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1gklblml�jZ^�hn�abdb�lZ�_e_dljhg�db��f� H�Y�Mkbdh\Z�G:G MdjZ�gb�\me��ZdZ^��Ijhkdmjb������OZjd�\�������H�PDLO�� YLWJRU#LUH�NKDUNRY�XD
AZijhihgh\Zgh� f_lh^� jhadeZ^m� \ ih^\�cgbc� Zkbfilhlbqgbc� jy^� ^ey� ZgZe��lbqgh]h�jha\
yadm�g_e�g�cgbo�j�\gygv�jmom�keZ[dhj_eylb\�klkvdbo�_e_dljhg�\�mklZlbqgbo�fZ]g�lgbo�iheyo�]�[jb^gh]h�ieZgZjgh]h�m[�ljhgZ��Z lZdh`�^ey�agZ�oh^`_ggy� ihijZ\hd� ^h� pbo� g_a[mj_gbo� ljZ}dlhj�c�� h[mfh\e_gbo� gZy\g�klx\eZkgbo� [�`mqbo� fh^� djm]eh]h� o\be_\h^Z��:gZe�lbqgbc� jha\
yahd� ^Z}� mfh\b�kgm\Zggy� ljZ}dlhjgbo� j_ahgZgk�\� m g_a[mj_ghfm� jmoh\��� fh`eb\�klv� ^hky`�ghkl��ydbo�^hke�^`_gh�qbk_evgh��< h^ghqZkldh\hfm�gZ[eb`_gg��a ZgZe�am�jmom_e_dljhg�\� m aZ^Zghfm� \bkhdhqZklhlghfm� ihe�� djm]eh]h� o\be_\h^Z� agZc^_ghmfh\b� _n_dlb\gh�� \aZ}fh^��� _e_dljhggh]h� imqdZ� a \eZkgbfb� o\beyfb �mfh\bkbgojhg�afm��� P�� mfh\b� aZ^Zxlv� f�g�fZevg�� agZq_ggy� jh[hqbo� iZjZf_lj�\]�[jb^gh]h�m[�ljhgZ��g_h[o�^g��^ey�kZfha[m^`_ggy�kbkl_fb�

<klmi< gZr� qZk� m ijh\�^gbo� k\�lh\bo� gZm�dh\bo�p_gljZo >�@� Zdlb\gh�^hke�^`m}lvkyhg^meylhjgh�]�jhj_ahgZgkgZ� \aZ}fh^�y ±f_oZg�af�^���m[�ljhgZ ±�_e_dljhggbo�imq�d�\�a _e_dljhfZ]g�lgbfb�o\beyfb��sh�fh�`_� klZlb� hkgh\hx� kl\hj_ggy� ihlm`gbo� �_n_dlb\gbo�]_g_jZlhj�\�lZ�i�^kbex\Zq�\�mf�e�f_ljh\hfm�c km[f�e�f_ljh\hfm�^�ZiZ�ahgZo� >�@��<Zdmmfg�� ]_g_jZlhjb� lZ� i�^kb�ex\Zq��pbo�^�ZiZahg�\�rbjhdh� aZklhkh\m�xlvky� \ kmimlgbdh\bo� l_e_dhfmg�dZ�p�cgbo� kbkl_fZo�� jZ^�hfh\e_gg��� gZ\�]Z�p�cgbo�jZ^Zjgbo�kbkl_fZo��Z lZdh`�m gZm�dh\bo� ^hke�^`_ggyo� ijbkdhj_ggy� qZklb�ghd� � jha�]j�\Zggy� ieZafb� ^ey� d_jh\Zgh�l_jfhy^_jgh�� j_Zdp���� ^_� l�evdb� lZd�� ijb�kljh��aZ^h\hevgyxlv�\bkmgml��\bfh]b�M[�ljhg� �ydbc�s_� gZab\Zxlv� eZa_jhfgZ� \�evgbo� _e_dljhgZo�� kdeZ^Z}lvky� a�keZ[dhj_eylb\�klkvdh]h� _e_dljhggh]himqdZ�� ydbc� ihrbjx}lvky� m fZ]g�lghfmihe�� gZdZqdb�� i_j�h^bqg_� fZ]g�lg_� ihe_hg^meylhjZ� � iha^h\`g}� fZ]g�lg_� ihe_�=_g_jZp�y�\�^[m\Z}lvky�\gZke�^hd�lh]h��shihey� gZdZqdb� lZ� \bijhf�gx\Zggy� ml\h�jxxlv� ihg^_jhfhlhjgm� o\bex ±� o\bex[blly�� ydZ� jhaih\kx^`m}lvky� ih\�evg�r_

aZ�r\b^d�klv�k\�leZ�m \Zdmmf��c fh`_�[mlbm kbgojhg�af��a _e_dljhgZfb�F_lhx� p�}�� jh[hlb� } \by\e_ggy� mfh\j_ahgZgkgh�� �kbgojhggh��� \aZ}fh^��� _e_d�ljhggh]h�imqdZ�a \eZkgbfb�fh^Zfb�djm]�eh]h� o\be_\h^Z�� Hkh[eb\hkl�� pvh]h� ZgZ�e�am�lZd���� ^Z}lvky� lhqgbc� ZgZe�lbqgbc� jha�\
yahd� j�\gygv� jmom� keZ[dhj_eylb\�kl�kvdbo�_e_dljhg�\�m ihe��gZdZqdb����agZc^_gh�mfh\b�ljZ}dlhjgh]h�j_ah�gZgkm�\ ihe��gZdZqdb���� knhjfmevh\Zgh� mfh\b� j_ahgZgkgh�\aZ}fh^��� imqdZ� a \eZkgbfb� fh^Zfb�� yd�aZ[_ai_qmxlv� i�^kbe_ggy� Z[h� ihkeZ[e_g�gy�hklZgg�o�aZe_`gh�\�^�nZam\Zggy���� aZijhihgh\Zgbc� jhadeZ^� m ih^\�c�gbc Zkbfilhlbqgbc� jy^� } hkgh\hx� ^eyjha\¶yaZggy� djZch\h�� aZ^Zq�� i�^kbe_ggy[�`mqh�� o\be��� ih^�[gh� ^h� lh]h�� yd� p_ajh[e_gh�^ey�]�jhljhgZ�>�@�M ih^Zevrhfm�ZgZe�a��[m^_fh�\boh^b�lb� a l_hj��� a[m^`_ggy� ^h\�evgh�� e�g��� i_�j_^Zq�g_ijyfhe�g�cgbf�_e_dljhggbf�imq�dhf��jha]eygmlh��\ >�@��h^_j`Zg��m p�c�jh�[hl�� ^h[j_� \�^hf�� nhjfmeb� ^ha\heyxlv\bjZablb� ihe_��sh� a[m^`m}lvky� m o\be_�\h^���q_j_a�af�ggm� �\bkhdhqZklhlgm��kdeZ�^h\m�jZ^�mk�\_dlhjZ�hdj_fh]h�_e_dljhgZ�m
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lhgdhfm� imqdm�� LZdbf� qbghf�� jha\¶yahdaZ^Zq�� ijh� \aZ}fh^�x� _e_dljhfZ]g�lgboo\bev�a lhgdbf�imqdhf�a\h^blvky�^h�jha�\¶yaZggy�j�\gygv�jmom� _e_dljhgZ� a mjZom�\Zggyf�\bjZa�\�^ey� Zfie�lm^�ghjfZevgboo\bev�e�g���i_j_^Zq���A fZl_fZlbqgh�� lhq�db�ahjm�g_h[o�^gh�jha\¶yaZlb�kbkl_fm�h^�ghj�^gbo� e�g�cgbo� �gl_]jh�^bn_j_gp��Zevgbo�j�\gygv��ydZ�aZ^Z}�^bki_jk�cgm�aZ�e_`g�klv��M e�g�cg�c� l_hj��� jha\¶yahd�p�}�kbkl_fb ±�aZ�^hihfh]hx�l_hj_fb�Nehd_ ±[m^m}lvky� gZ\dheh� j_ahgZgkgbo� agZq_gvklZebo� jhaih\kx^`_ggy� ghjfZevgboo\bev ©g_a[mj_gh�ª� e�g��� i_j_^Zq�� yd�� h[�qbkexxlvky�a gZ[eb`_ggy�aZ^Zgh]h�ihey�I_j_c^_fh� ^h� agZoh^`_ggy� pbo� j_ah�gZgkgbo�klZebo�jhaih\kx^`_ggy�
A[m^`_ggy�o\be_\h^Z�g_ijyfhe�g�cgbf_e_dljhggbf�imqdhfLhgdbc� keZ[dhj_eylb\�klkvdbc� _e_d�ljhggbc� imqhd� ihrbjx}lvky� \ �^_Zevghijh\�^ghfm� pbe�g^jbqghfm� o\be_\h^�\a^h\`�hk��kbf_lj��� ] ��M fhf_gl�qZkm�\evh�lm� HW m lhqp�� ������ �\ imqhd�fZ}�r\b^d�klv������ __Y Y �� Ijbimklbfh�� sh� ijhklhjh\bcaZjy^�imqdZ�gZkl�evdb�fZebc��sh�kl\hjx\Z�g_�gbf�\bkhdhqZklhlg_�ihe_�g_�\ieb\Z}�gZjmo� _e_dljhg�\�� Lh^�� ljZ}dlhj�y� dh`gh]h_e_dljhgZ�\ imqdm�a[�]Z}lvky�a ljZ}dlhj�}xh^bghqgh��qZkldb�fZkb� HP lZ�aZjy^m� H ��shjmoZ}lvky� \ _e_dljhfZ]g�lghfm� ihe��� yd_kdeZ^Z}lvky� a�� klZlbqgh]h� ihey� gZdZqdb�����VLQ������ __+O]+V �� A SU+ a i_j�h�^hf� O lZ� \bkhdhqZklhlgh]h� �<Q�� ihey�H[S������ WLW ZU(U(  � � � � � �W  u+ U + UH[S� �L WZu �� J�\gyggy� jmom� lZdh�� qZklbgdbfZ}�\b]ey^�

@�>�� ++Y(Y �� VH FHHGWGP J ���������
^_� J � F ±� \�^ih\�^gh� j_eylb\�klkvdbcnZdlhj�lZ�r\b^d�klv�k\�leZ�>hljbfmxqbkv� i�^oh^m�� jha\bgmlh�]h� \ >�@� � >�@�� [m^_fh� jha]ey^Zlb� \bkh�dhqZklhlg_� ihe_� yd� fZe_� a[mj_ggy� �ij_^klZ\bfh� ljZ}dlhj�x� aZjy^m� m \b�]ey^� !�� �� UUU � !!!!! �� UU ��� ^_
�U ±�g_a[mj_gZ�ljZ}dlhj�y��>Zgbc�jhadeZ^\bdhgm}lvky� aZ� kl_i_gyfb� fZebo� iZjZ�f_lj�\� \b]ey^m� A+U( ���� W � A+U+ ���� W �>ey� keZ[dhj_eylb\�klkvdh]h� imqdZ> @�������� ���� FYYYYYY JJJ ��| � �� ^_������ ���� �� � FYJ �M gmevh\hfm� ihjy^dm� aZ� <Q� ihe_fj�\gyggy�jmom�fZxlv�\b]ey^�

�@��> ��� U+YY VH FHGWGP  �J ����������������
^_�\jZoh\Zgh�jhadeZ^� J �nZdlhjZ��M lZdh�fm�gZ[eb`_gg��j�\gyggy� ����hibkm}� _e_d�ljhgb��sh� jmoZxlvky� \ klZlbqghfm� fZ]�g�lghfm� ihe��� Z hl`_�� aZ]ZevgZ� d�g_lbqgZ_g_j]�y� a[_j_`_lvky� � FRQVWJ �  ��� Jha�\
yahd�kbkl_fb�����fh`gZ�hljbfZlb�rey�ohf�jhadeZ^m�\ Zkbfilhlbqgbc�jy^�ghj�fh\Zgbo� dhhj^bgZl OWW H ������ ��� U �� ]K[aZ� fZebf� iZjZf_ljhf� ��� �YF. � JH �� ^_���� �FPO+H. HSA ±� ljZ^bp�cgbc�hg^m�eylhjgbc�iZjZf_lj��Z HW ±�qZk�gZ^oh^`_g�gy�aZjy^m�\ kbkl_fm�\ lhqp�� �������� SVH O��ihagZq_ggy� ^b\�� gb`q_�� >�@�� A lhqg�klx^h� �� �HR jha\
yahd�fZ}�\b]ey^BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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BBBBBBBBBBBBBBBBBBBBBBBBB
P_c�jha\
yahd�ih^�[gbc�^h�hljbfZgbojZg�r_��^b\��>�@�� >�@���h^gZd��m ^_ydbo�fh�f_glZo� �klhlgh�\�^j�agy}lvky�\�^�gbo��Ih�i_jr_�� p_c jha\
yahd� Z\lhfZlbqgh� aZ^h�\hevgy}� aZdhg� a[_j_`_ggy� _g_j]��� \dh`g�f� ihjy^dm� fZehkl�� aZ� H �m ^Zghfm\biZ^dm� ^h� �� �HR ��� yd� lh]h� \bfZ]Z}� \eZ�klb\�klv� dhgk_j\Zlb\ghkl�� kbkl_fb� >�@�Ih�^jm]_�� p_� jha\
yahd� ihqZldh\h�� aZ^Zq�Dhr��� � ch]h�fh`gZ�maZ]Zevgblb�gZ�\biZ�^hd� ^h\�evgbo� ihqZldh\bo� agZq_gv�� AZkbfilhlbqgh� lhqgh]h� jha\
yadm� ���� \b�ieb\Z}��sh� jmo� _e_dljhg�\� m ]�[jb^ghfmieZgZjghfm� m[�ljhg�� y\ey}� kh[hx� ljb�\bf�jg�� dheb\Zggy�� yd�� gZdeZ^Zxlvky� gZiha^h\`g�c�ihklmiZevgbc�jmo��;�evr_�lh�]h�� p_� j�r_ggy� \by\ey}� j_ahgZgkgbc� oZ�jZdl_j� jmom�� ih\
yaZgbc� a gZy\g�klx� agZ�f_ggbd�\� �� ��P m \bjZaZo� ����� Mfh\bljZ}dlhjgh]h�j_ahgZgkm�gZ\_^_gh�\ l_jf��

gZo� k_j_^gvh�� ihklmiZevgh�� r\b^dhkl�
�__ YY N � ©i_j_ghjfh\Zgh�ª�[_ajhaf�jgh�pbdehljhggh��qZklhlb� IV � �� >�@��<bdhgZg�gy� aZdhgm� a[_j_`_ggy�_g_j]���^hky]Z}lvkyaZ\^ydb� gZy\ghkl�� i_j_ghjfm\Zevgbofgh`gbd�\� I lZ� N �� Yd� ihdZaZgh� \ >�@�e_]dh� h^_j`Zlb� jha\
yahd� ijb� \_ebdbokl_i_gyo�ih�H �>ey� lh]h��sh[� a
ykm\Zlb� klmi�gv� lhq�ghkl�� ZgZe�lbqgh]h� j_amevlZlm� \ h[eZkl�j_ahgZgkm��^b\��>��@���gZ\_^_gbc�ZgZe�lbq�gbc jha\
yahd�kbkl_fb� ����ihj�\gx\Z\ky�a�� qbkeh\bf� jha\
yadhf� f_lh^hf� Jmg]_�DmllZ�� \�^ghkgZ� ihob[dZ� ydh]h� g_� i_j_�\bsm}� ���� ��IZjZf_ljhf�ihj�\gyggy� jha�\
yad�\�h[jZgh�\�^ghkgm�j�agbpx�Zfie�lm^ihi_j_qgh]h� jmom� aZjy^m�� h[qbke_gboZgZe�lbqgh�� qbk_evgh��lh[lhBBBBBBBBBBBBBBBBBBBB

QXPQXPDQ ������������� WKW[WKW[WKW[ ������������ ���� �������������������������
BBBBBBBBBBBBBBBBBBBBBBBBBBKZf_� py� ihob[dZ� } gZc[�evrhx� aZ� Z[kh�exlghx� \_ebqbghx� \ ^Zg�c� aZ^Zq���<klZ�gh\e_gh��sh�ijb�n�dkh\Zgbo� �Y � A+ ih�ob[dZ� a[�evrm}lvky� a jhklhf� __+ �� GZjbk� �� gZ\_^_gh� j_amevlZlb� ihj�\gyggyZgZe�lbqgh]h�� qbkeh\h]h�jha\
yad�\��djb\��� �� �HR � �� �� �HR \bagZqZxlv� fZdkb�fZevgh� fh`eb\_� agZq_ggy� iha^h\`gvh]hfZ]g�lgh]h�ihey�� aZ� ydh]h�ihob[dZ� ���� g_i_j_\bsm}� ���� ijb� \bdhjbklZgg�� ZgZe��lbqgh]h� jha\
yadm� a lhqg�klx� \�^ih\�^gh^h� �� �HR � ^h� �� �HR ��Ajhamf�eh��sh�\jZom�\Zggy� ^h^Zgd�\� [�evr� \bkhdbo� ihjy^d�\fZehkl��ih�H \_^_�^h�djZsh]h�ma]h^`_ggyZgZe�lbqgh]h� � qbkeh\h]h�j_amevlZl�\��lZdijb�i_j_oh^��\�^� �� �HR ^h� �� �HR lhqg�klv

i�^\bsm}lvky�gZ���·�����GZ�fZexgdm�gZ�\_^_gh�lZdh`�djb\��ZgZe�lbqgh]h� � qbkeh�\h]h�j_ahgZgkm�� UHV+ __ � QXPUHV+ __ ��I�^�qbkeh�\bf�j_ahgZgkhf�jhamf�}lvky�lZd_� __+ ��ijbydhfm� Zfie�lm^Z� ihi_j_qgh]h� jmom� ijbqbkeh\hfm�j�r_gg��gZ[m\Z}�fZdkbfZevgh�]h�agZq_ggy�
<aZ}fh^�y�a o\be_\h^gbfb�fh^Zfb:gZeh]�qgh� i�^oh^m� jha\bgmlhfm� \>�@��[_a�\ljZlb� ki�evghkl��[m^_fh�rmdZlbj�r_ggy�j�\gygv�jmom�\ i_jrhfm�ihjy^dmfZehkl�� aZ� <Q� ihe_f� m \b]ey^��H[S������a �� HHH WLWWWW Z� UU �� KZf�� `j�\gyggy�fZxlv�\b]ey^�
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<Q� ihey� �� �U( � �� �U+ y\eyxlv� kh[hxkmi_jihabp�x� \eZkgbo� fh^� o\be_\h^Z�<Zjlh� aZagZqblb��sh� \ l_jf�gZo� ihagZ�q_gv� ����p��j�\gyggy�aZe_`Zlv�l�evdb�\�^[_ajhaf�jgh]h� qZkm�ijhevhlm� W ��LZdZ�`aZe_`g�klv�j�\gygv�\�^�qZkm�fZ}�f�kp_�cm \biZ^dm�jmom�\ gmevh\hfm�gZ[eb`_gg�

aZ� <Q� ihe_f�� IhqZldh\�� mfh\b� ^eyj�\gygv� ���� \ fhf_gl� qZkm� � W h^�ghj�^g��KljmdlmjZ� QP7( lZ� QP70 o\be_\h^gbofh^� a gZijyfhf� jmom� \a^h\`� ^h^Zlgvh]hgZijyfdm� hk�� ] m pbe�g^jbqg�c� kbkl_f�dhhj^bgZl�fZ}�\b]ey^�BBBBBBBBBBBBBBBBBBBB > @> @�VLQaFRVa���� �VLQFRV���� TTUD]TU TTUE]TU
]]

]]
]

] Q%Q$HDL-H Q%Q$HDL-K
QPQPLNQPQQP

QPQPLNQPQQP �� �� ��� ��
�

� ���
Dhfihg_glb� _e_dljhfZ]g�lgh]h� ihey�� sh� aZebrbebky�� agZoh^ylvky� a ^h[j_� \�^hfboki�\\�^ghr_gv

»»¼
º««¬

ª ¸̧¹·¨̈©§¸̧¹·¨̈©§ww ¸̧¹·¨̈©§ A�AA
AA ]]���� ]

]
]
] ZZS] QP

QP
QP
QP HKFYLKHN �� �� BKH �������������������������������������������������������

BBBBBBBBBBBBBBBBBBBB
Lml� ����� TUU wwww ���� �� ��� TU QPQP HH AH ���� TU QPQP KK AK � ]] ±� h^bgbqgbc� \_dlhj� m^h^Zlgvhfm� gZijyfdm� hk�� ] �� ;_ajhaf�jg�klZe�� ihrbj_ggy� ]N ©oheh^gh]hª� o\be_�\h^Z�agZoh^ylvky�a \bjZam

�A� � � ]ZSZ NNFY ��� �@��> ����������������
^_� DN QP �D A ^ey� QP70 fh^�lZ� DN QP �E A^ey� QP7( fh^� OUD Z � �� ^_� ZU ±� jZ^�mko\be_\h^Z�� QPD � QPE ±�\�^ih\�^gh�dhj_g��j�\�gygv ���  [- Q � ���  c [- Q ��M \bjZaZo����������\\_^_gh�lZd��ihagZq_ggy�� �� � K[U �DUFWJ� �T K [ � �� A +QPQP �(H A +QPQP �+K �

QP$ �� QP% �� QP$a � QP%a ±� Zfie�lm^b� o\be_�\h^gbo�fh^�

Jbk�� ��� H[eZkl�� ma]h^`_ghkl�� f�`� ZgZe�lbqgbf� �qbkeh\bf�jha\
yadZfb�j�\gygv�jmom�����
< kbem� \bdhgZggy� ijbgpbim� kmi_jih�abp���\ e�g�cg�c�ih�<Q�ihex�l_hj���[m^_fhjha]ey^Zlb�\aZ}fh^�x� _e_dljhggh]h�imqdZa dh`ghx� fh^hx� hdj_fh�� H[f_`bfhkyjha]ey^hf�\aZ}fh^���imqdZ�l�evdb�a fh^Zfb
P7(� �� P7(� lZ� P70 � ��[h�kZf_�p��lbib�o\bev
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[m^mlv�gZc[�evr�_n_dlb\gh�a[m^`m\Zlbky�Klmi�gv� _n_dlb\ghkl�� a[m^`_ggy� o\bev\bagZqZ}lvky� lbf�� m ydhfm� gZcf_grhfmihjy^dm�aZ�H a
y\eyxlvky�\�^f�gg��\�^�gmey^h^Zgdb�\ ijZ\bo�qZklbgZo�j�\gygv� ����aZ�e_`gh� \�^� �g^_dk�\�fh^b��Ijb� h[qbke_gg�\bjZa�\ � �� �U( � �� �U+ gZ

g_a[mj_g�c�ljZ}dlhj���aZjy^m� �U m j�\gygg�����dhfihg_glb� �U \Zjlh� aZf�gblb� aZ�nhj�fmeZfb� ����� <boh^yqb� a l�}�� ` �^_�� ijhjhadeZ^� \ jy^� aZ� H �� fh`gZ� h^_j`ZlbZgZe�lbqgbc� jha\
yahd�^ey�ihijZ\hd� �U ^hljZ}dlhj���� NhjfZevgbc� aZibk� maZ]Zevg_�gh]h�jha\
yadm�fZ}�lZdbc�\b]ey^�BBBBBBBBBBBBBBBBBBBBBBBBBBB
¦ °¿°¾½°̄°® ��r� r���r� �� f�

   ____
���
����� __

��
__

__��� PD[ @���> @H[S>@���> @��H[S>�� M
SML S]

LMS]
]LML SYN WLSYN WYNLW ZIZZ ZZIZZ ZZH GFU � ����

BBBBBBBBBBBBBBBBBBBBBBBBBBB
^_� �� LMF � ��LMG ±�ihkl�cg��\_dlhjb�� ONN ] �] �

PD[M aZe_`blv� \�^� o\be_\h^gh��fh^b� � \b�agZqZ}� qbkeh� ^h^Zgd�\� m kmf�� ����� ijbn�dkh\Zghfm�agZq_gg�� L ��<_ebqbgb�Z fh�`mlv� gZ[m\Zlb� agZq_gv� ��� __IZ lZ� �NZ aZ�e_`gh�\�^�dhgdj_lgh��fh^b��P�� ZgZe�lbqg�jha\
yadb� ^ey� e�g�cgbo� ihijZ\hd� ^hljZ}dlhj��� ijhihjp�cg�� Zfie�lm^Zf� QP$ �
QP% �� QP$a � QP%a c fZe��\ f�jm�fZehkl��\_eb�qbg� kZfbo� <Q� ihe�\�� H^gZd� p�� jha\
yadbfh`mlv� [mlb� g_� fZe��� ydsh� \bdhgmxlvkymfh\b�kbgojhg�afm��P��mfh\b�\bagZqZxlv�ky� a j�\ghkl�� gmex� j_ahgZgkgbo� agZf_g�gbd�\�m jha\
yadZo� ������Yd�ihdZaZgh�\ >�@�j�\g�klv� gme_\�� agZf_ggbd�\� aZ^Z}� mfh\b_n_dlb\gh�� \aZ}fh^��� f�`� _e_dljhggbfimqdhf�� \�^ih\�^ghx�o\be_\h^ghx�fh^hx�

Mfh\b�kbgojhg�afm
<\_^_fh�lZd��ihagZq_ggy�� �JIZ____  : �

� : NZZ \�^ih\�^gh�^ey�i_j_ghjfh\Zgbopbdehljhggh�� c hg^meylhjgh�� qZklhl��Mfh\b�kbgojhg�afm�^ey�fh^� P70 � � P7(� �sh� aZ^Zxlvky� hibkZgbfb� jZg�r_� agZf_g�gbdZfb��a[�]Zxlvky�� fZxlv�\b]ey^�
�__  � YN]Z Q_j_gdh\kvdbc

�__:r � JZ �__YN] pbdehljhggbc ����
Z]YN :r � __Z hg^meylhjgbc

�__:r:r � JZ �__ Z]YN ]�[jb^gbc

Jbk�� ���>bki_jk�cg�� djb\�� o\be_\h^Z� � ^_yd�� e�g��kbgojhg�af�\������^ey�gb`qbo� P70 � fh^�

Jbk�� ���>bki_jk�cg�� djb\�� o\be_\h^Z� � ^_yd�� e�g��kbgojhg�af�\������^ey�gb`qbo� P7(� fh^�
>ey� P7(� fh^� kbgojhg�afb� lZd�� `kZf��� aZ� \bgyldhf� \�^kmlghkl�� gZc[�evr\Z`eb\h]h ±� ]�[jb^gh]h��Dh`gZ� a gZ\_^_�gbo� mfh\� kbgojhg�afm� ����� a\
yam}� ^\�g_\�^hf��\_ebqbgb��qZklhlm�Z � klZem ih�rbj_ggy� ]N \eZkgbo� o\be_\h^gbo� 7( �
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Jbk�� ���>bki_jk�cg�� djb\�� o\be_\h^Z� � ^_yd�� e�g��kbgojhg�af�\������^ey�gb`qbo� P7(� fh^�
70 fh^� ©oheh^gh�ª� kbkl_fb�� >jm]bfj�\gyggyf�^ey�\bagZq_ggy�fh`eb\bo�Z �

]N m l_jf�gZo�j_ahgZgkgbo� �Y � __+ } ^bk�i_jk�cg_� ki�\\�^ghr_ggy� ����� J_amevlZlbjha\
yaZggy� ij_^klZ\e_gh� \ ]jZn�qghfm\b]ey^��gZ�jbk� ������ ���O UZ ���ff��

<bkgh\dbM jh[hl�� ihdZaZgh��sh� e�g�cgZ� aZ�<Qihe_f� l_hj�y� ]�[jb^gh]h� m[�ljhgZ�� aZkgh�\ZgZ� gZ� Zkbfilhlbqgh� lhqghfm� jha\
yadmg_e�g�cgbo�j�\gygv�jmom�_e_dljhg�\�m klZ�lbqgbo� fZ]g�lgbo� iheyo� gZdZqdb�� fh`_[mlb� ih[m^h\ZgZ� ZgZe�lbqgh�� AZijhihgh�\Zgbc�i�^o�^�\\_^_ggy�i_j_ghjfm\Zevgbofgh`gbd�\�fZ}�k\h�f�gZke�^dhf�\bdhgZg�gy�aZdhgm�a[_j_`_ggy�_g_j]���^ey�dh`gh]haZjy^m� aZ� \�^kmlghkl��<Q� ihey��P��fgh`�gbdb�^Zxlv�ihijZ\db�^h�k_j_^gvh��ihklm�iZevgh��r\b^dhkl��jmom�_e_dljhg�\� � pbd�ehljhggh��qZklhlb��LZdh`�knhjfmevh\Zghmfh\b� gZc[�evr� _n_dlb\gh�� \aZ}fh^��_e_dljhggh]h�ihlhdm�a aZiZex\Zevgbf�<Qihe_f�� I�^o�^�� aZkgh\Zgbc� gZ� jhadeZ^�� \Zkbfilhlbqg��jy^b��\�^djb\Z}�fh`eb\�klvih[m^h\b� ZgZe�lbqgh]h� jha\
yadm� kZfhma�]h^`_gh�� e�g�cgh�� l_hj��� ]�[jb^gh]h� o\b�e_\h^gh]h� m[�ljhgZ�� ih^�[gh� ^h� lh]h�� ydp_�ajh[e_gh�^ey�]�jhljhgZ��^b\�� >�@��
E�l_jZlmjZ

�� 3�*�2¶6KHD�� +�3�)UHXQG�� 6FLHQFH� ������������������ $�-�%DONFXP�� '�%�0F'HUPRWW�� 5�0�3KLO�LSV��1�&�/XKPDQQ��7UDQV��3ODVPD�6FL������������������� :�<� =Zihgh\�� Ba\�� \ukr�� mq�� aZ\�� JZ�^bhnbabdZ������������������ :�<� =Zihgh\�� Ba\�� \ukr�� mq�� aZ\�� JZ�^bhnbabdZ������������������ E�:�<Zcgrl_cg�� <�:�Khegp_\�� E_dpbbih� k\_jo\ukhdhqZklhlghc� we_dljhgbd_�Kh\_lkdh_�jZ^bh��Fhkd\Z��������

�� ;�I�?nbfh\�� D�Bev_gdh�� L�X�Yp_gdh�<�:�=hjyrdh�� JZ^bhnbabdZ� b jZ^bh�Zkljhghfby������������������ :�%�&ROVRQ��,(((�4XDQWXP�(OHFWURQ������������������� +�3� )UHXQG�� 3� 6SUDQJOH�� 3K\V�� 5HY�� $������������������ $�%ODTXLHUH�� 1RQOLQHDU� 6\VWHP� $QDO\VLV�$FDGHPLF�3UHVV��1HZ�<RUN����������� /�)ULHGODQG��3K\V� )OXLGV��������������������� ,UD� %� %HUQVWHLQ�� -�/� +LUVKILHOG�� 3K\V�5HY� $�����������������
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,QVWLWXWH�IRU�5DGLRSK\VLFV�DQG�(OHFWURQLFV��8NU��1DW��$FDG��6FL��$FDG��3URVNXUD�6W������.KDUNLY�������H�PDLO��YLWJRU#LUH�NKDUNRY�XD
:H�SURSRVH�DQ�DQDO\WLFDO�WHFKQLTXH�RI�WZR�IROG�SHUWXUEDWLRQ�H[SDQVLRQ�WR�VROYH�WKHQRQOLQHDU� HTXDWLRQV� RI� PRWLRQ� RI� ZHDNO\�UHODWLYLVWLF� HOHFWURQV� PRYLQJ� LQ� WKHPDJQHWRVWDWLF�SXPS�ILHOG�RI�D�K\EULG�SODQDU�XELWURQ�DQG�DSSO\�LW�IRU�REWDLQLQJ�OLQHDUFRUUHFWLRQV�WR�WKH�HOHFWURQ�WUDMHFWRULHV�FDXVHG�E\�LQWHUDFWLRQ�ZLWK�JLYHQ�SURSDJDWLQJPRGHV� RI� D� FLUFXODU� ZDYHJXLGH�� ,Q� WKH� QRQOLQHDU� SDUW� RI� WKH� SUREOHP�� H[LVWLQJWUDMHFWRU\�UHVRQDQFHV�DUH�VWXGLHG�DQG�WKHLU�DFFHVVLELOLW\� LV�QXPHULFDOO\� LQYHVWLJDWHG�6PDOO� VLJQDO� LQ� WKH�PLFURZDYH� ILHOG� WKHRU\� OHDGV� XV� WR� DQ� DQDO\WLFDO� GHULYDWLRQ� RIFRQGLWLRQV� RI� WKH� PRVW� HIILFLHQW� LQWHUDFWLRQ� EHWZHHQ� DQ� HOHFWURQ� EHDP� DQGSURSDJDWLQJ�PRGHV�RI�D�FLUFXODU�ZDYHJXLGH��V\QFKURQLVP�FRQGLWLRQV��LQ�WKH�VLQJOH�SDUWLFOH�DSSUR[LPDWLRQ��7KHVH�FRQGLWLRQV�IL[�VRPH�RI�WKH�RSHUDWLRQDO�SDUDPHWHUV�RI�DZHDNO\�UHODWLYLVWLF�K\EULG�XELWURQ�
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