajW^³jzp�d�q�p�jWfg¶Gq�jW^¼dgbefih³�H_���jWbT_a|X£E�Hbrj��XjW|Vq�jzp�brjzpgq�jW^ « _ ª
q�jzp�be_an�brjW^ �s/ Z<ª kSpgm w _a^V�Vbrmon ª �

�
|H^V� � ª ¤-|Xqg_a^Xmon ª � C � / 4 j�+
jWbened��Xmaqgbejzpgq©`cbrq��
pU= � E ª �2mo` w nrj - j [k6mone_�p�bed�_�qgbrmo^Vdg`�jWd�dg|V^X}ajW^���jWb¾xajzp�dgfihVbrjW�XjW^XjW^ « _�}o^Xjzq�£8jWn��Vd�qQ�_�pg¶ajW^¯jzpg}o_���jW^ « _ - be`c_an w mon�_�p�bedg_ ª

qgbrmo^XjW^8/G�Vbej�`cbrq
d�q�jWbr}ajW^V�VjW^³µVjWne�Vd�q �_�pg¶ajW^Y]HjWnejW^ [ ¤
jWb ¡ 6 ¦ 2 ¶amo^V^Jq�jÃb�^���jWbe�XjW^ � |X�Hdgqg_a^X{zjW^�¶ajWb�^Xj
�X]9^V_a`cbed�f�hXj k6mone_�p�b�dg_�qgbrmo^ `�jWhXp�}ajW`cjWdgd�jW^ +
jzp��XjW^ [ \�bejWd�jWd � jzp�hV_aneq�jW^ bed�q�be` ¢ _ahV`�jW^ �Vjzp
}H�_a^X}obr}ajW^ § hXjzmap�brjW^¯�Xjzp�\�b�k¥mohH^XjF+
jWbrq�jzpgjWd�^Hbef�hJqB{W|°xajzpid�q�jWhXjW^</��V_�£i�|VpBhE�mohXjzpgj « _�}o^Xjzq ª
£FjWne�Vd�qQ�_�pg¶ajW^�_a|Vf�hOh��mohXjzpgjdb�|X¶9nrjzmo^XjW^ w mone_�p�b�dg_�qgbrmo^XjW^Ljzp7+-_�pgq�jzqS+
jzp��XjW^ [
0 ` ¢ _ahV`�jW^³�Xjzp
jzp�d�q�jW^By�^Mq�jzp�d�|Vf�hG|V^X}ajW^³_a^ §©¨�« kJ2 ª �Vmaqgbrjzpgq�jW`�\ ª ¤
|Vqg_a^Xmon�¶amo^V^Mq�j2�VbejWd�jzp

¨ 9�jz¶GqT^G|V_anebrqg_�qgbexLjz��jW^X£4_anened-}ajW`�jWd�d�jW^ + jzp��VjW^ f k�n �| to�_h [T¨ d©{zjWbr}aq�j´dgbefih�4�jW�XmGfih</T�H_adgd©��jWbºjWbe^Vjzp
« _�}o^Xjzq�£8jWn��Vd�qQ�_�pg¶aj xamo^ ¡ 6 ¦ 2 ^Xm9f�h¯�X]9^V_a`cbed�f�h w mone_�p�b�dgbrjzpgq6+
jzp��XjW^�¶amo^V^Mq�j /J+
jW^V^�_a|Vfih°`�brq
}ajzp�be^V}ajzpgjzp « _ - be`�_an w mone_�p�bedg_�qgbemo^³_an�d���jWb Z 6 ¡ 2 [
� jzpg}onejWbef�hXjW^H�Xj�kEmon�_�p�bedg_�qgbrmo^Hdg`�jWdgdg|H^X}ajW^ ��jWb
µXjWne�Vd�qQ�_�p�¶ajW^�xamo^ Z 6 ¦ 2 |H^V� Z 6 ¡ 2 +�|Xp��XjW^�be^

¤
mGfihJ|H` d�mi+ mohHn�_a^ ¨ \Ã¤ v¾ª _an�dl_a|Vf�h#_a^ §¾¨�« kJ2 ª �Xmaqgbejzpgq�jW` \ ª ¤-|Xqg_a^Xmon ��jWbSjWbe^Xjzp § jW` w j ª
p�_�qg|XpLxamo^ �ºÂ �H|Xp�f�hV}ajz£ �|VhVpgq f G�pgm taÁih |V^V� {zjWbe}aq�jW^�jWbe^ v ^Hd�q�jWbr}ajW^��VjzpcjzpgpgjWbefihM�T_�pgjW^ « _ - b ª
`c_an w mone_�pibedg_�qgbrmo^#`cbrq��XjW`�µXjWn�� [ *�| �VbrjWd�jW` ¨ pg}ajz�H^Vb�ds¶�_a`�jW^ _a|Vfih § _�¶C_��H_Q]o_adghVb�jzqc_an [ / �Hbrj
��jWb�µXjWn��Vd�qQ�_�pg¶ajW^Oxamo^ Z 6 ¦ 2 / Z 6 Za¡ 2 |V^H� Z 6 ¡ 2 ¨ \Ã¤ v©ª �Xmaqgbejzpgq�jWdÃ\ ª ¤-|Xqg_a^VmonExajzpi`�jWdgd�jW^�hV_���jW^
f § _�¶���� h [ \Ãbrj ¨ p�}ajz�H^Vbedgdgj´�HbrjWd�jzp « jWdgdg|V^X}ajW^�ne_adgd�jW^ xajzp�`¸|Vq�jW^</��V_adgdsdgbef�h �V_ad « _ - be`�|V` �Vjzp
jzpgpgjWb�f�hJ�H_�pgjW^¼k6mone_�p�b�dg_�qgbrmo^���jWbºµXjWne�Hd�qQ�_�pg¶ajW^�|H`¥�Vbrj Z 6 ¡ 2 ]�^V�Xjzq [
¤
jzpgjWbrqgd v ^V£F_a^X}c�Vjzp �C¦ jzp?(M_ahXpgjW+¾|Vp��XjÃxamo^�¤
mapg}ohVb�^Vbº|V^V� � fihXj
	�jzp�kEmap w hM]Gpgj - be� ª �Xmaqgbejzpgq�jWd

\ ª ¤-|Xqg_a^XmonV��jWb « _�}o^Xjzq�£8jWn��Xjzp�^�xamo^ Z 6 ¡ 2 |V^V� ¡ 6 ¦ 2 |V^Jq�jzp�dg|Hf�hJqS|V^V�´¶ajWbe^�_a^Xmo`�_anrjWd � jzp�hV_aneq�jW^
£FjWd�q�}ajWd�q�jWnenrq f ¤
map � ���z/S¤ map � �zf h [ \ÃbrjLjzp�pgjWbef�hJq�j « _ - be`�_an w mone_�p�bedg_�qgbemo^ ne_�}���jWb ¡ 6 ¦ 2 `�brq Za­��
^G|Xpj+
jW^Vbr}��|X��jzp©�XjW`¥½ jzpgq¾xamo^ ZaZ�� ��jWb Z 6 ¡ 2 =�4 j�+
jWbened-}ajW`�jWd�d�jW^¼��jWb�jWbe^Xjzp § jW` w jzp�_�qg|Xp�xamo^
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¦ 6 ¡ Â E /9d�m¸�H_adgd�/M£4_anened _a|Vf�h³be^c�HbrjWd�jW` « _�q�jzp�be_anTjWbe^L_a^Xmo`c_anrjzp ¨ 9�jz¶Jq-_a|X£Fq�p�brq�q�/o{W|Ljzp7+-_�pgq�jW^³bed�q�/
�H_ad « _ - be`�|V` �Xjzp�kEmon�_�p�bedg_�qgbrmo^B{�+�bedgf�hVjW^¼�XjW^���jWbe�XjW^³}ajW`�jWd�d�jW^XjW^�µVjWne�Vd�qQ�_�pg¶ajW^�{W| ]T^V�VjW^ [
0 ^ v �V� [�­G[ �¼dgb�^V���Vbrj�xamo^ �XjW^ xajzp�dgf�hHbrjW�XjW^XjW^HGÃp�| wVw jW^#jzp�hV_anrq�jW^VjW^ ¨ pg}ajz�H^Hbedgd�j��V_�pg}ajWdgq�jWnenrq [
¨ be^ � jzp�}onrjWbef�h �Vjzp�\Ã_�q�jW^Vd �_�q�{zjO|V^Mq�jzp�jWbe^V_a^V�Xjzp´bed�q�_���jzp´`�brq � map�d�bef�hJq�_a^X{W|Vd�q�jWnenejW^�|V^H� ¶�_a^V^
^G|Xp[^G|V_anebrqg_�qgbexajzp b�_�qg|Xp�dgjWbe^</a�V_2�Vbrj-k6mone_�p�bed�_�qgbrmo^Vd�jzpg}ajz�T^Vbedgd�j-be^�|V^Jq�jzp�dgfihVbrjW�Vn�bef�hXjW^¸j -9w jzpibe`�jW^ ª
q�jWn�nrjW^ � jzqg| w d�|H^V�B��jWbTxajzpidgf�hVbejW�XjW^XjW^ § jW` w jzp�_�qg|XpgjW^B}ajW^Vmo`c`�jW^ +¾|Vp��XjW^ [ b¾jz��jW^¼�Vjzp©kEmon�_�p�b ª
d�_�qgbrmo^Vd�q�jW` w jzp�_�qg|Vp2¶��mo^V^VjW^ be^Vd���jWd�mo^V�Vjzpgj¸y�^Mq�jzpidgf�hVbejW�Xjcbe^ �Xjzplk�pgma��jW^X}ap<�m Xaj /��Xjzp2��jW^G|Xq�{zq�jW^
b «�¢�ª �Gw |Hnrj /	�Xjzp « br¶Jp�m_+
jWnenrjW^VnrjWbeqg|V^X}O|H^V� �Xjzp « _�}o^Xjzq�£8jWn��VhXmo`�ma}ajW^VbeqQ�_�qL�V_�{W| £ �|VhXp�jW^</6�H_adgd
dgjWnr�Hd�q2£i�|Xps�XjW^ µV_anen�b��XjW^Mqgb�dgf�hXjzp¸kSpgma��jW^ dgbefih �VbejckEmon�_�p�bedg_�qgbrmo^Hd�jzpg}ajz�H^Vb�dgd�j��Xjzplxajzp�d�f�hVbrjW�VjW^XjW^
GÃp�| wVw jW^¼|V^Jq�jzp�dgfihXjWbe�XjW^F+ �|Xpi�XjW^ [ y�`+_���jzpÃ�XjW^V^VmGfih�jWbe^VjW^O_a|Vd�dg_�}ajzq�pgj:9�jW^V�XjW^ � jzpg}onrjWb�f�h _a^ ª
dgq�jWnenrjW^2{W|s¶��mo^V^VjW^</Qdgbe^H�l�VbrjS\Ã_�q�jW^���jz{zma}ajW^¸_a|X£X�XjW^¸k6mone_�p�bedg_�qgbemo^Vd +
jzpgq���jWb Z 6 ¡ 2 �Xjzp54�j�+ jWb�nebr}ajW^
« jWdgd�p�jWbehXjlbe^��VbejdGÃp�_U]H¶³jWbe^X}ajzq�p�_�}ajW^ [

��1�0 � F�@C@	
 8
� � F�M � : �L8;F#R � F�K � : � D �:=8
�L>���� F�> R

y�`.jWbe^Xj-£i�|Xp6�Hbrj
`O�ma}onebef�hVj ¨ pg¶9n¬�_�p�|V^X}��XjWd _a^Xmo`c_anrjW^�k6mone_�pibedg_�qgbrmo^Vdgxajzp�hV_anrq�jW^Vd6^Xmaq�+ jW^V�Hbr}aj � jzp ª
}onejWbef�hJ�H_�pg¶ajWbrqE{W|l��jz¶amo`c`�jW^8/_+¾|Xpi�XjW^l�Vbrj `cbrq��XjW^¸�XpgjWb ¢ _a�Vbr¶�_anrjW^l�Vmaqgbrjzpgq�jW^�\ ª ¤-|Xqg_a^Vmon w pgma��jW^
|H^Mq�jzp�` �ma}onebef�hHd�q	¶amo^Vd�qg_a^Jq�jW^�¤
jW�Vbe^V}o|V^X}ajW^�be^��XjzpS¤
m9f�hG|V`�jzp
kEmon�_�p�bedg_�qgbrmo^Hdg_ wVw _�p�_�qg|Vp6��jWb « _ ª
}o^Vjzq�£8jWne�Vjzp�^Bxamo^ Z 6 ¦ 2 =4^J|Xp ¨ \Ã¤ v E / Z 6 ¡ 2 / � 6 ¡ 2 |H^V� ¡ 6 ¦ 2 w mone_�p�b�dgbrjzpgq-|V^V�³xajzp�`�jWd�d�jW^ [Hv nenrj
« jWdgdg|H^X}ajW^$+¾|Vp��XjW^ �V|Vp�f�hX}ajz£ �|VhXp�q�be` \Ãbene|Vqgbrmo^V`�m9�Xj¼�XjWd �2pg]amod�qg_�q�jW^!|V^Jq�jzpY+
jWbrq�jWd�q�}ajWhVjW^V�
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¶amo^Vd�qg_a^Jq�jzp `�jWbed�qg|H^X} �XjzpcjWbe^X}ajz¶am wHw jWneq�jW^ « br¶Gpgmi+ jWnenejW^ [ \ÃbrjWd�j +¾|Xpi�XjB¶amo^Mq�pgmon�nebrjzpgq´xamo^��VjW`
be^¼�Vjzp « jWdgd�¶�_a`c`�jzp���j:]�^V�VnebefihXjW^ ¢ |XqghVjW^Vbe|V` ª 2 - be� ª¬« jWdgd7+¾be�Xjzp�dgqg_a^V�</ +
jWnefihXjzp�_an�d § jW` w jzp�_ ª
qg|Xp�dgjW^Vd�maps¶�_anebr�Hp�brjzpgq�+¾|Xpi�Xj /8+ �_ahXp�jW^V� �Xjzp�\Tb�k _anenrjzp��Hbe^X}od « br¶Gpgm_+
jWnenrjW^ _��Td�mapg�Hbrjzp�qs|V^V� _an�d
=4^VbefihMq ª ¶�_anebr�Hp�brjzpgq�jWd E ¤
monrmo`cjzq�jzp��VbrjW^Jq Cz[
\Ãbrj v �V� [�­G[uZ �Tbed ­G[ ~ {zjWbr}ajW^ �Vbej v |X£F�H_a|X¶9|XpgxajW^��Xjzp��V]G^V_a`�bedgf�hVjW^#k6mone_�pibedg_�qgbrmo^ |V^H�#�VjW^

4�j�+ jWben�br}ajW^ µ brq2_a^ �Vbrj�\Ã_�q�jW^VdQ�_�q�{zjL{W|Xpl¤
jWd�qgbe`c`�|V^X}¼�Xjzp2jzp�pgjWbef�hJ�H_�pgjW^ « _ - be`c_an w mone_�p�b�dg_�qgbrmo^ [
G�j:]Hq�q�jzqg+�|Xp��Xj¾�Vjzp ¨ ^V�X��jzpgjWbefihc�Xjzp-\�_�q�jW^�`�brq�jWbe^Vjzp�jWbe^X£4_af�hVjW^Lj -9w mo^XjW^JqgbrjWnenrjW^cµH|V^X¶Gqgbrmo^L�Vjzp
µXmap�` �"M � � ,��

� � � 
 A���� � � 6 = ­G[ � E
\Ãbrjsµ brq w _�pi_a`�jzq�jzp�hV_���jW^��V_���jWb�£Fmonr}ajW^V�Xjl¤
jW�XjW|Vqg|V^X} �

� � k6mone_�p�bedg_�qgbemo^Vd +
jzpgq�{W|XpT*�jWbeq � M ¦
��, � � « _ - be`c_an w mon�_�p�bedg_�qgbrmo^³£i�|Xp � � 


� be^Jxajzp�d�j\*�jWbrq�¶amo^Hd�qg_a^Mq�j¸£i�|Vp©�XjW^ v ^Vd�qgbrjz}�xamo^ � � _a|V£ ­a��� xamo^�_�/
« _sX�£ �|Xp��VbrjcG�jWdgfih +¾b�^V�Vbr}a¶ajWbrq©�VjWd©k6mone_�p�bedg_�qgbemo^Vdg_a|X£F�H_a|Vd [
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\ÃbrjJ+ jWn�nrjW^X£��map�`cbr}aj � q�p�|X¶Gqg|XpE�Vjzp v |X£F�H_a|X¶9|XpgxajW^¸bed�q µXmonr}aj��Xjzp � mapg}ajWhXjW^Vd7+ jWbedgj
��jWbJ�Xjzp	kEmon�_ ª
p�bed�_�qgbrmo^��ajWd.+¾bep���jWbe^Xj©µXpgj�^G|XjW^X{¾jWbe^X}ajWd�q�jWneneqS|V^V�´�Hbed {W|H` �XjW|Xqgneb�f�hXjW^ v �V£F_an�nX�XjzpJ*�|�+
_afihVd�p�_�q�jW^
w mone_�p�bed�brjzpgq�/T_a^Hdgf�hVn�brj�XajW^V� �Vbrj´µXpgj�^G|XjW^X{´}aj �_a^V�Xjzp�ql|V^V� d�m + jWbeq�jzp2£8mapgqÃ}ajz£4_ahXpgjW^</��Hb�d��Hbrj¸m w qgb ª
`c_anrj�kEmon�_�p�bedg_�qgbrmo^Hd�£8p�j�^J|XjW^V{�jzpgpgjWbefihMq�b�d�q [ \Ãbrj � |Hf�hXj¾^H_af�h³�XjzpSm w qgbe`�_anrjW^ « br¶Jp�m_+
jWnenrjW^VnrjWb�d�qg|V^X}
jzpg£Fmonr}aq¸_a^H_anrma}O|V^H� d�monenrq�jL^Vbef�hJql}onrjWb�f�hX{zjWbrqgbe}�`cbrqs�Vjzp �v ^V�Xjzp�|V^V}¼�Xjzp¸µXp�j�^J|XjW^V{�jzpg£Fmonr}ajW^</�|H`
�Vbrjlk _�p�_a`cjzq�jzp�_��Hh��_a^X}obe}a¶ajWbrq¾xamo^XjWb�^V_a^V�Xjzp�}ajzq�pgjW^H^Mq©{W|�hV_anrq�jW^ [
\Ãbrj´k6mone_�p�bedg_�qgbemo^��Vjzp ¨ \�¤ v¾ª �Xmaqgbrjzpgq�jW^ kSpgma��j = v �V� [�­G[uZ E jzp�£8monr}aq�j´��jWb Z 6 ¡ 2 |V^V� � 6 ¡ 2 jzp ª

£Fmonr}aq�j2_��B�VjW^L`cbeqN�#)'��jz{zjWbef�hH^Xjzq�jW^ � q�jWnenrjW^L`cbrq
jWbe^Xjzp « m9�V|Vne_�qgbemo^L�Xjzp « br¶Jp�m_+
jWnenrjW^X£Fpgj�^G|XjW^X{
|V`¥jWb�^Vbr}aj�� ¦ )�� 
L|V` �Vbrj 4�j�+ jWb�nebr}ajlk6mone_�p�bed�_�qgbrmo^Vd�£Fpgj�^G|XjW^X{ [
\ÃbrjWd�jWd « _�q�jzp�be_an bedgq�jWbe^Vj � qgb�f�h w p�ma��j¸�XjWd �9« � ª¬§ _�p�}ajzqgd�/ºbe^ +
jWnefihXjW` �Vbrj w mon�_�p�bedg_�qgbrmo^Hd�xajzp ª

��jWdgd�jzp�^H�XjW^ ¨ br}ajW^Hdgf�hV_�£Fq�jW^¼�Xjzp�µXpgj�^G|XjW^X{W`�m9�V|Vne_�qgbemo^ � tataZ ^V_afihX}aj�+¾brjWd�jW^ +¾|Xp��VjW^ f v �Xj ta�ih [
¨ be^Xj�_a^VdgfihV_a|VnebefihXj ¨ pg¶9n¬�_�p�|V^V}5/i+-_�p�|V` µXp�j�^J|XjW^V{W`�mG�H|Vne_�qgbrmo^�jWbe^Xj � q�jWbr}ajzpi|V^X}2�Xjzp « _ - be`�_an ª

w mone_�p�bed�_�qgbrmo^ |V^V� jWbe^Xj � jzp�p�be^X}ajzp�|H^X}¼�Xjzp´kEmon�_�p�bedg_�qgbrmo^Hdg_a|X£F�H_a|X{zjWbrq�jW^ ^H_af�h#dgbef�h�{WbrjWhJq�/�jzp�hE�_anrq
`c_a^��V|Xpif�h#¤ jzq�pi_af�hJqg|V^X} �XjWd ¨ ^Hd�jW`s�TnrjWd¸�Vjzp�^G|V_adgbe£8pgjWbejW^ ¨ nejz¶Jq�pgmo^VjW^#b�^��Xjzp´kSp�ma��j [ \Ãb w mon ª
\Ãb w mon ª ½ jWf�hHd�jWn�+¾brp�¶G|V^V}O£i�|VhXpgq´{W| jWb�^Xjzp � jzp�dgfihVbrjz�H|H^X} �Xjzp ¨ nejz¶Jq�pgmo^VjW^ ª `�_�p�`cmapg£8p�j�^J|XjW^V{B|H^V�
jWbe^Xjzp � jzpg�VpgjWbrq�jzpi|V^X}l�XjWd�jWnrjz¶Jq�p�mo^VbedgfihXjW^Y*�jzjW`c_a^H^VbrxajW_a|Vd [ ½ jzpi�XjW^ « br¶Gpgm_+
jWnenrjW^cb�^V^Xjzp�hV_ane�´�VjWd
jW^Jqgd�qg_a^V�XjW^XjW^1`�_�pi`�mapg£Fpgj�^J|VjW^X{z�H_a^V�XjWd�jWbe^X}ajWd�q�p�_ahHnrq�/Qd�m©£ �|VhXp�q��VbrjWd�{W| �y¾��jzpg} �_a^V}aj ^G|Xp��Xjzp ¨ nrjz¶ ª
q�pgmo^XjW^B`cbeq��Xjzp w _adgd�jW^V�VjW^Y`E_�p�`�mapg£Fpgj�^G|XjW^X{ [ µ neb wVª µ6nem wXª �y¾��jzpg}H�_a^V}aj¾��jW^V_af�hJ�H_�pgq�jzp ¨ nejz¶Jq�pgmo^VjW^
q�p�_�}ajW^¯�VbrjWd�jW^ *�|Vd�qg_a^V� {W|��XjW^ ¨ nrjz¶Gq�pgmo^XjW^°�XjzpgjW^$`E_�p�`�mapg£Fpgj�^G|XjW^X{�^Vb�f�hJqcpgjWd�mo^V_a^JqLb�d�q [ 0 d�q
�Vbrj \Ãb w mon ª \Ãb w mon ª ½ jWf�hHd�jWn�+¾brp�¶G|V^V} dgf�h�+
_afih</¾� [ h [ �Vbej ¢ jWne_ - _�qgbemo^Vd�{zjWbrq�jW^ �Xjzp ¨ nrjz¶Jq�p�mo^XjW^!be^
�Xjzp1GÃp<�m XajL�Xjzp¸`cbrq�qgnrjzpgjW^ ½ jWfihVd�jWn�+�brpg¶9|V^X}od�{zjWbrq2£ �|XpljWb�^XjW^ µ neb wXª µ nrm w /ºd�m�¶��mo^V^VjW^ ^J|Vpd+ jW^Hbr}aj
¨ nejz¶Jq�pgmo^VjW^¼�V|Xp�fih¼�V_ad¾jWbe^X}ajWd�q�p�_ahHnrq�j « be¶Jpgmi+ jWn�nrjW^X£FjWne�B��jzjWbe^�;T|Vd�d�q�+ jzp��VjW^ [V¨ ^Jqgd w pgjWfihXjW^V��}aj ª
p�be^V}ajzp-b�d�q��Vbrj v ^X{W_ahHn��Vjzpjb�|X¶9nrjzmo^XjW^8/G�Vbej��V|Vp�f�h³}ajz¶am wVw jWnrq�j �y���jzpg} �_a^X}ajl`cbrq-�XjW^ ¨ nejz¶Jq�pgmo^VjW^
w mone_�p�bed�brjzpgqg+
jzp��XjW^¼¶º�mo^V^XjW^O|V^V��jW^JqgdgfihXjWbe�XjW^V��£i�|Vp��Vbrj2jzp�pgjWbef�hJ�H_�pgj « _ - be`c_an w mon�_�p�bedg_�qgbrmo^�|H^V�
v |X£8�T_a|X{zjWbrq-�Xjzpgb�|X¶9nrjzmo^XjW^Bbedgq
�V_ad � jzp�hE�_anrqg^Vbed
�XjzpSG�jWdgfih +¾b�^V�Vbr}a¶ajWbrqgdg¶amo^Vd�qg_a^Jq�jW^��Xjzp �Gw be^V�Hbr£ ª
£4|Vdgbrmo^B{W|¼�Vjzp¾^J|V¶Gnrjzmo^Hbedgf�hVjW^ ¢ jWne_ - _�qgbrmo^Vd�{zjWbeq [
µXpgj�^G|XjW^X{W`cmG�V|Hne_�qgbrmo^L£i�|VhVpgq �V_�{W|8/9�H_adgd-�V_ad « br¶Gpgmi+ jWnenejW^X£8jWn���_a|X£6_a^X{W_ahVne`��_sXobe}�`�jWhVp ¨ nrjz¶Jq�p�m ª
^XjW^3+¾bepg¶Jq�/ d�mo`cbeq�`�jWhVp�b�|X¶9nrjzmo^XjW^�be^��VbrjWdgjW` jzpid�q�jW^ � f�hVp�brq�q´�Xjzp�\Tb�k w mone_�pibedgbrjzpgqc+ jzp��VjW^
¶ �mo^V^XjW^ |V^V� �V|Vp�f�h �Vbrj �Gw be^V�Vb 9º|Vdgbemo^�jWbe^�}ap �m Xajzpgjzp v ^Jq�jWben �XjzplkSp�ma��j´jzpgp�jWbef�hJqW+ jzpi�XjW^ ¶C_a^H^</
��jzxamap ¢ jWne_ - _�qgbrmo^Vd w pgma{zjWdgd�jB�XjW^ �Gw b�^Mq�p�_a^Hd w mapgqs|V^Jq�jzpg�Hbe^H�XjW^ [ \ÃbrjWd´bed�q�}onrjWbefihM��jW�XjW|Vq�jW^V��`�brq
jWbe^XjzplhE�mohXjzpgjW^ k6mone_�p�bedg_�qgbemo^ �Vbrj�{zjWbrqgnebefih dgf�hV^VjWnenrjzp�jzpgpgjWbefihMqW+¾bep�� [ \�bejWd�j ¨ pg¶9n¬�_�p�|V^V}³d�q�jWn�nrq��VjW^
« mG�V|Hne_�qgbrmo^Vd�j:9�jz¶Gq
_aned
jWbe^Vj1=4^G|Xp E `c_�q�jzp�be_ane_��Th��_a^X}obr}aj ¨ br}ajW^Hdgf�hV_�£Fq��V_�p�/G_anenrjzp��Vb�^X}od�dgfihXjWbe^Jq��Vbrj
�-_QxGbrq ] /�be^��Xjzp³�Vbrj�k�pgma��j w mone_�p�b�dgbrjzpgq6+¾bep��</S`cbrqghHbe^ �Vbrj � jzpgq�jWbene|V^V} �XjWd « br¶Gpgmi+ jWnenejW^X£8jWn��XjWd�/
jWbe^XjW^�jW^Jqgdgf�hVjWbe�XjW^V�XjW^ ¨ b�^�;T|Vdgd�{W|´hV_���jW^ [a� m�¶amo^V^Jq�j�be^ � `�be\ b�`.¤
m9f�hG|V`�jzpC�2pg]amodgqg_�q�jW^c�V|Xp�fih
µXpgj�^G|XjW^X{W`cmG�V|Hne_�qgbrmo^�¶ajWbe^Ok6mone_�p�bedg_�qgbemo^Vd�}aj�+¾be^H^Bjzpg{WbrjWnrqg+
jzp��XjW^</ + �_ahXpgjW^V���VbrjWd�jWnr��j2kSp�ma��j¸be`�2pg]amodgqg_�q�jW^ �XjWds�j2 « k v2�V�Jª¬¨.-9w jzp�be`�jW^Jq�jWd6= � ¨�¢ b E �V|Vp�f�h µ « {W| h �mohXjzpgjW^ ½ jzpgq�jW^ w mon�_�p�b ª
dgbrjzp�qg+¾|Xp��Xj [
\ÃbrjB��jWb Z 6 ¡ 2 �V|Xp�fihX}ajz£i�|VhXpgq�jW^ « jWd�dg|V^X}ajW^�jzpg}o_���jW^ be` µ brq�£i�|Vp´�Hbrj « _ - be`c_an w mone_�p�b�dg_�qgbrmo^

�Xjzp ¨ \Ã¤ v¾ª �Xmaqgbrjzp�q�jW^�kSp�ma��jW^BjWb�^XjW^B½ jzpgq©xamo^>� Za­ 6 ��� mohV^XjlµVpgj�^J|VjW^X{W`�m9�V|Vne_�qgbrmo^ �G��jWb ¨ be^ ª
dgfihV_anrq�jW^c�Xjzp	µ « |V^V� � _�p�be_�qgbrmo^�|V` * � ¦ )�� 
2|V` �Vbrj�k6mone_�p�b�dg_�qgbrmo^Vd�£Fpgj�^G|XjW^X{ xamo^ ­atat � ¦ )�� 

¶amo^V^Jq�jBjWbe^Xj � q�jWbe}ajzp�|V^X}��Xjzp�k6mone_�pibedg_�qgbrmo^�_a|X£©`c_ - be`c_an �¾~ ¦ 6 ­�� `cbrqljWbe^Vjzp v |X£F�H_a|X{zjWbrqlxamo^
fz_ [ ~ ¦a¦ D 
 � = ­a��� �VjWd©k6mone_�p�bedg_�qgbemo^Vd�}aj�+¾be^H^XjWd E jzpgpgjWbefihMqg+
jzp��XjW^ [
¤
jWb � 6 ¡ 2 d�qgbejz}O�Vbrj « _ - be`c_an w mone_�pibedg_�qgbrmo^ �V|Vp�f�h�µXpgj�^G|XjW^X{W`�m9�V|Vne_�qgbemo^ xamo^ �¸� ¦�� _a|X£�jzq�+
_
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Gemessene Polarisationen:

EDBA:         +28.81/-29.85; -40.63 ; -32.40 ;   -5.3

Porphyrexid:        --           ;+32.02 ; -34.45 ; +22.6

TEMPO:              --           ; -33.69 ; -39.46   ;-8.39

Jeweils bei      2.0T / 2.5T / 3.5T / 5.0

v �V�Hb�ne�V|V^X} ­G[u¡ � )Z��� � 	�� ��	:� ���+ �� ��s��� ����	�
 �s� � �����:� �����s� � 	-� �	��	��1���	��� �*� ����	-���
	�� ��� �S���m� ���s� ��� �  R	:�
�¸� Á��³[J¨ be^Xj�}onrjWbefihX{zjWbrqgbr}aj ¨ p�h �mohJ|V^V}l�Xjzp « br¶Gpgm_+
jWnenrjW^VnejWbed�qg|V^X}Ã£ �|VhXpgq�j¾{W|cjWbe^XjW` + jWbeq�jzpgjW^ v ^ ª
+-_af�hHd�jW^</U+ ma��jWbM�VjzpE_a^X£��_a^X}onebefihshXmohVj k6mone_�p�bed�_�qgbrmo^Vdg_a^Vdgqgbrjz}\=FxG}on [<v �V� [�­G[uZ E ^J|Vp��Hbed�jzq
+-_ � ��¦��
}ajWhH_anrq�jW^ + jzp��VjW^�¶amo^V^Jq�j�|V^V�O_a^Vdgf�hHnebrj�XajW^V�Od�qg_�pg¶�_��5;�_af�hJq�j [ � jzp�dg|VfihXj��H|Xp�f�h �v ^H�Xjzp�|V^X}Lxamo^
« br¶Gpgm_+
jWnenrjW^V£8pgj�^G|XjW^X{¸|V^V� ª nrjWbed�qg|V^V}"+¾brjW�Xjzp�jWbe^XjW^�d�qQ�_�pg¶ajzp�jW^ v ^Vd�qgbejz}L{W|�jzpg{WbrjWnejW^��Hn�brjz��jW^�jzp ª
£Fmonr}onrmod [Gv ned « _ - be`c_an w mon�_�p�bedg_�qgbrmo^ +¾|Xp��Vj¾jWbe^³½ jzpgq�xamo^ � �aZ 6 ~ � }ajW`�jWdgd�jW^ [ \ÃbrjW`©�|Hfg¶aj2be^B�Xjzp
v |X£F�H_a|X¶9|Xpgxaj2bed�q©�H|Xp�f�h�k�pgma�HnrjW`cjl`cbrq��XjzpSb «O¢©ª¬v¾wHw _�p�_�qg|Xp©xajzpi|Xp�dg_afihMq [
� m_+
mohVn���jWb��Vjzp §¾¨�« kJ2 ª _anedB_a|Vf�h ��jWb��Xjzp�k6map w hJ]Jp�j - be� ª �Xmaqgbrjzpgq�jW^!kSp�ma��j�¶amo^V^Jq�j ¶ajWbe^

k6mone_�pibedg_�qgbrmo^Vdg}aj�+¾be^V^B�V|Xpif�h�µ « ��jWb Z 6 ¡ 2 |V^V� � 6 ¡ 2 }ajW`�jWdgd�jW^ + jzpi�XjW^ [
\�jzp ¡a­ ��� 
 ª 2Ãd�{Wb�nene_�q�map©£i�|Xp©�Vbrj « jWdgdg|H^X}���jWb Z 6 ¦ 2 nebej�Xcdgbef�h�^J|Xp©_a|V£ *lZ�¦ )�� 
cd�qg_��Tben�_a|X£ �Vbrj
k6mone_�pibedg_�qgbrmo^Vdg£8pgj�^G|XjW^X{³jWbe^Vdgq�jWnenrjW^</6d�m �V_adgd��V_a�H|Xp�f�h��Vbej³k6mone_�p�b�dg_�qgbrmo^Vd�£Fpgj�^G|XjW^X{³xamo^ dgbefih�_a|Vd
`cmG�V|Hnebrjzpgqj+�|Xp��Xj [ \Ãbrj���jWb ¡ 6 ¦ 2 }ajW`�jWdgd�jW^XjW^ k6mone_�pibedg_�qgbrmo^XjW^ +¾|Vp��XjW^�mohV^Xj�µ « jzpgp�jWbef�hJq�/��V_
�HbrjÃxajzp7+ jW^H�Xjzq�jc0 « k v	§©§�ª \�bemG�Xj2jWb�^Xj � _�p�be_�qgbrmo^��Xjzp « brq�q�jW^X£Fpgj�^J|VjW^X{l^VbefihMq©{W|Hnebrj�X [
0 ^ v �V� [�­G[u¡ dgb�^V� �Vbrj ¨ pg}ajz�T^Vbedgd�jO�XjzpLµXjWn��V_��Hh��_a^X}obe}a¶ajWbrqgdg`�jWdgd�|V^X}��H_�pg}ajWd�q�jWnenrq�/ + ma��jWb��Xjzp

��jWdgdgjzpgjW^ �y���jzp�dgbefihMq1+ jz}ajW^ 4�j�+ jWb�ned¸�Vjzp�¤
jzq�p�_�} �Xjzp�}ajW`�jWdgd�jW^VjW^ kEmon�_�p�bedg_�qgbrmo^VjW^ jWbe^X}ajzq�pi_�}ajW^
b�d�q [ \Ãbrj2jW^Mqgd w pgjWf�hVjW^V�XjW^�xamapg{zjWb�f�hXjW^J��jWhV_�£8q�jzq�jW^ ¨ p�}ajz�H^Vbedgdgj�]�^V�XjW^�dgbefih¼be^ § _���jWnenrj ­G[ � [
v nenrj2�Xp�jWbºkSpgma��jW^B{zjWbr}ajW^�jWbe^�jWbe^V�VjW|Xqgbr}�_a^Xmo`c_anrjWd � jzp�hV_anrq�jW^���jWbºhXmohVjW^ « _�}o^Vjzq�£8jWne�Vjzp�^ [
\Ãbrj´xamo^ ¤
mapg}ohHbe^Vb |V^V� � fihXj
	�jzpl��jWb6jWbe^Xjzp § jW` w jzp�_�qg|XpÃxamo^ ¦ 6 ¡ Â }ajW`�jWd�d�jW^Xj w modgbrqgbrxaj § jW^ ª
�VjW^X{L£ �|Xp´k6map w hJ]Jpgj - be� ª �Vmaqgbrjzpgq�jWd�\ ª ¤-|Xqg_a^Vmon-¶amo^V^Mq�j¼b�` \Ãbene|Vqgbrmo^V`�m9�Xj�^Vb�f�hJq¸��jWd�qQ�_�qgbr}aq�+
jzp ª
�VjW^ � /6_anenejzp��Vbe^X}odl{zjWbr}aq�jW^ dgbefih xajzpg}on�bef�hXjW^�`cbeq¸�XjW^#��jWbe�XjW^�_a^V�XjzpgjW^#kSpgma��jW^#�XjW|Xqgneb�f�h hE�mohXjzpgj
« _ - be`c_an w mone_�p�b�dg_�qgbrmo^XjW^L��jWb ¡ 6 ¦ 2 [
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� |V�Hd�qg_a^X{ k6mone_�p�bedg_�qgbemo^�be^ f �\h ��jWb�jWbe^XjW` « _�}o^Xjzq�£FjWne�¼xamo^
Z 6 ¦ 2 Z 6 ¡ 2 � 6 ¡ 2 ¡ 6 ¦ 2

¨ \�¤ v¾ª \Ã¤
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\�jzp � jzp�`�|Xqg|V^V}5/o�V_adgd	�V_ad.b�brq�pgm - be�Vp�_a�Vbr¶�_an�bW2 � _a^cdgbefih´£ �|Vp �HbrjWd�j-pgjWne_�qgbrx¸hXmohXj�k6mone_�p�bedg_�qgbemo^
xajzp�_a^Jq
+
mapgqgnebefih bed�q�/�dgq�jWhMq´�V_ad ¨ pg}ajz�H^Hbeds�Xjzp « jWd�dg|V^X}�_a^ §¾¨�« kJ2 ª �Xmaqgbejzpgq�jW` « _�q�jzp�be_an
jW^Jq ª
}ajz}ajW^ [ \ÃbrjskSp�ma��jl`�brq©�VbrjWd�jW` b�brq�p�m - be�Xp�_a�Vbe¶C_an�jzpg}o_��OjWbe^Xj « _ - b�`c_an w mone_�p�bed�_�qgbrmo^Bxamo^ � Á 6 ~ �
��jWb ¡ 6 ¦ 2 [
\Ãbrj´`cbrq � ¡ 6 ��� xajzpg}onrjWbefihVd +
jWbed�j´^VbrjW�Xp�be}aj « _ - be`c_an w mon�_�p�bedg_�qgbrmo^Obe` ¨ \Ã¤ v©ª �Xmaqgbejzpgq�jW` « _�q�j ª
p�be_an�dgf�hVn�brj�Xaq©jz��jW^X£4_anened�_a|Vd�/T�V_adgd¾�Vjzp¾\ � 2 ª¬v ^Jq�jWbenEbe^¼�Xjzp¾k6map w hM]Gpgj - be� ª �Xmaqgbrjzp�q�jW^¼kSpgma��js_an�nrjWbe^jWbe^XjW^ w mone_�p�bed�_�qgbrmo^Vd�jzp�hE�mohXjW^V�XjW^ ¨ 9�jz¶Gq�hH_�q [ y�` {W| �|V��jzp w po�|X£FjW^</�ma��jWbe^Xj �lmo`s�Hb�^V_�qgbrmo^ xamo^
b�brq�pgm - be�Xpi_a�Vbr¶�_an�|V^V��\ � 2 ª *�|X}o_���j³{W|#hE�mohXjzpgjW^#kEmon�_�p�bedg_�qgbrmo^VjW^ ��jWb ¡ 6 ¦ 2 £i�|VhVpgq�/z+¾|Vp��Xj�jWb�^Xj
§©¨ « k�2 ª �Xmaqgbrjzpgq�j¸kSpgma��j2`cbrq©�XjW` £i�|Xp©k6map w hM]Gpgj - be� ª \�maqgbrjzp�|V^V}��|V�HnebefihXjW^ v ^Jq�jWben�_a^¼\ � 2.xamo^
¡�� xajzp�d�jzq�{zql|H^V� w mone_�p�b�dgbrjzpgq [ \Ãbrj v |X£F�H_a|X¶9|Xpgxaj¸�HbrjWd�jzp « jWdgd�|V^X}B_aned � jzpg}onrjWbefihO{W|Vp « jWdgdg|H^X}
_a^��Vjzp©|V^X}aj�+¸�_adgdgjzpgq�jW^�k�pgma��j�]�^V�Xjzq©dgbefih¼be^ v �V� [�­G[u­G[
\Ãbrj « _ - be`c_an w mone_�pibedg_�qgbrmo^c�Vjzp
\ � 2 ª xajzp�dgjzq�{zq�jW^�kSpgma��j�n�brjz}aq `cbeq�jzq
+-_�� Z�� {�+
_�p �|X��jzp
�Xjzp
�Vjzp
|V^X}aj�+��_adgd�jzpgq�jW^BkSp�ma��j /_4�jW�XmGfihBbed�q-�VbrjWd jWhXjzp�_a|X£��Vbrj�|V^Jq�jzp�dgf�hHbrjW�VnebefihXjW^�k6mone_�pibedg_�qgbrmo^Vdgq�jW` w jzp�_ ª
qg|XpgjW^�_an�d�_a|X£E�XjW^�\ � 2 ª¬v ^Jq�jWben�{W|Xpo�|Vf�¶J{W|V£i�|VhVpgjW^ [ y�^Jq�jzp�dgf�hHbrjW�Xjlbe^B�Xjzp v |X£F�H_a|X{zjWbrq-po�|VhVpgjW^�xamo^|V^Jq�jzp�dgfihVbrjW�Vneb�f�hXjW^ � jzp7+
jWbene�H_a|Xjzp�^B��jWb�jWbe^Xjzp©k6mone_�p�b�dg_�qgbrmo^Vd�£Fpgj�^G|XjW^X{ /9xajzp�dgfihVbrjW�XjW^VjW^ « be¶Jpgmi+ jWn ª
nrjW^VnejWbed�qg|V^X}ajW^B|V^H���Xjzp¾|V^Jq�jzp�dgfihVbrjW�Vneb�f�hXjW^Bk6mone_�p�bed�_�qgbrmo^Vd�q�jW` w jzp�_�qg|VpgjW^�hXjzp [
\Ãbrj³�V|Xp�fihX}ajz£ �|HhXpgq�jW^Lb «O¢©ª¬« jWd�dg|V^X}ajW^�{zjWbr}ajW^</6�V_adgd\+ jW�Xjzp��Vbrj�fihXjW`cbed�f�hXj³¤
b�^V�V|V^X}5/��VjW`

�V_ad ^G|V_adgbr£FpgjWbrj ¨ nrjz¶Gq�pgmo^ �XjWd ¢ _a�Vbr¶�_aned³jW^Mqgd�qg_a`�`sq�/¾^VmGfih!jWbe^XjL*�|X}o_���jOxamo^ \ � 2 �V_ad � jzp ª
hV_anrq�jW^#�Xjzp�|V^Mq�jzpidg|Vf�hJq�jW^#kSpgma��jW^ ��jWbShVmohXjW^ « _�}o^Xjzq�£FjWne�Xjzp�^ jzpg¶9n¬�_�pgjW^ ¶�_a^V^ [ 2����Vjzp�G�p�|H^V�
be^ �Xjzpldgq�p�|X¶Gqg|XpgjWnenrjW^ ¨ br}ajW^VdgfihV_�£8ql�VjWdl_a`�map w h }ajz£FpgmapgjW^VjW^ \ ª ¤
|Vqg_a^Xmoned2{W|,]�^V�XjW^ bed�q�/<+¾|Vp��Xj
_a^³d�q�p�_ahVnrjW^H�Xmaqgbrjzpgq�jW` « _�q�jzp�b�_an��|X��jzp w pa�|X£Fq [ k6mone_�pibedg_�qgbrmo^Vd�`�jWdgdg|V^V}ajW^�_a^��HbrjWd�jW^�k�pgma��jW^F=4dgbejWhXj�l_ w beq�jWn Á E hV_���jW^�_anenrjzpi�Vbe^X}od6jzpg}ajz��jW^</o�V_ad�dSh��mohXjzpgj©`�_�}o^XjzqgbedgfihXj�µXjWn��XjzpS{W|ch��mohVjzpgjW^ « _ - be`�_an ª
w mone_�p�bed�_�qgbrmo^XjW^�£ �|VhXpgjW^ [Vv |Vfih�bedgq¾_a|X£F}ap�|V^V�¼�HbrjWd�jzp ¨ pg}ajz�H^Vbed�d�jl_a|Vd�{W|Vd�f�hVnebej�XajW^</H�V_adgd��Xmaqgbrjzpgq�jWd
\ ª ¤-|Xqg_a^Xmon w p�be^X{Wb w brjWnenH�H_ad©_a^Xmo`c_anrj � jzp�hV_anrq�jW^�{zjWbe}aq [
v ned�`c_�}o^Xjzq�£FjWne�V_��Hh��_a^V}obr}aj�G�pC�m XajW^�d w brjWnrjW^OhVbrjzp¾xajzpi`¸|Xqgn�bef�h��Vbrjl} ª µH_�¶Jq�mapgjW^ �Xjzp�xajzpR+ jW^V�Vj ª

q�jW^ ¢ _a�Vbr¶�_anrj�jWbe^ [ v ^Vb�d�maq�pgm w brjW^ �Vjzpc} ª µV_�¶Gq�mapgjW^¯£i�|VhVpgjW^ {W| jWbe^Vjzp � jzpg�VpgjWbeq�jzp�|V^X} �XjWd ¨
�9¢©ª
�Gw jz¶Gq�p�|V`cd
|V^V�³¶ �mo^V^XjW^B_aned-be^VhXmo`cma}ajW^Xj � jzpg�VpgjWbrq�jzpi|V^X}odg`�jWfihV_a^Vbed�`�jW^ �_ahH^Vnebefih +¾bej�jWbe^VjÃ_a|Hd ª
}aj w p �_�}aq�j 
�] w jzp�£8jWbe^Hd�q�p�|X¶Gqg|Xp�£ �|Xp6xamo^XjWbe^V_a^H�Xjzp	bed�monebrjzp�q�j � |X�Td�q�p�|X¶Gqg|XpgjW^¸be` jWnejz¶Jq�pgmo^Hbedgf�hVjW^6*�jzj ª
`c_a^J�H_a^V��xajzpi_a^Mq�+ mapgqgn�bef�h�d�jWbe^ [ \Ã_ad���jW�XjW|Xq�jzq�/H�Vbejl�Vb w mone_�pgjÃ½ jWf�hHd�jWn�+¾brp�¶G|V^V}c�Xjzp ¨ nejz¶Jq�pgmo^VjW^
|V^Jq�jzpgjWbe^V_a^H�Xjzpg+¸�_�pgjl^G|Xp©^Xm9f�h¼b�^V^Xjzp�hV_ane�³d�mon�f�hXjzp � |X�V�E�_a^V�Vjzp
|V^V}ajWd�qQ�mapgq©`��ma}oneb�f�h</V�V_�{�+�bedgf�hVjW^
4�jW�XmGfihO|H^Mq�jzp��Vpa�|Vfg¶Gq [H¨ be^XjlhXmo`�ma}ajW^Vj �Gw be^ ª �Gw b�^ ª ½ jWf�hVdgjWn�+¾brpg¶9|V^X}odgq�jW` w jzp�_�qg|Xp b�^V^Xjzp�hV_ane�B�VjWd
}ajWdg_a`¸q�jW^ *�jzjW`c_a^J�H_a^V�VjWd�+c�|Xp��Xj�dgbef�h�^VbefihMq�jWbe^Vdgq�jWnenrjW^�|H^V�O�Hbrj¸�V|Vp�f�h�\�b�k jzp�pgjWbef�hJ�H_�pgj�b�| ª
¶9nrjzmo^XjW^ w mone_�p�b�dg_�qgbrmo^ ]HjWnrj�}ajzp�be^X}ajzp´_a|Vd [ \ÃbrjWdgjzp ¨ 9�jz¶Gqc+¾bepg¶Jqldgm_+
mohVn _a|V£-�H_adskSp�maq�mo^XjW^ ª +�brj
_a|Vfih�_a|X£ �V_ad©\�jW|Xq�jzpgmo^VjW^Vd�]9d�q�jW` [
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« brq�{W|V^XjWhV`cjW^V�XjW^ « _�}o^Xjzq�£FjWne��d�q�jWbr}aq��Xjzp ¨ be^�;T|Vd�ds�Xjzp´} ª µV_�¶Gq�map ª¬v ^Vbed�maq�pgm w brj /S�Vbrj ¨
�9¢©ª `�b ª
^HbrjW^X�VpgjWbeq�j�^Vb�`c`sq2{W| |V^V� ¤
jzpgjWbefihXj��XjWd\*�jzjW`c_a^M�T_a^V�XjWdW+
jzp��XjW^ b�`c`�jzpW+
jWbrq�jzplxamo^XjWbe^H_a^V�Xjzp
dgj w _�p�brjzpgq [ \�bej ¨
�X§-ª¬§ hXjzmap�bej�¶C_a^V^L^J|Vp�^Xm9f�h³be^V^Xjzp�hH_anr���Xjzp � |V�Hd�q�p�|X¶Gqg|XpgjW^��VjW^�k6mone_�p�bed�_�qgbrmo^Vd ª
`cjWf�hV_a^Vb�dg`¸|Hd ��jWdgfihXpgjWbr��jW^ [Jv |X£F}ap�|V^H�L�Xjzp-£FjWhVnrjW^V�VjW^L\Ãb w mon ª \Ãb w mon ª ½ jWfihVd�jWn�+¾bepg¶G|H^X}2{�+¾bedgfihXjW^
�VjW^c¤-_a^V�X��jzpgjWbefihXjW^�+ �|Xp��Vj-�Hbrj v ^V^H_ahV`�j /o�V_adgd�hVbrjzp	jWbe^ « jWf�hH_a^Vbedg`�|VdS_a^V_anema}s�XjW` �XjWd�\ �H�9¨
+�brpg¶9dg_a`¥bed�q�/V�VbejÃ_a^Vmo`c_anrj « _�}o^Xjzq�£FjWne�V_��Hh��_a^V}obr}a¶ajWbrq©jzpg¶9n¬�_�pgjW^.�
0 ^ �VbrjWdgjW` ¤-bene� nebrjz}ajW^ �Hbrj�m w qgbe`c_anejW^ kEmon�_�p�bedg_�qgbrmo^Hd�£8p�j�^J|XjW^V{zjW^���jWb��Vjzp�\Ãb 9�jzp�jW^X{¼�XjzpcjWnrjz¶ ª
q�p�mo^VbedgfihXjW^�|V^V��^G|X¶9nrjzmo^VbedgfihXjW^ `�_�p�`cmapg£8p�j�^J|XjW^V{ � & * ��� [V¨ be^Xj � jzpg�Vp�jWbrq�jzp�|V^X}��Xjzp ¨-�9¢�ª `Ebe^Vbrj
£ �|VhXp�q�{W|�jWbe^Vjzp �y���jzpine_ wVw |V^V}´�Vjzp �y���jzpg}o_a^X}od +-_ahXp�dgfihXjWbe^Vn�bef�hX¶ajWbeq�jW^�£i�|Vp¾��jWbe�Xj ¢ bef�hJqg|V^X}ajW^��Xjzp
b�|X¶9nrjzmo^XjW^ w mone_�pibedg_�qgbrmo^</E�VbrjL|H`cd�m d�qQ�_�pg¶ajzpcbedgq�/�4�jB�VpgjWbrq�jzp´�Vbrj `�be^Hbrj +¾bep�� [ ½ jz}ajW^ � �! �"$#%"'&�

@
­ 6 ¡ ��� 2 4 # 2  �"'&� bed�q
�Xjzp
xamonened�q �_a^V�Hbr}aj �y���jzpine_ wVw be^L�XjW^³\�jW|Vq�jzpgmo^XjW^Vd�]9d�q�jW`�jW^³jWhXjzp
jzpgpgjWb�f�hJq�/G_aned be^
�VjW^¼kSpgmaq�mo^VjW^Vd�]9d�q�jW`�jW^ [
*�|Xp¾_��Hd�f�hVnebej�XajW^V�XjW^ �y���jzp w po�|X£4|V^X}5/Xbe^�+¾brj�+
jWbrq¾�HbrjWd�j v ^V^V_ahV`cjW^�{W|Xq�pgj:9�jW^V��d�be^V�</Vn¬�_ad�d�q�dgb�f�h

^G|Xp¾_a|V£8}ap�|H^V�¼�Xjzp��V|Xp�fihX}ajz£i�|HhXpgq�jW^¼k6mone_�p�b�dg_�qgbrmo^Vdg`cjWdgdg|V^X}ajW^�^Vbef�hJq¾��jW|Xp�q�jWbenrjW^ [ b�maq
+
jW^V�Vbr}Bbed�q
�Hbrj��2jW^H^Mqg^Vb�d��Xjzp ¨
�X¢�ª `�b�^VbrjW^J�VpgjWbrq�j���jWb�hXmohXjW^ « _�}o^Xjzq�£FjWne�Xjzpi^ [ \Ãbrj be^¯¤
mGfihJ|V` ��jW^G|Xq�{zq�j
¨-�9¢�ª¬v�wVw _�pi_�qg|XpObedgq�jWbe^ ¶amo`c`�jzpg{WbejWnenrjWd�� ª ¤-_a^V� ª �9w jz¶Gq�pgmo`�jzq�jzp |V^H� n �_adgdgq « jWdgdg|V^V}ajW^ ^G|Xp
��jWb ¦ 6 �a¡ 2 {W| [�¨ be^°�Vjzpg{zjWbrq�^Xm9f�h!be` v |V£8�H_a|¯��j:]T^V�Hnebef�hVjWd 
�mGfihX£8jWn�� ª¬§ brjz£Fq�jW` w jzp�_�qg|Xp ª¬¨-�9¢�ª
�9w jz¶Gq�pgmo`�jzq�jzp f 
�jWf h £i�|Xp©�XjW^ ¨ be^Vdg_�q�{2be^B�XjW` � 
�j ª
� jzp��V_a` w £8jzpg¶Gpg]amod�qg_�q�jW^8/�+¾brp��B�Vbej « �ma}onebefih ª
¶ajWbeqE��jzpgjWbrqgdgq�jWnenrjW^s|H^Mq�jzp	k6mone_�p�bed�_�qgbrmo^Vd���jW�Vbe^V}o|V^X}ajW^ld w jz¶Gq�pgmod�¶am w b�dgf�hXj-y�^Mq�jzp�d�|Vf�hG|V^X}ajW^´�V|Xpif�h ª
{W|V£i�|VhVpgjW^</z�Vbrj {W|Xp�jW^H�X}��|Vnrqgbr}ajW^ v |X£4dgf�hHn �|Vdgd�jWn�|V^X}-�XjWd�_a^Xmo`c_anejW^lk6mone_�p�bedg_�qgbemo^Vd�xajzp�hV_aneq�jW^Vdº£i�|VhXpgjW^
¶º�mo^V^XjW^ [
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]G:_DE)627�j'I\N3ZDE)9'-:_KR'*28k�L<:57�hCF*)9'I\N3ZDM;<'*) @�2801hy)�'-:<:<)62N3<?1F*h¯.10V: �98;:=< hC'-H M �>8;:=< .10VF-F-H8D¬i?1:<;<'*7c?1LCH6q
{}:[uMhChC'-F-;<LC:57.
ZqìÀ�'-HEDw;<?1H��%����Q���As)6k`DE2NL<,�)9'-:<)62wD8'*)6fIQ«.�'*0VF*)6DED�71)6f}i?B28hCDE)9: @~2N01hs)�;<?B2N71)9HEDE)9F-F*D6J_;<)9,
;<?1H%�`Ay)6kZDE2NLC, ;5)62NHE)9F*hy)9: @�2801hy)�:<?1\N3puRLCHEhCF*)9'-\435)9:biL5hy)62NF-?B71)62ND~'-HED6q_uGL5°1)62�)9'I:5)62�uRhC:<?13<,�)�;<)62
®s)9:ZDE28)9:<;<'I\N3ZDE)nL<,Ã)6DTK%?;?A@ÃF i?1H8HEDGH8'-\N3b)628k1)9:<:<)9:rJ�;<?1HNHGHN'-\N3P;<'*)n��DE2NL5k`D8L52R;5)9HW�`Ay)6k`DE2NL<,[HR'-,
KU)9HE)9:_D8FI'-\N35)9: :ZL52�hs)6o5iL<7VF-'-\N3�;5)9Hn®s)9:_DE24?1F*Ay)9?Bk`Hci?1:C;5)628D6J­;5)62@;<?1,c'*D@?1F-HW��)9H80V:<?1:5o9H8'*7V:C?1F~L<:ZDE)62
?1:<;5)62N)9, ;5)9H�Æ<?B2Nh<o6)9:_DE24L<,[HM'I;5)9:_D8'*�Co9'*)628D%'-HED6q
uG:<;5)628)�?1F-Hw;C'*)UÆC?B28hy)�)628o6)9L571)9:<;5)R®y)9:_DE28)9:­JV;<'*)�;<L52N\43|;<?1H~S%F*)9'-\435)9:|)6hy)9:5fg?1FIF-Hjo9LC,65w)62NH8\43_KM'I:�Q
;5)9: 71)6h<2N?1\N3ZD�KRL52N;5)9:rJyDE2N?B71)9:�0�Gy)9:_hC?B2n:<'-\43_D@o9L<2�º¼?1L5fg71)9FTi0VHEDE)9:�¾@�MY`Ay)628f�)9'I:<HEDE2NL5k`D8L52thy)9'Âqr{}352
5w012N3<?1:C;5)9:<HE)9'-:z'IHED�HEAy)6k`L<FI?BD8'*.�L<:<;^f4iL52�;<?1H�&+)9'*DE)62N)x0V3<:5)¯SU)9F-?1:575q�uGL5fg712NL<:<; ;5)62[hy)9H8H8)628)9:



� À �����	��

������������������� 

�"!$#&%('�)*%��,+-���/.*�&#0#�
�!1��),�2�"�	.435
��6��!�

���/78%9
6���:3��;#

Magnetfeld [mT]

325 330 335 340 345

S
ig

n
al

h
öh

e 
[a

.u
.]

-2

-1

0

1

2

gebleicht
ungebleicht
Differenz

uRh<hC'IF-;<L<:57 
ZqìÀ`²�� ��!s+5�P���s'�) .,��! � �����t�5�9����
�!d��� ��� �:��!/+,�2���P���s'�),

�"� %��	. ��� �:�"! %��,+,�2���P���s'�),
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#�
�!1��)*�2�"�	.435
��6��!�

��� � �s7L%9
6���	3�� �	!Z3 �$�

uGL��Ði0VHNL<:57@;5)62U��As)6k`DE28)9:�KRL52N;5)9:�;<'-)�f�0VF-71)9:<;5)9:[�%����QT]G:_DE)624H8L<\N3`L<:571)9:�?1L5fs71)6hCF*)9'-\43_DE)�@~2801hy)9:
2N)9;<L5o9'*)628D6q
{�, �5'-:<:5)p)9'-:5)62p��Y`HEDE)9,c?BD8'-H8'*)62NLC:57P;<)9H 5w)6287VF*)9'-\43<H[o9L#;5)9,�\N3<)9,['-H8\43#;501D8'*)62NDE)9,�db?BDE)624'-?1F

KRL52N;5)U?1L<\N3|O Í ÌRQ«.1)62NHE)6DEo6DE)9H�OMQTS%L5D8?1:<0VF�hs)9H8DE2N?13<F*D6qB�U����QTd�)9HNH8L<:571)9:nHE0VF-F*DE)9:no6)9'*71)9:­JÄ'-:ZKM'*)6KU)9'*D)9'I:5)x�M?1;<'-kÄ?1F*AC280`;CL5kZD8'-0V:�'-,�o9L571)9HE)6DEo6DE)9:�&�?1H8HE)62pHED8?BDED}��:<;5)6D6qUOt?1Hp�`Ay)6k`DE2NL<,�;<'*)9H8)62 @~2801hy)
o6)9'-71D�k1)9'-:5)G�R'I:_KU)9'-HE)M?1L<fy�R?1;<'*kB?1F*)�.10V, I�Y`A�ÌWO · L<:<;['-, 5w)6287VF*)9'-\43co9Lc)9'-:5)62UL<:571)6Kvi?1H8H8)628DE)9:
@�2801hy)GFI?1H8HE)9:¯H8'-\43pk1)9'-:5)t712NL<:<;CF*)671)9:<;5)9:p]R:ZDE)62NH8\43<'*)9;5)Wfg)9HED8HEDE)9FIF*)9:+ºg.Z7VFÂq5uRh<h­q3
Zq��V¾4qC��'-:5)G&�?1H}Q
H8)628o9L57V?Bhy)vo9L<2t, i017VF-'-\N3<)9:��`D8?Bh�'-F-'-H8'-)62NL<:57�;5)62W?1,�0128A�35)9:���DE2NL5k`D8L52|º¼HN'*)935)|=@?BAC'*DE)9F�O5q��`qPM¬¾äkÄ?1:C:
;C?1,['*D~)628fg0VF*71)9:rJZ0V3<:5)M;C?1H8H�,c'*D~)9'-:5)62�712NL<:<;CH¬i?BDEo9F-'-\435)9: iuG:<;5)62NL<:<7@;5)62U�R?1;<'*kB?1F*hC'-FI;<L<:57G'-,�dP?ÄQ
DE)624'-?1Fy71)628)9\N3C:5)6DMKU)62N;5)9:x,nL<H8H9q
{},�S%L5D8?1:50VFª)�H5'-HED8'*)62N)9:+,['*DW;5)62vÈ�QTORQML<:<;�;5)62vÌGQTOMQTS%'-:C;<L<:57¯OG)9L5DE)6280V:5)9:­J­;<'*)�:<'-\43_Dt7VF*)9'-\43�Q
KU)628D8'*7p'-:<:5)6243<?1F*h¯;5)9HMdb0VF*)6k�iL<F-HM71)6hCL<:<;5)9:�H8'-:<;rq5{}:ZKM'*)6KU)9'*DM;<'*)|ÌtORQyFG2NL5A<Ay)@��'-:���L<HNH�?1L5fw;<?1H
)9:ZD8HEDE)935)9:C;5)M�`Ay)6kZDE2NLC,a3<?BD6JBKML<2N;5)%;<L52N\43vSU)9HEDE2N?13CF-L<:57G.10V:|DE)9'-F-;5)9L<DE)62N'*)628DE)9,³S%L5D8?1:50VFrº«È Ê O Ï Q
ÌW�t¾%iL5hy)628A<2ViL5fgD6q9Ot?1Hª�U����Q��`Ay)6kZDE2NLC,�;<'*)9HE)62K@~2N01hs)�'-HED�'I:�uRh<h­q�
Zq Ot;5)9,a;<)62�hy)9HEDE2N?13CF*DE)9:nÈUÊ6OtÏlQ
ÌWOÃiL<hs)624F-?B71)628D6q
��'-:¯H8'*7V:C'm�CkB?1:_DE)62M]G:ZDE)62NH8\N3C'*)9;�'-H8D�:<'-\N3ZD�o9L�)628k1)9:<:5)9:rJ<H80�;<?1H8HM'-, Æ<?1F-F-)@)9'-:5)62M��28o6)9L57VL<:<7[.10V:
�R?1;<'*kB?1F*)9:�;<)9H�I�YZA�HUº ÉÈ Ê O Ë ¾Î¸nÌtO#;<?1H�HN?1L5)62NHEDE0�Gy71)6hCL<:<;<)9:5)�&�?1HNHE)62NHEDE0�Gr?BDE0V, k1)9'-:5)9:n��'I:���L<H8H
?1L<fÐ;<'-)�º¼?1L<f�71)9F i0VH8DE)Î¾��GÆw�`Q��`DE2NL5k`D8L52�3 i?BDEDE)1q
5w)6287VF*)9'-\435)9:<;5)^]R:ZDE)62NH8LC\N3`L<:571)9: L<:ZDE)62+?1:<;5)628)9,�?1:³��F*)6k`DE280V:5)9:5Q«hs)9H8DE2N?13<F*DE)9,�d�)6D83C?1:50VFÂJ

@�2801AC?1:50VFUL<:<; S%L5D8?1:50VF%3<?Bhy)9:�)62871)6hy)9:rJw;<?1H8HnH8'-\N3^,['-Dn350V3<)62n&�?13<2NH8\N3<)9'-:<F-'-\435k1)9'*Dn�M?1;<'*kB?1F*)
.10V,UI�Y`A É�#¸ Ìt��'-:¯;<'*)9HE)9:¯uGF*k10V350VF-)9:¯hC'-F-;<)9: B uGF*7 ���rE q
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��� � �s7L%9
6���	3��2� � �6�0��� �,+,� 
�!1��+,���
� ����1���)*�2�"� �(% $ $ ��!&�s�"!Z�"� $ �3 +5� �s'�)�� � &W� � � � �(�6��� �6#��6�&)����	���4
 � �>(�3 �����>( �6+-��� .*�"!	� � ����!d���	
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��s3�� .*��#0�5�9� ��
�!�% $ #�� ��( �"�]� # ��� ��1 ��)*�P�������*��! �"�]� ��! � &W� � � �]� �s�.��%4+-�d3�!Z.��:� 
�( � !Z.4�

Ft?1,[,[?ÄQTSU)9HEDE2N?13CF-L<:57�.10V:�.1)62NH8\N3C'*)9;5)9:WDE)9'-FI;5)9L5DE)62N'*)62NDE)9:Wd�)6D83<?1:<0VF*)9:@L<:<;W��D83<?1:50VF*)9: BÕ®�� ���rE
fliL<352NDE)U)6hy)9:5f¼?1F-F-HÐo9L�;5)9,���\N3CF-L<H8H6J1;<?1HNH~;5)62A5w)62NFIL<HEDw)9'-:5)9H�È�?B28hy0V:_Y�FmQ«&�?1H8HE)624HEDE0�Gy?BDE0V,cH�;<'-)%�R?ÄQ
;C'*kÄ?1F-hC'-F-;<LC:57@;50V,['-:C'*)628D6q�{�:̄ ;<)9, DE)9'-F-;5)9L<DE)62N'*)628DE)9:/MlQTS%L5D8?1:50VFªÈ�<ÅO��9È%� Í Ìt�ak10V:<:ZDE)�;<'*)@�R?1;<'mQkB?1F-HEDE24L5kZD8L<2nÈ�<ÅO��1º ÉÈ%�t¾EÌW� )9'I:<;5)9L5D8'*7x'I;5)9:_D8'*�Co9'*)628DWKU)62N;5)9: Ê BnFG0Z) E qÐOt?b;<'-)[\N35)9,['IH8\N35)9: S%'-:�Q
;CL<:571)9:v.10V:��µL<:<;nO�HN'-\N3|:<'-\43_DªL<:ZDE)62NH8\435)9'-;5)9:nHE0VF-F*DE)9:­JÎK iL<2N;5)�;C'*)9H�?1L<fC;<?1Hª.10VF-F-H8D i?1:<;<'*7G;5)9L5DE)ÅQ
24'*)628DE)�S%L5D8?1:50VF�iL5hy)628DE2N?B71)9:�hy)9;5)9L5DE)9:rJC;C?1H8HM,['-DR;5)62GS�)9H8DE2N?13<F-L<:<7c3<?1L5A<D8HÎi ?1\N3<F-'I\N3�OG)9L5DE)62N0V:5)9:
;<)9H
	jQ�È�QTu%DE0V,[H9J~;rqÕ3rq�;<)9Hn3ZY�;5280 H�Y�F*712NL5A<Ay)9:<:�i?1\N3<HEDE)9:�\lQTu%DE0V,[H6Jw)9:ZDEf�)624:_D|KU)62N;5)9:rqÐ{�:ZKM'*)6KU)9'*D
HN'-\N3 ;<?1Hn71)6o6)9'*71DE)b�̀ Ay)6k̀ DE2NL<, ?1LCHn�R?1;<'*kB?1F*)9: ;5)62nS%L5D8?1:<0VF-'-HE0V,�)62N)�0�;5)62|uR;<;C'*D8'*0V:�.10V:zÆ<2N?B7BQ
,[)9:_DE2N?1;C'*kÄ?1F-)9:�o9LCH8?1,[,�)9:<H8)6DEo6D6J~FTi ?1H8HED�H8'-\43z?1L5fg712NL<:<;̂ ;5)62�;<L524\N3571)6f4iL<3528DE)9:̂ db)9H8H8L<:<71)9:z:<'-\N3ZD
HN?B71)9:rq̀ uGL<HU;5)62%�RÆ~�ZQ��̀ DE24L5kZD8L<2�'-:[uRh<h­q�
Zq � F-?1H8H8)9:�H8'I\N3p,['-:<;5)9H8DE)9:<H~H8'*)6hy)9:��RÆ~�ZQ���'-:<'*)9:�)62Nk1)9:�Q
:<)9:rJ<;<'*)W;5)62�&+)9\43<HE)9F*KR'*28k�L<:57�)9'-:5)9H���F*)6k̀ DE280V:<H�,['-D�;528)9' i?��̀ L<'*.B?1F*)9:_D�71)6h�L<:<;5)9:5)9:̄ OG)9L5DE)62N0V:5)9:
)9:ZD8HEA<24'-\N3ZD6q��~.1)9:ZD8L5)9F-FMkyi0V:C:5)9:µ:50�\N3#K�)9'*DE)62N)��j'I:<'*)9:z'-:ZDE)628A<28)6D8'-)628D�K�)624;5)9:aºg)9'-:<71)6k̀ F-?1,c,�)628DE)
®r?13<F�¾4Jw;<'*)̄ ?1L5fg712NL<:<;̂ ;5)62�.1)62N7VF*)9'-\N3CHEK�)9'IHE)xH8\N3CF*)9\N3ZDE)9:#uGL��Ði 0VH8LC:57+;5)9Hc�̀ Ay)6kZDE24L<,[H|:<'-\43_D�0�;5)62
:̀ L52nH8\N3<F-)9\N3ZD|HN'-\N3ZDEhC?B2|H8'-:<;rqªÌGh )9H|H8'-\43�;C?Bhs)9'�;<?1:<:�L<, ;<)9: ��'I:���L<H8H@K�)9'*DE)62N)62|OG)9L5DE)62N0V:5)9:
3C?1:<;5)9F*D6J50�;5)62�01hPH8'*)�'-3<28)9:̄ ]M24HEA<2NL<:<7|'I:xL<:ZDE)62NH8\N3C'*)9;<F-'-\435)9:̄ =W01A<A�F-L<:57VHEk10V:CHED8?1:_DE)9:�;5)62�hy)6DE)9'mQ
FI'*71DE)9:µ=W)62N:<)�3<?Bhy)9:rJ~,+iL<HNHE)9:̂ K�)9'-DE)628)bdb)9H8H8L<:<71)9:#?1:#HN\N3ZKvi ?1\N35)62�;501D8'*)62NDE)9:D@~2N01hs)9:̂ o6)9'-71)9:rJ
hy)9'Ð;5)9:5)9:P;<'*)9HE)|� Gy)6k̀ DE)|:C'-\N3ZDG;CL52N\N3P350V35)|�M?1;C'*kÄ?1FI;<'-\N3ZDE)9:̂ º¼L<:<;P;<?1,['*Dt350V35)62@��'*7V:<?1FIHED i?B28k1)Î¾
.1)624;5)9\8k̀ DMKU)62N;5)9:rq
��'*)6hy)9:v�GÆ~�ZQ��j'I:<'*)9:nKvi?B28)9:|.1)628DE2Äi?B7VF-'-\N3c,['*Dª)9'-:5)9, �R?1;<'*kB?1F̀ ;<)62~Æ5012N, È%O=<¬È Í OGÊ ÉÈ%O@ÌtOnqVOt'*)uGL<HEo6)9'I\N3<:̀ L<:57�;<'-)9HE)62[,�0VF*)6k�L<F-?B28)9:�@Ð0VH8'-D8'*0V:z71)671)9:wi L5hy)62�)9'-:5)62[?1:<;5)62N)9:rJ~3<?BDcHE)9'I:5)x,�i017VF-'-\435)
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