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a`W�\ ¤�Ä a`W�_b��abdr_bcÅZe_`Xb¾x[�j,heWtwxdr\=[zya�{[�W
f,_¢\ U} c,dr\�WYX¨� u [�f,he[�f,WYX?«?ÆÈÇÉabWY\ �Y�7_7Z�[�\^] U_b\abWY\ ¤�³ a`W�_b�,a`dr_bc�Z�_`X �� «/dr� u he[ Â~� ¥ \=W�XIZ�he[�Wo_`hIheWo\ U_`f,dgWi� u [�f,h U[�Z�dga`W��ËÊ¢ÌVÍv�
_bc�Z�he_�WoXIdrc�[��?he_ba`_b],drf,W_^W4XIdrc�[��GZ�he[�c,Xe\�dgZedrf,W=j�[�he[iWYX�Z�h`»_`X�\ U_bZ�W�f,WYX
a`WYc,XIdrf,_bh�[�f~WYX �^¹ _bheheWo\ U_`f~drWi� u [�f~h U[�Zedra`WpqWYd²�tÎ � Ä�Ä f,ªÏj�[�h�[4W����¬Z�hIW�f~_ T�½ � u dgXIZ`�¢� ¥ � ��Ðof�ª-j�[�he[�[4_`X!Z�h u Z u he[�f,_=«�[�hehIW�ÀÑ\�Wxf,dÒ��a`[�f�[~�£�tÎ � Ä�Ó f�ªÔ_�� · � Î ³ f�ªÔj�[�h�[4[4[�j,hIWtw~dg\�[Õya�{[�WoÖG×�«?ÆÈÇØabWY\Ù����_ ¤�³ a`W�_b��abdr_`c�Ze_`X`�hI_`XejÕ_`a�Z�d¬s�[�\=_bcÅZe_ �
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úMD�ú ß¿J£S c a NOg6[\XYRTXYN ß¿J£S c ` V/RTLO[ J£UYR aT _`XIZ�[VXe_�ya�{[�W¿[�j,he_bXe_bcÅZ�[�\�WYX^[4a`WY\�j,�g_�wxdrf�[�f,_=abWY\�j u Z:[�a`drW�c�[��£f,WVª¡[�c,abWVf,_�«?dr�ÒZeheWYX¢a`WY\ � Z�he[�XeWYX�«�he[�a`dgWYc U[�hIdrWYX|��àâáIã�ä�å�®�¯mæÕã�ç,è^é�ç¬ã�ê�à£®ëç�åÈé�á|ì%ã�æ~ím�~«�±�«?ª²���Å\�_`f,dgf�[�a`W�\=WWic Uu \=_bheWif,_�\ u �gZedrj,�gdra`[zya�{WY_bX�jzWYh�[�\=W�XIZ�he[�f,_^_bc�Z�h�[�f�[ic,Wo]�[�c~a`Wof,_^���¬Z�hIWYX
f,_^[�c U[��gdrXe_ �î WY\�WVW�c Uu \=_bheWVf~_i\ u �¬Z�drj~�rdra`[zya�{W�_`X U_iW¿\�_`XI\=W¿j,[�h�[¿[�\^]zW�X�WYX^],[�c,a`W�X^f,_����¬Z�hIWYX�f,_[�c U[��rdgXe_v_^X U} cÅZe_`XI_��¨[�jÕ_`c�[�X�Wi]�[�c~a`Wof,_��,�gZ�hIWYX
f~_�[�c U[��gdrXI_�Xe_bh U[iabWYc,Xedgf,_`he[�f,W ��� [�h�[iW�f,_�XI_`c�sYWY�¬s�dr\�_`c�Z�W,��[�XIX u \�drhI_`\�WYX£� u _%[v\ u �gZedrj,�gdrat[Õya�{[�W|f,_ u \ïc Uu \�_`hIWvhI_t[���jÕWYh u \Øc Uu \=_bheWabWY\=j~�r_�wxWvc,_`ab_`XIXedgZ�[�[�jÕ_`c�[�XLf,_|f u [�X¢\ u �gZedrj,�gdra`[zya�{WY_bX£he_`[�drXL_|� u _ u \�[v«�«?ðñf,_ µ [�\=W�X!Zeh�[�X%c,_`ab_`XIXedgZ�[�f,_ c ò �gWY� ò µ \ u �gZedrj,�gdrat[Õya�{WY_bX¡a`WY\�j,�g_�w~[�X � � a`W�\=j,�g_�wxdrf,[�f,_va`WY\�j u Z�[�a`dgW�c�[�� U_�at[��ga u �r[�f�[^a`W�\=W�Xe_b� u _�¼� �%óbô²ô²õ ö
qÈ÷�÷~ø ¶ ¤µ h � µ ¤ �rWY� ò µ � ¶ �rWY� ò µ �ËÎ � ¤Y¤ �W�c,f,_ µ U_�W=c Uu \�_`hIW�f,_�X u ]��]�[�c~f�[�X �¤ �|ù�ú¸û�ü�ý`þÕý�ôÿû�ü����Ëþ����ü,û��ËþÕý ö

(
	��� ¶ µ ÷�� ÷��µ �ËÎ � ¤ Î��W�c,f,_ µ ÷�� ÷�� U_�W�abWY\�j,hedg\=_bcÅZeW�f,W����gZeheW�j,hIW�Z UW�ZedrjÕW��q���¬Z�hIW�f,_ T%½ � u drX!Z�� �¹ c Uu \�_`heW^ZeW�Z:[�� f,_�\ u �¬Z�drj~�rdra`[zya�{W�_`X7jÕWYh�[�\�WYX!Z�h�[�f,_�_bcÅZeh�[�f,[ U_ö
÷�� ÷�� ¶

ö
qÈ÷�÷~ø e

ö
(
	��� ¶ �gWY� ò µ e µ ÷�� ÷��µ �ËÎ � ¤ �Å�� [�h�[%_bpq_bdgZ�W|f,_7abWY\�j�[�h�[Õya�{[�W,�mW
c Uu \=_bheW%f,_7\ u �gZ�dgj,�rdgat[zya�{WY_`XÿjÕWYh/[�\�WYXIZeh�[|f~_7_`c�Zeh�[�f�[_b\ u \º],[�c,a`W�f,_����¬Z�heW�X u X�[�c~f,W����Yå�é�æ���é���� ã�����é����,áIã�æ��! t¯má#"$�=�ËÊLÖ�ð%� U_&% ·('ö

)�* ø ¶ �¤ � ¤,+ e �rW�� ò µ e Î�� �ËÎ � ¤Y¥ �W�c,f,_ + U_)W�pË[�Z�W�h|f,_�XeWY],hI_`jÕWYXed!ya�{[�W�_^he_b��[�abdrWYc�[��Xe_va`W�\�W�a`WY\�j,hedg\=_bc�Z�W�f~W����gZeheWj~heW�Z UW�Z�dgjzWBjzWYh µ )�* ø ¶ ¤(+ µB�ï� [�h�[nWÚ«�±�«?ª�Z:[�\^] U_`\ U_VjzWYXIX U} sY_`��_�wxj,he_bXeX�[�hW�abWY\�j,hedg\=_bcÅZeW�f,W����gZeheW�j,hIW�Z UW�Z�drjÕW¿abWY\=W µ ÷�� ÷�� ¶ ¤,+ µ �¢_��ËÎ � ¤ �Å�)jÕWxf~_oXe_`hhI_`_bXea`hIdgZ�[�abWY\�W ö
÷�� ÷�� ¶ �rWY� ò µ e ¤,+ µµ ¶ �rWY� ò µ e ¤,+ �ËÎ � ¤�Ä �¤ Ð



� «/dr� u he[�Î � Ä \�WYXIZeh�[�[�h�[,-�{[�W
ö
÷�� ÷��/.

ö
)�* ø _`\ p u c/ya�{[�W�f,_ µ j�[�h�[�f,d¬pq_`he_bc�Z�_`Xs�[��gWYhe_bX�f,_ + � � ð/[�]z_b��[�Î � ��\=WYX!Z�he[�WYX£s�[��rWYhI_`X£f,_

ö
÷�� ÷�� _

ö
)�* ø j,[�h�[�f,d¬pq_`he_bc�Z�_`Xs�[��gWYhe_bX²f,_ µ _ + �
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«?dg� u he[ Î � Ä ¼kÇ%[,-�{[�Wk_`c�Zehe_�Wnc Uu \�_`hIWkf,_�\ u �¬Z�dgj,�rdgat[zya�{WY_`X�jÕWYhiX U} \^]ÕWY�rWBf,_¿_`c�Zeh�[�f�[nf,W«�±�«?ªS_)[�Ê°Öxð _`\ºp u c/ya�{[�W�f,_ µ j�[�he[�f~dgpq_`hI_`c�Z�_bX%s�[��gWYhe_bX²f,_ + �
ú�0YX Z21436587:9�;=<?>@3BADCFEG1IHKJML 14NO96;=JM3¹ X�he_`X u �gZ�[�f,WYX�_�wxjÕ_`hIdr\�_`c�Z:[�dgX�[�j,he_bXe_bcÅZ�[�f,WYX c,_`X!Z:[ XI_xya�{[�W#a`W�c,XedgXIZ�_b\ f,_ u \�[\ U_`f,dr[)f,_�� ³ W u ¤�³ Z�he[�c,Xe\�drXIX`{WY_bX`�,a`[�f�[ u \�[�_bc�sYWY�¬sY_`c~f,W ÄY³Y³ ],d¬Z�X¢jzWYh¢X u ]��at[�c�[�� �°� [�h�[W�«?±�«�ª
�mW�Xedrc,[��~_b\Ña`[�f�[�]�[�c~f�[ U_¡_`� u [��rdP-`[�f,W�jÕWYh u \Ï���¬Z�hIW�[�f�[�jxZ:[�ZedgsYW
f,W�Z�dgjzWRQ�é:ä�S�á#T
��®VU�éW�Géeã���åYX[ZMS~ã�á:é\����Ç%Ö/×~�M%�� Ä(' �,_�j�[�he[�W�ª7[�c,a`W�f,_v«?dg�gZeheWYX¢jzWYh²Ì�Wxf u ��[zya�{[�W�f,_ î WYXIXe_bc,W��]¢¯^��®ëæâé`_�¯M�,Sxç¬ã�å�é���à°®ëç�å�é�á�ì|ã�æ~ím� î ÌV«�ª¡��W�XIdrc�[��7_`\Ùa`[�f�[�]�[�c,f,[ U_o_b� u [��rda-t[�f,W�jÕWYhu \�_b� u [��rda-t[�f~WYh=f~_¿Ì Uu �¬Z�dgj,��[�X�Ê£c�Z�he[�f�[�X=_�Ì Uu �¬Z�dgj,��[�X�×~[ U} f,[�X¿�b_?S�ç�åË®c�Õçréed�æ,��Sxå4_fSxç�åË®VT�Õçré`ghS�åi��S�åË� Ì�Æ!Ì ¹ �j%���Ð ' � u _ u Z�dr�gdP-`[^drc~pqWYhI\�[Õya�{[�W�XeW�],he_)[�X u ]x ]�[�c,f�[=f,_)dgc�Z�_`hI_`XIXe_�_)[�Xf u [�X|X u ]x ]�[�c,f�[�X|s�dP-bdrclk�[�X � ± u [�X%a`W�c~��� u he[zya�{W�_`X�Xb{[�W�abWYc,Xedgf,_`he[�f�[�X%j�[�he[=W=_`� u [��gdP-t[�f,WYhÌ�Æ!Ì ¹ f,W î ÌV«?ª
¼ ÎiabWx_���a`dg_`c�Z�_bXvjÕWYh|at[�c�[����qZeW�Z:[��Gf,_ Ó abWx_���a`dg_`c�Z�_bX:�
_ Ó a`W�_b�,a`dr_bc�Z�_`XjÕWYh�a`[�c�[��¨�ëZ�W�Z�[��,f,_ ¤ Ð�abWx_���a`dg_`c�Z�_bX:� �L¹ \�Wxf~_`�rW�f~_²at[�c�[�� U_ u \=[v[�j,heWtwxdr\=[zya�{[�W�«?ÆÈÇñabWY\¤�·



ð/[�]Õ_`��[�Î � �Y¼6mL[��gWYhe_bX²f,_
ö
÷�� ÷�� _

ö
)�* ø j�[�h�[�f,dgpq_bhe_`c�Ze_`X²s�[��rWYhI_`X²f,_ µ _ +T «�±�«?ª Ê°Öxð+ ¶ ¥ + ¶ � ³ + ¶ ¥ + ¶ � ³Î ¤ � ¥ ¤Y¥ Ó �t�Ä � � Ä ¤�Ä Ó � ¥ �t� � ¥� ¤�· �¸Ð ¤ Ð � ³ � ¥¤Y¥�Ä � · ¤�· � ³ � ¥ � ¥ � ¥

Ä�¤ abWx_���a`dg_`c�Z�_bX|f�[�hI_`XejÕWYX!Z:[�_`\ºpqhe_b�/nu »_`c,abd�[po
q �sr�� ¶ut(v�w ò�x y{z�|~}�x �{��� �a��� �ËÎ � ¤ ÐY�� «/dr� u he[�Î � Ð)\�WYXIZeh�[^[vZ:[mw~[^f,_�_bhehIWYX¡f,_�]~dgZ�� ì�®ëå��¢á�á:¯má�Q¡ã�å�é��,ª¡Ê°Ç|�7[��gat[�c?ya`[�f�[j�[�h�[^W�«�±�«�ªSdg\=j,�g_`\�_`c�Z:[�f,W^a`W�\M���¬Z�heW�f~_ T�½ � u drXIZ%abWY\ � ³�� � ��a`W�_b�,a`dr_bc�Z�_`X%j,hIWmlI_�Z�[�f,WYX u Xe[�c,f,W�[iZ U_ba`c,dgat[ Ý Ö/×Ú�(�¿é�®�����å�é����¨éeã���å�X[ZMS,ã�á�é\�m�
f~_`Xeabhed¬Z:[4_`\ %�� ·(' �ÿ_`X!Z�h u Z u he[f,_|«�[�hehIW¸ÀN\=W�f,d¬��at[�f,[�abWY\�� ¶ Î�_����gZeheWva`WY\ ¤�Ä a`W�_b��abdr_bcÅZe_`Xb�~_|[�j,heWtwxdr\=[zya�{[�WvÖ/×�«?ÆÈÇabWY\ ¤�³ abWx_���a`dg_`c�Z�_bX � � X�Xedg\ u �r[zya�{WY_bX¡a`W�\=j,hI_`_bc,f,_`\MZ�h�[�c,Xe\�drXIX`{WY_bX�[�Z�he[¸s U_bX%f~_ u \ºat[�c�[��abWY\ºh u U} f,W=[�f,d¬Z�dgs�W���[ u XIXed�[�c,W�_)abWY\ºdrc�Ze_`hIpq_bh`»_bc,a`dr[�f,_v]�[�c~f�[�_bXIZehe_`d¬Z:[�c�[�pqhI_`�/nu »_`c~a`d�[�f,_³��:¤�Ä�¥������ . ¤ �/WYc~f,_ ��� . ¤ U_�[�\=_�Z:[�f,_�f�[4pqhe_b�/nu »_bc,a`dr[�f~_i[�\�WYXIZeh�[���_`\ � � drc�Z�_bhIpq_bh`»_`c~a`d�[f,_|]�[�c,f,[�_`X!Z�he_bdgZ�[)jÕWYXeX u dâ�r[�he� u h�[�f,_
]�[�c,f�[�f,_ ³��:³ � �6� . ¤ _
abWY\ÁjzW�Zt»_`c,abd�[)Î ¥ f�ªS[�a`dr\=[f�[�jÕW�Zt»_bc,a`dr[�f,W=h u U} f~W�[�f,dgZedgs�W���[ u XIXed�[�c,W �¹ f~_`Xe_b\=jÕ_`c�k,W f,WB«�±�«�ª U_�[�j,hIWtw~dg\�[�f�[�\�_`c�Z�_oW�\=_bXe\�W�j�[�h�[�Z�W�f,WYX�WYX�Zeh`»_`X\ U_bZeWxf,W�Xÿf,_°j,heWmlI_�Z�W,�m_`XIjz_ba`dr[��r\�_`c�Z�_°j�[�h�[�[%_bXIZeh u Z u h�[�f,_¢«Õ[�heheW¸ÀB\=W�f,d¬��at[�f,[¡_LW%\ U_bZ�W�f,Wf,_�[�j,hIWtw~dg\�[Õya�{WY_bX�ÖG× «/ÆÈÇ �L� [�h�[ [�X=j,h UW�wxdr\=[�X�Xedg\ u ��[Õya�{WY_bX�abWYc,XIdrf,_bh�[�hI_`\�WYX=WBj,heW�lI_bZ�W]�[�Xe_t[�f,W=c~W��,�gZ�hIW�f,_ T%½ � u drX!Z|j,[�h�[�a`W�\=j�[�h�[zya�{[�W�a`WY\ºW î ÌV«?ª �� «?dr� u h�[ Î � · \�WYX!Z�h�[ [kª¡Ê°Ç�abWY\�j�[�h�[mZ�dgs�[�_`c�Z�hI_¿Wn«�±�«�ªM_VW î ÌV«?ªºj�[�h�[Zeh�[�c,XI\=dgXeXb{WY_`X²[mZ�h�[ts U_`X7f,_ u \ at[�c,[��âabWY\Mh u U} f~W�[��r_`[�Z UW�hedrWv��[ u XeXedr[�c,W^_
a`WY\ drc�Z�_bhIpq_bh`»_`c~a`d�[f,_�]�[�c,f�[o_`X!Z�he_bdgZ�[�[�f,drabdrWYc�[�� �^� [�h�[ u \ at[�c�[��£Xe_`\ drc�Z�_bhIpq_`h`»_`c,abd�[of,_�]�[�c~f�[�_bXIZehe_`d¬Z:[~�ÿW«�±�«?ªÔZe_`\�f,_bXe_b\=jÕ_`clk~W¿�rdg�Y_`dgh�[�\�_`c�Z�_�X u jÕ_`hIdrWYhv[�W î Ì4!Ì�Æ!Ì ¹  Ó ��� WYh U_`\��/XI_&k,W u sY_`h

�~���h�^�^�~���j������ �¡� #�����~¢s£¥¤c¡� \¦V¢s�W 4�h�§������ #¨K�~ #©,�:¢Y�^�ª£¥¤c«(�R«� #¨¬£¨ �¡�®�� :�^�4¯^£¤��c¤�°� ��^�M¢¬���±¢¥¤c¢s£¥�~�� �¢
²�³�´^µ�¶ �I·i��¤¹¸��~¡:£¤��c�h��¡M£¥�ª���~�^¤��^��«,���c��º�¨�#·!»½¼j #¨¾M¾§¯O¿À��¡�·i��¨b¢ ¶Áµ  �©(�:¨ #£(Â��¨¤c�$�^�ªÃÄ���c�~�����Å¯�¡�¤��� �®��Æ����¢ ¶Ç ¡�¤cÈ��~¨¢¥¤��� ��^�6�^�YÃÄ�~��¡����c��¸:¤c É�^�¬ÃÄ ��h«(�~¨¥� ¶ ÃÄ ��h«(�~¨¥� ¶�Ê ¤c¡��VË #¡���¤c �»
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«?dg� u he[
Î � Ðx¼/ª¡Ê°Ç j�[�he[
Z�he[�c,Xe\�drXIX`{WY_bX£[�Zeh�[ts U_`X£f,_ u \Ïat[�c�[��~abWY\Øh u U} f~W�[�f,d¬Z�dgs�W
��[ u XeXId�[�c,W_�a`W�\�drc�Ze_`hIpq_bh`»_bc,a`dr[�f,_�]�[�c,f�[�_`X!Z�he_bdgZ�[=[�f~dra`dgWYc�[�� �dgcÅZe_`h!pq_`h`»_bc,a`dr[�f,_^],[�c,f�[�_bXIZehe_`d¬Z:[~�zWif,_bXe_`\�jÕ_`clk,W4f,Wi«�±�«�ª j~drWYhe[=j�[�he[o× T ÇÑ\=[�drWYh�f,W� u _vÎ ³ f�ª
��\=[�c�Z�_bc,f,W� Xe_���a`WYc�Z u f,W,��X u jz_bhedrW�h|[�W î Ìo!Ì�Æ!Ì ¹ �Î �� X�«?dg� u he[�XvÎ � Ó �?Î � � ³ _�Î � ����\�WYXIZeh�[�\�[�Ç%[,-�{[�WV×xdgc�[��£Æ�c�Z�_bhIpq_`h`»_`c,abd�[ �{X�®���æÕã�ç£å�¯
d�æ�åÈé�áV té�á�é�æâä:é4Q¡ã�å�®�¯m� ×xÆÈÇ
��j�[�he[ u \Ãat[�c�[��GXe_`\�h u U} f,W�[�f,dgZedgs�W,��a`WY\Ãh u U} f,W�[�f,dgZedgs�W=��[ u X!XId�[�c,W�_ia`W�\´h u U} f~W�[�f,d¬Z�dgs�WV��[ u XeXId�[�c,W�_ih u U} f,W�f,_i]�[�c~f�[¿_`X!Z�he_bdgZ�[ � � jz_bX�[�h^f~W�«�±�«�ª[�j~he_`XI_`c�Z:[�h u \=[i×xÆÈÇ-]�[�dÒw~[~�zjÕWYXIX u d u \Ãf,_`XI_`\�jz_bclk,Wo_b\ÃZe_`hI\=WYX|f,_^ª7ÊLÇ-a`W�\=j�[�h U[�s�_`�[�W�WY]xZ�drf~W�a`WY\ºW î ÌV«?ª a`W�\�_`� u [��rdP-`[�f,WYh%Ì�Æ!Ì ¹^�� [�h�[Vs�_`hed¬��at[�h^Xe_o[�X^X u ]��]�[�c~f�[�X�_`X!Zt{[�W�[�j,heWtwxdr\=[�f�[�\�_`c�Ze_=WYh!Z�WY��WYc�[�dgX�W u câ{[�W,�W�_`� u [��gdP-t[�f,WYh�Ì�Æ!Ì ¹ pqWYd u Z�dg�rdP-`[�f,W4a`W�\´W¿«�±�«�ª-a`WY\ Î�a`[�c�[�dgX�_ Ó a`W�_b��abdr_bcÅZe_`X^jÕWYha`[�c�[��G�ëZ�W�Z�[���f,_ ¤ Ð�abWx_���a`dg_`c�Z�_bX:� � � «?dg� u he[�Î � � ¤ \�WYXIZeh�[v[)ª7ÊLÇSj,[�h�[�f,dgpq_bhe_bcÅZe_`X°s�[��rWYhI_`Xf,_�× T Ç-_vj�[�he[�Zeh�[�c~Xe\�drXeXb{WY_`X|[�Zeh�[ts U_`X%f,_ u \ a`[�c�[��¨abWY\ h u U} f,W���[ u XIXedr[�c,W�_va`W�\ drc�Z�_bh!pq_bh`»_`c~a`d�[�f,_�],[�c,f�[�_`XIZehe_bdgZ:[�[�f,dga`drW�c�[�� ��� [�he[�W�at[�c�[��¢abWY\�h u U} f,WV�Y[ u XeXId�[�c~W¿[�jÕ_`c�[�X`�?Wf,_bXe_b\=jÕ_`clk~W�f~W�_`� u [��gdP-t[�f,WYh7Ì�Æ!Ì ¹ _�f~W^_`� u [��gdP-`[�f,WYh¢� u _ u Z�dg�rdP-`[�[�jÕ_`c,[�X¡drcxpqWYhe\=[zya�{W�_`Xf�[=X u ]x ]�[�c,f,[if,_`XI_Èle[�f�[ U_)j,h�[mZ�dra`[�\�_`c�Z�_�[�\=_bXe\=[ ��� WYh U_b\��zXe_^dgc�Z�_`h!pq_`h`»_`c,abd�[�f,_�]�[�c,f�[

Î ³



5 10 15 20 25 30 35 40 45 50
10−3

10−2

10−1

100

SNR, dB

B
E

R

FDFB       
CM − MIMO 3
CM − MIMO 9

canal+ruído gaussiano

canal+ruído gaussiano+
+interferência de banda estreita

«?dg� u he[)Î � · ¼£ª7ÊLÇRj�[�he[)Z�he[�c,XI\=dgXeX`{W�_`X¡[mZ�h�[ts U_`X7f,_ u \Áat[�c�[��Õa`WY\ h u U} f,W��Y[ u XeXId�[�c~W�_�abWY\dgcÅZe_`h!pq_`h`»_bc,a`dr[�f,_�]�[�c,f�[�_`X!Z�hI_`dgZ�[�[�f,drabdrWYc,[�� �_bXIZ�hI_`d¬Z:[�_bXIZ�d¬sY_bh�j,he_bXe_bcÅZe_�� W�a`WY\�jzW�hIZ:[�\=_bcÅZeW U_)]�[�XIZ�[�c�Z�_^f~dgpq_`hI_`c�Z�_�� a`W�\�W�_`� u [��gdP-t[�f,WYhÌ�Æ!Ì ¹ [�j,hI_`Xe_bc�Z:[�c,f~W u \ºf~_`Xe_b\=jÕ_`c�k,W�j,dgWYh¡j�[�h�[�× T ÇÔ[�a`dr\=[^f,_ ¤Y¥ f�ª �
Ì�0#Í ßÎ>@N8Ï�7§583�Ð;R>T _`XIZe_|a`[�j U} Z u �gW�\=WYX!Z�he[�\=W�X u \�[�[�]ÕWYhIf�[��Y_b\ï[��¬Z�_`hIc�[�Zedgs�[�j�[�he[)[�dr\�j,�g_`\�_`c�Z:[zya�{[�Wf,_�XIdrX!Z�_`\=[�X�± Ý Ì�ðØ],[�Xe_`[�f,WYX�_`\ ]�[�c,abWYX�f,_^���gZeheWYX�abWY\Þ[mZ�h�[�XeWYX�pqhe[�a`dgWYc U[�hIdrWYX^��àâáeã�ä�TåË®�¯mæÕã�çGè^é�ç¬ã�êià°®ëç�å�é�á�ì|ã�æ~í^���¨«�±�«?ª²� � � j,�gdrat[�\=WYX|W4]�[�c,abW�f,_����¬Z�hIWYX�j,hIWYjzW�XIZ�W4jÕWYh@%��¸Î 'c�[�abWYc~��� u h�[zya�{[�W�f,_¡Z�he[�c,Xe\ u �gZedrj,�g_�w~[�f,WYh?_²he_t[��rdP-`[�\�WYX?XIdr\ u �r[zya�{W�_`X�_b\ïa`WY\�j u Z�[�f,WYh?j�[�h�[s�_`hed¬��at[�h/W%Xe_ u f,_`XI_`\�jz_bclk,W � � XGXedg\ u ��[Õya�{WY_bX¨pqW�h�[�\#hI_t[��gdP-`[�f�[�X¨a`W�c,Xedgf,_`he[�c,f,W u \Ô\=W�f,_b�rWf,_�at[�c�[�� u Z�dg�rda-t[�f,W4_b\ Zeh�[�c~Xe\�drXeXb{WY_`X)[�Zeh�[ts U_`X�f~_�at[�]zWYXvf,_=j�[�h�Z�he[�c?yat[�f,WV_b\´XIdrX!Z�_`\=[�Xw~±�×~Ö � Í u [�c~f,W=abWY\�j�[�h�[�f�[�abWY\ [�dr\�j,�r_b\=_bcÅZ�[zya�{[�W�]�[�Xe_`[�f�[�_`\ ]�[�c~a`WYX%f,_����gZeheWYX²\�W�f u ��[�f,W�XvjÕWYh�a`W�XeXe_bc,W,�?[4Z U_`a`c~drat[�j,heW�jzWYX!Z:[�[�j,hI_`Xe_bc�Z:[V\�_`�ak,WYh�f,_bXe_`\�jÕ_`clk,W�_`\ÞZe_`he\�WYXf,_oZ�[mw~[�f,_�_`hIheW�f,_�],dgZ`�¢j�[�hIZ�dga u �r[�he\�_`c�Ze_oj�[�h�[�he_b��[zya�{WY_`X�XIdrc�[��²h u U} f~W�],[�d¬w~[�X�_4at[�c,[�drX[��¬Z:[�\�_`c�Ze_|XI_`�r_�Z�d¬sYWYX � Ê°XIX�[�\�_`�Pk~WYh�[ U_
WY]~Zedrf�[)[�W^a u XIZeW�f,_ u \ �rdg�Y_`dgheW)[ u \�_`c�Z�W^c,[�a`WY\�Î~�
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«?dg� u he[kÎ � �Y�Y¼Ú×xÆÈÇ j�[�h�[ u \ at[�c,[���a`W�\ h u U} f,WÚ[�f~dgZ�d¬sYWn��[ u XeXId�[�c,Wn_�h u U} f~Wnf,_�]�[�c,f�[_bXIZ�hI_`d¬Z:[ �j,�g_�wxdrf,[�f,_
abWY\�j u Z:[�a`drW�c�[��Õf,W^]�[�c~a`W�f,_
���¬Z�hIWYX`��a`WY\�jÕ_`c,Xe[�f,W�jÕ_`�rW�a U[��ga u �gW^\�[�drXLXedr\�j,�g_`Xf,W�X%_b� u [��rda-t[�f~WYhe_bX �¹ f~_`Xe_b\=jÕ_`c�k,W)f~W)XIdrXIZe_`\=[�]�[�Xe_`[�f,W)_`\ «�±�«?ªÚf~_`jÕ_`c,f,_%f,_ u \=[�]zW�[�Xe_bj�[�he[zya�{[�Wf�[�X?X u ]x�]�[�c,f�[�Xb�YW�� u _¡XIWY\=_bc�Z�_7jÕW�f,_7XI_`h?W�]~Z�dgf,W
XI_hk,W u s�_`h u \�[%]zW�[|[�j,hIW¸wxdg\�[zya�{[�W%j�[�h�[WYX�[mZ�h�[�XeWYX�pqh�[�a`drW�c U[�hedgWYX �=Ñ Z�dg�rda-t[�c,f~W����gZeheWYX�«/ÆÈÇØc {[�W U_�jzWYXIX U} sY_`�£W�]~Z�_bh u \�[ohe_`[��rda-t[zya�{[�W[�a u h�[�f�[if,WYX�[�Zeh�[�XIWYX
pqhe[�a`dgWYc U[�hIdrWYX|j�[�h�[�ZeWxf,[i[o]�[�c,f�[if~_^pqhe_`�Ànu »_bc,a`dr[�X � ÖÿWY�YW,� Wo],[�c,a`Wf,_4���¬Z�heW�X�W�]~Z�dgf,WBcâ{[�W jÕWYXeX u d%\�[�dgX�[Ba`[�h�[�a�Z�_bh U} X!Z�dgat[�f,_�hI_`abWYc,XIZeh u ya�{[�WkjÕ_`h!pq_`dgZ�[~�7_�Xedg\u \=[¿he_ba`WYc~XIZ�h u ya�{[�WB� u [�XI_4jz_bhIpq_`d¬Z:[ � � drc~f�[�[�XeXIdr\ j u f,_b\=WYX�hI_t[��gdP-t[�h^[�Xe_bj�[�h�[Õya�{[�W�f�[�XX u ]x�],[�c,f�[�X�abWY\ [�a u h U[�abd�[�X u ��a`dg_`c�Z�_vj�[�he[�jÕ_`hI\=d¬Z�dgh¡[�_`� u [��gdP-`[zya�{[�W �ðGWxf,[�X�[�X¡Z U_ba`c,dgat[�X²_b\=j~he_`�Y[�f�[�X²j�[�h�[�[^WY]~Ze_`c?ya�{[�W�f,_v[�Z�he[�XeWYX¡pqhe[�a`dgWYc U[�hIdrWYXL�r_�s�[�\[vhe_`X u �gZ�[�f,WYX¢Xedg\=dg��[�hI_`X£_`\ Ze_`he\�WYXLf,_|Z�[mw~[�f,_|_`hehIW�f,_
],dgZLj�[�he[ u \=[)f,[�f�[�hI_`��[Õya�{[�WvXedgc�[��h u U} f,W � � _`X!Z�h u Z u he[�f~_�«Õ[�heheW¸À \=W�f,d¬��at[�f,[��r_�s�[�[ u \�[^dg\=j,�g_`\�_`c�Z:[Õya�{[�W)drc�Z�_bhe_`XIX�[�c�Ze_¡l U[� u _²W�\�_`Xe\�W�abWYcml u c�Z�W�f,_²���¬Z�hIWYX�jÕWxf,_7Xe_`h u X�[�f,W�j�[�h�[�]�[�c,abWYX£f,_¡���¬Z�hIWYX�a`W�\Øf,d¬pq_`he_bc�Z�_`Xc Uu \�_`hIWYX�f,_�X u ]x�]�[�c,f�[�X � Æ�XeXIW�abWYc~pq_bhe_��Yh�[�c~f,_�Ò�_�wxdr]~dr�rdgf�[�f,_�jz_bhe\�dgZ�dgc,f,Wo\ u f�[�h�f,dgc�[m\�dra`[�\=_bc�Z�_�W�c Uu \�_`hIW=f~_�X u ]x�]�[�c,f�[�Xb�â\=[�X%[ u \�_`c�Z:[i[�a`WY\�j,�g_�wxdrf�[�f,_�a`WY\�j u Z�[�a`dgWYc�[�� �¹ \ U_�Z�W�f,W�f,_�j~heWmlI_�Z�WBÖ/×Ú«?ÆÈÇ U_4drc�Ze_`he_bXeXe[�c�Z�_�jzWYdgX�[�W�hef,_b\�f,_4at[�f�[����¬Z�heW U_4\ u d¬Z�WÎYÎ
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«?dg� u he[
Î � � ¤ ¼/ª¡Ê°Ç j�[�h�[
Z�he[�c,XI\=dgXeX`{W�_`X£[�Zeh�[ts U_`X£f,_ u \Ña`[�c�[��,abWY\Ïh u U} f,W���[ u XIXedr[�c,W�_²abWY\dgcÅZe_`h!pq_`h`»_bc,a`dr[�f,_�]�[�c,f�[�_`X!Z�hI_`dgZ�[�[�f,drabdrWYc,[�� �\�_`c,W�h²f,W�� u _)[�W�hef,_b\ f,W��,�gZ�hIW�f,_ T�½ � u drXIZ|_`� u d¬s�[��r_bcÅZe_���W�� u _)XIdr\�j,�rd¬��at[^W�j,heW�a`_bXeXIWf,_�W�Zedr\�dP-`[zya�{[�W �
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T _`XIZe_Va`[�j U} Z u �rW�\�WYX!Z�h�[�\=WYX u \=[�[��gZe_`hIc�[�Z�d¬s�[�[�XedgXIZe_`\=[�X�f,_�abWY\ u c~drat[Õya�{WY_bX=f,WZedrjÕW ¹ «�±�Ì?ò�±�Ì�ð��xWYc,f,_�W�X¡X U} \^]zW��rWYX¢X`{[�W^Zeh�[�c,XI\=d¬Z�dgf,WYX7_b\�X u ]x�],[�c,f�[�X�f,dgXIZedrc�Z:[�X �£T WXIdrXIZe_`\=[²j,heWYjÕWYX!Z�W%c,_`X!Z�_7a`[�j U} Z u �gW²c {[�W�k U[%XI_`j�[�h�[zya�{[�W
_b\ÔX u ]x ]�[�c,f,[�X`��\�[�X ZeWxf~WYX¨WYX/XIdrc�[�drXXb{[�WiZ�he[�c,Xe\�dgZedrf,W�X
f,dghe_bZ�[�\�_`c�Z�_^c~W�a`[�c�[�� �v� W�f,_`\�WYX�\�WYXIZeh�[�h�� u _�W4hI_`a`_bj~Z�W�h�c,_`ab_`XeXIdgZ�[[�jÕ_`c,[�X|hI_t[��gdP-`[�h�[=_bXIZ�dg\�[Õya�{[�W�f,_ u \Ã_`�r_b\=_bc�Z�W�f,W�],�gWxabW�Zeh�[�c~Xe\�dgZ�dgf,W �¢� [�he[�he_ba`_b]z_bh
WYXf,_b\�[�drX°]�[�X!Z:[^[�j~�rdra`[�h u \=[vZ�he[�c,X!pqWYhe\=[zya�{[�W)�gdrc,_`[�h£Z�hed¬s�d�[���c,W�],�rW�a`Wvf,_
_bc�Z�h�[�f�[^_ u Z�dr�gdP-`[�hW�\�_`Xe\�W����gZeheW|l U[�at[��ra u ��[�f,W�[�cÅZe_`hIdrWYhI\=_bcÅZe_ �� a`WY\�j,�r_�wxdrf�[�f~_�f~_¿dr\�j,�r_b\=_bc�Z:[zya�{[�W�f,_`X!Z�_¿XIdrXIZe_`\=[ U_�]�[�XIZ�[�c�Z�_�]�[�d¬w~[~�7jzWYdgX=WZeh�[�c,XI\=dgXeXIWYhijÕWYXeX u d�a`WY\�j,�g_�wxdrf�[�f,_¿j,he[�Z�dgat[�\�_`c�Z�_Vc u ��[~�|_�WÉhI_`ab_`j~ZeWYh4[�jÕ_`c�[�X4j,hI_`abdrX�[a`[��ra u ��[�h u \-���gZeheW�j,[�h�[
hI_`ab_`]Õ_`h�Z�W�f,W�W�]~�rW�a`W � � X�Zeh�[�c,X!pqWYhe\=[zya�{WY_`X/�rdrc~_t[�hI_`X?c,[�he_t[��rdrf,[�f,_hI_`j,hI_`Xe_bc�Z:[�\�[�jz_bc�[�X�a`dghea u ��[zya�{WY_`X
c,Wo],�rW�a`W�he_`ab_`],dgf,W,� jÕW�f,_`c,f~W�XI_`h�dg\=j,�g_`\�_`c�Z:[�f�[�X%_`\j,hIWxab_`XIX�[�f,W�he_`X%f,dg�YdgZ�[�drX¢f,_�Xedrc,[�drX²XI_`\ [ u Z�dg�rda-t[zya�{[�W^f,_�\ u �¬Z�dgj,�rdgat[zya�{WY_`X¢W u [�f,dIya�{WY_`X �Ì�W�XIZ�he[�\�WYXÿZ:[�\^] U_`\ pqWYhI\�[�Xÿf,_7[�j,�rdgat[�h W����¬Z�heW�f,_ Ý dg_`c,_bhG_b\Ô\ Uu �¬Z�dgj,�rWYXÕ_`X!Z U[���drWYXdgcÅZeheW�f u -bdrf,W|jzWYh6ó�W��rf,X!Z�_`dgc�_�Z � [�� � % ¤�³�' j�[�h�[
hI_t[��gdP-t[�h?[
_b� u [��rda-t[zya�{[�W�f,_bc�Z�heW�f,[
_`X!Z�h u Z u he[j,hIWYjÕWYXIZ�[ � î WY\=W=W����¬Z�heW=f,_ Ý dg_`c,_bh
_b\�\ Uu �gZedrj,�gWYX¡_bXIZ U[��YdrWYX%f,d¬sxdgf,_� Xe_)_`\Ãf u [�X|j�[�h!Z�_`Xf,dgXIZedrc�Z:[�Xb� U_^jÕWYXeX U} s�_`��hI_t[��gdP-t[�h%Z�[�\^] U_b\ _b� u [��rda-t[zya�{[�Wi]�[��r[�c,ab_t[�f�[x� WYc,f,_�[=_`� u [��gdP-t[Õya�{[�W U_hI_t[��gdP-t[�f�[^_`\ºj,[�hIZe_�jz_b�rW�Z�he[�c,Xe\�drXIXeWYh²_�_b\ºj�[�h!Z�_�jz_b�rW�hI_`a`_bj~Z�W�h �
Î ¥
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�5�����·�L���{�§����O	�{��������q���â 	�W¡{�q���W���q�S�m�¾�a�	�q���ª���m���m�q�����yNa�q�m�����a���>°��m�	�q�ª���a�qÖ	�·���>�'�m�W°§ð�	�£¡{�L� �S�	� �Ù�q���	�����PNL��¥�§¦��� �	���Q�´�§�����a�ª���¶�� O����Q�L�� ���a�' 	�a�Q 	� ���>�mÜ	� l � O��q���Ù���a�	���B�	��a�� �8�������à�m�a >�	�	 {���ª�m��«y�5������a��Ö{�m�V���¾���a�Q�����|¨©���m�a�Ü��O��a�{������O>�m�LÓÎ������ {�����a�ª���'�a���	°��m�Îð�q�S�m�a�=O��Î 	�q�����à�a�Î¨©�m�a�ª�����NO	�m���	���q�´���à���>� ��q�m���q���8�	� O>�m� l �����  	� �a�S�{�§���bNa�� 	���q« Ô'�Q�m����ÖO��Î >�B�m�q�N���ª���q�m�a�Q�����ª�m�ñ�a���	�Q�� 	�q������Nq�a�Q���=��O	�Q�%ÓÎ�W�´�� 	�����q�ª���´�q���	°��Q�	�a�ª�m�a�=�a�����²�:Ó	������ð���a�ª�����a���	°��m�>�a�ª���q�8�´�>�m���W�bNL�§�ó���'��	���a�Q�� >�´�a�� �8���������V�Q�a 	�	�> {���ª���q�8�	�a�q�a�Q�{����Q�����qÖG�>���W���xðNa���	 	�=�a�ª�a¦���´�§���:ÓÎO	�m�q�m�a¦���a�' >�a�m�q�ª�����£�Î�W {���'���=�����	°��N 	�=�L��Oø�� ���	�W�	«7��q�m�a�Q�q���a�����ñ�����8����a� � O	���������q�m�m�PNL��¥�§¦���  {�� 	� �q� lÌ³ n O{�§��� �	� �a�S�{���W�bNL�§ 	����S�	�ò���������y¨}��¥�L� ���=�q���	 	�y¥��¦���q�� >���Q�a�q���	�Q�m�m��¥�§¦���oO��q�Q¨©�a�£���>Ö����> 	� ����>�a�a�q�m�	����m�W���S�	�����8������ñ���m���	�Q���W�m�m���ó���ò�m�q�a�qO>�����·O����m�Q�{�������Î¨©���m����¥��¦�§�B�m���>�m�����a���{���i« ÷ �����ò�q���ª���m�W�	�	�y¥��¦����	���m���ÎÖ>°��q�	�a�m�����PNL���������a�Q���NO{���m���������Q�bNL��¥��¦���·O{���m�àO��q�m���W�m�����a�S�{���W�bNa�� 	���Q�a�s���	 	�'�@�����§�	�yð�����Q�m���Ð�m� l ��¡>ÓÎ�´�@�a��� �q����O	���:Ó>�W {�� 	�·O	�m�§���W�L�����a�ª���V�S�	�����8�§O��q�{�����´�m�q�a�qO>�����¢O����m�m�	��W�>¨©���m����¥�§¦���8�m���	�m�V���L���{�§�e«
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Fgihkjlg)mon?pEqr jts+uwv3x/n?yzv{h}|lgin?u�~PNon?| s+y�n�n/�)qn?u�~whlg�jlg@qv{|k~�min��+v�jt|tn/�+hly�s�uwjt~wp+u�g:Ó�n?�+v{|��?s�jl~£ðuw~bNon/�+�+v�p�v{|�qgiy�v��+v{y�qr �+~wv��+v�jtgiyzp�v+�}�+v�uws+��n?|��+v��+v{y�qr �+~wv²ô&s�jt~�uw~bNin?�+vG�+v�mon?pEqr jts�u�vn?��jlgi|l~wv{|i��þ�v{� l g�jt~wx?v���gihlhln��+v�x/nGn?�)qn?uw~�hlg�qg�g�hkjtn?��g�u�g�migi|�|lg�u�n��m/�v{gih�g���jl|lgzn�|lgi��s+�+�5ßn?��mi~�ny�qr �+~wy�n�g�n�v{|l�+g�y�y�qr ��~�y�n���v�gi��s�n?uw~bNin?�+v{|���n?u�qgiy��+g�m�v{��jtg�y�p+u�n?|�v s+hlv��+g!jt|tn/�+hly�s�uwjt~xðp+uwg�Ó�n?�+v?|lgih¡x/n?|k~�n?��jtg�h¡�+v¢jtgiyzp�v+�þ£yzv��+giuwv��+v¤jl|tn?��hly�s+u�jt~wp+u�g:Ó+n/�+v{|��+v¤�+v{y�qr ��~�v��+v¥jtg�y�p�v¦qgGyzv{h	jt|tn/�+v$�+n$§5~xð�{s�|tnNü���¨{�+v{���+g�© Ä�ª¬«@ 2LVLVLV�2 © � È�®�ª¬«E hi�n?v¢v{h)hiqr y���v{u�v?h�jt|ln?�+hky�~�jt~���v{hi�¼Z ª ö  qg�v¢y�v��+g�u�v��+gmin?��n?u¯�Îõ ª ö  qg�v�|lsEqr �+v�n/�+~wjl~wx{v���n?s+hkhl~�n?�+v�g�ß© Ä°ª¬«E 2LVcVLV�2 ß© � È�®�ª¬«@ hi�n?v�v{h�hoqr y ��v{uwv{h�g�hkjl~�y�n�ð�+v?hF��vz|kgim�gip�jlv{|i�÷ v{yzv l qn¥x�~wy�v{h���v$min?p@qr jls+u�v¥n/��jlgi|k~�v{|���hkg98 ±³²´��v$hk~�h	jtgiy�nbqg��+gi�+v?y�~w��n?�+vm�|l~wjl~�min?y�g���jtgµ�+g�mi~�y�n?�+v���
Fgihkjlg�min?hlv�n¤g���s+n?u�~PNon��m/�n?vDAE§¦s�jl~�uw~bNon/�+�+v���n?��miv{h��+gG¶+uwjt|kv{h§�ý�M��E�n?vDqg�p�v{hlhiqr x{g�u:��n��·�n?v¢hlgi|)p�n/|tn�v¢mon?hkv¢p�n?|kjl~�m�s+u�n?|��+v¢mon?�+n?uEp�v{hlhks+~�|�jlv���v{h¡v{hºNig�|lv{h�+v)~w��¶��+~�jtv ª min?��n?u Ìy�ä°¸�¹ �ä é ä Ì  ��	�g 8»º¼²´�/gi��jo�n?vFv)hl~whkjtg�y�n¡g��+miv{��jl|tn�ð½hlg¾hlv{�+|kgon?yzv{h	jt|tn/�+v+�gFg�Ó�~�h	jtg�y¿g���s�n?u�~PNon?��v{|lg�h�§�ý�M¼��s+g�uwg�x/n?y�Än�|lg�miv{�+h	jt|ks5�m?�n?v�p�gi|	À�gi~�j=n���n�hln+qr ��n��³	�gu8�ÁÂ²n�gi��s�n/u�~bNin��m?�n/vz�·�n?v-qg�p�v{hkhoqr x?giu¯�+g�p�v{|	j=n?��jlvzg�hlhkg�min?hlvz�E�n?v¢hlg�|�qnzmiv{�+hk~��+g�|tn?��v�l�& n �Ô!hlhls�y�~w�+�+vk8ÄÃ�²Å��n�htn�qr ��n��+v���n?�+m�v��+g)¶�u�jt|lv?h}�+g!hiqr ��jtg�hlg ª v{szp+|kgimiv��+~�¶�mon?��v{| 
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ÆÈÇ

É¯Ê¯ËÍÌlÎ
ÉÐÏÑËÍÌlÎ
É¯Ò�ÓtÏÑËÍÌlÎ

Ô Ê¯ËÍÌlÎ
Ô ÏÑËÍÌlÎ
Ô Ò+ÓtÏ�ËÕÌkÎ

Ö ËÍÌlÎ× ËÍÌlÎ Ø ËÕÌlÎÙ ËÍÌlÎ Ú�ËÍÌlÎÆÈÇ
ÆÈÇ ÛÈÇ

ÛÈÇ

ÛÈÇÜ Ê¯ËÞÝ�Î

Ü Ò�ÓtÏ ËßÝ�Î
Ü ÏÑËÞÝ�Î

àÜ Ê:ËßÝ�Î

àÜ Ò�ÓlÏ ËÞÝ�Î
àÜ Ï�ËßÝ�Î

§5~w�{s+|lnNü��w¨�Ñ}B |ln?�+hly s+uwjl~�p+uwg�Ó�n?�+v{|��+v¢�+v{y�qr �+~wv��+v¢jtgiyzp�v+�
qg���n?�+n¢p�v{|

á ª ö  ± � È�®â� _ Ä
ãâä _ È ã ©i� ª�åÐlæ � ª ö£` å 8  2 ª ü���¨ 

v{���+gç©i� ª¬å½ qg¢vGhoqr y���v?u�vµjt|ln?�+hlyz~wjl~��+vµp�giuwv�è´ð?qgihk~�yzv�s+hls)qn/|l~�vG�+vG~��+h	j=n?��jlg��+g¢jtg�y�p�v å �g æ � ª ö  qg v�¶�u�jt|kv��+v�|tn?yzv�è»�+v�p+|lg�miv��+~w¶�min?�+v{|��'Ô!p)qv{h3p+n?hlhln?|�p�giu�v�y�v��+g�u�vz�+g�mon/��n?uuw~��+gin?|�~���x/n?|l~�n?��jtg¢�+vGjtgiyzp�v ª �ýÐB  Z ª ö  �5v�hl~��+n?u�qg�|kgimig��+~���v l s+��jtv�miv{y»|ks@qr ��v�n?��~wjt~�x{v��n/s+hlhk~�n?�+v¢�+g�yéqgi�+~�n£Nig�|lv�õ ª ö  �
ê ª ö  ±�ë ª ö  �ùõ ª ö  ± ãâR5_ È ã Z ª T  á ª ö�`�T  � õ ª ö  V ª ü��Íì 


Fv�|lg�migip�jtv{|���n3gih	jt~�y�n/jl~wx/nF��v{hVhiqr y���v{u�v{hJjt|ln?�+hky�~�jt~���v{hJp�n?|tn!v�è´ð?qgihk~�yzv3s+hks)qn?|k~�v�qgmin?u�m�s+u�n?�+n¡¶+uwjt|ln?�+�+v)vFhl~w��n?u ê ª ö  p�v{|@í/� ª ö  g¾�+gim�~�y�n?�+�+vFn)htn�qr ��n)p�v{|�8¤�?miv?y�vFy�v?hkjt|ln?�+v��n¢§5~w�{s+|lnNü��w¨?��îîhkhlg�p+|lv�mig�hlhkv]qg��+gihkmi|k~wjtv¢p�v{|
ß©i� ª¬«@ ± ãâE _ È ã ê ª�« 8�`¥ï  í°� ª ï  V ª ü���� 

Ô!h¾|kgiu�n��m?�v{g�hî��n?h}gi��s�n��m?�v{g�h ª ü��w¨  � ª ü��Íì  g ª ü��5�  p�v��+giy´hlgi|îg�hlmi|k~wjtn?hî�+g¡À�v{|ly�n�y�n/~�hm�v{y�p+n?m�jtn¢s�htn?�+��v��+v/j=n��m/�n?v¢y�n/jl|l~wmi~�n/u:�J�¾n?y�v?h¡�+g�¶���~�|¡v{h¡x{g�jtv{|kgih3² Ó ¨
� ª¬«E ± È © Ä�ª�«@ © ®iª¬«@ Æ%Æ%Æð© � È�®�ª�«@ Ê/ñ ª ü�� � ÿ
� ª¬«@ ± È ß© Ä�ª�«@ ß© ®iª¬«@ Æ%Æ%Æ ß© � È�®�ª�«@ Ê ñ 2 ª ü��Íò 

&t�



g�v{hóx?g�jtv?|lgihu8 Ó ¨
ú�ª�«@ ± È á ª¬« 8  Æ%Æ%Æ á ª¬« 8�� 8 `Â¨  Ê ñ ª ü��lü 
2¾ª�«@ ± È ë ª¬« 8  Æ%Æ%Æbë ª¬« 8�� 8 `Â¨  Ê ñ ª ü��5& 
ô ª�«@ ±¸È õ ª¬« 8  Æ%Æ%Æ-õ ª¬« 8�� 8 `¼¨  Ê ñ ª ü���e 
õ ª�«@ ±¸È ê ª¬« 8  Æ%Æ%Æ ê ª�« 8�� 8Ñ`¼¨  Ê ñ V ª ü�� ì 

Ô!hFg���s�n��m?�v?gih ª ü���¨  g ª ü����  p�v���giyön?�?v{|tn�hkgi|F|lgig�hlm�|l~wjtn?h)miv{yzv
ú�ª�«@ ± ãâä _ È ã } ä � ª¬« ` å½ ª ü���¨<� 

g ÿ
� ª¬«E ± ãâE _ È ã�÷ E õ ª¬« `�ï  2 ª ü���¨{¨ 

v{���+g�v{h¡giuwgiyzgi��jtv{h)��n/hFy�n/jl|l~bN�gih } ä ��8 Ó ²´�Èg ÷ ä ��² Ó 8$��h��n?v
: } ä = R ? �é± æ � ª¬å 8¿� T 

: ÷ E =�� ? R ±øí°� ª ï�8Ñ`]T  V ª ü���¨�ì 
m�v{ycèö±q� 2LVLVcVc2 ² `¼¨{�+gvT@±[� 2LVLVLVW2 8 `Â¨{��v?sGhkg l n��

} ä ±
ùúúúúúú
Â

æ�Ä�ª�å 8  æ{®iª¬å 8  Æ%Æ%Æ æ � È�®�ª¬å 8 æ�Ä°ª�å 8¿��¨  æ{®�ª¬å 8��ø¨  Æ%Æ%Æ æ � È�®iª�å 8¿��¨ ��� ��� ���æ�Ä°ª�å 8¿� 8�`¼¨ Äæ{®�ª¬å 8�� 8 `Â¨  Æ%Æ%Æ æ � È�®iª�å 8�� 8Ñ`¼¨ 

ÊÌËËËËËË
Í
ª ü���¨<� 

÷ E ±
ùúúúúúú
Â

í Ä�ª ï�8  í Ä�ª ï�8 `¼¨  Æ%Æ%Æ í Ä�ª ï�8 `]8���¨ í ®�ª ï�8  í ®�ª ï�8 `¼¨  Æ%Æ%Æ í ®�ª ï�8 `]8���¨ ��� ��� ���í � È�®�ª ï�8  í � È�®�ª ï�8 `Â¨  Æ%Æ%Æûí � È�®�ª ï�8 `]8���¨ 

ÊÌËËËËËË
Í

ª ü���¨L� 
Ôðgi��s�n��m?�n?v ª ü��Íì  p�v���g�hlgi|F�+g�hlmi|k~wjtn¢��g�À�v?|ly�n�y�n/jl|l~wmi~�n/u�m�v{y�v

õ ª ö  ± 2îª ö  � ô ª ö  ± ãâR�_ È ã�ü R ú�ª ö�`]T  � ô ª ö  2 ª ü���¨�ò 
v{���+g�n?h¡y�n°jt|l~PNig�h ü R �U8 Ó 8$��h��n?v¢�+g�¶���~���n?h)m�v{y�v

ü R ±
ùúúúúúú
Â

Z ª T�8  Z ª TÁ8Ñ`¼¨  Æ%Æ%Æ Z ª TÁ8 `]8���¨ 
Z ª TÁ8¿��¨  Z ª TÁ8  Æ%Æ%Æ Z ª TÁ8 `]8 ��� ��� � � � ���

Z ª TÁ8¿� 8�`¼¨  Z ª T�8¿� 8�`]ì  Æ%Æ%Æ Z ª TÁ8 

Ê ËËËËËË
Í

&�¨
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FgihkjtnGhkg��m/�n?v+��gihkjtn?��giu�g�mig�y�v{h�m�v{�+�+~	�m?�v{g�h���s+g¢vGhl~whkjtg�y�nµ�+g�hlm�|l~wjlv���nGhkg��m/�n?v�n/��jlg�ð|k~�v{|��+g�x{g�v{��g��+gim�gi|zp�n?|ln¤��n/|tn?��jt~w|¢n$g:Ó�~whkjLßgi�+m�~�n¥�+g�g���s�n?u�~PNon?��v{|lg�h�ô ã�æ ä��Lä æ�è�å���õ ª AE§  ��¾n?yzv{h)�+g�|l~wx/n?|)m�v{�+�+~	�m?�v{g�h3p�n?|ln�n/h3y�n/jt|k~bNig�h } ä g�j=n?y���qgiyö|lg�u�n?m�~�v{�+n?|)n���s�n?��jl~���n?��g��+g|kgi�+s+���5ßn?�+m�~�n��48½`z²´��miv?yfn3v?|l�+g�yf�+v�min?��n?u�g¡n�v{|k�+giyÅ�+v�gi��s�n/u�~bNin?�+v{|��5Ô!h}�+gi|k~wx/n��m/�v{gihh��n?v�hk~�yz~�u�n?|lg�h�Än?h�gi�+m�v{��jt|tn/��n?h�giy l � n ��p�v{|�qg�y»�)qv{h�y�v{h	jt|ln?y�v?h���s�g�n?uw�{s+y�n?h�|lg�hkjl|l~k�m/�v{gih~w�+�+~�min?��n?hîm�v{y�v�hlg��+�+v��+g�mig�hlh�qn/|l~�n/h�g3hks�¶�m�~�gi��jlgihóg�yÍl � n �E�n?v�hi�n?v��+gim�gihkh�qn?|k~�n?hóp+n?|tn�gi��s�n�ðuw~bNon��m?�n?v�AE§��Jg�p�v{|kjtn?��jtv�p�v��+giyÄhlg�|�|lg�u�n�Ó�n?�+n?hi� ÷ v{yzv�miv?�+hlg��JIsøßg��+mi~�n��în?h�|lgiu�n��m?�v?gih ��s+g�)qv?h �+g�|l~wx/n?yzv{h�p�g�|lyz~wjlgiy»v�s�hlv��+g�gi��s�n?uw~bNon/�+v{|lg�h yzgi�+v?h miv?y�p+uwg�Ó�v{h�g�hl~whkjlgiy�n?h m�v{yyzgi�+v?|3��s�n?��jt~w��n?�+g �+g�|lg��+s+�+�Òßn?�+mi~�n��En/u�qgiy �+g hls+h	jtgi��jtn?|lyzv{h�n�jl|tn?�+hky�~whlh��n?vµn/jl|tnoxîqgih��+gmin?��n?~wh¡miv{yc|kgihkp�v{h	j=n¢~�yzp+s+uwhl~�v?��n?u�y�n?~whóu�v?�+��n��+vz��s+g�vzm�v{yzp+|l~wy�g���jlv��+vz�+u�v�miv+�Ô!vzuwv{�+�{v���v�min?p@qr jls+u�v�x/n?yzv{hóÀ¬ntN�gi|)v{h¡hkgi�{s+~w��jtgihFp+|kgihlhks+p�v{hkjlv{haÑ

ª n  v¢min?��n?u3qg�s+y�¶�uwjl|lvz§�ý�Mû�+g X ð?qg�hl~wy�n�v{|k�+giyG��miv?yÑZ ª �  2 Z ª X  "±)�Ïÿ
ª �  v¤miv?y�p+|k~�yzgi��jtv¤�+v$�+u�v�mivðqg�y�n?~wv{|�v{s7~w�{s�n?u)n/v$�3qs+yzgi|kv$��g�hiqr y���v{u�v?hi��v?s hkg l n��8»Ã�² ÿ
ª m �æ � ª ö  hi�n/vF¶�u�jt|kv{hJ§�ý�MDmon/s+htn?~whJ�+gîmiv{yzp+|l~wy�g���jtva8$�/g}í/� ª ö  h��n?v)¶�uwjl|lv{hJ§�ý�MDmin?s+hln?~�h��g�m�v{yzp+|l~wy�g���jlv
	k8 ® �+v{�+��g�	³qg�s+y�x?n/u�v{|ó~w��jtgi~w|lv+�

÷ v{yzv�miv{�+hkgi�JIsøßgi��mi~�n��+v p�|lgihkhls+p�v{h	jtv ª m  ��n?h¾y�n/jt|k~bNig�h } ä h��n?v ��s+u�n?hi��g�Ó�m�g�jtv p�n?|tnå ± �Çÿ·n?hFy�n/jt|k~bNig�h ÷ E hi�n/v���s+u�n/hi��g�Ó�mig�jtvçp�n/|tn ïz± � 2LVcVLV�2 	d`�¨?�a7�v�p+|kgihkhls+p�v{hkjlv ª n  �jlgiyzv{h!��s+g n?h3y�n/jl|l~bN�gih ü R h��n?vç��s+u�n?hi�Èg�Ó�m�g�jtvµp+n?|tn�T5± � 2LVLVcV�2� ��m�v{y � ±�� \��� ��v{�+�+g��� � �+gi�+v/j=n¢vzyzgi��v{|)~���jtg�~�|lv�y�n?~wv{|�v{sG~��?s�n?uEn ª �  G �
�ºÞHáyÞ�á ���6ïzé���æ���é�ìhëyå����
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