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HKH;EB<HKL1 KI?DLJ1<J?GL=?GH>BNJ:DP1CGH=H�:G:E1AMDJBKL:E1AH<:GH2�@H<Q1�EX>BGB
H�X�;Zg^mjbg���:�F��Khehfhg�

� H[eZkgbc�]hki�lZev��g\Ze�^�\�\�cgb�lZ�mqZkgbd�\�e�d\�^Zp���Z\Zj���gZ�Q:?K�\me��E��Lheklh]h������M`]hjh^�������H�PDLO��EDQGXULQ#WQ�X]�XD
� 1gklblml�_e_dljhggh��n�abdb�G:G MdjZ�gb�\me��Mg�\_jkbl_lkvdZ������M`]hjh^�������

Ijh\_^_gh�j_gl]_gh^bnjZdp�cgbc�ZgZe�a�gZlb\gh��`h\q��o\hjbo�gZ�ojhg�qgbcohe_pbklbl� lZ�`h\qghdZf¶ygm� o\hjh[m��IhdZaZgh� \�^f�gghkl�� m ki_dljZo� ^b�njZdp��� `h\q�� ijb� gZy\ghkl�� ohe_pbklblm�� `h\qghdZf¶ygh�� o\hjh[b�� ijh�ZgZe�ah\Zgh� �o�aZe_`g�klv�\�^�lbim�`h\qgh]h�dZf_gx��>h\_^_gh��sh�hljbfZg�j_amevlZlb�fh`mlv� [mlb� \bdhjbklZg�� ^ey� ^�Z]ghklbdb� jZgg�o� klZ^�c�`h\qgh�dZf¶ygh��o\hjh[b�
<klmi<b\q_ggy� [�hfhe_dme� aZ� ^hihfh]hxn�abqgbo�f_lh^�\�^hke�^`_ggy�klZ}�^_^Ze�i_jki_dlb\gbf� gZijyfdhf� \ hklZgg}� ^_�kylbj�qqy >�@��H[¶}dlZfb�^hke�^`_ggy�} yd[�hfhe_dmeb� �a� hj]Zg�afm� ex^bgb�� lZd� �kbkl_fb�dhglZdl�í [�hfhe_dmeZ�í fZljbpyí dhglZdl�� sh� aZklhkh\mxlvky� \ f�djh�_e_dljhg�p��� < i_jrm� q_j]m� \bj�rm}lvkyijh[e_fZ� kljmdlmjgh�� [m^h\b� yd�ijbjh^�gbo�� lZd� � rlmqgbo� fhe_dmeyjgbo� ml\h�j_gv��H^gbf�a _n_dlb\gbo�f_lh^�\�ZgZe�amdjbklZe�qgbo� kljmdlmj� } j_gl]_gh^bn�jZdp�cgbc� ZgZe�a �J>:��� AZ� ^hihfh]hxJ>:� fh`eb\h� \b\qZlb� g_� ebr_� l\_j^h�djbklZe�qg��kljmdlmjb��lZd���yd�gZijbdeZ^`h\qg��dZf_g��>�@��Ze_�c �o�i_j_^\�kgbdb íj�^bgghdjbklZe�qg�� kljmdlmjb� `h\q�� >�@�Lbf�g_�f_gr��p_c�f_lh^�g_�agZcrh\�rb�jhdh]h� aZklhkm\Zggy� ^ey� ZgZe�am� `h\q�q_j_a� ljm^ghs�� ijb]hlm\Zggy� j�^bggh�djbklZe�qgh]h�ij_iZjZlm�F_lhx� ^Zgh�� jh[hlb� [meh� hljbfZggylZ�ih^Zevrbc�ZgZe�a�^bnjZdlh]jZf�`h\q�ex^_c��ydbc�ihey]Z\�m \klZgh\e_gg��hkh[�eb\hkl_c�\ ki_dljZo� \ aZe_`ghkl�� \�^�oZ�jZdl_jm� iZlheh]��� í� ojhg�qgh]h� g_dZf¶y�

gh]h� ohe_pbklblm� Z[h� `h\qghdZf¶ygh�o\hjh[b�a j�agbfb�lbiZfb�`h\qgh]h�dhg�dj_f_glm�
H[¶}dlb�^hke�^`_ggyGZfb� [meb� hljbfZg�� ij_iZjZlb� ^ey^hke�^`_ggy�\�^�����o\hjh]h���a�ydbo í���o\hj�eb�`h\qghdZf¶yghx�o\hjh[hx��lZ ��kljZ`^Zeb� gZ� ojhg�qgbc� g_dZf¶ygbc� oh�e_pbklbl��@h\q�\�^�hklZgg�o�fb�hljbfZebaZ�^hihfh]hx�^mh^_gZevgh]h�ahg^m\Zggy�Hdj_fh� ^hke�^`m\Zeb� f�omjh\m� �ihjp�y<��lZ�i_q�gdh\m� �ihjp�y�K��njZdp���`h\q��@h\q� \�^� o\hjbo� gZ� ojhg�qgbc� g_�dZf¶ygbc�ohe_pbklbl�^h^Zldh\h�ih^�ebebgZ� ^\�� ]jmib� \ aZe_`ghkl�� \�^� lbim� ^bk�nmgdp���`h\qgh]h�f�omjZ��I_jrm�]jmim��1�kdeZeb�ajZadb�`h\q��\�^ ���o\hjbo�a��a[_�j_`_ghx� njZdp�}x� \bdb^m� `h\qgh]hf�omjZ��^jm]m�]jmim��11��í ajZadb�`h\q��\�^o\hjbo� a njZdp�}x� \bdb^m� `h\qgh]hf�omjZ�f_gr_ ���� ���� hk�[��� a]�^gh� djb�l_j��\� >�@�� M o\hjbo� gZ� `h\qghdZf¶ygmo\hjh[m� �@DO��`h\q� lZ� dZf_g�� [meb� hl�jbfZg�� �gljZhi_jZp�cgh� i�^� qZk� ohe_pb�kl_dlhf����Hdj_fm�dhgljhevgm�]jmim�kdeZ�^Zeb� ajZadb�`h\q��� \ayl�� m ��� ijZdlbqgh
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a^hjh\bo� hk�[�� J_gl]_gh^bnjZdp�cgbcZgZe�a� ijh\h^b\ky� gZ� ^bnjZdlhf_lj�>JHG���� ^_� \bdhjbklh\m\Zehky�D� ����c\bijhf�gx\Zggy� f�^gh�� j_gl]_g�\kvdh�ljm[db�� ydZ� ijZpx\ZeZ� ijb� klZehfm� j_�`bf�� gZijm]b� ���� d<�� lZ� ihkl�cghfmkljmf�� ���� f$��� >hke�^`_ggy� \bdhgZg�ijb�dmlZo�^bnjZdp��������\ ^�ZiZahg��\�^ ��^h� ����� rbjbgZ� imqdZ� kdeZ^ZeZ� �� ff�AjZadb� j�^dh��`h\q�� �h[¶}fhf� ����fe��gZ�ghkbebky lhgdbf� rZjhf� gZ� ij_^f_lg_kdeh�� \bkmrm\Zeb�ijhly]hf����]h^bg�ijbd�fgZlg�c�l_fi_jZlmj���^_lZevg�r_�>�@��
J_amevlZlb�^hke�^`_ggyJ_gl]_gh^bnjZdp�cgbc� ki_dlj� `h\q�ijZdlbqgh� a^hjh\bo� hk�[� m [�evrhkl�� \b�iZ^d�\� g_� f�klb\� i�d�\�� Ijhl_� �gl_g�kb\g�klv� nhgh\h]h� kb]gZem�� hljbfZgh]h\�^�ij_iZjZlm�djbklZe�ah\Zgh��`h\q���[meZ�klhlgh� [�evrhx� Zg�`� \�^� qbklh]h� ij_^�f_lgh]h�kdeZ��jbk������1gl_gkb\g�klv�ki_d�ljm� ihjp���K [meZ� aZ\`^b� f_grhx�� Zg�`ihjp��� <�� hkh[eb\h� \ �gl_j\Ze�� dml�\���í����

Jbk�� ��� J_gl]_gh^bnjZdp�cgZ� dZjlbgZ� `h\q�ijZdlbqgh� a^hjh\bo� hk�[� �� í ihjp�y� <��íihjp�y�K� �í imkl_�kdeh�
Ki_dlj� j_gl]_gh^bnjZdp���`h\q�� o\h�jbo�1 ]jmib�\�^j�agy\ky�\�^�ki_dlj�\�`h\q�ijZdlbqgh�a^hjh\bo�hk�[�gZy\g�klx��gl_g�kb\gh]h� i�dm�� jhalZrh\Zgh]h� ijb� dmlZo^bnjZdp��� ;j_]]Z� �T ²� ������ �i�d� amklj��

qZ\ky� ^ey� ki_dlj�\� `h\q�� \k�o� o\hjbo��gl_gkb\g�klv�kdeZ^ZeZ����������nhgh\h�]h� kb]gZem�� lZ� ^h^Zldh\bo� i�d�\� f_grh��gl_gkb\ghkl�� ijb� dmlZo� ^bnjZdp��� ������������������������������������������������jbk����� Ki_dljb� �� ajZad�\� i_q�gdh\h�� `h\q�o\hjbo�p�}��]jmib�g_�f�klbeb�i�d�\��h^gZd�gl_gkb\g�klv� nhgh\h]h� kb]gZem� i_j_\b�sm\ZeZ� ZgZeh]�qgbc� ihdZagbd� ^ey� ki_d�lj�\� `h\q�� a^hjh\bo� ex^_c� gZ� �������^b\��jbk�����Ijb�gZy\ghkl�� Zdlb\gh]h� aZ�iZevgh]h�ijhp_km� \ `h\qghfm�f�omj�� \b�y\e_gh� af_gr_ggy� �gl_gkb\ghkl�� fZdkb�fmf�\�m ki_dljZo�`h\q��ihjp���< Z`�^h� �oih\gh]h�agbdg_ggy��ijbqhfm��ki_dlj�`h\�q�� ihjp���K lbf�g_�f_gr_�f�klb\� i�db�� Znhgh\bc� kb]gZe� \�^�`h\q�� p�}�� ihjp��� aZ�ebrZ\ky�f_grbf�Zg�`�\�^�ihjp���<�

Jbk�� ��� J_gl]_gh^bnjZdp�cgZ� dZjlbgZ� `h\q�o\hjh]h� gZ� ojhg�qgbc� ohe_pbklbl� a�� a[_j_�`_ghx� kdhjhleb\hx� a^Zlg�klx� `h\qgh]hf�omjZ�
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Jbk�� ��� AjZahd� ki_dljm� j_gl]_gh^bnjZdp��`h\q�� o\hjbo� gZ� ojhg�qgbc� ohe_pbklbl� a�agb`_ghx� kdhjhleb\hx� a^Zlg�klx� `h\qgh]hf�omjZ�
Ki_dlj� j_gl]_gh^bnjZdp���`h\q�� o\h�jbo�gZ�ohe_pbklbl��a�11 ]jmib��njZdp�y�\b�db^m� `h\qgh]h� f�omjZ� f_gr_� �����klhlgh� \�^j�agy\ky� \�^� ki_dljm� `h\q�ijZdlbqgh�a^hjh\bo�hk�[�lZ�o\hjbo� 1 ]jm�ib gZy\g�klx� �gl_gkb\gbo� ^h^Zldh\boi�d�\�� gZc[�evrbc� �a� ydbo� kihkl_j�]Z\kyijb�dml��j_gl]_gh^bnjZdp���������lZ�[m\�m\k�o� ki_dljZo� ^hke�^`m\Zgh�� `h\q���gl_gkb\g�klv�kdeZ^ZeZ�^h������nhgh\h�]h� kb]gZem�� lZ� f_gr� �gl_gkb\gbo� i�d�\ijb�dmlZo�������������������������������������������������jbk�����M o\hjbo� gZ� @DO� dZjlbgZ� ki_dljmj_gl]_gh^bnjZdp���f�omjh\h��`h\q��yd�kgh\�^j�agyeZky�\�^�dZjlbgb��oZjZdl_jgh��^eyijZdlbqgh�a^hjh\bo�hk�[�lZ�o\hjbo�gZ�oh�e_pbklbl��M pbo� ki_dljZo� kihkl_j�]Zebkyhkh[eb\hkl�� \ aZe_`ghkl�� \�^� lbim� knhj�fh\Zgh]h� `h\qgh]h� dhgdj_f_glm�� Ahdj_�fZ�� m o\hjbo� a ohe_kl_jbgh\bfb� dhgdj_�

f_glZfb� kihkl_j�]Z\ky� �gl_gkb\gbc� i�dijb� ������ ��gl_gkb\g�klv� ���������nhgh�\h]h� kb]gZem���sh� [m\� \by\e_gbc� m \k�oki_dljZo�`h\q��o\hjbo��Z lZdh`�^h^Zldh\�i�db� f_grh�� �gl_gkb\ghkl�� ijb� ���������������� ������ �jbk�� ����M ki_dljZo�`h\q�o\hjbo� a [�e�jm[�gh\bfb� dhgdj_f_glZfb�hdj�f�fZdkbfmfm�ijb��������\by\e_gh�^h�^Zldh\�� i�db� ijb� �������� ������� lZ� �������gl_gkb\g�klv� ydbo� aZ\`^b� [meZ� f_grhxZg�`� i�dm� ijb� ������ �jbk�� ����Iheh`_ggypbo�fZdkbfmf�\� dhj_ex}� a fZdkbfmfZfbijb�������������������������lZ����������yd�[meb� \by\e_g�� ijb� j_gl]_gh^bnjZdp�c�ghfm� ZgZe�a�� [�e�jm[�gh\bo� `h\qgbo� dZ�f_g�\�>�@�

Jbk�����Ki_dlj�j_gl]_gh^bnjZdp���`h\q��o\hj�bo� gZ� @DO�� ohe_kl_jbgh\bc� lbi� dhgdj_�f_glm�

Jbk�� ���Ki_dlj�j_gl]_gh^bnjZdp���`h\q�� o\h�jbo�gZ�@DO��[�e�jm[�gh\bc�lbi�dhgdj_f_glm�
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H[]h\hj_ggy�j_amevlZl�\M jh[hl�� ijh\_^_gh� _dki_jbf_glZevg�^hke�^`_ggy� \eZklb\hkl_c� `h\q�� aZ� ^hih�fh]hx� J>:�� <�^kmlg�klv� i�d�\� m ki_dljZoj_gl]_gh^bnjZdp���`h\q��ijZdlbqgh� a^hjh�\bo� ex^_c� fh`gZ� ihykgblb� \�^kmlg�klxj�^bggh�djbklZe�qgbo�kljmdlmj��ihy\Z�ydbo} hagZdhx�iZlheh]����J_gl]_gh^bnjZdp�cgbcki_dlj�djbklZe�ah\Zgh��gZlb\gh��`h\q��o\h�jbo�\�^j�agy}lvky�\�^�ZgZeh]�qgh]h�ki_dljmijZdlbqgh� a^hjh\bo� ex^_c� gZy\g�klx� ^h�^Zldh\bo� i�d�\�� Ihy\Z� pbo� i�d�\�� gZ� gZrm^mfdm�� ih\¶yaZgZ� a ml\hj_ggyf� djb�klZe�qgbo�kljmdlmj��i_jr�aZ�\k_�g_jhaqbg�gbo� khe_c� ohe_kl_jbgm�� \Zigydm� lZ[�e�jm[�gZl�\�� M o\hjbo� gZ� @DO� kih�kl_j�]Z}lvky�^\Z�lbib�dZjlbg�j_gl]_gh^bn�jZdp���`h\q���sh�ihykgx}lvky�^\hfZ�lbiZfb`h\qgbo� dZf_g�\��M o\hjbo� gZ� ojhg�qgbcohe_pbklbl� �kgm}� aZe_`g�klv� f�`� lbihf^bknmgdp��� `h\qgh]h� f�omjZ� lZ� hkh[eb\h�klyfb�\ ki_dljZo�j_gl]_gh^bnjZdp���`h\q��yd�� ijhy\eyxlvky� \ ihy\�� fZdkbfmf�\� ijbi_\gbo� dmlZo� ^bnjZdp��� lZ� j�ag�c� �o�gl_gkb\ghkl���M qZklbgb�o\hjbo�11�]jmib���hkh[b�� kihkl_j�]Z\ky� �gl_gkb\gbc� i�d� ijb������sh�dhj_ex}�a ZgZeh]�qgbf�m `h\q��ijb@DO� a gZy\g�klx� [�e�jm[�gh\bo� dhgdj_�f_gl�\�� Ki_dlj� �� hk�[� [m\� ih^�[gbf� ^hki_dljm�o\hjbo�gZ�@DO�a ohe_kl_jbgh\bfbdhgdj_f_glZfb��sh��gZ�gZrm�^mfdm��} hagZ�dhx�i�^\bs_gh��e�lh]_gghkl��`h\q��lZ�\dZ�am}� gZ� jbabd� nhjfm\Zggy� dhgdj_f_gl�\�Ihy\Z� a]Z^Zgbo� \bs_� fZdkbfmf�\� m ki_d�ljZo�j_gl]_gh^bnjZdp���`h\q���oZjZdl_jgbo^ey�@DO��ih\¶yaZgZ��gZ�gZrm�^mfdm��a jb�abdhf� jha\bldm� `h\qgbo� dZf_g�\�� Km�dmig�klv� hagZd� m ki_dljZo� j_gl]_gh^bn�jZdp���`h\q�� o\hjbo�gZ� ojhg�qgbc� ohe_pb�klbl��f�kp_�jhalZrm\Zggy�fZdkbfmf�\��lZ��o

�gl_gkb\g�klv�� ^ha\hebeb� gZf� \klZgh\blb^�Z]ghklbqg�� djbl_j��� ojhg�qgh]h� ohe_pb�klblm� lZ� jhajh[blb� kihk�[� ^�Z]ghklbdbi�^\bs_gh��e�lh]_gghkl��`h\q��>�@�
<bkgh\dbHljbfZg��_dki_jbf_glZevg��j_amevlZlb^ha\hebeb� gZf� jhajh[blb� f_lh^� jZggvh�^�Z]ghklbdb�i�^\bs_gh��e�lh]_gghkl��`h\q�m o\hjbo�gZ�ojhg�qgbc�ohe_pbklbl�aZ�^hih�fh]hx�j_gl]_gh^bnjZdp�cgh]h� ZgZe�am��shihlj_[m}� h[h\¶yadh\h�� dhj_dp��� ijb� aZklh�km\Zgg��f_^bdZf_glhagh��l_jZi���>�@�Ihy\m� ZgZeh]�qgbo� ^h� @DO� fZdkb�fmf�\�m o\hjbo�gZ�ojhg�qgbc�ohe_pbklblke�^�jha]ey^Zlb�yd�kobevg�klv�^h�ml\hj_g�gy�ohe_kl_jbgh\bo�qb�[�e�jm[�gh\bo�dhg�dj_f_gl�\�� Z�� \�^lZd�� \bfZ]Z}� ijh\_^_ggyj�agh�� lZdlbdb� e�dm\Zggy�� Hilbf�aZp�ylZdlbdb� e�dm\Zggy� ^ha\heblv� af_grblbqZklhlm� hi_jZlb\gbo� \ljmqZgv�� lZ� ihdjZ�sblb�yd�klv�dhgk_j\Zlb\gh��l_jZi����Dj�flh]h��m \biZ^dm�ijh\_^_ggy� dhgk_j\Zlb\�gh�� l_jZi��� jZgg�o� klZ^�c� ml\hj_ggy� dZ�f_g�\�� ij_iZjZlZfb� `h\qgbo� dbkehl� }fh`eb\�klv� aZ� ^hihfh]hx� ki_dlj�\� j_gl�]_gh^bnjZdp��� hp�gx\Zlb� _n_dlb\g�klve�dm\Zggy�lZ�\bagZqZlb�af�gb�e�lh]_gghkl�`h\q��� Fb� kih^�\Z}fhky�� sh� gZr�� ^h�ke�^`_ggy� ih]eb[eylv� my\e_ggy� ijh� l_�qhfm� a o�f�qgh�h^ghj�^gh��`h\q��ml\hjx�xlvky� dhgdj_f_glb�� \�^f�gg�� yd� gZah\g�rg�c� \b]ey^�� lZd� � aZ� n�abdh�o�f�qgbf�\eZklb\hklyfb�:\lhjb�\bkeh\exxlv�ih^ydm�aZ\��dZn�]hki�lZevgh�� o�jmj]��� f_^bqgh]h� nZdmev�l_lm�M`GM� ijhn_khjm� <�1�Jmkbgm� aZ� gZ�^Zgbc�fZl_j�Ze�� hljbfZgbc�i�^� qZk� ohe_�pbkl_dlhf���

E�l_jZlmjZ
�� '�:HLKV�� -�6FKPLGW�� ,�*ROGLQHU�� HW� DO��� -�RI�/LSLG�5HVHDUFK������������������� <�1�Jmkbg�� H�X�;Zg^mjbg��F�I�K�dkZc�lZ��g���GZmd��\�kgbd�M`GM��k_j�y�F_^b�pbgZ������������������� -�%HKDU�� (�&RUD]]LDUL�� 0�*XHUOOXG�� HW� DO��

*DVWURHQWHURORJ\����� �������������� <�1�Jmkbg�� H�X�;Zg^mjbg�� E�L�K�dkZc�lZ� �g���EZ[hjZlhjgZ� ^�Z]ghklbdZ�� ������������������ H�X�;Zg^mjbg��E�L�K�dkZc��IZl_gl�Md�jZ�gb��� ��������������������
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3(&8/,$5,7,(6�2)�+80$1�%,/(�;�5$<',))5$&7,21�63(&75$
2�<X�%DQGXU\Q���$�0�6RORPRQ�

� 5HJLRQDO�+RVSLWDO�RI�9HWHUDQV��/��7ROVWRJR�6W�������8]K KRURG�������H�PDLO��EDQGXULQ#WQ�X]�XD
� ,QVWLWXWH�RI�(OHFWURQ�3K\VLFV��8NU��1DW��$FDG��6FL��8QLYHUV\WHWVND�6WU������8]KKRURG�������

;�UD\�GLLIUDFWLRQ�DQDO\VLV�RI�QDWLYH�ELOH�RI�SDWLHQWV�ZLWK�FKURQLFDO�FKROHF\VWLWLV�DQGJDOOVWRQH�GLVHDVH�LV�SHUIRUPHG��7KH�GLIIHUHQFH�LQWKH�GLIIUDFWLRQ�VSHFWUD�LQ�WKH�FDVH�RIFKROHF\VWLWLV�DQG�JDOOVWRQH�GLVHDVH�DUH�VKRZQ��WKHLU�GHSHQGHQFH�RQ�WKH�JDOOVWRQH�W\SHLV� DQDO\]HG�� 7KH� REWDLQHG� UHVXOWV� DUH� SURYHG� WR� EH� XVHG� IRU� GLDJQRVWLFV� RI� HDUO\VWDJHV�RI�JDOOVWRQH�GLVHDVH�
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