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Q��± Q�,Q6H ± Q� NHLHLJ:GABKLHJ�G:�HKGH<1KBF?LJBQGH=H�=?L?JHI?J?OH>M
H�F�Kb^hj

Q_jg�\_pvd_�\�^^�e_ggy�1gklblmlm�ijh[e_f�fZl_j�ZehagZ\kl\Z�G:G MdjZ�gb�\me��1�<�ev^_�����Q_jg�\p��������H�PDLO��FKLPVS#XQLFRP�FY�XD
IhdZaZgh�fh`eb\�klv� \b]hlh\e_ggy� gZ� hkgh\�� ,Q6H�ih^\�cgh]h� kbf_ljbqgh]h]_l_jhi_j_oh^m� hdkb^±,Q6H±hdkb^�� mk�� dhfihg_glb� ydh]h� fZxlv� Q�lbi� ijh�\�^ghkl���<klZgh\e_gh��sh�nhlhljZgabklhjgbc� _n_dl� kihkl_j�]Z}lvky�\ rbjh�dhfm�^�ZiZahg��lh\sbg�[Zab��\�^���^h�����fdf��AgZqg_�i�^kbe_ggy�nhlhkljmfmfZ}�f�kp_� ebr_� ^ey� lh\sbg��sh� ki�\jhaf�jg�� a ^bnma�cghx� ^h\`bghx� g_hk�gh\gbo�ghk��\�aZjy^m��Hkh[eb\�klx�i�^kbe_ggy�} i_j_o�^�nhlhljZgabklhjZ�a \b�khdhhfgh]h�\ gbavdhhfgbc�klZg�ebr_�ijb�i_\gbo�gZijm]Zo� � j�\gyo�hk\�le_g�gy��M j_`bf��i_j_fbdZggy�^hky]Z}lvky� agZqgZ� ]mklbgZ� kljmfm�a ����f:�kf��Qbf� \bsbc� j�\_gv� hk\�le_ggy�� lbf� f_grZ� gZijm]Z� i_j_fbdZggy�� Nhlhqml�eb\�klv�kljmdlmj�aZn�dkh\Zgh�\ ^�ZiZahg��^h\`bg�o\bev ���±����fdf�

<klmi
I_j_\Z]hx�nhlhljZgabklhj�\ �NL�� ydp�eh]h� deZkm� gZi�\ijh\�^gbdh\bo� ijbeZ�^�\� } \�^ghkgh� gbavdZ� \Zjl�klv�� \bkhdbcdh_n�p�}gl� i�^kbe_ggy� c kmf�kg�klv� a �g�l_]jZevghx�_e_f_glghx�[Zahx�F_lhx� ^Zgh�� jh[hlb� [meh� \b]hlh\�e_ggy� gZ� hkgh\�� rZjm\Zlh]h� gZi�\ijh�\�^gbdZ� ]jmib� :111<91 ih^\�cgh]h� kbf_l�jbqgh]h� ]_l_jhi_j_oh^m� hdkb^±,Q6H±hd�kb^�� mk�� dhfihg_glb� ydh]h� fZxlv� Q�lbiijh\�^ghkl��� lZ� ^hke�^`_ggy� ch]h� nhlh�_e_dljbqgbo�\eZklb\hkl_c�gZ�ij_^f_l�\b�y\e_ggy� nhlhljZgabklhjgh]h� _n_dlm�� >Z�gZ� kljmdlmjZ� } Zevl_jgZlb\hx� ^h� �kgm�xqh]h�rbjhdh]h� deZkm� nhlhljZgabklhj�\gZ� [Za�� deZkbqgbo� gZi�\ijh\�^gbd�\�� gZ�ijbdeZ^�� dj_fg�x�� yd��� h^gZd�� g_� aZ\`^bfh`mlv� \�^ih\�^Zlb� \bfh]Zf� jZ^�Zp�cgh�kl�cdhkl���M e�l_jZlmj��ijbkmlg}�h^bgbqg_ih\�^hfe_ggy�ijh�kl\hj_ggy�NL�gZ�hkgh\�rZjm\Zlh]h� gZi�\ijh\�^gbdZ ,Q6H� >�@�� Ma\¶yadm� a pbf� \b^Z}lvky� ZdlmZevgbf� ydkl\hj_ggy�� lZd� � ^hke�^`_ggy� \eZklb\h�kl_c�NL��a�,Q6H�

F_lh^bdZ�_dki_jbf_glm
Hkgh\hx� ^ey� \b]hlh\e_ggy� NL� kem�`beb� djbklZeb� ,Q6H�� oZjZdl_jghx� hkh[�eb\�klx� ydbo� } rZjm\ZlZ� kljmdlmjZ� >�@�HklZggy� ^ha\hey}� h^_j`m\Zlb� ajZadb� a�aeb\d�\� reyohf� kdhex\Zggy�� >ey� djb�klZe�\�,Q6H�\gZke�^hd�^���keZ[dbo�<Zg�^_j�<ZZevkh\bo�kbe�f�`�rZjZfb�\^Z}lvky�e_]�dh� hljbfm\Zlb� lhgd�� ieZklbgdb� �gZ\�lvf�djhggh�� lh\sbgb�� a \bkhdhyd�kghx� c^a_jdZevghx� ih\_jog_x�� �g_jlghx� ^hgZ\dhebrgvh��Zlfhkn_jb >�@�Kbf_ljbqgbc� ihl_gp�Zevgbc� [Zj¶}jgZ� k_e_g�^�� �g^�x� a h[ho� [hd�\� i�^deZ^dbnhjfm\Z\ky� gZjhsm\Zggyf� \eZkgh]h� hd�kb^m� reyohf� hdbkex\Zggy� djbklZem� gZih\�lj�� ijb� l_fi_jZlmj� ���hK lZ� qhlb�jvho^h[h\�c� ch]h� \bljbfp��� I�key� hdbk�e_ggy�ajZadb�h[j�aZebky�a lhjp�\�^ey�mkm�g_ggy� kljmfh\bo� aZdhjhlhd�� Hf�qg�� dhg�lZdlb�gZ�_f�l_jghfm�lZ�dhe_dlhjghfm�i_�j_oh^Zo� hljbfm\Zeb� iZcdhx� qbklh]h� �g�^�x�� ?e_dljbqgbc� dhglZdl� �a� [Zahx� [m\\�^kmlg�c�� Ie�\dZ� \eZkgh]h� hdkb^m� fZeZh^ghqZkgh� \bkhdm� ijh\�^g�klv� � ijh�ahj�klv�� Kljmdlmjb� hdkb^ ± Q�,Q6H� \by\b�ebky� nhlhqmleb\bfb� \ ^�ZiZahg�� ^h\`bg
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o\bev����±����fdf� �a�gZijm]hx�ohehklh]hoh^m� ���±����� <�� sh� k\�^qblv� ijh� ^hk�lZlg�c� _g_j]_lbqgbc� [Zj¶}j� gZ� ]jZgbp�\eZkgbc�hdkb^�±�gZi�\ijh\�^gbd�NL�nhjfm\Zebky�yd� �a�lhgdhx��lZd� � alh\klhx�[Zahx�reyohf�\b[hjm�ihqZldh\h�lh\sbgb�i�^deZ^db� ,Q6H��sh� \Zj�x\ZeZky\ f_`Zo��±����fdf��Yd�klv�ih\_jog��ieZ�klbg� dhgljhex\ZeZky� aZ� ^hihfh]hx� f�d�jhkdhiZ�>ey� NL� ^hke�^`m\Zebky� klZlbqg�\hevlZfi_jg�� oZjZdl_jbklbdb� �<:O�� ijbj�ag�c� iheyjghkl�� af�s_ggy� lZ� j�\gyohk\�le_ggy�
H[]h\hj_ggy�j_amevlZl�\

HljbfZg�� �ahlbig��kljmdlmjb�} kbf_l�jbqgbfb� ih� \�^ghr_ggx� ^h� iheyjghkl�ijbdeZ^_gh��gZijm]b��sh�i�^l\_j^`m}lvky\bf�jZfb� l_fgh\bo� <:O�� Z ^h\he�� \bkh�dbc�ihl_gp�Zevgbc�[Zj¶}j�kijby\�gbavdbfagZq_ggyf�l_fgh\h]h�kljmfm�gZkbq_ggy�

Jbk�����<hevlZfi_jg��oZjZdl_jbklbdb�nhlhljZgab�klhjZ�hdkb^� ±�Q�,Q6H ±�hdkb^�^ey� lh\sbgb� ajZadZ���fdf�� j�agbo�j�\g�\�hk\�le_ggy� � ±������� ±������±������ ±���f<l�kf��
Lbih\m�<:O�^ey�NL�a lh\sbghx�[Zab���fdf�ihdZaZgh�gZ�jbkmgdm����?n_dl�i_�j_fbdZggy� a \bkhdhhfgh]h� klZgm� \ gbav�dhhfgbc� kihkl_j�]Z\ky� ijb� i_\gbo� \_eb�qbgZo� �gl_gkb\ghkl_c� hk\�le_ggy� lZ� \�^�ih\�^ghfm�af�s_gg���M pvhfm�\biZ^dm�\_�ebqbgZ�nhlhkljmfm�j�adh� ajhklZ}� �jbk�� ��djb\�� �� � ���� Z kihkl_j_`m\ZgZ� <:O� m`_

\�^j�agy}lvky� \�^� deZkbqgh]h� \b]ey^m�� AjbkmgdZ� �� \b^gh��sh� m \biZ^dm� ijyfh]haf�s_ggy� _f�l_jgh]h� i_j_oh^m� � ch]hhk\�le_ggy� kihkl_j�]Z}lvky� nhlhljZgabk�lhjgbc�_n_dl��Z ijb�a\hjhlghfm�±�<:O�g_\�^j�agyxlvky� \�^� <:O� h[_jg_gh� af��s_gbo� nhlh^�h^�\�� >ey� ^Zgh�� kljmdlmjbagZq_ggy� nhlhkljmfm� \ j_`bf�� i_j_fb�dZggy�ky]Zeb�ihgZ^� ����f$�Ff���AZagZqb�fh�� sh� ^ey� \_ebdbo� j�\g�\� hk\�le_ghkl�i_jrbc� Q��Q�i_j_o�^� } \�^djblbf�� � <:OfZ}� \b]ey^�� oZjZdl_jgbc� ^ey� a\bqZcgh]h^�h^Z��jbk�����djb\Z����>ey�j�agh��lh\sbgb�[Zab�\b]ey^�<:O�klhlgh� \�^j�agy}lvky� �jbk�� ����Py� \�^f�g�g�klv�\bdebdZgZ�yd�\_ebqbghx�kljmfm��shijhl�dZ}� q_j_a� NL�� lZd� � hkh[eb\hklyfbch]h� nmgdp�hgZevgh�� aZe_`ghkl��� <by\�e_g��i_j_fbdZggy�aZe_`Zeb�\�^�dh`gh]h�aljvho�nZdlhj�\�� lh\sbgb� [Zab�� \_ebqbgbijbdeZ^_gh]h� af�s_ggy� c �gl_gkb\ghkl�hk\�le_ggy�� Ijb� h^gZdh\�c� hk\�le_ghkl�NL��lh\kl�rZ�[ZaZ�i_j_^[ZqZ}�[�evrm�gZ�ijm]m�i_j_fbdZggy� �jbk�����djb\�����������M \biZ^dm� n�dkh\Zgh�� lh\sbgb� [Zab� i_�j_fbdZggy� \�^[m\Z}lvky� Z[h� ijb� \bkhd�c�gl_gkb\ghkl�� hk\�le_ggy�� Ze_� fZe�c� gZ�ijma��af�s_ggy��Z[h��gZ\iZdb��ijb�fZehfmj�\g�� hk\�le_ggy�� Ze_� [�evrhfm� af�s_gg��>ey�NL� a lh\sbghx� [Zab� �±���fdf�� ydZki�\jhaf�jgZ� a ^bnma�cghx� ^h\`bghxghk��\�aZjy^m��nhlhljZgabklhjgh]h�_n_dlmg_�kihkl_j�]Z}lvky��jbk�����djb\��������

Jbk�����<hevlZfi_jg��oZjZdl_jbklbdb�nhlhljZgab�klhjZ� hdkb^±Q�,Q6H±hdkb^� ijb� h^gZdh\hfm� j�\g�hk\�le_ggy�^ey� ajZad�\�j�agh�� lh\sbgb��� ±� ���� ±����� ±������ ±������ ±�����fdf�



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

��

P�dZ\m� hkh[eb\�klv� ihf�q_gh� ^eykljmdlmjb� lh\sbghx� �� fdf�� <hgZ� fZeZ\bkhd�� agZq_ggy� l_fgh\h]h� kljmfm�� Z<:O�� sh� fZeZ� kbf_ljbqgbc� oZjZdl_j�fZc`_�g_�af�gx\ZeZky�a hk\�le_ggyf�>ey�ihykg_ggy�hljbfZgbo�j_amevlZl�\g_h[o�^gh�\jZom\Zlb�_e_dljhn�abqg��c hi�lbqg��hkh[eb\hkl��,Q6H��<hgb�ihey]Zxlv�mkbevg�c� Zg�ahljhi��� jmoeb\hkl�� c ^bnm�a�cgh��^h\`bgb�g_hkgh\gbo�ghk��\�aZjy^m�Z lZdh`� \�^ghkgh� gbavd�c� \_ebqbg��a��� kf±��� dh_n�p�}glZ� ih]ebgZggy� >�@�IehsbgZ� knhjfh\Zgbo� Q��Q�i_j_oh^�\e_`blv� i_ji_g^bdmeyjgh� djbklZeh]jZ�n�qg�c� \�k�� &�� Ghk��� aZjy^m� \ pvhfm� gZ�ijyfdm�fZxlv�gbavdm�^bnma�cgm�^h\`bgm�ihjy^dm�^_kyld�\�f�djhf_lj�\��Ydsh�[ZaZNL� aZgZ^lh� lh\klZ�� lh� i_j_^ZqZ� nhlh�kljmfm�\�^�_f�l_jZ�^h�dhe_dlhjZ�\ lZdhfm\biZ^dm� gbavdZ�� Z ljZgabklhjgbc� _n_dl\aZ]Ze��fh`_�g_�kihkl_j�]Zlbky��M \biZ^�dm� lh\sbgb� [Zab� NL�� sh� ihj�\gyggZ� a^bnma�cghx�^h\`bghx�ghk��\�aZjy^m��kih�kl_j�]Z}lvky� nhlhljZgabklhjgbc� _n_dl�H^gZd�� ^ey� aZgZ^lh� lhgdbo� ajZad�\�� dhebh[b^\Z� i_j_oh^b� ijhklhjh\h� jha^�e_g�^m`_�lhgdhx�[Zahx���g`_dlh\Zg��a _f�l_jZghk��� aZohiexxlvky�dhe_dlhjgbf�i_j_oh�^hf�� M pvhfm� \biZ^dm� \_ebqbgZ� kljmfmh[f_`_gZ�l�evdb�hihjhf�[Zab�c ky]ZeZ�^eykljmdlmjb�lh\sbghx���fdf�agZq_gv�ihgZ^����f$�Ff��

Ijb�h^ghqZkg�c�^���af�s_ggy�c i_\gh�]h�j�\gy�hk\�le_ghkl��y\bs_�i_j_fbdZggy\�^[m\Z}lvky� aZ\^ydb� qZkldh\hfm� hk\�l�e_ggx� g_� l�evdb� _f�l_jgh]h�� Z c� dhe_d�lhjgh]h� i_j_oh^�\��M pvhfm� \biZ^dm� ih�l_gp�Ze� [Zab� agb`m}lvky� yd� aZ� jZomghd�g`_dlh\Zgbo�ghk��\� a _f�l_jgh]h�i_j_oh�^m�� lZd� � aZ� jZomghd� ghk��\� nhlhkljmfmh[_jg_gh� af�s_gh]h� dhe_dlhjgh]h� i_j_�oh^m��Dh_n�p�}gl�i_j_^Zq��kljmfm�\ pvhfm\biZ^dm�^hky]Z} ������Z hi�j�NL��sh� aZ�e_`blv�l�evdb�\�^�[Zab��i_j_oh^blv� �a�\b�khdhhfgh]h� \ gbavdhhfgbc� klZg��Kihkl_�j_`m\Zg_�i_j_fbdZggy�fZ}�a\hjhlgbc�oZ�jZdl_j�
<bkgh\dbM jh[hl��hljbfZg��yd�kg��ajZadb�NL�gZhkgh\�� kbf_ljbqgh�� �ahlbigh�� ]_l_jhkl�jmdlmjb�\eZkgbc�hdkb^�±�Q�,Q6H�±�\eZkgbchdkb^�� Ijb� ^hke�^`_gg�� klZlbqgbo� <:OlZdbo� kljmdlmj� \by\e_gbc� _n_dl�i_j_fb�dZggy��sh�ihey]Z}�\ j�adhfm�ajhklZgg��nh�lhkljmfm��Ch]h� \_ebqbgZ� ^hky]Z}� fZdkb�fZevgbo� agZq_gv !� ����f:�kf��� AZijhih�gh\ZgZ� yd�kgZ�fh^_ev��sh� ihykgx}� hkh[�eb\hkl��i_j_[�]m�n�abqgbo�ijhp_k�\� m lZ�dh]h�jh^m�NL�

E�l_jZlmjZ
�� <�G�DZl_jbgqmd��A�>�Dh\Zexd��H�G�Kb�^hj��LDW:����������������� 3�*RPHV�GD�&RVWD��5�*�'DQGUHD��5�)�:DO�OLV HW�DO���3K\V� 5HY� %�������������������� 3�9�*DOL\��7�0�1HQFKXN�� -�0�6WDNKLUD�� -�3K\V��'����������������

�� /DQGROW�%|UQVWH�Q�� 1XPHU�FDO� 'DWD� DQG)XQFW�RQDO� 5HODW�RQVK�SV� �Q� 6F�HQFH� DQG7HFKQRORJ\��1HZ�6HU��*URXS� 111�� &U\VWDODQG�6RO�G�6WDWH�3K\V�FV��9RO������VXEYRO�I�(G�� E\� 2�0DGHOXQJ� �6SU�QJHU�� %HUO�Q��������S�����
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Q��± Q�,Q6H ± Q� 3+27275$16,672521�7+(�%$6(�2)�$�6<00(75,&�+(7(52-81&7,21
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&KHUQLYWVL�'HSDUWPHQW�RI�,QVWLWXWH�IRU�3UREOHPV�RI�0DWHULDOV�6FLHQFH�8NU��1DW��$FDG��6FL���,U\QD�9LOGH�6W�����&KHUQLYWVL�������H�PDLO��FKLPVS#XQLFRP�FY�XD
$�SRVVLELOLW\�RI�IDEULFDWLRQ�RI�DQ�R[LGH�,Q6H�R[LGH�GRXEOH�V\PPHWULF�KHWHURMXQFWLRQDOO�WKH�FRPSRQHQWV�RI�ZKLFK�KDYH Q�W\SH�FRQGXFWLYLW\�LV�VKRZQ��7KH�SKRWRWUDQVLVWRUHIIHFW�LV�IRXQG�WR�EH�REVHUYHG�LQ�D�ZLGH�UDQJH�RI�EDVH�WKLFNQHVV��IURP���XS�WR�����PP�$� FRQVLGHUDEOH� SKRWRFXUUHQW� DPSOLILFDWLRQ� LV� UHDOL]HG� RQO\� IRU� WKH� EDVH� VDPSOHWKLFNQHVV� FRPSDUDEOH� WR� WKH�PLQRULW\�FDUULHU�GLIIXVLRQ� OHQJWK��$�VSHFLILF� IHDWXUH�RIWKH� DPSOLILFDWLRQ� LV� WKDW� WKH� WUDQVLWLRQ� RI� SKRWRWUDQVLVWRU� IURP� WKH� KLJK�UHVLVWDQFHVWDWH� WR�WKH�ORZ�UHVLVWDQFH�RQH�WDNHV�SODFH�DW� IL[HG�YROWDJHV� DQG�OHYHOV�RI� LOOXPLQD�WLRQ��,Q�WKH�VZLWFKLQJ�PRGH�D�VLJQLILFDQW�FXUUHQW�GHQVLW\�RI�DERXW�����P$�FP� LV�DW�WDLQHG�� 7KH� KLJKHU� LV� LOOXPLQDWLRQ� OHYHO� WKH� ORZHU� EHFRPHV� WKH� WUDQVLWLRQ� YROWDJH�3KRWRVHQVLWLYLW\�RI�WKH�VWUXFWXUHV�LQ�WKH�ZDYHOHQJWK�UDQJH�RI����±����PP�LV�VKRZQ�


