
GZmdh\bc \�kgbd�M`]hjh^kvdh]h�mg�\_jkbl_lm��K_j�y�N�abdZ��<bimkd �����± ����

���

JHAK1X<:GGY IH<1EVGBO�?E?DLJHG1<G:�IE1<D:O�<1KFMLM
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�^hke�^`_ggy�ijhp_k�\�jhak�x\Zggy�gbavdh_g_j]_lbqgbo�_e_dljhg�\ie�\dZfb� \�kfmlm�� dhg^_gkh\Zgbfb� gZ� i�^deZ^dZo� dj_fg�x� lZ� kZin�jm��Hljb�fZgh�_g_j]_lbqg�� aZe_`ghkl�� �gl_gkb\ghkl��ijm`gh�jhak�ygbo�gZaZ^ �gZ �����_e_dljhg�\�lZ�ki_dljb�\ljZl�ijb�j�agbo�_g_j]�yo�iZ^Zxqbo�_e_dljhg�\�

<klmiAZ\^ydb� k\h�f� mg�dZevgbf� \eZklb\h�klyf� \�kfml�� yd� h[¶}dl� ^hke�^`_ggy�\�^�]jZ\� \Z`eb\m� jhev� m n�abp�� l\_j^h]hl�eZ�� gZ� gvhfm� \i_jr_� kihkl_j�]Z\kykbevgbc� fZ]g�lhhi�j�� hkpbeyp��� n�abqgboiZjZf_lj�\�� h[mfh\e_g�� d\Zglm\Zggyf]mklbgb�_e_dljhggbo�klZg�\�m fZ]g�lghfmihe���g_aZlmoZxq��G<Q�o\be���pbdehljhg�gbc j_ahgZgk�� ]_g_jZp�y�Zdmklbqgh]h�rm�fm�\ f_lZeZo��d\Zglh\bc�jhaf�jgbc�_n_dl�_e_dljhgg_� ihi_j_qg_� nhdmkm\Zggy� mfZ]g�lghfm� ihe��� GZ� \�kfml�� ijh\_^_g�i_jr�� ^_lZevg�� ^hke�^`_ggy� fZ]g�lgboih\_jog_\bo� j�\g�\� � ]_hf_ljbqgbo� hkpb�eyp�c� mevljZa\mdm >���@�� <�kfml� ^h[j_\�^hfbc� yd� _e_f_gl�� sh� aZ� k\h�fb� _e_d�ljhggbfb� \eZklb\hklyfb� aZcfZ}� ijhf�`�g_� f�kp_� f�`� f_lZeZfb� � gZi�\ijh\�^�gbdZfb� � }� oZjZdl_jgbf� ij_^klZ\gbdhfgZi�\f_lZe�\��LZd��_e_dljhgg��\eZklb\hkl�\�kfmlm� l�kgh� ih\¶yaZg�� a g_\_ebdhx\�^f�gg�klx�ch]h�djbklZe�qgh�� ]jZldb� \�^ijhklh�� dm[�qgh��� M \�kfmlm� djbklZe�qgZ]jZldZ� jhf[h_^jbqgZ� a ^\hfZ� ZlhfZfb� \_e_f_glZjg�c�dhf�jp�� � ���fh`gZ�ml\hjblba ijhklh��dm[�qgh��reyohf�^\ho�g_aZe_`�gbo� ^_nhjfZp�c� >��� �@�� Qbkeh� _e_dljhg�\ijh\�^ghkl�� m \�kfmlm� kdeZ^Z}� ���� gZZlhf��sh� } gZke�^dhf�fZeh]h� i_j_djbllyahg��?n_dlb\gZ�fZkZ� _e_dljhgZ�\�kfmlm� }kbevgh�Zg�ahljhighx�� fh`_�\ ^_ydbo�gZ�ijyfdZo�kdeZ^Zlb�^h�������\�^�fZkb�_e_d�ljhgZ��?g_j]�y�N_jf�� �yd� � aZ[hjhg_gZ�ah�gZ�� kdeZ^Z}� ^_d�evdZ� khlbo� _<�� >h\`bgZ

\�evgh]h�ijh[�]m�_e_dljhg�\�^hky]Z}���ff>��� �@��?e_dljhggZ� _g_j]_lbqgZ� kljmdlmjZ\�kfmlm�� ydZ� � h[mfh\ex}� ch]h� \eZklb�\hkl��� ^hke�^`m\ZeZky� yd� ^ey� fhghdjb�klZe�\ >��� �@�� lZd� � ^ey�ie�\hd��gZibe_gbogZ� j�ag�� i�^deZ^db� >�����@�� >hke�^`_ggyie�\hd� klbfmexxlv� d\Zglh\h�jhaf�jg�_n_dlb��sh�ijhy\eyxlvky�^ey�\�kfmlm��[hq_j_a� fZem� ]mklbgm� _e_dljhg�\� m ahg�ijh\�^ghkl�� lZ� \_ebdm� ^h\`bgm� \�evgh]hijh[�]m�_e_dljhgZ�\�kfml�} �^_Zevgbf�fZ�l_j�Zehf� ^ey� �o� ^hke�^`_ggy�� Af_gr_ggylh\sbgb�ie�\db�\_^_�^h�af_gr_ggy�i_j_�djblly� ahg� � gZ[eb`_ggy� _e_dljhggbo\eZklb\hkl_c� \�kfmlm� ^h� gZi�\ijh\�^�gbdh\bo��: ijb�^_yd�c�djblbqg�c�lh\sbg�ie�\db� G§������ gf� i_j_djblly� \Ze_glgh�ahgb� lZ� ahgb� ijh\�^ghkl�� fZ}� ih\g�klxagbdgmlb� >��@��H^gZd�� _g_j]_lbqgbc� jha�ih^�e� ]mklbgb� ih\_jog_\bo� � h[¶}fgbo_e_dljhggbo�klZg�\�\�kfmlm�s_�h^ghagZq�gh� g_� \bagZq_gbc�� Dj�f� lh]h�� ijZdlbqghg_^hke�^`_gbfb�} ijhp_kb�a[m^`_ggy�pboklZg�\�ih\�evgbfb������_<��_e_dljhgZfb�<k�� p�� nZdlb� amfh\exxlv� �gl_j_k� ^h^hke�^`_ggy� \eZklb\hkl_c� \�kfmlm� ��� \i_jrm�q_j]m��ch]h�_e_dljhggbo�klZg�\�
?dki_jbf_glHkgh\gbfb� f_lh^Zfb� ^hke�^`_ggy_g_j]_lbqgh�� _e_dljhggh�� kljmdlmjb\�kfmlm�� ij_^klZ\e_gbfb� \ e�l_jZlmj��� }JN?K� lZ�MN?K� >����@�� M \�^^�e�� �hggboijhp_k�\� jhajh[e_gh� f_lh^� a\hjhlgh]h



8]KKRURG�8QLYHUVLW\�6FLHQWLILF�+HUDOG��6HULHV�3K\VLFV��,VVXH�����±�����

���

jhak�x\Zggy� _e_dljhg�\� gbavdbo� _g_j]�c�ydbc�^ha\hey}�ZgZe�am\Zlb�yd�ijm`gh��lZd� g_ijm`gh� jhak�yg�� gZaZ^� �gZ� dml� �����_e_dljhgb� a _g_j]�}x�^h� ��� _<� � \b\qZlbijhp_kb� a[m^`_ggy� ih\_jog_\bo� � h[¶}f�gbo�_e_dljhggbo�klZg�\�>��@��>Zgbc�f_lh^^h[j_� aZj_dhf_g^m\Z\� k_[_� ijb� \b\q_gg�\aZ}fh^��� ih\�evgbo� _e_dljhg�\� a j�agh�fh^bn�dh\Zgbfb� ih\_jogyfb� f_lZe�\>�����@�� ijhklbo� lZ� kdeZ^gbo� gZi�\ijh�\�^gbd�\�>�����@��P_c�f_lh^� � [m\�\bdhjb�klZgbc�^ey�ijh\_^_ggy�^hke�^`_gv�F_lhx� ^Zgh�� jh[hlb� [meh� \b\q_ggyoZjZdl_jm� a\hjhlgh]h� jhak�x\Zggy� _e_d�ljhg�\� gbavdbo� _g_j]�c� ie�\dZfb� \�kfmlmlZ�\by\e_ggy�hkgh\gbo� l_g^_gp�c�\ _g_j�]_lbqgbo� aZe_`ghklyo� �gl_gkb\ghkl�ijm`gh]h�jhak�x\Zggy� � m�ki_dljZo�_g_j�]_lbqgbo�\ljZl�?dki_jbf_glb� \bdhgZgh�gZ� \bkhdh\Z�dmmfg�c �3a����IZ��Z\lhfZlbah\Zg�c�mklZ�gh\p���hkgh\gbf�\maehf�ydh��} ]�ihpbdeh��^Zevgbc�_e_dljhggbc�ki_dljhf_lj��=?K��ydbc� ^ha\hey}� nhjfm\Zlb� � ZgZe�am\Zlb_e_dljhggbc� imqhd� m ^�ZiZahg�� _g_j]�c�����_<�a ih\ghx�rbjbghx�_g_j]_lbqgh�]h� jhaih^�em� gZ� gZi�\\bkhl�� fZdkbfmfm�):+0��a������f_<��OZjZdl_jghx�hkh[�eb\�klx� =?K� } fh`eb\�klv� ^_l_dlm\Zggyyd�ijm`gh�� lZd� � g_ijm`gh� jhak�ygbo�gZ�aZ^� _e_dljhg�\� m g_\_ebdhfm� ������l�e_kghfm�dml��a p_gljhf�m lhqp��iZ^�ggy_e_dljhggh]h� imqdZ�� IjhimkdZggy� ki_d�ljhf_ljZ� ��a�����_g_j]_lbqg_�jha^�e_ggya������f_<�>������@�OZjZdl_jbklbdb� ki_dljhf_ljZ� \ ^Z�ghfm� _dki_jbf_gl�� [meb� lZdbfb�� kljmfi_j\bggh]h� imqdZ� �� ����� :�� kljmf\�^[blh]h�imqdZ� ��a���� ±������ :��^�Zf_ljimqdZ�����ff��):+0�i_j\bggh]h�imqdZ� �a������� f_<�� _g_j]_lbqg_� jha^�e_ggyZgZe�aZlhjZ� �� a�������� f_<�� QZk� gZ]jh�fZ^`_ggy�kb]gZem�m dh`g�c�lhqp��������k�
H[¶}dlb�^hke�^`_ggy>hke�^`_ggy�ijhp_k�\�ijm`gh]h� � g_�ijm`gh]h� jhak�x\Zggy� ih\�evgbo� fhgh�_g_j]_lbqgbo� _e_dljhg�\� ijh\_^_gh� ^eyie�\hd� <��� gZibe_gbo� gZ� ihe�jh\Zgm� ih�\_jogx� 6L� ������ lZ�re�nh\Zgm� ih\_jogx

ihe�djbklZe�qgh]h� e_cdhkZin�jm� .�$O�2��Ie�\db�\�kfmlm�^ey�^hke�^`_gv�h^_j`m\Z�eb�f_lh^hf�l_jf�qgh]h�jhaibe_ggy�gZ�mk�lZgh\p��<MI����I�^�qZk�gZibe_ggy�l_fi_�jZlmjZ�i�^deZ^db�[meZ� ����D��<�kfml� \b�iZjh\m\Z\ky� ijb� l_fi_jZlmj�� dbi�ggy������ �K���Ijhp_k� jhaibe_ggy� ljb\Z\� ��o\��ijb�lbkdm�aZebrdh\bo�]Za�\�g_�[�evr_����fIZ��Lh\sbgZ�gZibe_gbo�ie�\hd�±����fdf��Ih� aZd�gq_gg��gZibe_ggy� ajZadb� \bl�jbfm\Zebkv� \ gZkbq_g�c� \�kfmlhf� Zlfh�kn_j�����]h^���i�key�qh]h��o�i_j_f�sm\Zeb�\jh[hqm�dZf_jm� mklZgh\db�^ey�^hke�^`_ggyijhp_k�\� jhak�x\Zggy� ih\�evgbo� _e_dljh�g�\�� \ yd�c� kl\hjx\Z\ky� \Zdmmf� a����±����IZ�� ydbc� i�^ljbfm\Z\ky� ijhly]hf� \kvh]hqZkm�ijh\_^_ggy�_dki_jbf_gl�\�
J_amevlZlb�lZ��o�h[]h\hj_ggy<bdhgZgh� ^\Z� lbib� _dki_jbf_gl�\� a\b\q_ggy�ijhp_k�\�a\hjhlgh]h�jhak�x\Zggyih\�evgbo� _e_dljhg�\� ie�\dZfb� \�kfmlm�>hke�^`_gh� _g_j]_lbqgm� aZe_`g�klv� �gl_g�kb\ghkl�� ijm`gh� jhak�ygbo� gZaZ^� _e_d�ljhg�\�lZ�ki_dljb�\ljZl�ijb�j�agbo�agZq_g�gyo�_g_j]���iZ^Zxqbo�_e_dljhg�\�?g_j]_lbqg�� aZe_`ghkl�� �gl_gkb\ghkl�ijm`gh� jhak�ygbo�gZaZ^� _e_dljhg�\� \bf��jyg�� ijb� ^\ho� j�agbo� agZq_ggyo� ih�l_gp�Ze�\� gZ� \�^obeyxqbo� pbe�g^jbqgbo_e_dljh^Zo� ZgZe�aZlhjZ� � g_af�ggbo� agZ�q_ggyo� ihl_gp�Ze�\� gZ� _e_dljh^Zo� fhgh�ojhfZlhjZ� �Jbk�� ����DZe�[jm\Zggy� _g_j]_�lbqgh��rdZeb�ijb�^hke�^`_gg��_g_j]_lbq�gh�� aZe_`ghkl�� �gl_gkb\ghkl�� a^�ckgx�\ZeZkv� aZ� akm\hf�\hevl�Zfi_jgh��oZjZdl_�jbklbdb� kljmfm� _e_dljhg�\� gZ� ajZahd�� AZgmev� ijbcfZ\ky� fZdkbfmf� nmgdp��� jha�ih^�em� iZ^Zxqh]h� _e_dljhggh]h� imqdZ� aZ_g_j]�}x��<by\e_gh��sh�af�gZ�ihl_gp�Ze�\gZ�\�^obeyxqbo�_e_dljh^Zo�ZgZe�aZlhjZ�\f_`Zo� ����<�� g_�fZ}� kbevgh]h� \ieb\m� gZaZ]Zevgbc�o�^� djb\h��� 1kgm}� aZ]ZevgZ� l_g�^_gp�y�^h�af_gr_ggy��gl_gkb\ghkl��\�^[b�\Zggy� a�� a[�evr_ggyf� _g_j]��� iZ^Zxqbo_e_dljhg�\��Ki_dljb�g_�\by\eyxlv�lhgdh�kljmdlmjb��fh`eb\h��q_j_a�l_��sh�jha^�ev�gZ� a^Zlg�klv� ki_dljhf_ljZ� \ ^Zghfm� _d�ki_jbf_gl��kdeZ^ZeZ�[ebavdh�����f_<�
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Jbk�� ���?g_j]_lbqg�� aZe_`ghkl�� �gl_gkb\ghkl�ijm`gh�jhak�ygbo�gZaZ^� �gZ� ������ _e_dljhg�\ie�\dZfb� \�kfmlm� ijb� j�agbo� agZq_ggyoihl_gp�Ze�\� gZ� \�^obeyxqbo� _e_dljh^ZoZgZe�aZlhjZ�� Z�� %L�$O�2� ����� _<��� [�� %L�$O�2������_<���\��%L�6L �����_<���]��%L�6L �����_<�
Jbk�� ��� Ki_dljb� _g_j]_lbqgbo� \ljZl� _e_dl�jhg�\�ie�\dZfb�\�kfmlm�ijb�j�agbo�agZq_ggyo_g_j]��� iZ^Zxqbo� _e_dljhg�\�� Z�� %L�$O�2� ��_<���[��%L�$O�2� ���_<���\��%L�6L ���_<���]��%L�6L���_<��
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J_amevlZlZfb�ijh\_^_ggy�^jm]h]h� lb�im� _dki_jbf_gl�\� } ki_dljb� \ljZl�� yd�ij_^klZ\e_g��^ey�_g_j]�c�a[m^`_ggy���lZ��_<� �Jbk�� ���� Ijb� ^hke�^`_gg�� ki_dlj�\\ljZl� dZe�[jm\Zggy� _g_j]_lbqgh�� rdZeba^�ckgx\Zehkv�aZ�_g_j]_lbqgbf�iheh`_g�gyf� i�dm� ijm`gh� jhak�ygbo� gZaZ^� _e_d�ljhg�\ �(O ���� M pbo� ki_dljZo� ^ey� h[hoajZad�\� ijb� \dZaZgbo� _g_j]�yo� i_j\bggbo_e_dljhg�\� oZjZdl_jg_� af_gr_ggy� �gl_g�kb\ghkl��imqdZ�a��ajhklZggyf�_g_j]���_e_d�ljhg�\� � j�adbc� kiZ^� �gl_gkb\ghkl�� a�a[�evr_ggyf�_g_j]���\ljZl��GZ�\k�o�djb\bo\by\e_gh� q�ld�� hkh[eb\hkl��� KljmdlmjZ�ydZ� ijhy\ey}lvky� m ki_dljZo�� kdhj�r� aZ\k_� h[mfh\e_gZ� a[m^`_ggyf� h[¶}fgbo�ih\_jog_\bo� lZ�Z[h� j_ahgZgkgbo� klZg�\�

hkd�evdb��kgm\Zggy�pbo�klZg�\�\ ^Zg�c�h[�eZkl��_g_j]�c�^ey�%L�[meh�\by\e_gh�f_lh�^Zfb� MN?K� lZ� JN?K� >��� ��@�� Ih^Zevr�^hke�^`_ggy�a ihdjZs_gbf�_g_j]_lbqgbfjha^�e_ggyf� _e_dljhggh]h� ki_dljhf_ljZlZ� j�aghx� fh^bn�dZp�}x� ^hke�^`m\Zgh�ie�\db� %L� ^ha\heylv� [�evr� q�ldh� \klZgh�\blb� _g_j]_lbqg�� iheh`_ggy� \by\e_gbohkh[eb\hkl_c�� hlhlh`gblb��o�a��a[m^`_g�gyf�dhgdj_lgbo�_e_dljhggbo�klZg�\�
:\lhjb�\bkeh\exxlv�sbjm�\^yqg�klvklZjrhfm� gZmdh\hfm� ki�\jh[�lgbdm� dZg�^b^Zlm� l_og�qgbo� gZmd� Eh�� <ZkbexXj�ch\bqm� aZ� gZ^Zg�� ^ey� ^hke�^`_ggyajZadb�

E�l_jZlmjZ
�� :�Djwdg_e�� D�Phg]�� Ih\_joghklv� N_j�fb��Fbj��Fhkd\Z���������� We_dljhgu� ijh\h^bfhklb�� Ih^� j_^�F�B�DZ]Zgh\Z� b <�K�W^_evfZgZ�� �Fbj�Fhkd\Z���������� 7�-QRXH��6�0DVH� -��3K\V��6RF��-DSDQ��������������� $�%��6KLFN�� -�%��.HWWHUVRQ��'�/�1RYLNRY�$�� -�� )UHHPDQ�� 3K\V�� 5HY�� %� ���� �������������� <L� /LX�� $�(�5RODQG�� 3K\V�� 5HY�� % ������������������ E�:�NZevdh\kdbc��MNG���������������� <�K�W^_evfZg��MNG������������������� *�-H]HTXHO�� ,�7KRPDV�� ,�3OROLQL�� 3K\V�5HY��%������������������� 5�$VW� &KULVWLDQ�� +�+RFKVW�� 3K\V�� 5HY�� %��������������������� $�7DQDND�� 0�+DWDQD�� .�7DNDKDVKL�+�6DVDNL��6�6X]XNL� 6�6DWR��3K\V��5HY��%������������������� $�6�$QRSFKHQNR�� 9�<X�.DVKLULQ�� <X�)�.RPQLN�� /RZ� 7HPSHUDWXUH� 3K\VLFV� ����������������� 9�<X�.DVKLULQ�� <X�)�.RPQLN�� 3K\V�5HY��%��������������������� 5�$VW� &KULVWLDQ�� +�+RFKVW�� 3K\V�� 5HY�/HWW����������������������� 3K�+RIPDQQ�� -�(�*D\RQH�� *�%LKOPD\HU�<X�0�.RURWHHY� (�9�&KXONRY��3K\V��5HY�%�������������������

��� /�/H\�� 5�3ROODFN�� 6�3�.RZDOF]\N�5�0F)HHO\��'�$�6KLUHO\��3K\V��5HY��/HWW���$���������������� 5�$VW� &KULVWLDQ�� +�+RFKVW�� 3K\V�� 5HY�/HWW����������������������� H�;�Ri_gbd��G�F�Wj^_\^b��G�B�JhfZ�gxd�� L�X�Ihibd�� :�G�AZ\behimeh�ILW�������������������� L�X�Ihibd��H�;�Ri_gbd��X�<�Ihibd�NLL������������������� L�X�Ihibd��<�F�N_c_j��F�F�?j^_\^��X�<�Ihibd��H�;�Ri_gbd��MN@������������������ 9�0�)H\HU �� 7�<X�3RSLN�� 2�%�6KSHQLN�<X�9�3RSLN�� 0�0�(UGHYG\�� -�� (OHFWURQ6SHFWURVF�� DQG� 5HODWHG� 3KHQRPHQD� ������������������ 7�<X�3RSLN�� 9�0�)H\HU�� 2�%�6KSHQLN�<X�9�3RSLN�� 6XUIDFH� 6FLHQFH ����� ������������� 7�<X�3RSLN�� 9�0�)H\HU�� 2�%�6KSHQLN�<X�9�3RSLN�� 6XUIDFH� 6FLHQFH� ����� /������������� 2�%�6KSHQLN�� 7�<X�3RSLN�� 9�0�)H\HU�<X�9�3RSLN��3K\VLFD�%�������������������� 7�<X�3RSLN�� 9�0�)H\HU�� 2�%�6KSHQLN�<X�9�3RSLN�� 5DG�� 3K\V�� &KHP�� ���� ����������
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��� 7�<X�3RSLN�� 9�0�)H\HU�� 2�%�6KSHQLN�<X�9�3RSLN��-��2SWRHOHFWURQ��$GY��0DWHU������������������� 7�<X�3RSLN�� 9�0�)H\HU�� 2�%�6KSHQLN�<X�9�3RSLN�� $SSOLHG� 6XUIDFH� 6FLHQFH�����������������
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7KH� SURFHVVHV� RI� ORZ�HQHUJ\� HOHFWURQ� VFDWWHULQJ� E\� ELVPXWK� ILOPV�� FRQGHQVHG� RQVLOLFRQ� DQG� VDSSKLUH� VXEVWUDWHV�� DUH� VWXGLHG�� (QHUJ\� GHSHQGHQFHV� RI� LQWHQVLWLHV� RIHODVWLFDOO\�EDFNVFDWWHUHG� �������HOHFWURQV�DQG�ORVV�VSHFWUD�DUH�REWDLQHG� ILU� GLIIHUHQWHQHUJLHV�RI�WKH�ERPEDUGLQJ�HOHFWURQV�
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