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Ev\�\kvdbc�gZp�hgZevgbc�mg�\_jkbl_l��f_g��1\ZgZ�NjZgdZ��nZdmevl_l_e_dljhg�db� \me��LZjgZ\kvdh]h��������������Ev\�\H�PDLO��NRVPR]RR#XNU�QHW
M jh[hl�� _dki_jbf_glZevgh� ^hke�^`_gh� l_jf�qg_� jharbj_ggy� lZ� kihglZggmiheyjbaZp�x�k_]g_lh_e_dljbqgbo�djbklZe�\�^_cl_jh\Zgh]h�ljb]e�pbgkmevnZlma��klmi_g_f�^_cl_jm\Zggy������AgZc^_gh�hkgh\g��^beZlhf_ljbqg��iZjZf_ljb�lZdh_n�p�}glb�_e_dljhkljbdp����NemdlmZp���iZjZf_ljZ�ihjy^dm�nZah\h]h�i_j_oh�^m�ijh�gl_jij_lh\Zgh�\ jZfdZo�\�^hfh��fh^bn�dh\Zgh��l_hj���EZg^Zm�DjbklZeb� ljb]e�pbgkmevnZlm �L=K�ijb\_jlZxlv� �gl_j_k� ^hke�^gbd�\� yd� deZ�kbqg�� k_]g_lh_e_dljbdb� a nZah\bf� i_j_�oh^hf� �NI�� ^jm]h]h� jh^m�� GZ� �ogvhfmijbdeZ^�� i_j_\�jyxlv� hkgh\g�� \bkgh\dbl_jfh^bgZf�qgh��lZ�f�djhkdhi�qgh��l_hj�c�^b\�� >����@���F_lZ�p�}��jh[hlb ±�\b\q_ggyih\_^�gdb� l_jf�qgh]h� jharbj_ggy� lZkihglZggh�� iheyjbaZp��� ^_cl_jh\Zgh]hL=K� �>L=K�� a�� klmi_g_f� ^_cl_jm\Zggy[ | ���� �lhqdZ� Dxj�� LK | ��� D�� � a¶ykm�\Zggy�gZ�p�c�hkgh\��\ieb\m�NI� � nemdlm�Zp�cgbo�y\bs�gZ�oZjZdl_jbklbdb�a]Z^ZgbodjbklZe�\�� :dlmZevg�klv� ij_^f_lmih\¶yaZgZ� a lbf��sh� \ e�l_jZlmj�� \\Z`Z�xlv�� sh� [�evr�klv� klZlbqgbo� \eZklb\h�kl_c� L=K� ^h[j_� hibkmxlvky� \ jZfdZol_hj��� k_j_^gvh]h� ihey�� Z \�^obe_ggy� \�^g_��gZcykdjZ\�r_�ijhy\eyxlvky�^ey�iblh�fh�� l_ieh}fghkl�� lZ� l_jf�qgh]h� jharb�j_ggy�>�@�GZ� i�^klZ\�� ij_pba�cgbo� ^beZlhf_l�jbqgbo� \bf�jx\Zgv� �^_lZe�� ^b\�� m g_�^Z\g�c� jh[hl�� >�@��fb� h^_j`Zeb� l_fi_jZ�lmjg�� aZe_`ghkl�� \�^ghkgh]h� l_jf�qgh]hjharbj_ggy� OO �' \a^h\`� mk�o� djbklZ�ehn�abqgbo�gZijyfd�\� �jbk� �Z���<hgb� aZ�^h\�evgh� dhj_exxlv� yd� �a� aZ]Zevgh�\�^hfbfb� ^Zgbfb� ^ey� djbklZe�\� L=K�^b\� >��� �@��� lZd� � a� j_amevlZlZfb� ^hke��^`_ggy� >L=K� �[ | ����� >�@��Reyohf� h[�jh[db�pbo�^Zgbo�[meh�h^_j`Zgh�\�^ghkg_h[¶}fg_� jharbj_ggy� 99 �' � dh_n�p�}glh[¶}fgh]h�jharbj_ggy�J �^b\��jbk� �[���Yd

� ^ey� dh_n�p�}gl�\� e�g�cgh]h� jharbj_ggyD �^b\�� >�@��� dh_n�p�}gl� J ijb� i�^oh^�� ^hlhqdb�NI�\by\ey}�djblbqgm�hkh[eb\�klv�sh� gZ]Z^m}� ih\_^�gdm� l_ieh}fghkl�� ^eyL=K�� Ijb\_jlZ}� m\Z]m� lZdh`� ijZdlbqgZg_af�gg�klv� 99 �' Z`�^h�l_fi_jZlmj��\b�sbo�aZ�d�fgZlgm�

Jbk� ���L_fi_jZlmjg��aZe_`ghkl��\�^ghkgh]h�e�g�c�gh]h� jharbj_ggy� OO �' ^ey� gZijyfd�\� djbklZeh�n�abqgbo� hk_c� [ �djb\Z� ���� \ ���� � ] ���� �Z�� � p��`aZe_`ghkl�� \�^ghkgh]h� h[¶}fgh]h� jharbj_ggy99 �' �djb\Z� ��� � dh_n�p�}glZ� h[¶}fgh]h� jha�rbj_ggy�J ����djbklZe�\�>L=K��[ | �����
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>ey��gl_jij_lZp���\ieb\m�NI�gZ�^beZ�lhf_ljbqg��iZjZf_ljb�fb�\bf�jyeb�kihg�lZggm�iheyjbaZp�x� 63 \ ^�ZiZahg��\�^�d�f�gZlgh�� l_fi_jZlmjb� ^h� ��� D aZ� ^hihfh�]hx�klZg^Zjlgh��f_lh^bdb�Khc}jZ�LZm_jZ>�@�� 1a� jbk� �� \b^gh�� sh� �� fZdkbfZevg_agZq_ggy klZgh\blv� ����|63 fdDe�kf��P_� agZq_ggy�[ebavd_� ^h� aZj_}kljh\Zgh�]h \ jh[hl�� >�@� ^ey� \biZ^dm� [ | �� ������ �|63 fdDe�kf� aZe_`gh�\�^�ajZa�d�\� � mfh\� jhklm� djbklZe�\��� Ze_� kbkl_fZ�lbqgh�gb`q_� aZ�\_ebqbgb��hljbfZg��\ >�@� ���|63 fdDe�kf� ^ey�[  �����

Jbk� ���L_fi_jZlmjgZ�aZe_`g�klv�kihglZggh��ihey�jbaZp��� 63 ^ey� djbklZe�\� >L=K� �[ | ������ GZ\klZ\p� ±�py�` aZe_`g�klv� l_fi_jZlmjgh��iho�^gh�[ d\Z^jZlm�kihglZggh��iheyjbaZp���
KlZgh\blv��gl_j_k�\b\q_ggy�k_j_^gvh�d\Z^jZlbqgbo� nemdlmZp�c� iZjZf_ljZ� ih�jy^dm���gnhjfZp�x ijh yd� gZcijhkl�r_

h^_j`Zlb�a iZjZf_ljZ� �� � �6G 3 G7[  �^b\�jbk� ���\klZ\dZ���Ih^�[gh�^h�ih\_^�gdb l_�ieh}fghkl�� lZ� dh_n�p�}gl�\� l_jf�qgh]hjharbj_ggy�� l_hj�y� fhe_dmeyjgh]h� ihey[_a� mjZom\Zggy�nemdlmZp�c�^Z}� j_amevlZl�FRQVW z [ ^ey� k_]g_lh_e_dljbqgh�� �� [ ^ey� iZjZ_e_dljbqgh��nZa��IhaZ� h[�eZklx� kd_ce�g]m� nemdlmZp��� keZ[d��� � �ofh`gZ� ihykgx\Zlb� \ jZfdZo� fh^bn�dh�\Zgh�� l_hj���EZg^Zm� >��� �@��Lh^��fb�ijbc�^_fh�^h� \bjZa�\�� koh`bo�^h� h^_j`Zgbo� mjh[hl��>�@�
�����  WO[ � ����� � WO[[ / �������

^_� agZdb �� � ± klhkmxlvky� ^�ZiZahg�\\�^ih\�^gh� \bs_� lZ� gb`q_� &7 �
&& 777 ��� � W ±�\�^ghkgZ�l_fi_jZlmjZ��Z³kljb[hd�aZ�EZg^Zm´� /[ � rO ±�iZjZf_ljb�g_aZe_`g�� \�^� l_fi_jZlmjb�� AZm\Z`bfh�sh�^ey�NI�m >L=K�ih\bggZ�\bdhgm\Zlbkvmfh\Z� �� �� OO >��� �@��Fb� \bdhgZeb^hdeZ^gm� i_j_\�jdm� \bdhgZggy� ki�\\�^�ghr_gv� ����^ey�_dki_jbf_glZevgbo�^Zgbojbk� �� �\klZ\dZ�� � e�l_jZlmjgbo� ^Zgbo� >�@^ey�[  ����� �����^b\��LZ[e������GZ�i�^klZ\�j_amevlZl�\�� a\_^_gbo� m lZ[ebp��� fh`gZkl\_j^`m\Zlb�ijh�yd�kg_�ma]h^`_ggy�l_h�j���lZ�_dki_jbf_glm� �aZ�ihjy^dhf�\_ebqb�gb �a���� �� OO ��^b\��lZdh`�\_ebqbgb�k_�j_^gvhd\Z^jZlbqgbo� \�^obe_gv� Zijhdkb�fZp���aZe_`ghkl_c� ��W[ nhjfmeZfb������

LZ[ebpy���JhajZomgdh\��iZjZf_ljb�djblbqgh��ih\_^�gdb�kihglZggh��iheyjbaZp��djbklZe�\�>L=K��[ | �����
Klmi�gv�^_cl_�jm\Zggy�[ L_fi_jZ�lmjZ�NI��D IZjZf_ljb� rO ����� fdDe�kf��D�� K_j_^gvhd\Z^jZlbqg_\�^obe_ggy����� fdDe�kf��D�� <�^ghr_ggy���� �� OO

��� >�@ ��� O±  ±��O�  ±�� ���� ����
��� >�@ ��� O±  ±��O�  ±� ���� ���

�����gZr��^Zg�� ��� O±  ±���O�  ±���� ���� ���
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GZklmigbf�djhdhf�gZrbo�^hke�^`_gv[meh� \klZgh\e_ggy� a\¶yadm� f�`� l_fi_jZ�lmjgbfb� af�gZfb� ^beZlhf_ljbqgbo� iZjZ�f_lj�\�� iZjZf_ljhf�ihjy^dm�k_]g_lh_e_d�ljbqgh]h� NI�� AZ� mfh\Zfb� kbf_lj��� p_ca\¶yahd�ih\bg_g�hibkm\Zlbky�fh\hx�d\Z^�jZlbqgh��kihglZggh��_e_dljhkljbdp���
���� 66 43OO  ' � ���

^_� 6OO ���' ±� kihglZgg�� af�gb� \�^ghkgh]he�g�cgh]h� jharbj_ggy�� 4 ±� _e_dljhkl�jbdp�cg�� dh_n�p�}glb�� yd�� y\eyxlv� kh[hxdhfihg_glb� iheyjgh]h� l_gahjZ� q_l\_jlh�]h�jZg]m��Dhj_dlg_�\bagZq_ggy�j_amevlZlmNI� 6OO ���' ih\¶yaZg_� a i_\gbfb�ljm^gh�sZfb�� Hkd�evdb� \ iZjZ_e_dljbqg�c� nZa�aZe_`ghkl�� ��� 7OO' ^ey�\k�o�]heh\gbo�gZ�ijyfd�\� �klhlgh� g_e�g�cg�� �^b\�� jbk� �Z��³ghjfZevgbc´�l_fi_jZlmjgbc�o�^�pbo�oZ�jZdl_jbklbd� \Z`dh� h^ghagZqgh� \klZgh�\blb��G_ajhamf�eh�� ahdj_fZ��qb�fb�fZ}fhkijZ\m� a ieZ\ghx� _\hexp�}x� l_jf�qgbodh_n�p�}gl�\� ��� 7OO' �� g_� ih\¶yaZghx� aNI��qb�\ gbavdhl_fi_jZlmjghfm�^�ZiZahg�iZjZnZab��klhlgm�jhev�\�^�]jZxlv�nemdlm�Zp�cg��y\bsZ�

Jbk� ���AZe_`g�klv�kihglZggh]h�ijbjhklm� 6OO ���'\�^ghkgh]h� e�g�cgh]h� jharbj_ggy \a^h\`� hk�� \djbklZe�\�>L=K� �[ | ������GZ� \klZ\dZo� l_fi_jZ�lmjg�� aZe_`ghkl�� 6OO ���' �Z�� � dh_n�p�}glZ� _e_dl�jhkljbdp��� \4 �[��
IjbimkdZxqb� hklZgg}�� fh`gZ� h^_j�`Zlb� aZe_`ghkl�� ����� 7OO 6' �� h^gZ� a ydbo

�^ey�iheyjgh]h�gZijyfdm ����!��ijh�exkl�jh\ZgZ gZ�jbk� ���\klZ\dZ�Z���<bdhjbklZ}fhl_i_j�nmgdp�x� ��736 a jbk� �� � ihj�\gy�}fh� �ahl_fi_jZlmjg�� agZq_ggy� 6OO ���' �
63 ��M j_amevlZl��fb�h^_j`bfh�aZe_`g�klv����� 66 3OO' �� ihdZaZgm� gZ� jbk� ��� ydZ� m\kvhfm�^�ZiZahg��k_]g_lhnZab�\by\ey}lvkye�g�cghx�a g_ih]Zghx�lhqg�klx��hq_\b^g�\�^obe_ggy�kihkl_j�]Z}fh�ebr_�^ey�lhqhd�[ebavdbo�^h�lhqdb�Dxj����Dmlh\bc�gZobeaZe_`ghkl�� \bagZqZ}� ³�gl_]jZevgbc´� dh�_n�p�}gl� _e_dljhkljbdp��� ���|\4 f�De���>ey� �grbo� djbklZehn�abqgbo� gZijyfd�\fZ}fh� ���|[4 f�De��� � ����|\4 f�De���lh[lh� _e_dljhkljbdp�cgbc� _n_dl� ^ey� gZ�ijyfdm� ����!� oZjZdl_jbam}lvky� ijhlb�e_`gbf�agZdhf��>ey�[ | ����m jh[hl��>�@n�]mjmxlv� \_ebqbgb ���|[4 f�De������|\4 f�De�� � ����|]4 f�De���� ijhl_gZkijZ\^��a pbo�^Zgbo�\bieb\Z}��sh�4 g_�fhghlhggh�aZe_`Zlv�\�^�l_fi_jZlmjb��af��gxxqbkv� m f_`Zo� \�^ih\�^gh� ������ y ������� y � ��������� y� f�De��� Hl`_��fh`�gZ� ]h\hjblb� ebr_� ijh� ]jm[m� dhj_eyp�xj_amevlZl�\� >�@� � gZrh�� jh[hlb�� AZm\Z`b�fh��sh� m >�@� jhajZomgdb� 4 \bdhgZgh� g_reyohf� [_aihk_j_^gvh]h� ihj�\gyggy� ^Z�gbo� 6OO ���' � 63 �� Z a� aZemq_ggyf� e�l_jZ�lmjgbo� ^Zgbo� ^ey� ^�_e_dljbqgbo� \eZklb�\hkl_c� djbklZe�\�>L=K��P_� } hq_\b^gbfg_^he�dhf�ohqZ�[ a�h]ey^m�gZ��gh^���klhlg�\�^f�gghkl��iZjZf_lj�\�^ey�j�agbo�ajZad�\�^b\�� h[]h\hj_ggy� >��@� ^ey� dh_n�p�}gl�\kihglZggh��_e_dljhhilbdb��AZagZqbfh�� sh� kijh[b� ³^bn_j_gp�c�gh]h´� \bagZq_ggy� dh_n�p�}glZ� 4 ^eyj�agbo� l_fi_jZlmj� � ih[m^h\b� l_fi_jZ�lmjgh��aZe_`ghkl�� ��74 m \biZ^dm�gZrbodjbklZe�\�g_\bijZ\^Zg���^b\��jbk�����\klZ\�dZ�[ � ihj�\g��a i�^oh^hf��\`blbf�m jh[h�lZo� >��� ��� ��@��� AgZc^_g�� lZdbf� kihkh[hfdh_n�p�}glb�4 gZ\�lv�ijb�ihj�\gygh�\_eb�dbo� 77& � r\b^dh� ajhklZxlv� a i�^\b�s_ggyf�l_fi_jZlmjb��Z \�hdhe��lhqdb�NI
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ky]Zxlv� agZq_gv� a ��� f�De���� LZdZ� ih�\_^�gdZ� gZ^lh� kmll}\h� \�^f�ggZ� \�^� i_j_�^[Zq_gv�l_hj���EZg^Zm��m yd�c� FRQVW 4 �
:\lhjb� \bkeh\exxlv� ih^ydm� dZg^�n�a��fZl�� gZmd�X�F�DhjqZdm� aZ� _dki_jb�f_glZevgm�^hihfh]m�

E�l_jZlmjZ
��F�EZcgk��:�=eZkk��K_]g_lhwe_dljbdb�bjh^kl\_ggu_�bf�fZl_jbZeu� �Fbj��Fh�kd\Z���������� ;�:�Kljmdh\�:�I�E_\Zgxd� Nbabq_kdb_hkgh\u�k_]g_lhwe_dljbq_kdbo� y\e_gbc� \djbklZeeZo��GZmdZ��Fhkd\Z� �������� ,�6�*LUQ\N��2�6�.XVKQLU��5�<�6KRSD�� )HU�URHOHFWULFV��������LQ�SUHVV���� 0�.RUDOHZVNL�� %�-LPLQH]�� -�GH� )UXWRV�%�1RKHGD�� -�$�*RQ]DOR�� )HUURHOHFWULFV������������������ B�F�Kbev\_kljh\Z��DjbklZeeh]jZnby���������������� &�$UDJR�� %�1RKHGD�� -�$�*RQ]DOR�� )HU�URHOHFWULFV���������������

�� G�J�B\Zgh\� Y�Nhmk_d��Ba\��:G KKKJ�k_j��nba����� ������������� 1�5�,YDQRY�� $�3�/HYDQ\XN�� 6�$�0LQ\X�NRY�� -�.URXSD�� -�)RXVHN�� -�� 3K\V��� &RQ�GHQV��0DWWHU������������������� %� 9� $QGUL\HYVN\�� 0� 2� 5RPDQ\XN�<D�$�'XPND� 6HPLFRQGXFWRU� 3K\V��4XDQWXP�(OHFWURQ�� 	�2SWRHOHFWURQ�� ��� ����������� %�$QGUL\HYVN\�� 9�.DUGDVK�� 6�'DFNR�=�&]DSOD��$FWD�3K\V��3RORQLFD�$���� ������������� 2�6�.XVKQLU�� 3K\V�� 6WDW�� 6ROLGL� �E�� ���������������
63217$1(286�32/$5,=$7,21�$1'�7+(50$/(;3$16,21�2)�'7*6�&5<67$/6

5�<�6KRSD��,�6�*LUQ\N��2�6�.XVKQLU��<�,�6KRSD
)DFXOW\�RI�(OHFWURQLFV� ,YDQ�)UDQNR�1DWLRQDO�8QLYHUVLW\�RI�/YLY �7DUQDYVN\�6W� �����������/YLYH�PDLO��NRVPR]RR#XNU�QHW
([SHULPHQWDO�VWXGLHV�RI� WKHUPDO� H[SDQVLRQ� DQG�VSRQWDQHRXV�SRODUL]DWLRQ�RI� IHUURH�OHFWULF�GHXWHUDWHG�WULJO\FLQH�VXOIDWH�FU\VWDOV�ZLWK� WKH�GHXWHUDWLRQ�GHJUHH�����DUH�SHU�IRUPHG�� 7KH�PDLQ� GLODWRPHWULF� SDUDPHWHUV� DQG� WKH� HOHFWURVWULFWLRQ� FRHIILFLHQWV� DUHIRXQG��)OXFWXDWLRQV�RI�WKH�RUGHU�SDUDPHWHU�RI�WKH�SKDVH�WUDQVLWLRQ�DUH� LQWHUSUHWHG� LQWKH�IUDPHZRUN�RI�WKH�NQRZQ�PRGLILHG�/DQGDX�WKHRU\�
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