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<BDHJBKL:GGY KPBGLBEYLHJ1<�G:�HKGH<1K?E?G1>M�PBGDM�< DHF;1GH<:GBO>?L?DLHJ:O�>EY�J?/KLJ:P12�AF1R:GBOIHLHD1<�<BIJHF1GX<:GV
<�Jb`bdh\��G�KlZj`bgkvdbc��D�DZljmgh\�<�LZjZkh\��H�<y]�g��H�A_e_gkvdZ

1gklblml�kpbglbeyp�cgbo�fZl_j�Ze�\�GLD ©1gklblml�fhghdjbklZe�\ª�G:GMdjZ�gb�ijhki��E_g�gZ������OZjd�\��������H�PDLO�YLDJLQ#LVPD�NKDUNRY�XD
>hke�^`_gh�fh`eb\�klv� \bdhjbklZggy� kpbglbeylhj�\� gZ� hkgh\�� djbklZe�\� k_�e_g�^m�pbgdm�a �ah\Ze_glgbfb�^hf�rdZfb �7H��2��&G��m ih}^gZgg��a &V,�7O��lZ6L�nhlh^�h^hf��m dhf[�gh\Zgbo�^_l_dlhjZo� �D>��^ey�jha^�evgh��j_}kljZp��� aZ�jy^`_gbo�qZklhd� �D�� E�\bijhf�gx\Zggy�� � J�d\Zgl�\��IhdZaZgh��sh�\b^�e_ggykb]gZe�\� kpbglbeylhj�\� fh`gZ� a^�ckgx\Zlb� yd� \b[hjhf� Zfie�lm^gh�qZkh\boiZjZf_lj�\� ki_dljhf_ljbqgh]h� ljZdlm�� lZd� � k_e_dlb\gbf� hilbqgbf� hkeZ[�e_ggyf��Jha]eygmlh�i_jki_dlb\m�\bdhjbklZggy�lbi�\�D>��sh�^hke�^`m\Zebkv�yd�_e_f_gl�\�dhhj^bgZlgh�qmleb\bo�^_l_dlhj�\�<klmi

Dhf[�gh\Zg�� ^_l_dlhjb� �D>��� sh� aZ�klhkh\mxlvky� aZjZa�^ey�j_}kljZp��� af�rZ�gbo� ihlhd�\� �hg�amxqbo� \bijhf�gx\Zgv�kdeZ^Zxlvky� a\bqZcgh� a d�evdho� kpbglb�eylhj�\��sh�fZxlv�j�agm�qmleb\�klv�^h�aZ�jy^`_gbo�qZklhd�� ]ZffZ�d\Zgl�\��LZdbfb�gZijbdeZ^�� } ^_l_dlhjb� lbim� ©nhk\bqª�Djbl_j�yfb� \b[hjm� kpbglbeylhj�\�� sh\oh^ylv�^h� kdeZ^m� lZdbo�D>�� } j�agbpy� mqZk�� \bk\�le_ggy�� \bkhdbc� k\�leh\bc� \b�o�^�� _n_dlb\gbc� Zlhfgbc� ghf_j�� _g_j]_�

lbqg_� jha^�e_ggy� lZ� _n_dlb\g�klv� j_}kl�jZp��� dhgdj_lgh]h� \b^m� �hg�amxqh]h� \b�ijhf�gx\Zggy�DjbklZeb�k_e_g�^m�pbgdm� a �ah\Ze_gl�gbfb� ^hf�rdZfb =Q6H�1<>��� ^_� 1<> 7H�2��&G��\�^hf��yd�\bkhdh_n_dlb\g��kpbglb�eylhjb� ^_l_dlhj�\� gbavdh_g_j]_lbqgh]hj_gl]_g�\kvdh]h�\bijhf�gx\Zggy�\ �gljh�kdhibqg�c� ZiZjZlmj��� Kpbglbeylhjb� fZ�xlv�\bkhdbc�Z[khexlgbc�k\�leh\bc�\bo�^�^h��� ��� nhlhg�F_<���jZ^�Zp�cgh�kl�cd��^h[j_� ki_dljZevgh� ma]h^`_g�� a nhlh^�h�^hf� lZ� g_]�]jhkdhi�qg� �LZ[e� ��� >�� �@�
LZ[ebpy����Hkgh\g��oZjZdl_jbklbdb�kpbglbeylhj�\�=Q6H�1<>��� &V,�7O�DjbklZeOZjZdl_jbklbdZ &V,�7O� =Q6H�7H� =Q6H�2� =Q6H�&G�S�evg�klv��]�kf� ���� ���� ���� ����?n_dlb\gbc�Zlhfgbc�ghf_j �� �� �� ��FZdkbfmf�exf�g_kp_gp����gf ��� ��� ��� ���Dh_n�p�}gl�ki_dljZevgh]hma]h^`_ggy�a N> ���� ���� ���� ����Dh_n�p�}gl�aZehfe_ggy ���� ���� ���� ����:[khexlgbc�k\�leh\bc�\bo�^�nhlhg�F_< ������� ^h������ ^h������ ^h������
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M jh[hlZo� >�� �@� [meh� ihdZaZgh�� shkpbglbeylhjb� gZ� hkgh\�� k_e_g�^m� pbgdmfh`mlv� aZklhkh\m\Zlbky� ^ey� j_}kljZp��dhjhldhijh[�`gbo� qZklhd�� Lhfm� f_lhx^Zgh�� jh[hlb� [meh� ^hke�^`_ggy� fh`eb�\hkl�� aZklhkm\Zggy� pbo� kpbglbeylhj�\� yd^_l_dlhj�\� .� � ��\bijhf�gx\Zgv� m dhf[��gh\Zgbo� ^_l_dlhjZo�� >ey� j_}kljZp��� ]Zf�fZ�\bijhf�gx\Zggy� [meh� h[jZgh� kpbglb�eylhj� &V,�7O�� aZ\^ydb� \bkhdhfm� _n_dlb\�ghfm� Zlhfghfm� ghf_jm�� Z lZdh`� ijhah�jhkl�� m ^�ZiZahg�� \bk\�le_ggy� kpbglbey�lhj�\�=Q6H�1<>��
?dki_jbf_gl>ey� \bagZq_ggy� hilbfZevgbo� nhjf� �jhaf�j�\�kpbglbeyp�cgbo�_e_f_gl�\�dhf[��gh\Zgh]h� ^_l_dlhjZ� aZ� ^hihfh]hx� fZl_�fZlbqgh]h�fh^_ex\Zggy�f_lh^hf�Fhgl_�DZjeh� [meh� ijh\_^_gh� jhajZomgdb� hi�lbf�aZp��� k\�leha[bjZggy� c _n_dlb\ghkl�j_}kljZp��� �hg�amxqh]h� \bijhf�gx\Zggy^hke�^`m\Zgbfb�djbklZeZfb�M j_amevlZl��^_l_dlhj�[meh�ajh[e_gh�m\b]ey^��aj�aZgh��qhlbjb]jZggh��i�jZf�^b�a&V1�7O�� \bkhlhx� �� ff �� \o�^gbf� \�dghf

�u� ff���gZ�yd_�ihf�sm\Zebky�ajZadb�djb�klZe�\�=Q6H�1<>��jhaf�jhf��u�u��� ff� lZ�u�u��� ff��� IehsZ� gb`gvh�� hkgh\b� i��jZf�^b� �6  � Ff��� ^hj�\gx}� iehs�� \o�^�gh]h�\�dgZ�dj_fg�}\h]h�nhlh^�h^Z�<bf�jx\Zggy�oZjZdl_jbklbd�dhf[�gh�\Zgh]h� ^_l_dlhjZ� ijh\h^behky� gZ� klZg�^Zjlghfm� ki_dljhf_ljbqghfm� ljZdl��� shkdeZ^Z}lvky� a nhlh_e_dljhggh]h� ihfgh�`m\ZqZ� lbim� NWM������ aZjy^hqmleb\h]hi�^kbex\ZqZ� �AI���e�g�cgh]h�i�^kbex\ZqZa��af�ggbfb�dheZfb� �gl_]jm\Zggy�kb]gZemlZ� [Z]ZlhdZgZevgh]h� ZgZe�aZlhjZ� �fimev�k�\�:F:���N�� QZk� �gl_]jm\Zggy� kb]gZem[m\� m ^�ZiZahg�� ���·���� fdk�� >`_j_eZfb.�� ��� � ��\bijhf�gx\Zggy� [meb� jZ^�hgmd�e�^b� ���3X �(.  ���F_<�� � ���&V� �(D?   �����F_<��(�  �����F_<��
J_amevlZlb�lZ�h[]h\hj_ggyM lZ[e�� �� gZ\_^_gh� hkgh\g�� _dki_jb�f_glZevg��c jhajZomgdh\��j_amevlZlb�klh�kh\gh� ki_dljhf_ljbqgbo� oZjZdl_jbklbd=Q6H �1<>�� � dhf[�gh\Zgh]h� ^_l_dlhjZ=Q6H�1<>� � &V,�7O��BBBBBBBBBBBBBBBBBBBBBBBB

LZ[ebpy ���Ki_dljhf_ljbqg��iZjZf_ljb�kpbglbeylhjZ�=Q6H�1<>�lZ�dhf[�gh\Zgh]h�^_l_dlhjZ�=Q6H�1<>����&V,�7O�
?g_j]_lbqg_jha^�e_ggy��� Dh_n�p�}glk\�leha[bjZggy

?n_dlb\g�klv�j_}kljZp��ih���e�g�����&V�������F_<���0����Lbi^_l_dlhjZ 5. 5D? 5� W. W� jhajZomghd _dki_jbf_gl .��
=Q6H�1<>� ���±��� ����±���� ����±���� ���� ���� ��� ��� ���±���D> ���±��� ����±���� ���±��� ���� ���� �� ���� ����±����

BBBBBBBBBBBBBBBBBBBBBBBB
A lZ[ebp��\b^gh��sh�djbklZeb =Q6H �1<>�m kdeZ^��D>�fZxlv� aZ^h\�evg_�_g_j]_lbq�g_�jha^�e_ggy��Z \bdhjbklZggy�i�jZf�^b� a&V,�7O�� yd� k\�leh\h^Z� fZeh� \ieb\Z}� gZki_dljhf_ljbqg�� oZjZdl_jbklbdb� kpbglb�eylhj�\� gZ� hkgh\�� k_e_g�^m� pbgdm�� Jha�

[�`g�klv�f�`�jhajZomgdh\bfb�lZ�_dki_jb�f_glZevgbfb� agZq_ggyfb� _n_dlb\ghkl�j_}kljZp��� ]ZffZ�\bijhf�gx\Zggy� D>� g_i_j_\bsm}�����M iheyo� af�rZgbo� \bijhf�gx\Zgv�^hnhlhijbcfZqZ� D>� gZ^oh^blv� kmfZjgbc
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kb]gZe� \�^� h[ho� kpbglbeylhj�\��M pvhfm\biZ^dm� fh`eb\_� gZdeZ^_ggy� gZ� rdZe�ZgZe�aZlhjZ� i�d�\� kpbglbeylhj�\�� sh� hd�j_fh�j_}kljmxlv�aZjy^`_g��qZkldb�c ]Zf�fZ�d\Zglb�M \biZ^dm� h^ghqZkgh�� j_}kljZp��� .�� ���\bijhf�gx\Zggy� \Z`eb\bf� iZjZf_ljhfD>��sh�\bagZqZ}�fh`eb\�klv�ki_dljhf_l�jbqgh]h� \�^hdj_fe_ggy� kb]gZe�\� kpbglb�eylhj�\�� } ZevnZ�]ZffZ �.����\�^ghr_ggy�<hgh� y\ey}� kh[hx� \�^ghr_ggy� Zfie�lm^�fimevk�\�� sh� ijbiZ^Zxlv� gZ� h^bgbpx\ljZlb�_g_j]���\�^�ZevnZ�qZklbghd�� ]ZffZ�d\Zgl�\�>�@�
� �66% %H
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^_�9. � 9� ²�Zfie�lm^b�kb]gZe�\�\�^�kpbg�lbeylhj�\� �m dZgZeZo�� ijb� hijhf�g_gg�\�^ih\�^gh�ZevnZ�qZkldZfb�c ]ZffZ�d\Zg�lZfb�� LZdbf� qbghf�� qbf� \bs_� agZq_ggy.����lbf�djZs_�jha^�e_g��i�db�

Jbk�����Ki_dljb�Zfie�lm^gh]h�jhaih^�em��fimevk�\D>�ijb�a[m^`_gg��jZ^�hgmde�^Zfb����3X � ���&V�

1klhlgZ�j�agbpy�m ljb\Zehkl��aZ]ZkZggyexf�g_kp_gp��� kpbglbeylhj�\� &V,�7O�� �=Q6H�1<>�� �\�^ih\�^gh� � fdk� lZ� ihgZ^�� fdk��^ha\hey}�af�gx\Zlb�ZevnZ�]ZffZ�\�^ghr_ggy� D>� reyohf� \b[hjm� qZkm�gl_]jm\Zggy�kb]gZem�A jbk� �� Z \b^gh��sh�i�db�ih]ebgZggy.�qZklhd� � ��d\Zgl�\� kpbglbeylhjZfb=Q6H�2��� &V,�7O��i_j_djb\Zxlvky�ijb�qZk��gl_]jm\Zggy� ��� fdk��.���\�^ghr_ggy�ijbpvhfm� ^hj�\gx}� ������ A[�evr_ggy� klZeh��gl_]jm\Zggy� 2 ^h� ���� fdk� jha^�ey}�i�db�.��  ���� �jbk� �� [��LZdh`� .���\�^ghr_ggy� fh`gZ� af��gx\Zlb� reyohf� k_e_dlb\gh]h� hilbqgh]hhkeZ[e_ggy�� aZklhkh\mxqb� k\�lehn�evlj�sh� g_ijhihjp�cgh� af�gx}� k\�leh\bo�^kpbglbeylhj�\ �jbk� �� \��

Jbk����Ki_dljb� Zfie�lm^gh]h� jhaih^�em� �fimevk�\D>�ijb�a[m^`_gg�����&V�
Ki_dljhf_ljbqg_� \�^hdj_fe_ggy� kb]�gZe�\��sh�\�^ghkylvky�^h�j�agbo�\b^�\�\b�ijhf�gx\Zgv�� fh`eb\_� � ijb� j_}kljZp��[_lZ�\bijhf�gx\Zggy� �_e_dljhg�\��gZ�nh�g�� ]ZffZ�\bijhf�gx\Zggy�� GZ� jbk� �� gZ�\_^_gh�ki_dlj�Zfie�lm^gh]h�jhaih^�em��f�imevk�\��hljbfZgh]h�ijb�hijhf�g_gg��D>_e_dljhgZfb� \gmlj�rgvh�� dhg\_jk��� a_g_j]�}x� �����F_<� lZ� ]ZffZ�\bijhf��gx\Zggy� \�^� jZ^�hgmde�^Z� ���&V��M pvhfm\biZ^dm�\�^klZgv�f�`�i�dZfb�[m^_�oZjZd�l_jbam\Zlbky� ����\�^ghr_ggyf�� yd_� ijb\bdhjbklZgg��\ D>�kpbglbeylhjZ�=Q6H�2�� qZk�� �gl_]jm\Zggy� kb]gZem� 2  ���� fdkklZgh\blv������
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<bkgh\db>hke�^`_gh� ki_dljhf_ljbqg�� oZjZd�l_jbklbdb� dhf[�gh\Zgh]h� ^_l_dlhjZ� ^eyj_}kljZp��� af�rZgbo� ihlhd�\� �hg�amxqbo\bijhf�gx\Zgv�� A mjZom\Zggyf� dh_n��p�}glZ� k\�leha[bjZggy� lZ� _n_dlb\ghkl�j_}kljZp��� ]ZffZ�\bijhf�gx\Zggy� h[jZghnhjfm� c jhaf�j� _e_f_gl�\� D>��IhdZaZghfh`eb\�klv�aZklhkm\Zggy�m D>�kpbglbey�lhj�\�gZ�hkgh\��k_e_g�^m�pbgdm�^ey�^_l_d�lm\Zggy�aZjy^`_gbo�qZklhd�AZijhihgh\Zgbc� \Zj�Zgl� D>� ^ha\hey}ijh\h^blb� \b^�e_ggy� oZjZdl_jgbo� e�g�c�hg�amxqh]h� \bijhf�gx\Zggy� j�agh�� ijb�jh^b��a j�aghx�s�evg�klx��hg�aZp����[_a�\b�dhjbklZggy�ki_p�Zevgbo�ko_f�\�^hdj_fe_g�gy�kb]gZe�\�aZ�nhjfhx� �fimevkm��LZd_�\b�^�e_ggy�fh`_�^hky]Zlbky�ki_dljhf_ljbqghijb� i�^[hj�� qZkm� nhjfm\Zggy� �fimevk�\Z[h�ijb�\bdhjbklZgg��hilbqgh]h�n�evljZ�

Fh`eb\_� \bdhjbklZggy� dj_fg�}\h]hnhlh^�h^Z� yd� nhlhijbcfZqZ� a[�evrblvZevnZ�]ZffZ�\�^ghr_ggy�dhf[�gh\Zgh]h�^_�l_dlhjZ��lhfm�sh�dh_n�p�}gl�ki_dljZevgh]hma]h^`_ggy� kpbglbeylhj�\ =Q6H �1<>�� �aN>� ky]Z}� ������ AZ� hp�gdZfb�� ^ey� _g_j]�c(.  ���F_<� � (�  �����F_<� ijb� qZk��gl_]jm\Zggy� kb]gZem� W  ���� fdk� .���\�^ghr_ggy�D>�klZgh\blbf_ a��������<Zj�x\Zggy� jhaf�jm�� nhjfb�� Z lZdh`fZl_j�Zem�_e_f_gl�\�D>�\�^ih\�^gh�^h�ih�klZ\e_gbo�aZ\^Zgv�^ha\hey}�hdj_fh�^_l_d�lm\Zlb� j�ag�� lbib� �hg�amxqbo� \bijh�f�gx\Zgv�Dhf[�gh\Zg�� ^_l_dlhjb� jha]eygmlh�dhgkljmdp���fh`mlv�\bdhjbklh\m\Zlbkv�yd_e_f_glb� dhhj^bgZlgh� qmleb\bo� ^_l_d�lhj�\�� sh� j_}kljmxlv� �hg�amxq_� \bijh�f�gx\Zggy�\ ���]_hf_lj���
E�l_jZlmjZ

�� <�>�Ju`bdh\��G�=�KlZj`bgkdbc��E�I�=Zev�qbg_pdbc b ^j�� DjbklZeeu� kpbglbeey�lhjh\� b ^_l_dlhju� bhgbabjmxsbo� ba�emq_gbc�gZ�bo�hkgh\_� �GZmdh\Z�^mfdZ�Db_\���������� 9�5\]KLNRY�� 1�6WDU]KLQVNL\�� /�*DOFKL�QHWVN\L��.�.DWUXQRY��)XQFWLRQDO�0DWHULDOV���������������� 9�5\]KLNRY�� /�*DOFKLQHWVN\L�� 1�6WDU�]KLQVNL\��(�'DQVKLQ��.��.DWUXQRY�9�&KHU�

QLNRY�� <hijhku� Zlhfghc� gZmdb� b l_o�gbdb������������������ <�>�Ju`bdh\��G�=�KlZj`bgkdbc��D�:�DZl�jmgh\� <�<�Q_jgbdh\��<�:�LZjZkh\��H�<�A_�e_gkdZy� H�=�<y]bg�� B�F�A_gy�� Gh\u_l_ogheh]bb������������������� Ijbgpbiu� b f_lh^u� j_]bkljZpbb� we_�f_glZjguo� qZklbp�� Ih^� j_^Zdpb_c� <mPaygv�kxg�b Exd�D�XZg���Ba^Zl_evkl\hbghkljZgghc�ebl_jZlmju��Fhkd\Z��������
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86,1*�=,1&�6(/(1,'(�%$6('�6&,17,//$7256,1�&20%,1('�'(7(&7256�)25�5(*,675$7,212)�0,;('�)/8;(6�2)�5$',$7,21
9�5\]KLNRY��1�6WDU]KLQVN\��.�.DWUXQRY��9�7DUDVRY�2�9\DJLQ��2�=HOHQVND\D

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67�&RPSOH[��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��8NU��1DW��$FDG��6FL���/HQLQ�$YH������.KDUNLY�������H�PDLO�YLDJLQ#LVPD�NKDUNRY�XD
7KH�SRVVLELOLW\� IRU� XVLQJ� ]LQF� VHOHQLGH�EDVHG VFLQWLOODWRUV� ZLWK� LVRYDOHQW� GRSDQWV�,9' 7H�2�&G��FRXSOHG�ZLWK�&V,�7O��DQG�6L�SKRWRGLRGH�LQ�FRPELQHG�GHWHFWRUV�IRUVHSDUDWH� UHJLVWUDWLRQ� RI� FKDUJHG�SDUWLFOHV� ��D�� E� UDGLDWLRQ�� DQG�J�TXDQWD� LV� VWXG�LHG��,W�LV�VKRZQ�WKDW�VHSDUDWLRQ�RI�VLJQDOV�IURP�GLIIHUHQW�VFLQWLOODWRUV�FDQ�EH�FDUULHGRXW�ERWK�E\�WKH�FKRLFH�RI�DPSOLWXGH�WLPH�SDUDPHWHUV�RI�WKH VSHFWURPHWULF�WUDFW�DQGVHOHFWLYH�RSWLFDO�DWWHQXDWLRQ��3URPLVLQJ�DSSOLFDWLRQV�RI�WKH�W\SHV�RI�FRPELQHG�GH�WHFWRUV� XQGHU� VWXG\� DV� FRPSRVLWH� HOHPHQWV� RI� FRRUGLQDWH�VHQVLWLYH� GHWHFWRUV� DUHFRQVLGHUHG�
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