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HILBF1A:P1Y I:J:F?LJ1<=1IHPBDEH2>:EVGH=H�?E?DLJHGGH=HKI?DLJHF?LJ:�A<HJHLGH=H�JHAK1X<:GGY
J��H��Hjl�dh\��L�X��Ihibd

1gklblml�_e_dljhggh��n�abdb�G:G MdjZ�gb�\me��Mg�\_jkbl_lkvdZ������M`]hjh^�������H�PDLO��LHS#LHS�X]KJRURG�XD
Ijh\_^_gh� hilbf�aZp�x� ]�ihpbdeh�^Zevgh]h� _e_dljhggh]h� ki_dljhf_ljZ� a\h�jhlgh]h� jhak�x\Zggy��sh� ihdjZsm}� ch]h� jh[hlm�� <bagZq_gh� aZe_`g�klv� jha�ih^�em� jhak�ygbo� _e_dljhg�\� aZ� _g_j]�yfb� \�^� gZijm`_ghkl��fZ]g�lgh]h� ihey�\by\e_gh�hilbfZevg_�agZq_ggy�gZijm`_ghkl��^ey�ijh\_^_ggy�^hke�^`_gv�a\h�jhlgh�jhak�ygbo�ih\�evgbo�_e_dljhg�\�dhg^_gkh\Zgbfb�kbkl_fZfb�

<`_� ljb\Zebc� qZk� m \�^^�e�� �hggboijhp_k�\� 1?N� \bdhjbklh\m}lvky�� jhajh[�e_gbc� m pvhfm� ` \�^^�e��� ]�ihpbdeh��^Zevgbc�_e_dljhggbc�ki_dljhf_lj �=?K�a\hjhlgh]h� jhak�x\Zggy�� aZ� ^hihfh]hxydh]h� fh`gZ� ^hke�^`m\Zlb� ijhp_kb� a\h�jhlgh]h� jhak�x\Zggy� _e_dljhg�\� gZ� Zlh�fZo >�±�@�� fhe_dmeZo >��� �@� lZ� ih\_jog�l\_j^h]h� l�eZ >���@�� Ijhlhlbihf� ^Zgh]hki_dljhf_ljm� ihkem`b\� ljhoh�^Zevgbcki_dljhf_lj�>��@��hkh[eb\�klx�ydh]h�} l_�sh� ^bki_jk�y� _e_dljhg�\� aZ� _g_j]�}x� aZ�[_ai_qm}lvky� ki�evghx� ^�}x� koj_s_gbofZ]g�lgh]h� lZ� _e_dljbqgh]h� ihe�\�� Ljh�oh�^Zevgbc� _e_dljhggbc� ki_dljhf_lj�^Z}fh`eb\�klv� j_}kljm\Zlb� g_ijm`gh� jhak��yg�� \i_j_^� �dml a� ���� >��@� lZ� ijm`ghjhak�yg��gZaZ^��dml�a������_e_dljhgb�>��@�H^gZd�� aZ�^hihfh]hx�^Zgh]h�ki_dljhf_l�jZ� g_fh`eb\h� ^hke�^`m\Zlb� g_ijm`ghjhak�yg��gZaZ^�_e_dljhgb�\ h[eZkl��_g_j]�c^h����_<�Kl\hj_ggy�=?K�^ha\hebeh�\b\qZlb�ydijm`g_�� lZd� � g_ijm`g_� jhak�x\Zggyih\�evgbo� ������ _<�� fhgh_g_j]_lbqgbo�ih\gZ�rbjbgZ�gZ�gZi�\\bkhl��fZdkbfmfmjhaih^�em �):+0�� ±� a��±��� f_<�� _e_d�ljhg�\�gZaZ^��gZ�dml�������gZ�j�agbo�Zlhf�gbo� kbkl_fZo� >���@�� ;m^h\m� lZ� ijbgpbijh[hlb� ki_dljhf_ljZ�^_lZevgh� hibkZgh� \>��@��Ko_fZlbqg_�ah[jZ`_ggy�ki_dljhf_l�

jZ�ihdZaZgh�gZ� jbk����=?K� } ^m`_� kdeZ^�ghx� kbkl_fhx�� ch]h� jh[hlZ� aZ[_ai_�qm}lvky� dhfie_dkghx� \aZ}fh^�}x� _e_d�ljbqgbo� ihe�\� iehkdbo� � pbe�g^jbqgbo_e_dljh^�\� � fZ]g�lgh]h� ihey�� kl\hjx\Z�gh]h�d�evpyfb�=_evf]hevpZ��Lhfm�hkgh\g�oZjZdl_jbklbdb�=?K� �fhgh_g_j]_lbqg�klvimqdZ�� _g_j]_lbqg_� � dmlh\_� jha^�e_ggy�dh_n�p�}gl� ijhimkdZggy�� �gl_gkb\g�klviZ^Zxqh]h� � \�^[blh]h� imqd�\� lZ� �gr�� �kmll}\h� aZe_`Zlv� yd� \�^� gZijm`_ghkl�fZ]g�lgh]h�ihey�� lZd� � \�^� ihl_gp�Ze�\�gZ_e_dljh^Zo�ki_dljhf_ljZ�Ijh\_^_g�� jZg�r_� ^hke�^`_ggy� ihdZ�aZeb��sh�ijb� aZijhihgh\Zg�c�dhgkljmdp��=?K�� dheb� \gmlj�rg�c� pbe�g^jbqgbc_e_dljh^� fhghojhfZlhjZ� � ZgZe�aZlhjZ�ahex\Z\ky�\�^�\o�^gh]h� � \bo�^gh]h�_e_d�ljh^�\� d_jZf�qgbfb� \lmedZfb�� gZ� pbo\lmedZo� gZdhibqm\Z\ky� _e_dljbqgbc� aZ�jy^�� Ijb� ljb\Ze�c� jh[hl�� ki_dljhf_ljZp_c� aZjy^� kihl\hjx\Z\� nhjfm� _e_dljhg�gh]h�imqdZ�� aZjy^`Z\�\gmlj�rgx�ih\_jo�gx� pbe�g^jZ�� >ey� mkmg_ggy� pvh]h� g_�^he�dm� =?K� \o�^gbc� lZ� \bo�^gbc� iehkd�_e_dljh^b� ki_dljhf_ljZ� a¶}^gZgh� a\gmlj�rg�fb� pbe�g^jbqgbfb� _e_dljh^Z�fb�� Z jZ^�mk� \gmlj�rgvh]h� pbe�g^jZa[�evr_gh�gZ������ff��LZd_�dhgkljmdlb\g_j�r_ggy� ^ha\hebeh� mgbdgmlb� aZjy^db\gmlj�rgvh�� ih\_jog�� pbe�g^jZ�� LZdZ
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af�gZ�dhgkljmdp����gZ�gZrm�^mfdm��ih\bg�gZ� ijba\_klb� ^h� ihdjZs_ggy� ]_hf_lj��imqdZ� � \�^n�evljm\Zlb�_e_dljhgb� a \_eb�dbf�dmlh\bf�jhaoh^`_ggyf�

Jbk�����Ko_fZlbqg_�ah[jZ`_ggy�_e_dljhggh]hki_dljhf_ljZ� a\hjhlgh]h� jhak�x\Zggy��� ±� dZlh^�� �� ±� \bly]mxqbc� _e_dljh^�� ��� �� ±\o�^gbc�� \bo�^gbc�_e_dljh^b�fhghojhfZlhjZ���� �� ±� \gmlj�rg�c� � ah\g�rg�c� _e_dljh^bpbe�g^jbqgh]h�dhg^_gkZlhjZ�fhghojhfZlhjZ���� ��� �� ±� \o�^g�� � \bo�^g�� _e_dljh^bZgZe�aZlhjZ�� ���� ��� ±� \gmlj�rg�c� � ah\g�rg�c_e_dljh^b� pbe�g^jbqgh]h� dhg^_gkZlhjZZgZe�aZlhjZ�� ���� ��� ±� ijbkdhjxxqb� _e_dl�jh^b�� ��� ±� ajZahd�� ��� ±� dhe_dlhj� a\hjhlghjhak�ygbo� _e_dljhg�\�� ��� ±� dhe_dlhj� i_j\bg�gh]h�_e_dljhggh]h�imqdZ�
I�key� \g_k_ggy� af�g� \ dhgkljmdp�xki_dljhf_ljZ� [meh� i_j_\�j_gh� ch]h� hk�gh\g��oZjZdl_jbklbdb�H^g�}x� a gZc\Z`eb\�rbo� oZjZdl_jb�klbd� ki_dljhf_ljZ� } jhaih^�e� _e_dljhg�\aZ� _g_j]�yfb��>ey� \bagZq_ggy� aZe_`ghkl�jhaih^�em�_e_dljhg�\�aZ�_g_j]�yfb�\�^�gZ�ijm`_ghkl�� fZ]g�lgh]h� ihey� \ m^hkdhgZ�e_ghfm� ki_dljhf_lj�� [meh� ijh\_^_ghk_j�x� _dki_jbf_gl�\� a f_lhx� \klZgh\blb

hilbfZevg_� agZq_ggy� gZijm`_ghkl�� fZ]�g�lgh]h�ihey�^ey�ijh\_^_ggy�\bf�jx\Zgv�GZijm`_g�klv� fZ]g�lgh]h� ihey� af�gx\Z�eZkv�reyohf�af�gb�kbeb�kljmfm�\ d�evpyo=_evf]hevpZ�\ f_`Zo�\�^���^h������Zfi_j�sh� \�^ih\�^Z}� agZq_ggyf� gZijm`_ghkl�fZ]g�lgh]h� ihey� Ga���î����·����î����:�f�� <bagZqZ\ky� _g_j]_lbqgbc� jhaih^�e_e_dljhg�\�� \�^[blbo� \�^� ihl_gp�Zevgh]h[Zj¶}jm�� ydbc� kl\hjx\Z\ky� aZjy^hf� gZiehkd�c�ih\_jog��ajZadZ�HljbfZg�� _dki_jbf_glZevg�� j_amevlZ�lb�ihdZaZg��gZ�jbk�� ��^ey� �� agZq_gv� kbebkljmfm�\ d�evpyo�=_evf]hevpZ��A jbkmgdZ\b^gh�� sh� a[�evr_ggy� kbeb� kljmfm� \d�evpyo� =_evf]hevpZ� ihdjZsm}� jhaih^�e_e_dljhg�\�� Ze_� ijb� pvhfm� af_grm}lvky�gl_gkb\g�klv� imqdZ�� GZcf_grZ� rbjbgZnmgdp��� _g_j]_lbqgh]h� jhaih^�em� gZgZi�\\bkhl�� fZdkbfZevgh]h� agZq_ggy�):+0�� kihkl_j�]Z}lvky� ijb� agZq_gg�kljmfm� ����� : �gZijm`_g�klv� �� ����î����:�f��� 1gl_gkb\g�klv� i_j\bggh]h� _e_d�ljhggh]h�imqdZ�ijb�pvhfm�agZq_gg��kljm�fm�\ d�evpyo�s_�aZ^h\�evgZ��sh�jh[blv�p_agZq_ggy�kljmfm�hilbfZevgbf�^ey�ijh\_�^_ggy�_dki_jbf_gl�\�1

Jbk�� �� ?g_j]_lbqgbc�jhaih^�e� _e_dljhg�\�gZdhe_dlhj� a\hjhlgh� jhak�ygbo� _e_dljhg�\� ijbj�agbo� agZq_ggyo� gZijm`_ghkl�� fZ]g�lgh]hihey�
1 ohqZ� \ ^Zghfm� _dki_jbf_gl�� g_� ^h�ky]gmlh� f�g�fZevgh]h� jhaih^�em� _e_d�ljhggh]h�imqdZ�aZ�_g_j]�}x��oZjZdl_jgh]h
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^ey�=?K��hilbf�aZp�y�^ha\hebeZ�iha[mlb�ky� aZjy^db�\gmlj�rgvh]h�pbe�g^jZ�� klZ[��e�am\Zlb�jh[hlm�ki_dljhf_ljZ�� hljbfm\Z�lb� [�evr� ^hklh\�jg�� j_amevlZlb�� >hke��^`_gh� \ieb\� gh\bo� dhgkljmdlb\gbo� j��r_gv� gZ� jh[hq�� oZjZdl_jbklbdb� ki_dljh�f_ljZ��<by\e_gh�oZjZdl_j� aZe_`ghkl��fh�

gh_g_j]_lbqghkl�� lZ� �gl_gkb\ghkl�� _e_d�ljhggh]h�imqdZ� \�^�gZijm`_ghkl��fZ]g�l�gh]h� ihey� lZ� \bagZq_gh� agZq_ggy� gZijm�`_ghkl��fZ]g�lgh]h�ihey�Ga����î���� $�f�ijb� ydhfm� ^hky]Z}lvky� hilbfZevg_� ki�\�\�^ghr_ggy� _g_j]_lbqgbc� jhadb^� ��gl_gkb\g�klv�_e_dljhggh]h�imqdZ�
E�l_jZlmjZ

�� F�1�JhfZgxd�� H�;�Ri_gbd�� N�N�IZii�1�<�Q_jgbrh\Z�� C�:�FZg^��� <�1�D_e_�f_g��H�I�KZ[Z^��/�X�J_f_lZ��MN@������������������ G�B�JhfZgxd�� H�;�Ri_gbd�� C�:�FZg�^b�� N�N�IZii�� B�<�Q_jgurh\Z�� @LN����������������� ?�W�Dhgljhr�� B�<�Q_jgurh\Z�� E�Kh\�l_j�� H�;�Ri_gbd�� HilbdZ� b ki_dljh�kdhiby������������������ H�;�Ri_gbd�� G�B�JhfZgxd�� B�<�Q_j�gurh\Z�� IbkvfZ� \ @WLN� ���� ������������ G�B�JhfZgxd��B�<�Q_jgurh\Z���H�;�Ri_�gbd��@LN������������������� 7�<X�3RSLN�� 2�%�6KSHQLN�� 3�3�3XJD�<X�9�3RSLN��-��2SWRHOHFWURQ��$GY��0DWHU���������������

�� 7�<X�3RSLN�� 9�0�)H\HU�� 2�%�6KSHQLN�<X�9�3RSLN�� 5DG�� 3K\V�� &KHP�� ���� ������������ L��X�Ihibd��H�;�Ri_gbd��X�<�Ihibd�NLL���� ��� ��������� 9�0�)H\HU �� 7�<X�3RSLN�� 2�%�6KSHQLN�<X�9�3RSLN�� 0�0�(UGHYG\�� -�� (OHFWURQ6SHFWURVF�� DQG� 5HODWHG� 3KHQRPHQD� ������������������ $�6WDPDWRYLFK� *�6FKXO]�� 5HY�� 6FL�� ,Q�VWUXP�������������������� :�&K�7DPP�� 6�� )�:RQJ�� 5HY�� 6FL�� ,Q�VWUXP�������������������� '�5RX�� 3�'�%DUURZ�� -�� 3K\V�� (� ��� ������������� H�;�Ri_gbd��G�F�Wj^_\^b��G�B�JhfZ�gxd�� L�X�Ihibd�� :�G�AZ\behimeh�ILW����������������237,0,=$7,21�2)�3$5$0(7(562)�+<32&<&/2,'$/�%$&.6&$77(5,1*(/(&7521�63(&7520(7(5
5��2��2UWLNRY��7�<X��3RSLN

,QVWLWXWH�RI�(OHFWURQ�3K\VLFV��8NU��1DW��$FDG��6FL��8QLYHUV\WHWVND�6WU������8]KKRURG�������H�PDLO��LHS#LHS�X]KJRURG�XD
2SWLPL]DWLRQ� RI� K\SRF\FORLGDO� HOHFWURQ� EDFNVFDWWHULQJ� VSHFWURPHWHU� KDV� EHHQ� SHU�IRUPHG�� LPSURYLQJ� LWV�ZRUN��'HSHQGHQFH�RI� WKH�VFDWWHUHG� HOHFWURQ� HQHUJ\� GLVWULEX�WLRQ�RQ�PDJQHWLF� ILHOG� LV�GHWHUPLQHG�� WKH�RSWLPDO�YDOXH�RI� WKH�ILHOG�VWUHQJWK� IRU� WKHVWXGLHV�RI�VORZ�HOHFWURQV�EDFNVFDWWHUHG�E\�FRQGHQVHG�V\VWHPV�LV�HYDOXDWHG�
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