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NHLHEXF1G?KP?GP1Y KMOBO�A:EBRD1<MJBGB�KIHJLKF?G1<�IJB�J1AGBO�N1ABQGBOG:<:GL:@?GGYO
H�F�;hj^mg��H�A��>jh[qZd��;�<��K_f_g

Ev\�\kvdbc�gZp�hgZevgbc�mg�\_jkbl_l��f_g��1\ZgZ�NjZgdZ�\me�>jZ]hfZgh\Z������Ev\�\�������_�PDLO��R[GU#PDLO�UX
>hke�^`_gh� ki_dljb� exf�g_kp_gp��� kmobo� aZebrd�\� mjbgb� kihjlkf_g�\� ^h� �i�key� lj_gm\Zggy�� <by\e_gh� ^h\]ho\bevh\bc� akm\� fZdkbfmfm� ki_dlj�\exf�g_kp_gp���i�key�lj_gm\Zggy�\ j�agbo�]jmiZo�kihjlkf_g�\��Ijh\_^_gh�h[]h�\hj_ggy�hljbfZgbo�j_amevlZl�\�

<klmi>ey�^hky]g_ggy�\bkhdbo�j_amevlZl�\m kihjlb\g�c� ^�yevghkl�� \Z`eb\m� jhev\�^�]jZ}� j�aghklhjhggy� kihjlb\gZi�^]hlh\dZ� kihjlkf_gZ�� Ijb� pvhfmhkh[eb\Z� m\Z]Z� gZ^Z}lvky� nmgdp�h�gZevg�c� ^�yevghkl�� kbkl_f� hj]Zg�afm�<gZke�^hd� pvh]h� \bgbdZ}� g_h[o�^g�klv\bdhjbklZggy� _n_dlb\gbo� f_lh^�\^�Z]ghklbdb� nmgdp�hgZevgh]h� klZgmkihjlkf_gZ�� P_� ^hky]Z}lvky� Z\lhfZlb�aZp�}x� lZ� mg�n�dZp�}x� eZ[hjZlhjgbof_lh^�\� ^hke�^`_gv�� jhajh[dhx� �\l�e_ggyf� m ijZdlbdm� gh\bo� f_lh^�\^�Z]ghklbdb�� ih]eb[e_ggyf� j�\gy^hke�^`_gv� ijZdlbqgbo� de�g�dh�^�Z]�ghklbqgbo�f_lh^bd��H^gbf��a�lZdbo�f_�lh^�\� } aZijhihgh\Zgbc� f_lh^� exf��g_kp_glgh��^�Z]ghklbdb >�@��ydbc�^ha\h�ey}�ijh\h^blb� ZgZe�a�[�hj�^bg�� ahdj_fZmjbgb�� ^ey� \by\e_ggy� m g�c� khe_cj�agh]h� lbim�� AZ\^ydb� �gnhjfZlb\ghkl�lZ�qmleb\hkl��^Zgh]h�f_lh^m��\b^Z}lvkyZdlmZevgbf� ^hke�^`_ggy� \ieb\mn�abqgbo�gZ\ZglZ`_gv�gZ�ki_dljb�exf��g_kp_gp��� mjbgb� kihjlkf_g�\� j�agbo\b^�\�kihjlm�

FZl_j�Ze�� f_lh^b�^hke�^`_gv>ey� ^hke�^`_ggy� \bdhjbklh\m}lvky����djZie��mjbgb��yd��gZghkylvky�gZ�d\Zj�p_\m� ieZklbgdm�� i�^�]j�lm� ^h �����qK�I�key�\biZjh\m\Zggy�j�^bgb�ijh\h^blvkyZgZe�a� ki_dlj�\� exf�g_kp_gp��� \bkmr_gh�]h�aZebrdm��<k��ajZadb�[meb�i�^]hlh\e_g���^hke�^`m\Zebkv�\ h^gZdh\bo�mfh\Zo��Dj�flh]h��mjbgZ�ihi_j_^gvh�^hke�^`m\ZeZkv�mde�g�qg�c�eZ[hjZlhj���Ev\�\kvdh��h[eZkgh�^blyqh�� ki_p�Ze�ah\Zgh�� de�g�qgh�� e�dZjg�gZ�gZy\g�klv�iZlheh]�qgbo�khe_c�lZ��grbo\�^obe_gv�\�^�ghjfb�Yd� ^`_j_eh� a[m^`_ggy� \bdhjbklh�\m}lvky� �fimevkgbc� Zahlgbc� eZa_j� E=B����� K\�q_ggy� ajZad�\� ZgZe�am}lvky� fhgh�ojhfZlhjhf� F>J��� � j_}kljm}lvky� nhlhihfgh`m\Zq_f� NWM����� kb]gZe� a ydh]hq_j_a�i�^kbex\Zq�ih^Z}lvky�gZ�kZfhaZib�km\Zq� lbim� I>:���� >ey� ki_dlj�\� ex�f�g_kp_gp��� \\h^blvky� ihijZ\dZ� gZ� ki_d�ljZevgm� qmleb\�klv�nhlhijbcfZqZ�� Ki_d�ljZevgbc� ^�ZiZahg� k\�q_ggy� kmobo� aZ�ebrd�\� mjbgb� \klZgh\ex\Z\ky� reyohfghjfm\Zggy� agZq_ggy� iZjZf_ljZ� �gl_g�kb\ghkl�� k\�q_ggy� gZ� \b[jZg�c� ^h\`bg�o\be�� ^h� agZq_ggy� iZjZf_ljZ� �gl_gkb\�ghkl�� k\�q_ggy�gZ�^h\`bg��o\be���^_� \hgZfZ}�fZdkbfZevg_�agZq_ggy�
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J_amevlZlb�^hke�^`_gvlZ��o�h[]h\hj_ggy<gZke�^hd� ijh\_^_gbo� \bf�jx\Zgv[meh� \by\e_gh� oZjZdl_jgm� hkh[eb\�klvaf�s_ggy� fZdkbfmfm� ki_dljm� exf�g_k�p_gp��� kmobo� aZebrd�\� mjbgb� m ^h\]ho�\bevh\m�h[eZklv�i�key�ijh\_^_gh]h�lj_gm�\Zggy��sh�kihkl_j�]Z}lvky�m j�agbo�]jmiZokihjlkf_g�\�� GZfb� ijh\_^_gh� ^hke��^`_ggy� gZ� ]jmiZo� kihjlkf_g�\�� yd�ki_p�Ze�amxlvky� m r\b^d�kgh�kbeh\bo�[hjhlv[Z�� [hdk��� kbeh\bo� �\Z`dZ� Zle_lb�dZ��\b^Zo�kihjlm�� \b^Zo�kihjlm�gZ�\bljb�\Ze�klv� �[�]�gZ�^h\]��^bklZgp����kihjlb\g_hj�}glm\Zggy�� eb`g�� ]hgdb���=jmib� \b[b�jZebkv� gZ� hkgh\�� j�agh�� kihjlb\gh�� fZc�kl_jghkl�� kihjlkf_g�\� lZ� gZ� hkgh\�\�^obe_gv� \�^� ghjfb� m khe_\hfm� kdeZ^�mjbgb� kihjlkf_g�\�� Ijb� pvhfm� \klZgh\�e_gh��sh�g_aZe_`gh�\�^�deZkm�kihjlkf_gZ� gZy\ghkl�� \�^obe_gv� \�^� ghjfb� \ mjbg�aZ\`^b� kihkl_j�]Z}lvky� ^h\]ho\bevh\bcakm\� fZdkbfmfm� ki_dljm� exf�g_kp_gp��i�key� ijh\_^_gh]h� lj_gm\Zggy�� OZjZd�l_jg�� ki_dljb� exf�g_kp_gp��� kmobo� aZ�ebrd�\� ^ey� j�agbo� ]jmi� ihdZaZg�� gZ� jb�kmgdm����H^_j`Zg��j_amevlZlb�^hke�^`_gvfh`gZ�a\_klb�m lZ[ebpx�Ijh\_^_g��^hke�^`_ggy�ihdZaZeb��sh\_ebqbgZ� ki_dljZevgh]h� af�s_ggy� aZe_�`blv� \�^� jy^m�nZdlhj�\�� k_j_^� ydbo� deZkkihjlkf_gZ� � ch]h�n�a�heh]�qgbc�klZg��\_�ebqbgZ� � ljb\Ze�klv� n�abqgh]h� gZ\ZglZ�`_ggy��Ihj�\gyggy�hljbfZgbo�j_amevlZl�\a ijh\_^_gbfb� jZg�r_� ^hke�^`_ggyfbki_dlj�\� exf�g_kp_gp��� mjbgb� [_a� \�^�obe_gv� lZ� a j�agbfb� iZlheh]�qgbfb\�^obe_ggyfb�\�^�ghjfb�>���@�ihdZam}��sh\gZke�^hd� n�abqgh]h� gZ\ZglZ`_ggy� \kdeZ^�� mjbgb� kihkl_j�]Z}lvky� \b^�e_ggy^h^Zldh\h�� d�evdhkl�� khe_c�� o�f�qgbckdeZ^� � d�evd�klv� ydbo� fh`gZ� hp�gx\ZlbaZijhihgh\Zgbf� exf�g_kp_glgbf� f_lh�^hf�� Ijb� pvhfm� ki_dljZevg_� iheh`_ggyfZdkbfmfm� k\�q_ggy� \bagZqZ}lvky� o�f�q�gbf� kdeZ^hf� khe_c� mjbgb�� yd��fZxlv� oZ�jZdl_jg��ki_dljb�k\�q_ggy�>���@�

Jbk����Ki_dljb�exf�g_kp_gp���kmobo�aZebrd�\mjbgb��hljbfZg��^h����� � i�key�����ijh\_^_ggylj_gm\Zggy� m kihjlkf_g�\� [_a� \�^obe_gv� \�^ghjfb�m khe_\hfm�kdeZ^��mjbgb� �Z���lZ� a gZ^�ebrdZfb� \ mjbg�� mjZlgbo� �[�� lZ� hdkZeZlgbo�\��khe_c�
Ijh\_^_g�� jZg�r_� ^hke�^`_ggy� >�@ihdZamxlv��sh�ijb�gZy\ghkl�� \ mjbg��iZ�lheh]�qgbo� khe_c� ijhoh^blv� ]Zk�ggy�gl_gkb\ghkl�� �� exf�g_kp_gp���� LZdZ� kb�lmZp�y� } oZjZdl_jghx� m [Z]Zlvho� \biZ^�dZo��dheb�gZy\g�klv�^hf�rhd�ijb\h^blv�^h]Zk�ggy�exf�g_kp_gp���j_qh\bgb��KZf_�gZj�agbp�� �gl_gkb\ghkl�� exf�g_kp_gp��� \
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ijbkmlghkl�� � aZ� \�^kmlghkl�� ^hf�rhd� km�^ylv�ijh�gZy\g�klv�pbo�^hf�rhd�>�@��Dj�flh]h�� ^hke�^`_ggy� >�@� \klZgh\beb�� shki_dljb� a[m^`_ggy� mjbgb� yd� ijb\�^kmlghkl��iZlheh]�qgbo�khe_c��lZd� � ijb�o� gZy\ghkl��� \bagZqZ}lvky� �� hkgh\gbfdhfihg_glhf� ±� k_qh\bghx� +�1�&2�1+��K_qh\bgZ� } ^hklZlgvh�j_Zdp�cgh� a^Zlghxj_qh\bghx� >�@��P_�amfh\ex}� �� \aZ}fh^�xa dZl�hgZfb��yd��ijbkmlg��\ kheyo��sh�\b�\h^ylvky� a hj]Zg�afm� \ j_amevlZl�� lj_gm�\Zggy�� <gZke�^hd� pvh]h� djZcg�� nmgd�p�hgZevg�� dhfie_dkhml\hjxxq�� ]jmib� k_�qh\bgb� ±� 1+� fh`mlv� ml\hjx\Zlb� dhf�ie_dkg�� kihemdb� a dZl�hgZfb� hj]Zg�qgbokhe_c� 1D��� .��� &D�� >�@��< j_amevlZl�� \b�gbdg_ggy�dhfie_dk�\�ijhoh^blv� ml\hj_g�gy� gh\bo� p_glj�\� k\�q_ggy�� ?g_j]�y�� ydZih]ebgZ}lvky� fhe_dmeZfb� k_qh\bgb�a]�^gh�a >�@��i_j_^Z}lvky�gZ�kl\hj_g��gh\�p_gljb�k\�q_ggy�
LZ[ebpy ��Ki_dljZevg��akm\b�ki_dlj�\�exf�g_kp_gp��kmobo�aZebrd�\�mjbgb�kihjlkf_g�\�i�keyijh\_^_gh]h�lj_gm\Zggy

<b^b�kihjlm Ki_dljZevgbcakm\�ki_dlj�\Kbeh\���\Z`dZ�Zle_lbdZ� �����gfR\b^d�kgh�kbeh\���[h�jhlv[Z��[hdk� �����gfGZ�\bljb\Ze�klv��[�]�gZ^h\]��^bklZgp����kihj�lb\g_�hj�}glm\Zggy�eb`g��]hgdb� ������gf
Ijb� a[m^`_gg�� fhe_dmeb� \ g�caf�gx}lvky�jhaih^�e�_e_dljhggh��]mklbgb�Ijb� pvhfm� kihkl_j�]Z}lvky� a[�evr_ggy_e_dljhggh�� ]mklbgb� \ h^g�c� qZklbg�� fh�e_dmeb� � af_gr_ggy� \ �gr�c�� A^Zlg�klvfhe_dmeb�iheyjbam\Zlbky��Z hl`_�i_j_oh�^blb� m a[m^`_gbc� klZg� a[�evrm}lvky�� yd�sh� gZ� d�gpyo� eZgpx]Z� fhe_dmeb� klhylvaZf�kgbdb�� yd� _e_dljhgh^hghjg��� lZd� �_e_dljhghZdp_ilhjg���Ijb�i_j_oh^�� a[m^�`_gh�� fhe_dmeb� \ hkgh\gbc� klZg\gZke�^hd� a^�ckg_ggy� ijhp_k�\� \bijh�f�gx\Zevgh�� j_dhf[�gZp��� ijhoh^blv� \b�

ijhf�gx\Zggy� k\�leh\bo� d\Zgl�\�<gZke�^hd� gZy\ghkl�� gZ� d�gpyo� eZgpx]Z+�1�&2�1+� \�^ih\�^gbo� aZf�kgbd�\�_g_j]�y� \bijhf�g_gbo� d\Zgl�\� af_g�rm}lvky��P_�ijb\h^blv�^h�lh]h��sh�\ j_�amevlZl�� ml\hj_ggy� dhfie_dk�\� nmgdp�h�gZevgbo�]jmi�k_qh\bgb�a dZl�hgZfb��ki_d�ljb� exf�g_kp_gp��� af�smxlvky� m [�evr^h\]ho\bevh\m� h[eZklv�� LZdZ� kblmZp�yijb\h^blv� ^h� ^h\]ho\bevh\h]h� akm\mki_dlj�\� exf�g_kp_gp��� mjbgb� i�key� ijh�\_^_ggy�lj_gm\Zggy�Dj�f� aZijhihgh\Zgh]h� f_oZg�afmihlj�[gh� \jZoh\m\Zlb� � fh`eb\�klv�grh]h�ihykg_ggy�kihkl_j_`m\Zgbo�hkh[�eb\hkl_c� ki_dlj�\� exf�g_kp_gp��� kmoboaZebrd�\�mjbgb�\boh^yqb�a lh]h��sh�mjb�gZ�ex^bgb�ml\hjx}�kdeZ^gm�kbkl_fm��ydZf�klblv� ijh^mdlb� j�agh]h� ihoh^`_ggy�Ihy\Z�khe_c�\ mjbg�� amfh\e_gZ�ijhp_khfij_pbi�lZp��� ihe�\Ze_glgbo� dZl�hg�\� �Zg�hg�\� \gZke�^hd� aZem`_ggy� mjbgb� ijb]�^jhe�a�� k_qh\bgb� gZ� Zf�Zd� lZ� \m]e_dbk�ebc� ]Za�� DZlZe�aZlhjhf� ^Zgh�� j_Zdp��� }n_jf_gl� mj_ZaZ� ±� kdeZ^gbc� 1L�� f_lZeh�ijhl_�g��M [m^h\��mj_Zab�fh`gZ�\b^�eblbjy^� kdeZ^h\bo� ijhl_�g�\ XUH� '()*�� yd�ml\hjxxlv�dhfie_dkb�a �hgZfb�1L�� mj_Z�ab� >���@�� Z lZdh`� ijhl_�gb� +±16� � XUH� 5�yd�� [_aihk_j_^gvh� \aZ}fh^�xlv� a fhe_dm�ehx� k_qh\bgb >���@�� <aZ}fh^�y� fhe_dmek_qh\bgb�a \�^f�q_gbfb�ijhl_�gZfb�+±16� XUH�5��yd��f�klylv�ih�h^g�c�Zf�ghdbkehl�ljbilhnZg��yd� � m�\biZ^dm�ljbilhnZgh\h�]h�^_ij_khjgZ�ijhl_�gm 75:�ijba\h^blv^h�af�g�m ki_dljZo�exf�g_kp_gp���ljbilh�nZgm�>��@��< h[ho� \biZ^dZo��gl_gkb\g�klvkfm]b� k\�q_ggy� ljbilhnZgm� ijba[�evr_gg��dhgp_gljZp���k_qh\bgb�kiZ^Z}�Kihkl_j_`m\Zg�� m ^Zghfm� \biZ^dm� af�gbki_dlj�\�exf�g_kp_gp���amfh\e_g��_g_j]_�lbqgbfb� i_j_oh^Zfb�� ih\¶yaZgbfb� a i_�j_ghkhf� aZjy^m�\ lZdbo�dhfie_dkZo� a ^h�ghjZ� gZ� Zdp_ilhj�� P�edhf� �fh\�jgh�� shZgZeh]�qgZ� kblmZp�y� fh`eb\Z� m^hke�^`m\Zghfm� \biZ^dm�� < mjbg�� nhj�fmxlvky�klZ[�evg��dhfie_dkb��yd��kdeZ^Z�xlvky� a fhe_dmeb� k_qh\bgb��ijhl_�gm� XUH5� lZ� kdeZ^gh]h� Zg�hgm� g_hj]Zg�qgh�� khe��
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ydZ�} ijh^mdlhf�ij_pbi�lZp���ihe�\Ze_gl�gbo�dZl�hg�\�� Zg�hg�\�Ijh\_^_g��\bf�jx\Zggy�lZdh`�ihdZ�aZeb��sh�gZc[�evr_�ki_dljZevg_�af�s_ggyfZdkbfmfm� ki_dljZ� \bijhf�gx\Zggy� ^h�� gf� \bdebdZxlv ³m^Zjg�� lj_gm\Zevg�aZgylly´�� \ ijhp_k�� ydbo� kihjlkf_gb� \b�dhgmxlv� \_ebdbc� h[¶}f� jh[hlb� aZ� ljb�\Ze�klx� Z[h� �gl_gkb\g�klx�� LZd�� \bf��jx\Zggy� ^ha\heyxlv� hp�gblb� �g^b\��^mZevgm� j_Zdp�x� hj]Zg�afm� gZ� dhgdj_lg�lj_gm\Zevg��gZ\ZglZ`_ggy�

<bkgh\dbLZdbf� qbghf�� ijh\_^_g�� _dkij_kgbff_lh^hf� [_a� \bdhjbklZggy� o�f�qgbo� j_Zd�lb\�\�^hke�^`_ggy�\dZamxlv�gZ�fh`eb\�klv\bagZq_ggy�exf�g_kp_glgbf�f_lh^hf�lbim� d�evdhkl��khe_c��yd��a mjbghx�\b\h^ylvky�ahj]Zg�afm� kihjlkf_gZ�� P_� ^Z}� fh`eb\�klvdhgljhex\Zlb�n�a�heh]�qgbc�klZg�hj]Zg�afm� jhajh[eylb�j_dhf_g^Zp���sh^h�kdeZ^m�oZj�qm\Zggy�� \_ebqbgb� � lbim�n�abqgh]h�gZ\Zg�lZ`_ggy�\ ijhp_k��lj_gm\Zggy�kihjlkf_gZ� �\ i_j�h^�i�^]hlh\db�ch]h�^h�afZ]Zgv�
E�l_jZlmjZ

�� >_de��iZl��gZ�dhjbk��fh^_ev�Mdj�������FID�*�����������Kihk�[�\bagZq_ggylbim�khe_c�mjbgb� ��H�� 1��;�ebc��H��F�;hj^mg��:��<��I_ljmo� ±� aZy\e�� ���� �������� Him[e�� ������������ ;xe�� ��� ±���k��� H�� F�� ;hj^mg�� :�� H�� IZ\eh\bq�� <�kg�Ev\�\��mg�lm��K_j��N�a����������������� X�G�Ihkm^bg��EZa_jgZy� fbdjhnemhjb�f_ljby�[bheh]bq_kdbo�h[t_dlh\���<bsZrd���Db_\���������� C�� IZpZd�� Hj]Zgbq_kdZy� obfby�� �Fbj�Fhkd\Z��������

�� ;��F�DjZkh\bpdbc��;��F��;hehlbg��Hj�]Zgbq_kdb_� exfbghnhju�� �GZmdZ��Fh�kd\Z���������� =�&KDQJ�� -�.XFKDU�� 5� +DXVLQJHU�� -�%LRO�&KHP���������� ��������� +�.�� 6RQJ�� 6�%�� 0XOURRQHX�� 5�� +XEHU�5�3��+DXVLQJHU��-�%LRO�&KHP��������������������� ,�*HQGOLQD�� '�0� *XWPDQ��� 9�� 7KRPDV�-�%LRO��&KHP���������������������� '�� 7LSSQHU�� 5�� :DJQHU�� -�%LRO�� &KHP���������������������� &�$�� 5R\HU�� &�-�� 0DQQ�� &�5��� 3URWHLQ6FLHQFH����������������3+272/80,1(6&(1&(�2)�'5,('�85,1(�6$03/(681'(5�',))(5(17�3+<6,&$/�/2$',1*2�0�%RUGXQ��2�=��'UREFKDN��%�9�6HPHQ,YDQ�)UDQNR�1DWLRQDO�8QLYHUVLW\�RI�/YLY�'UDKRPDQRY�VWU�������/YLY�������H�PDLO��R[GU#PDLO�UX
7KH� OXPLQHVFHQFH� VSHFWUD� RI� VSRUWVPDQ¶V� GULHG� VDPSOHV� RI� XULQH� EHIRUH� DQG� DIWHUWUDLQLQJ�ZHUH�LQYHVWLJDWHG��7KH�ORQJZDYH�VKLIWLQJ�RI�PD[LPD�RI�OXPLQHVFHQFH�VSHF�WUD�DIWHU�WUDLQLQJ�ZDV�HVWDEOLVKHG��7KH�REWDLQLQJ�UHVXOWV�ZHUH�GLVFXVVHG�
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