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lvho�]Zemayo�ijhfbkeh\hkl��\bgbdZ}�g_[_ai_dZ�fZj]Zgp_\h]h�hljm}ggy���

:gZe�a�jZgg�o�^hke�^`_gv�lZ�im[e�dZp�c��FZdkbfZevgh�^himklbfZ�dhgp_gljZp�y�fZj�
]Zgpx�\�ih\�lj��jh[hqh]h�ijbf�s_ggy�klZgh\blv������f]�f

�
�>���@��H^gZd��]hklj_�lhdkbqg_�hljm�

}ggy�f_lZe�qgbf�fZj]Zgp_f�\�^[m\Z}lvky�g_�lZd�qZklh��lh^��yd�kihemdZfb�fZg]Zgm�±�qZkl_�y\b�
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aZagZq_gh��sh� \�_dki_jbf_glZo� a� l\ZjbgZfb� �ogy�\Z]�lg�klv� m�jZa��i_j_^ham\Zggy�kihemdZfb�
fZg]Zgm�aZ\`^b�aZ\_jrm}lvky�\jh^`_gbfb�ZghfZe�yfb��
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]hj�ggy��ohqZ�kZf�ih�kh[��±�g_]hjxqbc��@_jl\Z�hljm}ggy�kihemdZfb�fZg]Zgm��gZci_jr_��ihl�
j_[m}� ^hklmim� k\�`h]h� ih\�ljy�� ;�ev� \� `b\hl��� jha]m[e_g�klv�� ^�Zj_y�� ihjmr_ggy� nmgdp���
p_gljZevgh��g_j\h\h��kbkl_fb�±�]heh\g��kbfilhfb�hljm}ggy���

Hkd�evdb�FZg]Zg�±�^m`_�ihrbj_gbc�\�ijbjh^��_e_f_gl��ydhfm�\�^\h^blvky�i_\gZ�[�h�
eh]�qgZ� jhev� \�`b\bo� hj]Zg�afZo�� \by\e_ggy�fZg]Zgm� }� h[h\¶yadh\hx� ijhp_^mjhx� km^h\h�
o�f�qgbo�h[kl_`_gv�\gmlj�rg�o�hj]Zg�\�`_jl\��<�pvhfm�ieZg��qmleb\��c�gZ^�cg��f_lh^b�^ey�
yd�kgh]h���d�evd�kgh]h�\bagZq_ggy�FZg]Zgm�}�\djZc�ihlj�[g���
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j_Zdp�c���

J_amevlZlb� _dki_jbf_glm� lZ� h[]h\hj_ggy��<� km^h\h�o�f�qghfm� ZgZe�a�� i_j_^h\k�f�
lhdkbqgbc�f_lZe� �ahevh\mxlv�\�^�[�heh]�qgh]h�fZl_j�Zem�a�^hihfh]hx�f�g_jZe�aZp����Ijhp_k�
hljm}ggy�f_lZe�qgbfb�kihemdZfb��yd�\�^hfh��kmijh\h^`m}lvky�dhfie_dkhml\hj_ggyf�f_lZ�
e�\�a�[�edZfb��Z�lZdh`��o�]�^jhe�ahf��KZf_�lhfm�^ey�\b^�e_ggy�lhdkbqgbo�f_lZe�\�a�[�heh]�q�
gh]h�fZl_j�Zem�\bdhjbklh\m\Zebkv�f_lh^b�� aZkgh\Zg��gZ�jhadeZ^Zgg��[�ed�\�qb� �grbo�j_qh�
\bg��sh�f�klylvky�\�^hke�^`m\Zgbo�fZl_j�ZeZo��Hl`_��\�jh[hl��fb�aZklhkm\Zeb�f_lh^�kmoh]h�
hahe_ggy��ydbc�nZdlbqgh�a\h^blvky�^h�a\bqZcgh]h�kiZex\Zggy�\gmlj�rg�o�hj]Zg�\�qb� �grbo�
[�heh]�qgbo�ldZgbg��AZ�lZdbo�mfh\�f_lZe_\��hljmlb�qZkldh\h�Z[h�p�edh\blh�\biZjh\mxlvky��A�
�grh]h�[hdm��f_lh^�f�g_jZe�aZp���\h^gh]h�ihlhdm�aZkgh\m}lvky�gZ�hdbkg_gg��hj]Zg�qgbo�j_qh�
\bg�mk�fZ�lbiZfb�hdbkgbd�\��gZijbdeZ^��]�^jh]_g�i_jhdkb^��g�ljZlgZ�dbkehlZ��oehjgh\ZlZ�db�
kehlZ��dZe�c�i_joehjZl�lhsh��yd��}�\�j�^dhfm�klZg���<�f_`Zo�pvh]h�f_lh^m�fb�\bdhjbklh\m\Z�
eb�kmf�r�kmevnZlgh����g�ljZlgh��dbkehl�Z[h�kmevnZlgh���g�ljZlgh����oehjgh\Zlh��dbkehl���M\Z�
]Z��Py�kmf�r�±�\b[mohg_[_ai_qgZ�>���������@���
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^Zggy�[�heh]�qgh]h�fZl_j�Zem� a^�ckgx\Zeb�gZ�fZehfm�ihemf¶��\ijh^h\`� ���o\��Ijb�pvhfm��
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e�cdb��P_�ijba\h^blv�^h�p�edh\blh��f�g_jZe�aZp���[�heh]�qgh]h�fZl_j�Zem��ijhp_k�ljb\Z\�����
]h^bgb��F�g_jZe�aZp�y�\\Z`Z}lvky�aZ\_jr_ghx��dheb��a�jhaqbgm�ijb�gZ]j�\Zgg���[_a�^h^Z\Zg�
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kb^�\��g�ljblgh��dbkehlb���g�ljhabem�kmevnZlgh��dbkehlb��G2±62�212���P_�i_j_rdh^`Z}�\b�
y\e_ggx�dZl�hg�\�\�f�g_jZe�aZl���>ey�lh]h�sh[�mkmgmlb�px�ijh[e_fm��g_h[o�^gh�ijh\_klb�^_�
g�ljm\Zggy��>h�hoheh^`_gh]h�f�g_jZe�aZlm�^h^Zeb����fe�dbieyqh��\h^b����ihl�f�djZieyfb�^h�
^Zeb�nhjfZe�g��Ijb�pvhfm�g�ljh]_g�hdkb^b�\b^�eyebkv�\�\b]ey^��]Zah\bo�[mev[Zrhd��Ijhp_k�
^_g�ljm\Zggy�ljb\Z\�����o\��>ey�i_j_\�jdb�ih\ghlb�ijhoh^`_ggy�j_Zdp���^_g�ljm\Zggy��gZfb�
[meZ�ijh\_^_gZ�j_Zdp�y�a�Zf�g�[�n_g�ehf�\�dhgp_gljh\Zg�c�kmevnZlg�c�dbkehl���M�jZa��dheb�
a¶y\eylbf_lvky�kbg�c�dhe�j��ijhp_k�^_g�ljm\Zggy�ke�^�ijh^h\`m\Zlb��Dheb�`�f�g_jZe�aZl�[��
evr_�g_�j_Z]m\Zlbf_� a�jhaqbghf�Zf�g�[�n_g�em� �hagZdhx� }� agbdg_ggy�kbgvh]h�dhevhjm���lh�
p_c�ijhp_k�\\Z`Z}lvky�lZdbf��sh�aZ\_jrb\ky��AZebrhd�nhjfZe�gm�mkm\Zeb�gZ]j�\Zggyf��Jha�
qbg�Zf�g�[�n_g�em�]hlm\Zeb�jhaqbg_ggyf�����]�Zf�g�[�n_g�em�\�kmf�r��dhgp_gljh\Zgh��kmev�
nZlgh��dbkehlb���\h^b����������>����@��

F�g_jZe�aZl�ihf�sZxlv�\�dhe[m� ��h[¶}f�p�}��dhe[b�^h\h^ylv�\h^hx�^h�ihagZqdb� ����
fe��J_Zdp�cgm� kmf�r� aZebrZxlv�gZ� ��� ]h^� klhylb� aZ� d�fgZlgh�� l_fi_jZlmjb��Dheb�\biZ^Z}�
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j�h^Zlm�Z[h�����]�Zfhg�c�i_jkmevnZlm��AZ�mfh\b��sh�hdbkgbdhf�\bklmiZlbf_�Zfhg�c�i_jkmevnZl��
^h^Zxlv�d�evdZ�djZi_ev�jhaqbgm�Zj]_glmf�g�ljZlm��yd�dZlZe�aZlhj�� ��\f�kl�gZ]j�\Zxlv�gZ�dbiey�
qhfm�\h^yghfm�gZ]j�\Zq��\ijh^h\`����o\��AZ[Zj\e_gbc�\�q_j\hgbc�qb�fZebgh\h�q_j\hgbc�dhe�j�
jhaqbg�jha[Z\eyxlv�\h^hx��^h�ihagZqdb����fe����nhlhdhehjbf_ljmxlv�ijb��� �����gf��N?D����
F��rbjbgZ�dx\_lb� ±� ���ff���Jhaqbghf�ihj�\gyggy�\bklmiZ}� ����jhaqbg�kmevnZlgh��dbkehlb��
Dhe�j�jhaqbgm�[m^_�kl�cdbf�^h\he��ljb\Zebc�qZk���

I_j_djbklZe�ah\Zgbc�dZe�c�i_jfZg]ZgZl�\bdhjbklh\m\Zeb�^ey�ih[m^h\b�dZe�[jm\Zev�

gh]h� ]jZn�dZ��=hlm\Zeb� klZg^Zjlgbc� jhaqbg� dZe�c� i_jfZg]ZgZlm� ����fd]�fe���<k�� aZagZq_g��

\bs_�j_Z]_glb�^h[Z\eyeb�^h�klZg^Zjlgh]h�jhaqbgm�\�d�evdhklyo������������������������������������

����������fe���\bf�jx\Zeb��ogx�hilbqgm�]mklbgm��Agh\m�`�lZdb�jhaqbghf�ihj�\gyggy�kem]m\Z\�

�����jhaqbg�kmevnZlgh��dbkehlb��AZkgh\mxqbkv�gZ�hljbfZgbo�^Zgbo�[m^m\Zeb�dZe�[jm\Zev�

gbc�]jZn�d�aZe_`ghkl��hilbqgh��]mklbgb�jhaqbgm�\�^��ogvh��dhgp_gljZp����Jbkmghd���Jhaqbgb��

sh�f�klylv��hgb�0Q2�
±
�i�^dhjyxlvky�aZdhgm�;m]_jZ�EZf[_jlZ�;_jZ�\�dhgp_gljZp�cgbo�f_`Zo�

�����fd]�fe��LZdbf�qbghf��dhgp_gljZp�x�fZg]Zgm�\�ajZadm�\bagZqZxlv�aZ�]jZn�dhf��
�
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�
Jbkmghd�±�DZe�[jm\Zevgbc�]jZn�d�aZe_`ghkl��hilbqgh��]mklbgb��'��jhaqbg�\�\�^��ogvh��

dhgp_gljZp���
�

<bagZq_ggy�fZg]Zgm�\�k_q���>h� ���fe�k_q���sh�f�klblv�kihemdb�fZg]Zgm�^h^Zeb� ��fe�

Zf�Zqgh]h�[mn_jgh]h�jhaqbgm�^ey� S+������HljbfZgm�kmf�r�_dkljZ]m\Zeb� oehjhnhjfhf�ljb�

jZab�ih����fe��H[¶}^gZg��jZahf�_dkljZdlb�\biZjx\Zeb��L\_j^bc�aZebrhd�jhaqbgyeb�\����fe�

����kmevnZlgh��dbkehlb��<�hljbfZghfm�jhaqbg��ijh\h^beb�yd�kg��j_Zdp��� ��d�evd�kg_�\bagZ�

q_ggy�fZg]Zgm�aZ�f_lh^bdhx��hibkZghx�\bs_��

<bagZq_ggy�fZg]Zgm�\�ih\�lj���Ih\�ljy� ����e�� \� aZ[jm^g_g�c�fZg]Zghf� ahg�� �h[¶}fgZ�

r\b^d�klv����e�o\��Zki�jm\Zeb�dj�av�n�evlj�:N:�KF��sh�i_j_[m\Z}�\�iZljhg���ShgZcf_gr_��

i¶ylv�ajZad�\�ih\�ljy�lj_[Z�[meh�ihke�^h\gh�\�^�[jZlb��N�evlj�\deZ^Zeb�\�lb]_ev���kiZex\Zeb�

\�fmn_evg�c�i_q��ijb���q&�^h�p�edh\blh]h�kihi_e�ggy��>Ze��ch]h�h[jh[eyeb���fe�kmevnZlgh��

dbkehlb�ijb�gZ]j�\Zgg����jhaqbg�\biZjx\Zeb�gZ�i�sZghfm�gZ]j�\Zq���L\_j^bc�aZebrhd�jhaqb�

gyeb�\����fe����kmevnZlgh��dbkehlb��Ih�hkZ^`_gg��\�^�[jZeb���fe�ajZadZ��^h�ydh]h�^h^Zeb�

����fe����jhaqbgm�Zj]_glmf�g�ljZlm��yd�dZlZe�aZlhj��a���fe�����jhaqbgm�Zfhg�c�i_jkmevnZlm��

LZdbf�qbghf�ml\hjbeZkv�fZebgh\h�q_j\hgZ�i_jfZg]ZgZlgZ�dbkehlZ��Hkd�evdb�chgb�n_jmfm�

i_j_rdh^`Zxlv�\by\e_ggx�chg�\�fZg]Zgm��lh�^h�^hke�^`m\Zgh]h�jhaqbgm�^h^Zxlv���fe�����

nhknZlgh��dbkehlb��Ihl�f�p_c�jhaqbg�gZ]j�\Zeb���i�key�hoheh^`_ggy�a^�ckgx\Zeb�nhlhdheh�

jbf_ljm\Zggy��<f�kl�FZg]Zgm�\bagZqZeb�aZ�dZe�[jm\Zevgbf�]jZn�dhf��

<bkgh\db��IjhZgZe�ah\Zgh�lhdkbqgbc�\ieb\�kihemd�fZg]Zgm�gZ�^h\d�eey� ��a¶ykh\Zgh�
[�heh]�qgm�jhev�pvh]h�_e_f_glZ�yd�`bll}\h�\Z`eb\h]h�^ey�ex^bgb�f�djh_e_f_glZ��sh�[_j_�

Zdlb\gm�mqZklv�\�[�heh]�qgbo�ijhp_kZo�`b\bo�hj]Zg�af�\��Klj�fd_�a[�evr_ggy�dhgp_gljZp���

FZg]Zgm� m�ih\�lj��jh[hqbo�ijbf�s_gv� aZk\�^qm}��sh�ijh[e_fZ� a^ZlgZ�kmll}\h�\ieb\Zlb�gZ�

_dheh]�x���fh`_�ihklZlb�gZ[Z]Zlh�]hklj�r_�m�a\¶yadm�a��ajhklZggyf�\bdb^�\�aZ[jm^gx\Zevgbo�

j_qh\bg�ijhfbkeh\bfb�i�^ijb}fkl\Zfb��

>ey�jha\¶yaZggy�p�}��ijh[e_fb�ke�^�a^�ckgx\Zlb�klZebc�fhg�lhjbg]�aZ�\f�klhf�kihemd�

fZg]Zgm�m�ih\�lj����\�[�heh]�qgbo�h[¶}dlZo��HljbfZgZ��gnhjfZp�y�i�^l\_j^`m}��sh�\Zjlh�\l��

ex\Zlb�\�ijZdlbdm�gZmdh\m���h[�jmglh\Zgm�_dheh]�qgm�ihe�lbdm��kijyfh\Zgm�gZ�jhajh[dm�f_�

lh^�\�r\b^dh]h�ZgZe�am\Zggy�kihemd�fZg]Zgm��

A�p�}x�f_lhx�gZfb�[m\�m^hkdhgZe_gbc�f_lh^�_dkljZ]m\Zggy�fZg]Zgm�a�j�aghfZg�lgbo�

[�heh]�qgbo�h[¶}dl�\� ��a�ih\�ljy��Yd�kg��j_Zdp���[meb�\bdhjbklZg��gZfb�^ey�\by\e_ggy�chg�\�

fZg]Zgm� \� _dkljZdlZo�� D�evd�kg_� \bagZq_ggy� chg�\� fZg]Zgm� a^�ckgx\Zeb� nhlhdheh�

jbf_ljbqgh��

�
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Kibkhd�e�l_jZlmjb��
���DjZfZj_gdh�<�N��Lhdkbdheh]�qgZ�o�f�y���<��I��DjZfZj_gdh��±�D����<bsZ�rdheZ��

������±�����k��
���DjZfZj_gdh�<�N��Obfbdh�lhdkbdheh]bq_kdbc� ZgZeba�� ��<�N��DjZfZj_gdh�� ±�D�� ��

<bsZ�rdheZ��������±�����k��
���LjZol_g[_j]� B�F�� Ly`_eu_� f_lZeeu� \h� \g_rg_c� kj_^_� �� B�F�� LjZol_g[_j]���

<�K��Dhe_kgbdh\��<�I��Emdh\_gdh��±�Fbgkd���GZmdZ�b�l_ogbdZ�������±�����k��
���R\Zcdh\Z�F�>�� Lhdkbdheh]bq_kdZy� obfby� ��F�>��R\Zcdh\Z�� ±�F�� ��F_^bpbgZ��

������±�����k��
���9HULW\� 0�� $�� 0DQJDQHVH� QHXURWR[LFLW\�� D� PHFKDQLVWLF� K\SRWKHVLV� �� 0�� $�� 9HULW\�� ���

1HXUR�7R[LFRORJ\��±�������±�9RO������±�1R������±�3�����������
��� =KHQJ�:�� ,URQ�RYHUORDG� IROORZLQJ�PDQJDQHVH�H[SRVXUH� LQ� FXOWXUHG�QHXURQDO�� EXW�QRW�

QHXURJOLDO�FHOOV���:��=KHQJ��4��=KDR�����%UDLQ�5HV��±�������±�9RO�������±�1R������±�3�����������
��� =KHQJ�:��$OWHUDWLRQ�RI� LURQ�KRPHRVWDVLV�IROORZLQJ�FKURQLF�H[SRVXUH�WR�PDQJDQHVH�LQ�

UDWV���:��=KHQJ��4��=KDR��9��6ODYNRYLFK��0��$VFKQHU��-��+��*UD]LDQR�����%UDLQ�5HV��±�������±�9RO��
�����±1R����±�3�����������

��� /HH�-��:��0DQJDQHVH�,QWR[LFDWLRQ���-��:��/HH�����$UFK��1HXURO��±�������±�9RO������±�1R�
���±�3�����������

��� /DL�-�&��0DQJDQHVH�PLQHUDO� LQWHUDFWLRQV� LQ�EUDLQ���-�&��/DL��0�-��0LQVNL��$�:��&KDQ���
7�.��/HXQJ��/��/LP�����1HXUR�7R[LFRORJ\��±�������±�9RO������±�1R������±�3�����������

���� 7UHLQHQ�.��$��'HYHORSPHQWDO�WR[LFLW\�RI�PDQJDQRGLSLUWULVRGLXP�DQG�PDQJDQHVH�FKOR�
ULGH�LQ�6SUDJXH�'DZOH\�UDWV���.��$��7UHLQHQ��7��-��*UD\��:��)��%OD]DN�����7HUDWRORJ\��±�������±�9RO��
����±1R����±�3�����������

���� 2QR�.��0\RFORQLF�LQYROXQWDU\�PRYHPHQW�DVVRFLDWHG�ZLWK�FKURQLF�PDQJDQHVH�SRLVRQLQJ���
.��2QR��.��.RPDL��0��<DPDGD�����-��1HXURO��6FL��±�������±�9RO�������±�1R������±�3���������

����Ie_l_g_\Z� L�<�� Lhdkbdheh]bq_kdZy� obfby� �� L�<�� Ie_l_g_\Z�� ±�F�� �� =WHL:J�
F_^bZ��������±�����k��

���� ;hehlh\�<�<��Ihk�[gbd�^h�ijZdlbqgbo�aZgylv�a�lhdkbdheh]�qgh��o�f�����<�<��;heh�
lh\��?�1��KlZ^g�q_gdh��<�K��;hg^Zj��±�OZjd�\���Hkgh\Z��������±�����k��

5HIHUHQFHV��
��� .UDPDUHQNR��9�)����������7R[LFRORJLF�FKHPLVWU\��.\MLY��9\VFKD�VKNROD��LQ�8NU���
��� .UDPDUHQNR��9�)�� ��������&KHPLFDO� DQG� WR[LFRORJLF� DQDO\VLV��.\MLY��9\VFKD� VKNROD��

�LQ�8NU���
��� 7KDKWHQEHUJ��,�F���.ROHVQLNRY��9�6��	�/XNRYHQNR��9�3����������+HDY\�PHWDOV�LQ�HQ�

YLURQPHQW��0LQVN��1DXND�L�7HKQLND�>LQ�%HODU�@��
��� 6KYDLNRYD��F�'����������7R[LFRORJLF�FKHPLVWU\��FRVFRZ��0HGLFLQD�>LQ�5XVV�@��
��� 9HULW\��0�$�� ��������0DQJDQHVH� QHXURWR[LFLW\��D�PHFKDQLVWLF� K\SRWKHVLV�1HXUR�7R[L�

FRORJ\��������������������
��� =KHQJ��:��	�=KDR��4����������,URQ�RYHUORDG�IROORZLQJ�PDQJDQHVH�H[SRVXUH�LQ�FXOWXUHG�

QHXURQDO��EXW�QRW�QHXURJOLDO�FHOOV��%UDLQ�5HV�������������������
��� =KHQJ��:���=KDR��4���6ODYNRYLFK��9���$VFKQHU��0��	�*UD]LDQR��-��+����������$OWHUDWLRQ�

RI�LURQ�KRPHRVWDVLV�IROORZLQJ�FKURQLF�H[SRVXUH�WR�PDQJDQHVH�LQ�UDWV��%UDLQ�5HV������������������
��� /HH��-��:����������0DQJDQHVH�,QWR[LFDWLRQ��$UFK��1HXURO�����������������
��� /DL��-�&���0LQVNL��0�-���&KDQ��$�:���/HXQJ��7�.��	�/LP��/����������0DQJDQHVH�PLQHUDO�

LQWHUDFWLRQV�LQ�EUDLQ��1HXUR�7R[LFRORJ\�������������������
����7UHLQHQ��.�$���*UD\��7�-��	�%OD]DN��:�)����������'HYHORSPHQWDO�WR[LFLW\�RI�PDQJDQRGLSLU�

WULVRGLXP�DQG�PDQJDQHVH�FKORULGH�LQ�6SUDJXH�'DZOH\�UDWV��7HUDWRORJ\�����������������
����2QR��.���.RPDL��.��	�<DPDGD��0�� ��������0\RFORQLF� LQYROXQWDU\�PRYHPHQW�DVVRFL�

DWHG�ZLWK�FKURQLF�PDQJDQHVH�SRLVRQLQJ�-��1HXURO��6FL�������������������
����3OHWQLRYD��L�9����������7R[LFRORJLF�FKHPLVWU\��0RVFRZ��*(27$5�FHGLD��LQ�5XVV���
����%RORWRY��9�9���6WDGQLFKHQNR��?��1��	�%RGQDU��9��6����������0DQXDO�WR�D�SUDFWLFDO�WUDLQ�

LQJ�IURP�WR[LFRORJLFDO�FKHPLVWU\��.KDUNLY��2VQRYD���LQ�8NU���


