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AZ� ^hihfh]hx� fZljbqgbo� i�^oh^�\� ^h� jhajZomgdm� klZgm� iheyjbaZp��� k\�leZijhZgZe�ah\Zgh� \ieb\� [Z]Zlhijhf_g_\h�� �gl_jn_j_gp��� k\�leZ� gZ� hilbqgm� Zd�lb\g�klv�ijhahjbo�djbklZe�\�ijb�ihrbj_gg��\ gZijyfdm�hilbqgh��hk���IhdZaZ�gh��sh�p_c�\ieb\�agbdZ}�ijb�ghjfZevghfm�iZ^�gg��k\�leZ�gZ�ajZahd��Z ijb�dh�khfm�iZ^�gg�� a\h^blvky�^h�hkpbeyp�c��Zfie�lm^Z�ydbo�\bagZqZ}lvky�dmlhf�iZ�^�ggy�lZ�Zabfmlhf�iheyjbaZp���iZ^Zxqh]h�k\�leZ�

M ^hke�^`_ggyo� hilbqgh�� Zdlb\ghkl��H:�� djbklZe�\� kihkl_j�]Zxlv� \ieb\� �g�l_jn_j_gp���q_j_a�[Z]ZlhdjZlg��\�^[b\Zggyk\�leZ� �;<K�� aZ� mfh\� \bdhjbklZggy� dh]_�j_glgh]h�\bijhf�gx\Zggy�� ajZad�\�g_�gZ^�lh� \_ebdbo� lh\sbg� a \bkhdhx� hilbqghxyd�klx >�±�@� Ijhl_� \�^ih\�^g�� l_hj_lbqg�f�jdm\Zggy�kmi_j_qeb\���LZd�� �a� >�@�\bieb�\Z}� \�^kmlg�klv� \ieb\m� ;<K� gZ� H:� ijbihrbj_gg��k\�leZ�\ gZijyfdm�hilbqgh��hk��Z \ >�@� h^_j`Zeb� l_fi_jZlmjgm� aZe_`g�klvdmlZ�I ih\hjhlm�iehsbgb�iheyjbaZp���k\�l�eZ� �@��FRV�����>��� ���� 77U77 MII � �� ^_���I ±� \_ebqbgZ� [_a� \ieb\m� ;<K�� U ±� k_�j_^g�c� Zfie�lm^gbc� dh_n�p�}gl� \�^[b\Zg�gy�� M ±� nZaZ� k\�leh\h�� o\be��� I�^o�^� >�@aZk\�^qb\� gZy\g�klv� \ieb\m� ;<K� ^eyfZ]g�lgh�� H:�� Z ^ey� ihykg_ggy� j_amev�lZl�\� >�±�@� ^ey� ijbjh^gh�� H: [meh� \b�keh\e_gh�ijbims_ggy >�@�ijh�ihy\m�\ieb�\m�;<K�gZ�l_fi_jZlmjg��aZe_`ghkl�� ��7I

aZ� mfh\b� g_gmevh\h]h� dmlZ� iZ^�ggy� Lk\�leZ�gZ�ajZahd�F_lZ� p�}�� jh[hlb ±� l_hj_lbqgbc� jha�]ey^� pbo� iblZgv� reyohf� h^_j`Zggyjha\¶yad�\�^ey�I aZ�^hihfh]hx�fZljbqgh�]h�i�^oh^m��^b\��>�±�@��� �ogvh]h�qbk_evgh�]h� ZgZe�am� ^ey� \biZ^dm� dhkh]h� � �zL �iZ^�ggy� k\�leZ� lZ� jha]ey^m� fh`eb\bogZke�^d�\�^ey�j_amevlZl�\�_dki_jbf_glm�M jh[hl��>�@�h^_j`Zgh�Zabfml� F � dml_e�ilbqghkl�� H k\�leZ�gZ�\boh^��ijhahjh�]h� djbklZeZ� a ^\haZehfe_ggyf� � H:� aZ�e_`gh�\�^�dmlZ�L��Z jha]ey^�>����@�klhkm\Z\�ky� aZ]Zevg�rh]h� \biZ^dm� ih]ebgZxqh]h^bojh�qgh]h� djbklZeZ�� Ze_� ijb� � L �Hkd�evdb� ^Zg�� >�±�@� dhj_exxlv� ^eyki�evgbo� ]jZgbqgbo� \biZ^d�\�� gZ^Ze�� fb\bdhjbklZ}fh� j_amevlZlb� >�@� ^ey�fZljbp�>`hgkZ�� a]�^gh� a ydbfb� ijb� \�^obe_gg�gZijyfdm� iZ^�ggy� k\�leZ� gZ� djbklZe� gZdml�L \�^�hilbqgh��hk��] fZ}fhBBBBBBBBBBBBBBBBBBBBB
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^_� LU � \[L � � ±� Zfie�lm^g�� dh_n�p�}glb\�^[b\Zggy�� LW � LW 
 ±�\�^ih\�^gh�Zfie�lm^g�dh_n�p�}glb� ijhimkdZggy� k\�leZ� gZ� \o�^�g�c� lZ� \bo�^g�c� ]jZgyo� djbklZeZ��sh� \b�agZqZxlvky� ihdZagbdZfb� aZehfe_ggy� anhjfme�Nj_g_ey��T ±�Zabfml�e�g�cgh��ih�eyjbaZp���iZ^Zxqh]h�k\�leZ�� LMD � LME ±�\�^�ih\�^gh� ^�ckg�� lZ� my\g�� qZklbgb� dhfih�g_gl�ghjfZe�ah\Zgh��fZljbp��>`hgkZ�^eyh^ghdjZlgh]h� �[_a� mjZom\Zggy�;<K�� ijh�oh^`_ggy�k\�leZ�dj�av�djbklZe����FRV��� ' D � ���VLQ������ '''� OE ���������������������VLQ������ '''� FD �Z O' � F' ±�\g_kdb�^\haZehfe_ggy�lZ�H:^h�aZ]Zevgh��j�agbp��nZa�k\�leh\bo�o\bev�mdjbklZe�� � �� FO '�' ' ���IZjZf_ljb� O' �
F' ijb� �zL \bagZqZxlvky�� dj�f� kZfh]hdmlZ� L�� � ihdZagbdZfb� aZehfe_ggy� a\bqZc�gh�� � RQ ��lZ�g_a\bqZcgh�� � HQ ��o\bev� � dhf�ihg_glZfb� l_gahjZ� ]�jZp��� ��J � ��J �� gZ�ijbdeZ^� �a� \bdhjbklZggyf� klZg^Zjlgbo]_hf_ljbqgbo� ih[m^h\� hilbqgh�� �g^bdZl�jbkb�lZ�]�jZp�cgh��ih\_jog��Q_j_a� �klhlgm� ]jhf�a^d�klv� \bjZa�\�ijZdlbqgbf�\boh^hf�} �og}�qbk_evg_�fh�^_ex\Zggy��H[f_`bfhky� jha]ey^hf�djb�klZe�\�d\Zjpm��H: ydbo�^hkdhgZeh�\b\q_�gh��H[_j_fh�agZq_ggy�iZjZf_lj�\��[ebav�d�� ^h� ^Zgbo� >�@ �ahdj_fZ�� ��� O gf�G  ����� ff��� Z ^ey� l_fi_jZlmjgh�� ih�\_^�gdb�ihdZagbd�\�aZehfe_ggy�ihdeZ^_fh�� � 7QR ���� �������� � �� ��HQ 7� � ���������� A f�jdm\Zgv� klbkehkl�� \bdeZ�^_ggy�gZ^Ze��fb� \bk\�lebfh� ebr_�gZchk�gh\g�r�� j_amevlZlb� ZgZe�am� gZke�^d�\nhjfme����±����>ey� ajmqghkl��ihj�\gyggy� a \biZ^dhfghjfZevgh]h�iZ^�ggy� k\�leZ�gZ� jbk� ��gZ�\_^_gh� g_� [_aihk_j_^gvh� dml� ih\hjhlmZabfmlZ� iheyjbaZp��� TFI � �� Z j�agbpx

�II � �� ^_� �I ±� p_� \_ebqbgZ� I aZ� mfh\b� L �� <h^ghqZk�� ijb� � L _e�ilbqg�klvk\�leZ�gZ�\boh^��gmevh\Z�� 1a�jbk� ��\b^gh�sh�aZe_`ghkl�� ��� II �L � ��LH kdeZ^Zxlv�

ky� a g_e�g�cgh]h� �keZ[dh� g_fhghlhggh]h�lZ� hkpbexxqh]h� \g_kd�\�� Ijb� fZebo� Li_jrbc� \g_khd� ^h� ��� II �L amfh\e_gbcgZci_jr_� _\hexp�}x�H: ijb� \�^obe_gg�\�^� hilbqgh�� hk�� �\�^obe_ggyf� \�^�fZdkb�fmfm�]�jZp�cgh��ih\_jog����Z ijb�[�evrboL ±� r\b^rbfb� af�gZfb� aZ]Zevgh]h� �_e�i�lbqgh]h�� ^\haZehfe_ggy�� :fie�lm^Z� hk�pbexxqh]h� \g_kdm�� ih\¶yaZgh]h� a ;<K�ijb� a[�evr_gg�� dmlZ� iZ^�ggy� j�adh� ajh�klZ}��Koh`�� aZdhghf�jghkl�� ijblZfZgg�� caZe_`ghklyf� ��LH ��Ze_�i_jrbc�\g_khd�lmlfhghlhggbc� � \�^ih\�^Z}� \�^hfhfm�nZdlm�zH ijb�\�^obe_gg��\�^�gZijyfdm�hilbq�gh�� hk��� Yd� � ^ey� \biZ^dm� nZjZ^_�\kvdh�H: >�@��ih\_^�gdZ�iZjZf_ljZ� I �� ydbf� aZ�a\bqZc� d�evd�kgh� hibkmxlv� H:�� �klhlghaZe_`blv� \�^� ZabfmlZ� iZ^Zxqh]h� k\�leZ�Yd� � fh`eb\�klv� �zL �� p_c� nZdl� lZdh`lj_[Z� \jZoh\m\Zlb� \ ZgZe�a�� ^Zgbo� _dki_�jbf_glm� �ihj�\g�� a �gl_jij_lZp�}x� >�@��AZagZqbfh�lZdh`��sh�gZr��^Zg��^ey� �II �^h[j_�dhj_exxlv�a j_amevlZlZfb�>�@�

Jbk� ��� JhajZomgdh\�� aZe_`ghkl�� j�agbp_\h]h� dmlZhilbqgh]h� ih\hjhlm� � �II � �� Z�� � _e�ilbqghkl�k\�leZ� gZ� \boh^�� �H �� [�� \�^� dmlZ� iZ^�ggy� L ^eydjbklZe�\�d\Zjpm�ijb�7 �� hK ��ZabfmlZo�T ��� ±���� ±���h��� ±���h�
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Jbk� ���JhajZomgdh\�� l_fi_jZlmjg�� aZe_`ghkl� j�a�gbp_\h]h� dmlZ� hilbqgh]h� ih\hjhlm� � �II � �� Z�� �_e�ilbqghkl��k\�leZ�gZ�\boh^���H ��[��^ey�djbklZe�\d\Zjpm� ijb� T  �� � dmlZo� iZ^�ggy� L�� � ±� ���h�� � ±���h�� � ±����h�
L_fi_jZlmjg�� aZe_`ghkl�� �II � � H �ij_^klZ\e_g�� gZ� jbk� ��� l_`� } kmi_jih�abp�}x� fhghlhggh�� lZ� hkpbexxqh�� kdeZ�^h\bo��ijbqhfm�Zfie�lm^Z�hklZggvh���^b\�jbk� ���\bagZqZ}lvky�dmlhf�iZ^�ggy� � Zab�fmlhf� T ��<hgZ� ih\�evgh� gZjhklZ}� a i�^�\bs_ggyf� l_fi_jZlmjb� q_j_a� \�^ih\�^gmih\_^�gdm� ihdZagbd�\� aZehfe_ggy� lZ� dh�_n�p�}gl�\� \�^[b\Zggy�� 1klhlgh�� sh� ijb� L py�Zfie�lm^Z�gmevh\Z��lh[lh�;<K�g_\ieb\Zxlv� gZ� H: ijb� ihrbj_gg�� k\�leZ\a^h\`�hilbqgh��hk���Lhfm�gZ\_^_gbc�\b�s_� \bjZa� ��7I �a� jh[hlb� >�@�� sh� klhkm�}lvky�pbo�mfh\��g_dhj_dlgbc� �^b\�� lZdh`>����@���G_�i�^l\_j^`mxlv�ch]h�� ij_pba�c�g�� _dki_jbf_glb� >�@�� Aj_rlhx�� ZgZe�aijhf�`gbo� l_hj_lbqgbo� j_amevlZl�\� >�@aZk\�^qm}��sh� p_c� \bjZa� g_� \bieb\Z}� lZ�dh`�a oh^m�\b\_^_ggy��N�abqg_�jhamf�ggyg_fh`eb\hkl�� \ieb\m� ;<K� gZ ³qbklm´ijbjh^gm� H: ihey]Z}� \ kbf_lj�cgbohkh[eb\hklyo� hklZggvh��� q_j_a� yd�� _n_dl

dhfi_gkm}lvky�ijb�ijyfhfm�lZ� a\hjhlgh�fm�ijhoh^`_gg��k\�leZ�dj�av�djbklZe�

Jbk� ���JhajZomgdh\�� aZe_`ghkl� Zfie�lm �̂ hkpbey�p�c�ih\hjhlm�ZabfmlZ�iheyjbaZp���I � I$ ��djb\Z���� _e�ilbqghkl�� H k\�leZ� gZ� \boh^�� � H$ �� djb\Z� ��\�^� dmlZ� iZ^�ggy� L ^ey� djbklZe�\� d\Zjpm� ijb�� 7 hK �� � T �
Hl`_�� ZgZe�a� h^_j`Zgbo� gZfb� ^ZgbohklZlhqgh� i_j_dhgm}��sh� aZj_}kljh\Zgbcm qbke_ggbo� _dki_jbf_glZo� \ieb\� [Z]Z�lhijhf_g_\h�� �gl_jn_j_gp���gZ�iZjZf_ljbiheyjbaZp��� k\�leZ� lZ�H: djbklZe�\� �^b\�>�±�@��\bgbdZ}�ebr_�q_j_a�\�^obe_ggy�gZ�ijyfdm� o\bevh\h�� ghjfZe�� \�^� hilbqgh�hk��� GZ\�lv� g_agZqg�� \�^obe_ggy� ��L h�ydbo� \Z`dh� iha[mlbky� gZ� ijZdlbp��� ^Z\Z�lbfmlv�e_]dh�kihkl_j_`m\Zg��hkpbeyp���I�jbk� �Z���1a�^Zgbo�jbk� �[ \bieb\Z}�lZdh`^hk��g_�ihf�q_gbc� \ e�l_jZlmj�� \Z`eb\bcj_amevlZl��g_gmevh\_�mk_j_^g_g_�aZ�hkpb�eyp�yfb� agZq_ggy� _e�ilbqghkl�� k\�leZ� gZ\boh^��djbklZeZ�fh`_�c g_�hagZqZlb�gZy\�ghkl��pbjdmeyjgh]h�^bojh�afm��Z ihykgx�\Zlbky� \�^obe_ggyf� \�^� ghjfZevgh]h� iZ�^�ggy� �^b\�� _dki_jbf_glZevg�� ^Zg�� >�@��� AgZrbo� j_amevlZl�\� \bieb\Z}� kmll}\Z� aZ�e_`g�klv� hilbqgbo�iZjZf_lj�\� \�^�ihqZl�dh\h�� iheyjbaZp��� T ��P_� amfh\ex}� i_\g�ijZdlbqg�� ljm^ghs�� ihj�\gyggy� a dhg�dj_lgbfb�^Zgbfb�_dki_jbf_gl�\��hkd�evdb[�evr�klv�Z\lhj�\�g_�aZagZqZeb�Zabfml�ih�eyjbaZp��� T yd� iZjZf_lj�� ³g_�klhlgbc´� mjZfdZo�a\bqZcgh��l_hj���H:�Dj�f� ki�\\�^ghr_gv��sh� �jmglmxlvkygZ� nhjfmeZo� ���±����� m jh[hl�� fbZgZe�am\Zeb�lZdh`�hkh[eb\hkl��ih\_^�gdb
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iZjZf_lj�\� I � H m jZfdZo� gZ[eb`_ggykeZ[dh��hilbqgh��Zg�ahljhi��� �^b\�� >��� �@��dheb� fh`gZ� \\Z`Zlb�� sh� UUU \[ || �WWW \[ || � 


 WWW \[ || �� �a� \�^ih\�^gbfbkijhs_ggyfb� \ mk�o� gZklmigbo� \bjZaZo�H[b^\Z� i�^oh^b� ^Zxlv� \�^f�gghkl�� m gZ�\_^_gbo� \bs_� aZe_`ghklyo�� g_ihf�lg�� \fZkrlZ[�� jbk� �±��� � �o� fh`gZ� \\Z`Zlbg_�klhlgbfb� ^ey� ijZdlbqgh�� djbklZehhi�lbdb�� P_� i�^l\_j^`m}� ijZ\bevg�klv� \bk�gh\d�\� >�@� ijh� gZ^a\bqZcgh�rbjhd�� f_`�aZklhkh\ghkl�� gZ[eb`_ggy� keZ[dh�� Zg�ah�ljhi�����;�evr_�lh]h�� i_j_\�jdZ aZk\�^qm}�

sh��gZ�\�^f�gm�\�^�^mfdb�Z\lhjZ� >�@��fZl�jbpx�� gZ\_^_gm� \ p�c� jh[hl��� m lhqghfmjhamf�gg��g_�fh`gZ�d\Ze�n�dm\Zlb�yd�fZl�jbpx�>`hgkZ��^b\��>�@���Py�fZljbpy�gZ[m�\Z}� g_h[o�^gbo� \eZklb\hkl_c� ebr_� ijba]Z^Zgbo� \bs_� kijhs_ggyo�� P_� hagZqZ}�sh� aZa\bqZc� \`b\Zgbc�fZljbqgbc� i�^o�^ZgZe�am�klZgm�iheyjbaZp���k\�leZ�ijZ\bev�gbc ebr_� \ gZ[eb`_gg�� keZ[dh�� Zg�ah�ljhi���>��@�Ij_^f_lhf� gZrbo� gZklmigbo� ^hke��^`_gv�fb�ieZgm}fh�^hdeZ^gbc�d�evd�kgbcZgZe�a�j_amevlZl�\�^ey�\ieb\m�;<K�gZ�H:djbklZe�\�D�=Q3� � E�&G3��
E�l_jZlmjZ
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2�6�.XVKQLU� 2�9�6\GRU��3�2�1HN
1RQOLQHDU�2SWLFV�'HSDUWPHQW� ,YDQ�)UDQNR�1DWLRQDO�8QLYHUVLW\�RI�/YLY �7DUQDYVN\�6W� �����������/YLYH�PDLO��RBVBNXVKQLU#UG�ZXSV�OYLY�XD

8VLQJ� PDWUL[� DSSURDFKHV� WR� WKH� FDOFXODWLRQV� RI� WKH� VWDWH� RI� OLJKW� SRODUL]DWLRQ�� ZHKDYH�DQDO\]HG� WKH�HIIHFW�RI�PXOWL�EHDP� OLJKW� LQWHUIHUHQFH�RQ� WKH�RSWLFDO� DFWLYLW\� LQWUDQVSDUHQW�FU\VWDOV�LQ�WKH�FDVH�RI�SURSDJDWLRQ�DORQJ�WKH�RSWLFDO�D[LV��,W�LV�VKRZQ�WKDWWKH�HIIHFW�GLVDSSHDUV�IRU�WKH�FDVH�RI�QRUPDO�LQFLGHQFH�ZKLOH�IRU�WKH�REOLTXH�LQFLGHQFHLW�PDQLIHVWV�LWVHOI�LQ�WKH�RVFLOODWLRQV�ZKRVH�DPSOLWXGH�LV�GHWHUPLQHG�E\�WKH�LQFLGHQFHDQJOH�DQG�WKH�LQSXW�SRODUL]DWLRQ�D]LPXWK�
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