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yjdhklb�\�p\_lh\uo�dZgZeZo�bah[jZ`_gby��Hrb[db�h[gZ�

jm`_gby� �djb\u_� ����� gZ� jbk�� �� oZjZdl_jbamxlky�^hklZ�

lhqgh�gbadbf�mjh\g_f�^ey�jZaebqguo�\_jhylghkl_c�gZ�

ebqby�BI�\h�\k_o�dZgZeZo�bah[jZ`_gby��

GZ�jbk����ihdZaZgu�j_amevlZlu�h[gZjm`_gby�BI�k�]Z�

mkkh\kdbf�jZkij_^_e_gb_�ih�ijhkljZgkl\m�b�mk_q_gguf�

]Zmkkh\kdbf�\_jog_fh^Zevguf�jZkij_^_e_gb_f�yjdhklb�

k�fh^hc�����b�^bki_jkb_c����\�dZ`^hf�dZgZe_�p\_lgh]h�

bah[jZ`_gby��LZdZy�fh^_ev�ihf_o�gZ�bah[jZ`_gbyo�kh�

hl\_lkl\m_l�eZa_jghc� aZk\_ld_� hilbdh�we_dljhgghc� kbk�

l_fu�k�5*%�dZgZeZfb��GZ�jbk����Z�±�p\_lgh_�bah[jZ`_�

gb_�b�_]h�5��*�b�%�dhfihg_glu�k�ihf_oZfb��[�±�khhl\_l�

kl\mxsb_�[bgZjgu_� bah[jZ`_gby� bklbggh]h� iheh`_gby�

BI�
� �

�

D E F

L M
K� �gZ� bah[jZ`_gbyo�� \� ±� [bgZjgu_� bah[jZ`_gby�

h[gZjm`_gguo� BI�
� �

�
ÖD E F
L M
K �jZajZ[hlZgguf� f_`dZgZevguf�

Ze]hjblfhf�k�Zi_jlmjhc��î���]�±�[bgZjgu_�bah[jZ`_gby�

h[gZjm`_gguo� BI�
� �

�
ÖD E F
L M
K �jZajZ[hlZgguf� f_`dZgZevguf�

Ze]hjblfhf�k�Zi_jlmjhc��î���

DZd� ba\_klgh� >�@��BI�y\eyxlky� qZklguf� kemqZ_f� Zi�

iebdZlb\guo�ihf_o� >��@��^_ckl\b_�dhlhjuo�ijhy\ey_lky�\�

aZl_g_gbb��aZf_s_gbb��hl^_evguo�mqZkldh\�ihe_agh]h�bah�

[jZ`_gby�njZ]f_glZfb�kh�kemqZcghc�Zfieblm^hc�� l_dklm�

jhc� b�nhjfhc��:iiebdZlb\gu_� ihf_ob� k\yaZgu� k� ihy\e_�

gb_f�jZaebqgh]h�jh^Z�g_h^ghjh^ghkl_c��ehdZevguo�h[eZk�

l_c�ZghfZevguo� agZq_gbc��h[eZkl_c� aZdjulby�b�ihjZ`_g�

guo� mqZkldh\��GZ� jbk�� �� ijb\_^_gu� j_amevlZlu� h[gZjm�

`_gby� ijhkljZgkl\_ggh� dhjj_ebjh\Zgguo� ZiiebdZlb\�

guo� bkdZ`_gbc� k� mk_q_gguf� ]Zmkkh\kdbf�gb`g_fh^Zev�

guf�jZkij_^_e_gb_f�yjdhklb�k�fh^hc���b�^bki_jkb_c����

\� dZ`^hf� dZgZe_�p\_lgh]h� bah[jZ`_gby��;md\_ggu_� h[h�

agZq_gby�gZ�jbk����khhl\_lkl\mxl�h[hagZq_gbyf�gZ�jbk�����

�
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�

[��
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Jbk�����J_amevlZlu�h[gZjm`_gby�BI�gZ�p\_lguo�bah[jZ`_gbyo�
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Jbk�����J_amevlZlu�h[gZjm`_gby�ijhkljZgkl\_ggh�dhjj_ebjh\Zgguo�ZiiebdZlb\guo�bkdZ`_gbc�gZ�p\_lguo�bah[jZ`_gbyo�
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AZdexq_gb_�

DZd� ihdZaZeb� j_amevlZlu� \uqbkebl_evguo� bkke_^h�

\Zgbc�� k\hckl\h�f_`dZgZevghc� ba[ulhqghklb�fgh]hdhf�

ihg_glguo�pbnjh\uo� bah[jZ`_gbc�fh`_l�[ulv� bkihev�

ah\Zgh� \� aZ^ZqZo� jZaebq_gby� ihe_aguo� kb]gZeh\� b�BI��

j_rZ_fuo� gZ� i_j\hf� wlZi_� ijb�pbnjh\hc� h[jZ[hld_� b�

ZgZeba_� bah[jZ`_gbc�� JZajZ[hlZgguc� f_lh^� y\ey_lky�

^hklZlhqgh�mgb\_jkZevguf� d� lZdbf� iZjZf_ljZf�BI� dZd�

aZdhg�jZkij_^_e_gby�yjdhklb�b�\_jhylghklv�bo�gZebqby��

Djhf_� lh]h�� jZajZ[hlZgguc�f_lh^�ijbf_gbf�^ey� \u^_�

e_gby�ijhly`_gguo� ZghfZebc�beb� ZiiebdZlb\guo� bkdZ�

`_gbc��Z�lZd`_�\�ke_^ysbo�kbkl_fZo�^ey�h[gZjm`_gby�b�

khijh\h`^_gby�lhq_qguo�h[t_dlh\��

Ebl_jZlmjZ�

���/XNLQ�9�����3URF��RI�1$72�$GYDQFHG�5HVHDUFK�:RUN�

VKRS�RQ�*HRJUDSKLFDO�,Q/XNLQ�9��3URFHVVLQJ�RI�0XOWLFKDQQHO�

56� GDWD� IRU� (QYLURQPHQW� 0RQLWRULQJ� ��� 3URF�� RI� 1$72� $G�

YDQFHG� 5HVHDUFK� :RUNVKRS� RQ� *HRJUDSKLFDO� ,QIRUPDWLRQ�

3URFHVVLQJ�DQG�9LVXDO�$QDO\WLFV�IRU�(QYLURQPHQWDO�6HFXULW\��

7UHQWR���,WDO\���6SULQJHU�1HWKHUODQGV��-XO\�������3�����í�����

���;_ehmkh\� X�B��� Nbk_gdh� <�L�� Hkh[_gghklb� Ze]h�

jblfh\� pbnjh\hc� h[jZ[hldb� bah[jZ`_gbc� \� hilbdh�

we_dljhgguo� kbkl_fZo� gh\h]h� ihdhe_gby� ��� Ba\�� \mah\��

Ijb[hjhkljh_gb_��������L�����������K��������

���=hgkZe_k�J���<m^k�J��Pbnjh\Zy�h[jZ[hldZ�bah[jZ�

`_gbc��±�F���L_oghkn_jZ��������±������k��

���OmZg]�L�K���Wdemg^�>`��H���Gmkk[Zmf_j�=��>`���Ah�

oZj�R���Xklmkkhg�;�B���Lyg� �R��=��;uklju_�Ze]hjblfu�\�

pbnjh\hc�h[jZ[hld_�bah[jZ`_gbc��±�F���JZ^bh�b�k\yav��

������±�����k��

���KZfhcebg�?�:��HilbfZevgh_� hp_gb\Zgb_� iheh`_�

gby�g_]Zmkkh\kdbo�bfimevkguo�ihf_o�gZ�bah[jZ`_gbyo����

:\lhf_ljby��������L�����������K���������

���KZfhcebg� ?�:���Rbidh� <�<��F_lh^� f_`dZgZevghc�

dhfi_gkZpbb�bfimevkguo�ihf_o�\�aZ^ZqZo�\hkklZgh\e_�

gby�fgh]hdhfihg_glguo�pbnjh\uo�bah[jZ`_gbc����Hilb�

q_kdbc�`mjg��������L������������K������

���KZfhcebg� ?�:��� Rbidh� <�<�� Bl_jZpbhggu_� Ze]h�

jblfu��f_`dZgZevghc��]jZ^b_glghc��j_dhgkljmdpbb��fgh��

]hdhfihg_glguo� bah[jZ`_gbc�� bkdZ`_gguo� ZiiebdZlb\�

gufb�ihf_oZfb� ���Hilbq_kdbc�`mjgZe��������L�����������

K���������

���KZfhcebg� ?�:���Rbidh� <�<��F_lh^� f_`dZgZevghc�

]jZ^b_glghc� j_dhgkljmdpbb� bkdZ`_gguo� kb]gZeh\� p\_l�

guo�pbnjh\uo�bah[jZ`_gbc� ���Pbnjh\Zy�h[jZ[hldZ�kb]�

gZeh\�������������K����í����

���<hkdh[hcgbdh\� X�?��� ;_ey\p_\� <�=�� G_ebg_cgu_�

Ze]hjblfu�nbevljZpbb� \_dlhjguo� kb]gZeh\� ���:\lhf_l�

jby�������������K����í�����

����KZfhcebg�?�:���Rbidh�<�<��� Ljbnhgh\�I�:��Bl_�

jZpbhgguc� Ze]hjblf� \hkklZgh\e_gby� pbnjh\uo� bah[�

jZ`_gbc� k� Z^Zilb\guf� h[gZjm`_gb_f� bfimevkguo� ih�

f_o����FZl_j��;,;�F_`^mgZj��gZmq��dhgn��©JZ^bhehdZpby�

gZ\b]Zpby� k\yavª�� <hjhg_`�� Ba^�\h� GIN� ©K:D<H??ª�

HHH��������L�����K�����í�����

����KZfhcebg�?�:��:e]hjblfu�hp_gb\Zgby�bfimevkgh]h�

rmfZ�\�aZ^ZqZo�pbnjh\hc�nbevljZpbb�hilbq_kdbo�bah[jZ�

`_gbc����Hilbq_kdbc�`mjgZe��������L������������K����í����

����DZebgbg�I�<���KbjhlZ�:�:��Fh^_ebjh\Zgb_�Ziieb�

dZlb\guo�bkdZ`_gbc�k�jZaebqghc�kl_i_gvx�ijhajZqghklb�

b� kemqZcghc�nhjfhc� ���Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\��

����������K���������

0(7+2'�2)�7+(�',67,1*8,6+,1*�

&$68$/�6,*1$/�%<�08&+�

&20321(176�,0$*(6�$1'�,038/6(�

126(�%<�(;3/2,7,1*�,17(5&+$11(/�

5('81'$1&<�

6DPR\OLQ�(�$���6KLSNR�9�9��

7KH� RIIHUHG� PHWKRG� RI� WKH� GLVWLQJXLVKLQJ� FDVXDO� VLJQDO�

PXFK� FRPSRQHQWV� LPDJHV� DQG� LPSXOVH� QRVH�� IRXQGHG� RQ�

FDOFXODWLRQ� DQG� FROODWLRQ� LQWHUFKDQQHO� JUDGLHQW� HVWLPDWLRQ��

7KH� SUHVHQWHG� UHVXOWV� RI� WKH� QXPHULFDO� VWXGLHV� RI� WKH�

PHWKRG�� KDYH� VKRZQ� WKDW� UHGXFWLRQ� RI� WKH� QXPEHU�PLVWDNH�

GLVWLQJXLVKLQJ� VLJQDO� DQG� KLQGUDQFHV� LQ� FRQWUDVW� ZLWK� WKH�

NQRZQ� UDQN� DOJRULWKP�RI� WKH� SURFHVVLQJ�PXFK� FRPSRQHQWV�

LPDJHV��

M\Z`Z_fu_�dhee_]b��

>ey� l_o�� dlh� g_� mki_e� hnhjfblv� ih^ibkdm� gZ� \lhjh_� ihem]h^b_� ����� ]h^Z� q_j_a��

H:H� ©Jhki_qZlvª�� khojZgy_lky� \hafh`ghklv� ijbh[j_l_gby� `mjgZeh\� g_ihkj_^kl\_ggh��

\�j_^Zdpbb�ih�Z^j_km��]��Fhkd\Z��me��:\bZfhlhjgZy��^hf����GZmqguc�P_glj�FLMKB��dhf��������
Jhkkbckdh_�gZmqgh�l_ogbq_kdh_�h[s_kl\h�jZ^bhl_ogbdb��we_dljhgbdb�b�k\yab�bf��:�K��Ihih\Z��

f_ljh� ©:\bZfhlhjgZyª�� beb� hnhjfblv� AZdZa� \� khhl\_lkl\bb� k� lj_[h\Zgbyfb�� \uklZ\e_ggufb��

gZ�kZcl_�`mjgZeZ��ZZZ�GVSD�UX��

KijZ\db�ih�l_e_nhgZf�����������������������������������������:e_dk__\Z�Ex[h\v�BevbgbqgZ���

(�PDLO��UQWRUHV#PDLO�UX�
�

�

�
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Ij_^eh`_g�f_lh^�ih\ur_gby�jZaj_rZxs_c�kihkh[ghklb�bah�

[jZ`_gbc��nhjfbjm_fuo�l\_j^hl_evgufb�fZljbqgufb�nhlhijb�

_fgufb�mkljhckl\Zfb��F_lh^�hkgh\Zg�gZ�bkihevah\Zgbb�ij_bfm�

s_kl\� ]_dkZ]hgZevghc� ^bkdj_lbaZpbb� ^\mo�khk_^gbo� dZ^jh\�k� ih�

ke_^mxs_c� ijhkljZgkl\_ggh�\j_f_gghc� bgl_jiheypb_c� k� ihfh�

svx� lj_of_jgh]h� j_dmjkb\gh�g_j_dmjkb\gh]h� nbevljZ� gb`gbo�

qZklhl��Ijb\_^_gu�j_amevlZlu�ihemgZlmjgh]h�fh^_ebjh\Zgby�k�

bkihevah\Zgb_f�j_Zevguo�bah[jZ`_gbc��

M>D������������������������������������������������������

F?LH>�IH<UR?GBY�J:AJ?R:XS?C�KIHKH;GHKLB�BAH;J:@?GBC�

>jugdbg�<�G���gZqZevgbd�k_dlhjZ�N=MI�=hkGBB�:\bZpbhgguo�kbkl_f��]��Fhkd\Z��H�PDLO��GU\QNLQ#JRVQLLDV�UX��

PZj_\Z�L�B���d�[�g���klZjrbc�gZmqguc�khljm^gbd�N=MI�=hkGBB�:\bZpbhgguo�kbkl_f���
H�PDLO��WVDUHYD#JRVQLLDV�UX�

�

Dexq_\u_� keh\Z�� jZaj_rZxsZy� kihkh[�
ghklv�� l\_j^hl_evgu_� fZljbqgu_� nhlhijb_f�

gbdb�� ]_dkZ]hgZevgZy� ^bkdj_lbaZpby�� lj_of_j�

guc� bgl_jihebjmxsbc� nbevlj�� j_dmjkb\gh�

g_j_dmjkb\gu_�nbevlju���

<\_^_gb_�

JZaj_rZxsZy�kihkh[ghklv� �JK�� oZjZdl_jb�

am_l� \hafh`ghklb� \b^_hkbkl_fu� jZa^_evgh�

\hkijhba\h^blv� f_edb_� ^_lZeb� gZ[ex^Z_fhc� kp_gu� b�

y\ey_lky�h^gbf�ba�hkgh\guo�ihdZaZl_e_c� dZq_kl\Z�bah�

[jZ`_gby��IjhkljZgkl\_ggZy� JK� hij_^_ey_lky� dhebq_�

kl\hf� we_f_glh\� l\_j^hl_evguo� fZljbqguo� k_gkhjh\�

�IAK��DFHI��nhlh^bh^guo�fZljbp� ,Q*D$V��fbdjh[heh�

f_ljh\�D�6L�b�^j����bkihevam_fuo�\�dZq_kl\_�ijb_fgbdh\�

baemq_gby��

QZklh� ijbf_g_gb_� \b^_hdZf_j� k� [hevrbf� qbkehf�

we_f_glh\�fZljbpu� [u\Z_l� aZljm^gbl_evgh� ih� jZaguf�

ijbqbgZf�� ba�aZ� h]jZgbq_gbc� ijbf_gy_fuo� klZg^Zjlh\��

ba� wdhghfbq_kdbo� khh[jZ`_gbc�� ba�aZ� l_ogheh]bq_kdbo�

h]jZgbq_gbc�b�l�i���

:evl_jgZlb\guf� ih^oh^hf� ih\ur_gby� jZaj_r_gby�

nhjfbjm_fuo� bah[jZ`_gbc� y\ey_lky� bkihevah\Zgb_�

f_lh^h\� \hkklZgh\e_gby� bah[jZ`_gbc� \ukhdh]h� jZaj_�

r_gby��<J��ih�ihke_^h\Zl_evghklb�khk_^gbo�dZ^jh\�gba�

dh]h� jZaj_r_gby� �GJ��� A^_kv� fh`gh� \u^_eblv� ^\Z� hk�

gh\guo� gZijZ\e_gby�� f_lh^u� ih\ur_gby� JK� \b^_hdZ�

f_j� gZ� hkgh\_� ijbf_g_gby� g_kdhevdbo� fZljbp� k� we_d�

ljhgghc�krb\dhc�bah[jZ`_gbc�b�f_lh^u��hkgh\Zggu_�gZ�

bkihevah\Zgbb�km[ibdk_evgh]h�k^\b]Z�\�khk_^gbo�dZ^jZo�

bah[jZ`_gby�h^gh]h�b�lh]h�`_�h[t_dlZ��

Kj_^b�ij_^klZ\bl_e_c�i_j\h]h�gZijZ\e_gby�ijZdlb�

q_kdbc� bgl_j_k� ij_^klZ\eyxl� f_lh^u� gZ� hkgh\_� ^\mo�

fZljbp�IAK��LZd�� \�mkljhckl\_� >�@�^ey� ihemq_gby� l_e_�

\babhgguo�bah[jZ`_gbc�k\_lh\hc�ihlhd�^_eblky�gZ�^\_�

qZklb�ih�]hjbahglZeb�k�ihfhsvx�\hehdhggh�hilbq_kdh]h�

ij_h[jZah\Zl_ey�b�ih^Z_lky�gZ�^\_�fZljbpu�IAK��

<�^jm]hc�kbkl_f_� >�@�^ey�nhjfbjh\Zgby�\b^_hkb]gZ�

eZ�ijbf_g_gu�^\_�fZljbpu�k�aZahjZfb�f_`^m�nhlhqm\�

kl\bl_evgufb� we_f_glZfb�� dhlhju_� \aZbfgh� jZkiheZ�

]Zxlky� lZd�� qlh� we_f_glu� h^ghc� fZljbpu� kf_s_gu� ih�

]hjbahglZeb� hlghkbl_evgh� we_f_glh\� \lhjhc� fZljbpu�

gZ� iheh\bgm� bo�rbjbgu�� K\_lh\hc� ihlhd� hl� h[t_dlb\Z�

^_eblky�f_`^m�fZljbpZfb�k�ihfhsvx�ihemijhajZqgh]h�

b�hljZ`Zxs_]h�a_jdZe��

<� l_e_dZf_j_� >�@�bah[jZ`_gb_�nhjfbjm_lky� lZd`_�k�

ihfhsvx� ^\mo� fZljbp� IAK�� Z� k\_lh\hc� ihlhd� ^_eblky�

f_`^m� gbfb� k� ihfhsvx� ZgZfhjnhlgh]h� h[t_dlb\Z�� ba�

f_gyxs_]h�fZkrlZ[�bah[jZ`_gby�\�h^ghf�gZijZ\e_gbb��

b�k\_lh^_ebl_ey�ijbaf_ggh]h�lbiZ��

Ijb� \k_o� k\hbo� ^hklhbgkl\Zo� b� g_^hklZldZo�� hleb�

qZxsbo� bo� ^jm]� hl� ^jm]Z�� wlb�f_lh^u� oZjZdl_jbamxlky�

l_f��qlh�ih\ur_gb_�JK�dZf_ju�hkms_kl\ey_lky� lhevdh�

\�h^ghf�gZijZ\e_gbb�ih�]hjbahglZeb��

Kms_kl\mxl� f_lh^u� ih\ur_gby� JK� \� ^\mo� gZijZ\�

e_gbyo� ih� ]hjbahglZeb� b� \_jlbdZeb�� hkgh\Zggu_�gZ� bk�

ihevah\Zgbb� km[ibdk_evgh]h� k^\b]Z� \� khk_^gbo� dZ^jZo�

bah[jZ`_gby� h^gh]h� b� lh]h� `_� h[t_dlZ�� <� ebl_jZlmj_�

lZdhc� ih^oh^� qZklh� gZau\Zxl� ©kmi_j�jZaj_r_gb_fª��

=eZ\guf�^hklb`_gb_f�wlh]h�ih^oh^Z�ijbagZ_lky�lh��qlh�

hg� bf__l� gbadmx� klhbfhklv� b� iha\hey_l� bkihevah\Zlv�

kms_kl\mxsb_� kbkl_fu�GJ��Wlhl�f_lh^� gZoh^bl�rbjh�

dh_� ijbf_g_gb_� \� jZaebqguo� h[eZklyo�� \� lhf� qbke_� \�

f_^bpbg_��\�kimlgbdh\uo�bah[jZ`_gbyo��\�\b^_h�ijbeh�

`_gbyo�b�l�i��<�jZ[hl_�>�@�kh^_j`blky�l_ogbq_kdbc�h[ahj�

kms_kl\mxsbo�ih^oh^h\��<� >�@�jZkkfhlj_gu� l_hj_lbq_�

kdb_� Zki_dlu� jZaebqguo� kihkh[h\� ihemq_gby� kmi_j�

jZaj_r_gby��

H^gZdh�ijb�bkihevah\Zgbb�f_lh^Z�kmi_j�jZaj_r_gby�

\hagbdZ_l�p_euc�jy^�g_h^ghagZqgh�j_rZ_fuo�\hijhkh\��

dZd� ihemqZlv� kf_s_ggu_� bah[jZ`_gby�� kdhevdh� dZ^jh\�

g_h[oh^bfh�� dZdh\Z�[m^_l� djZlghklv�m\_ebq_gby�jZaj_�
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nbevljZpby� ^\b`msboky� bah[jZ`_gbc� ��� L_ogbq_kdh_�

aj_gb_� \� kbkl_fZo� mijZ\e_gby� ±� ������ Ljm^u� gZmqgh�

l_ogbq_kdhc� dhgn_j_gpbb�� ��F���BDB�J:G�� ������fZjlZ�

�����]���\�i_qZlb��

5(62/87,21�,1&5($6,1*��

0(7+2'�2)�,0$*(6�

'U\QNLQ�9�1���7VDUHYD�7�,��

0HWKRG� IRU� UHVROXWLRQ� LQFUHDVLQJ� RI� LPDJHV� IRUPHG� E\�

VROLG�VWDWH�SKRWRGHWHFWRU�DUUD\V�LV�SURSRVHG��7KH�PHWKRG�LV�

EDVHG�RQ�WKH�XVH�RI�DGYDQWDJHV�RI�WKH�KH[DJRQDO�VDPSOLQJ�

RI� WZR�DGMDFHQW� IUDPHV�ZLWK� VXEVHTXHQW� VSDWLRWHPSRUDO� LQ�

WHUSRODWLRQ�XVLQJ�D�WKUHH�GLPHQVLRQDO�UHFXUVLYH�QRQUHFXUVLYH�

ORZSDVV� ILOWHU�� 7KH� UHVXOWV� RI� KDOI�VFDOH� VLPXODWLRQ� ZLWK� WKH�

XVH�RI�WKH�UHDO�LPDJHV�DUH�JLYHQ��

M�\�Z�`�Z�_�f�u�_����d�h�e�e�_�]�b��

Ijb]eZrZ_f� <Zk� ijbgylv� mqZklb_� \� nhjfbjh\Zgbb� l_fZlbq_kdbo� \uimkdh\� `mjgZeZ��

©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª� b� jZaf_s_gbx� j_deZfu� ijh^mdpbb� �mkem]�� <Zr_c� hj]ZgbaZpbb��

gZ� _]h� kljZgbpZo��<� kemqZ_�iheh`bl_evgh]h�j_r_gby�ijhkbf� �ij_^klZ\blv� \�j_^Zdpbx�`mjgZeZ�

<Zrb� ij_^eh`_gby� ih� ieZgh\hfm� jZaf_s_gbx� bgnhjfZpbhgguo� fZl_jbZeh\� b� fZd_l� j_deZfu�

ijh^mdpbb� �mkem]��k�mdZaZgb_f�`_eZ_fh]h�_z�f_klhjZkiheh`_gby��h[eh`dZ� ���y�� ��y�beb� ��y�klj����

p\_lgZy�\gmlj_ggyy�ihehkZ��h[t_f�ihehku����

@mjgZe�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\ª�ba^Z_lky�k������]h^Z��<uoh^bl�_`_d\ZjlZevgh��lbjZ`hf�±�

���� wda�� JZkijhkljZgy_lky� ih� ih^ibkd_� q_j_a� Z]_glkl\h� ©Jhki_qZlvª� \� Jhkkbb� �bg^_dk� �������� KG=��
b�kljZgZo�;Zelbb��bg^_dk���������Z�lZd`_�gZ�Dhgn_j_gpbb��©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�__�ijbf_�

g_gb_�±�'63$¶ª��

GZmqgh�l_ogbq_kdbc�`mjgZe�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\ª�\dexq_g�\�Kibkhd�ba^Zgbc��j_dhf_g�
^m_fuc�<:D�JN�^ey�im[ebdZpbb�j_amevlZlh\�gZmqguo�bkke_^h\Zgbc�khbkdZl_eyfb�mq_ghc�kl_i_gb�^hd�

lhjZ�b�dZg^b^ZlZ�l_ogbq_kdbo�gZmd�\�h[eZklb�jZ^bhl_ogbdb��k\yab��\uqbkebl_evghc�l_ogbdb��we_dljhgb�

db��bgnhjfZpbhggh�baf_jbl_evguo�b�mijZ\eyxsbo�kbkl_f��

IeZgbjm_fu_�kjhdb�ba^Zgby�hl^_evguo�ghf_jh\�`mjgZeZ��

����±�^_dZ[jv������]��L_fZlbq_kdbc�\uimkd��©PHK�\�jZ^bhl_ogbd_�b�kbkl_fZo�l_e_dhffmgbdZpbcª��

����±�fZjl������]��L_fZlbq_kdbc�\uimkd��©PHK�\�bgnhjfZpbhggh�baf_jbl_evguo�kbkl_fZoª�

����±�bxgv������]��L_fZlbq_kdbc�\uimkd��©L_hjby�b�f_lh^u�pbnjh\hc�h[jZ[hldb�kb]gZeh\ª��ih�fZl_�
jbZeZf�f_`^mgZjh^ghc�gZmqgh�l_ogbq_kdhc�dhgn_j_gpbb�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�__�ijbf_�

g_gb_�±�'63$¶�����ª��

����±�k_gly[jv������]��L_fZlbq_kdbc�\uimkd��©Pbnjh\Zy�h[jZ[hldZ�bah[jZ`_gbcª��

Hjb_glbjh\hqgZy�klhbfhklv�j_deZfguo�mkem]��

��y��\g_rgyy��kljZgbpZ�p\_lghc�h[eh`db�±����lukyq�jm[e_c��

��y�b���y��\gmlj_ggb_��kljZgbpu�p\_lghc�h[eh`db�±����lukyq�jm[e_c��

�?��p\_lghc�\gmlj_gg_c�ihehku�±���lukyq�jm[e_c��
@^_f�<Zrbo�ij_^eh`_gbc���

K�gZbemqrbfb�ih`_eZgbyfb��aZf��]eZ\gh]h�j_^ZdlhjZ��

^�l�g���ijhn_kkhj�<blya_\�<eZ^bfbj�<bdlhjh\bq��l_e_nhg������������������

Ij_^eh`_gby�ijhrm�gZijZ\eylv�ih�Z^j_km��(�PDLO��YLW\D]HY�Y�Y#UVUHX�UX�beb�LQIR#GVSD�UX�
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�
���

Ijb\_^_g�Ze]hjblf�ij_^\Zjbl_evgh]h�kh\f_s_gby�j_Zevgh]h�

bah[jZ`_gby�b�bah[jZ`_gby��kbgl_abjh\Zggh]h�ih�pbnjh\hc�dZjl_�

f_klghklb�� ij_^gZagZq_gguc� ^ey� j_ZebaZpbb� \�[hjlh\uo� \uqbk�

ebl_evguo� dhfie_dkZo�e_lZl_evguo� ZiiZjZlh\��Ijbf_g_gb_�Ze�

]hjblfZ� iha\hey_l� ehdZebah\Zlv� \� ijhkljZgkl\_�r_klb� iZjZ�

f_ljh\�lhqdm�k�bklbggufb�dhhj^bgZlZfb�\ha^mrgh]h�km^gZ��H^�

gh\j_f_ggh� ij_^eh`_gu� f_lh^u� hp_gdb� dZq_kl\Z� kh\f_s_gby�

j_Zevgh]h�b�\bjlmZevgh]h�bah[jZ`_gbc��

M>D���������

IJ?><:JBL?EVGH?�KH<F?S?GB?�BAH;J:@?GBC��
B�F?LH>U�HP?GDB�D:Q?KL<:�KH<F?S?GBY�

Gh\bdh\�:�B���^hp_gl�dZn_^ju�©<ukrZy�fZl_fZlbdZª�N=;HM�<IH�©JyaZgkdbc�]hkm^Zjkl\_gguc�
jZ^bhl_ogbq_kdbc�mgb\_jkbl_lª��H�PDLO��QRYLNRYDQDWRO\#\DQGH[�UX��

?nbfh\�:�B���fZ]bkljZgl�dZn_^ju�©We_dljhggu_�\uqbkebl_evgu_�fZrbguª�N=;HM�<IH�©JyaZgkdbc�
]hkm^Zjkl\_gguc�jZ^bhl_ogbq_kdbc�mgb\_jkbl_lª��H�PDLO��OH[LH��UXV#PDLO�UX��

�

Dexq_\u_� keh\Z�� j_Zevgh_� b� \bjlmZevgh_�
bah[jZ`_gby��dhglmju�h[t_dlh\��dexq_\u_�lhq�

db��dZq_kl\h�kh\f_s_gby��

<\_^_gb_�

G_h[oh^bfhklv� j_r_gby� aZ^Zqb� kh\f_s_�

gby� bah[jZ`_gbc� b� bkihevah\Zgby�ihemq_gguo�

j_amevlZlh\� \hagbdZ_l� \h� fgh]bo� h[eZklyo�

gZmdb�b�l_ogbdb��Wlh�dZjlh]jZnby��^bklZgpbhg�

gh_� ahg^bjh\Zgb_� A_feb��fgh]hki_dljZevgu_� kbkl_fu�

l_ogbq_kdh]h�aj_gby��KLA��e_lZl_evguo�ZiiZjZlh\��E:���

aj_gb_� jh[hlhl_ogbq_kdbo� kbkl_f�� kbkl_fu� Z\lhfZlb�

q_kdh]h� jh[hlbabjh\Zggh]h� mijZ\e_gby�� GZklhys__�

bkke_^h\Zgb_� hjb_glbjh\Zgh� gZ� ijbf_g_gb_� \� fgh]h�

ki_dljZevguo�KLA�E:��<�kh\j_f_gghc�Z\bZpbb�l_ogbq_�

kdh_� aj_gb_� j_rZ_l� lZdb_� ZdlmZevgu_� aZ^Zqb�� dZd� dhj�

j_eypbhggh�wdklj_fZevgZy� gZ\b]Zpby�� h[gZjm`_gb_� b�

khijh\h`^_gb_� p_e_c�� \bamZebaZpby� bah[jZ`_gby� aZ�

dZ[bggh]h�ijhkljZgkl\Z�^ey�ibehlZ�b�^j��

JZajZ[hldZ� b� kha^Zgb_� kbkl_f� dhf[bgbjh\Zggh]h�

\b^_gby� �&96�� b� memqr_ggh]h� \b^_gby� �(696�� \� gZ�

klhys__� \j_fy� y\ey_lky� bkdexqbl_evgh� \Z`ghc� aZ^Z�

q_c�� Wlh� h[mkeh\eb\Z_lky� lj_[h\Zgbyfb� ih\ur_gby�

[_ahiZkghklb� ihe_lh\� \� keh`guo� f_l_hmkeh\byo�� ijb�

iehohc�\b^bfhklb��\�ghqgh_�\j_fy��Bgl_gkb\gh_�jZa\b�

lb_�b�\g_^j_gb_�kbkl_f��h[_ki_qb\Zxsbo�kh\f_s_gb_�

j_Zevguo� bah[jZ`_gbc�� ihemqZ_fuo� hl� ^Zlqbdh\� jZa�

ebqghc�nbabq_kdhc� ijbjh^u�� b� bah[jZ`_gbc�� kbgl_ab�

jh\Zgguo�ih�pbnjh\hc�dZjl_�f_klghklb��iha\hey_l�kha�

^Z\Zlv�b�hlh[jZ`Zlv�dhf[bgbjh\Zggh_�bah[jZ`_gb_�b��

dZd�ke_^kl\b_��h[_ki_qb\Zlv�mijZ\e_gb_�E:�\�keh`guo�

mkeh\byo��

<�dZq_kl\_�bklhqgbdh\�bgnhjfZpbb�\�lZdbo�kbkl_fZo�

fh]ml� bkihevah\Zlvky�� \b^_h� ^Zlqbdb�� bgnjZdjZkgu_�

�BD�� ^Zlqbdb� jZaebqguo� ^bZiZahgh\�� fbeebf_ljh\u_�

jZ^Zju� �FJ��� eZa_jgu_� ehdZlhju� �EE��� [Zau� ^Zgguo�

j_ev_nZ�f_klghklb�\^hev�fZjrjmlh\�ihezlZ��[Zau�^Zg�

guo�Zwjhihjlh\�b�h[t_dlh\�\aezlgh�ihkZ^hqghc�ihehku�

�<II���gZ\b]Zpbhggu_�iZjZf_lju�b�^j��

Knhjfbjh\ZggZy� kbkl_fhc� (696� hi_jZlb\gZy� ]jZ�

nbq_kdZy� bgnhjfZpby�^Ze__� ij_^klZ\ey_lky�ibehlm� \�

j_Zevghf� \j_f_gb� gZ� khhl\_lkl\mxs_f� mkljhckl\_�

hlh[jZ`_gby� ±� bg^bdZlhj_� gZ� eh[h\hf� kl_de_� �BEK��

beb� fgh]hnmgdpbhgZevghf� bg^bdZlhj_� �FNB��� ij_^�

klZ\eyxs_f�kh[hc�dhfivxl_jguc�^bkie_c��\oh^ysbc�\�

khklZ\�[hjlh\hc�kbkl_fu�hlh[jZ`_gby�bgnhjfZpbb��
Kh\f_s_gb_�j_Zevgh]h�b�kbgl_abjh\Zggh]h�bah[jZ�

`_gbc� \�[hjlh\uo�KLA� y\ey_lky� h^ghc� ba� keh`g_crbo�

aZ^Zq� ih� g_kdhevdbf� ijbqbgZf��H^gZ� ba� hkgh\guo� aZ�

dexqZ_lky� \� hrb[dZo� hij_^_e_gby� l_dmsbo� dhhj^bgZl�

E:� dZd�fZl_jbZevghc� lhqdb� \� \ha^mrghf� ijhkljZgkl\_�

�rbjhlu�O ��^he]hlu�M �b�\ukhlu� K ���Z� lZd`_�\�hrb[dZo�

hij_^_e_gby�hjb_glZpbb�E:�dZd�ijhly`_ggh]h�h[t_dlZ�\�

ijhkljZgkl\_��D�gbf�hlghkylky�hrb[db�\�baf_j_gbb�iZ�

jZf_ljh\�dmjkZ�\ ��lZg]Z`Z�T �b�dj_gZ�J ��

>ey�kh\f_s_gby�j_Zevgh]h�b�kbgl_abjh\Zggh]h�bah�

[jZ`_gbc�ijboh^blky�]_g_jbjh\Zlv�g_dhlhjh_�fgh`_kl�

\h� jZdmjkh\� \bjlmZevghc� dZjlu� f_klghklb�� Ih^� jZdmj�

khf�[m^_f�ihgbfZlv�dhgdj_lguc�gZ[hj�agZq_gbc�r_klb�

f_jgh]h� Zjbnf_lbq_kdh]h� \_dlhjZ� � �� � � � �[ \ K \ T J � �±�

iZjZf_ljh\�ihabpbhgbjh\Zgby�E:��IZjZf_lju�ihabpbh�

gbjh\Zgby�E:� y\eyxlky� bkoh^gufb� ^Zggufb� ^ey�nhj�

fbjh\Zgby�kbgl_abjh\Zggh]h�bah[jZ`_gby�ih�pbnjh\hc�

dZjl_�f_klghklb���

D� hrb[dZf� ihabpbhgbjh\Zgby� fh]ml� ^h[Z\eylvky�

_s_� b� ]_hf_ljbq_kdb_� bkdZ`_gby� dhglmjh\� h[t_dlh\��

ijb\ghkbfu_� \� h[jZ[hlZggu_� bah[jZ`_gby� gZ� wlZiZo�

\u^_e_gby� ]jZgbp� i_j_iZ^Z� yjdhkl_c� b�nhjfbjh\Zgby�

aZfdgmluo�dhglmjh\��JZagZy�ijbjh^Z�j_Zevgh]h�b�kbgl_�

abjh\Zggh]h� bah[jZ`_gbc� y\ey_lky� _s_� h^ghc� ijbqb�

ghc�� aZljm^gyxs_c� j_r_gb_� aZ^Zqb� kh\f_s_gby� bah�

[jZ`_gbc�� =eZ^dbf� dhglmjZf�[_j_]h\hc�ebgbb� \h^h_fZ�

gZ�kbgl_abjh\Zgghf�bah[jZ`_gbb�fh]ml�hl\_qZlv�ebgbb�

k�[hevr_c�kl_i_gvx�baf_gqb\hklb��dhe_[Zgby��gZ�h[jZ�

[hlZgghf�j_Zevghf�bah[jZ`_gbb��
Ijbf_j� iZju� lZdbo� bah[jZ`_gbc� ±� j_Zevgh]h��

�jbk���Z��b�kbgl_abjh\Zggh]h�ih�pbnjh\hc�dZjl_�f_klgh�

klb� �jbk�� �[��� kh^_j`Zs_]h� dhglmju� ebgbb� ]hjbahglZ� b�

j_db��ijb\_^_g�gZ�jbk�����

Kbgl_abjh\Zggh_� bah[jZ`_gb_� ihemq_gh� ba� pbnjh�

\hc� dZjlu� f_klghklb� ih� gZ\b]Zpbhgguf� iZjZf_ljZf��

dhlhju_� kh^_j`Zl� g_ba\_klgu_� gZf� hrb[db�� Ihwlhfm�

ijhklh_� gZeh`_gb_� bah[jZ`_gbc�� ij_^klZ\e_gguo� gZ�

jbk�� ��� h[gZjm`b\Z_l� kms_kl\_ggh_� g_kh\iZ^_gb_� dhg�
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lmjh\� hkgh\guo� h[t_dlh\� �ebgbb� ]hjbahglZ� b� dhglmjh\�

j_db���J_amevlZl� gZeh`_gby� bah[jZ`_gbc� ijb\_^_g� gZ�

jbk�����q_jguf�p\_lhf�ihdZaZgh�j_Zevgh_�bah[jZ`_gb_��

k_juf�±�kbgl_abjh\Zggh_���KjZ\g_gb_�ebgbc�]hjbahglZ�

j_Zevgh]h� b� \bjlmZevgh]h� bah[jZ`_gbc� iha\hey_l� ml�

\_j`^Zlv��qlh�hgb�jZaebqZxlky�ih�m]eZf�dj_gZ��dhglmju�

j_db�gZ�bah[jZ`_gbyo�kf_s_gu�\�iehkdhklb�Hom��Z�wlh�

hagZqZ_l�� qlh� hklZ\rb_ky� iylv� gZ\b]Zpbhgguo� iZjZ�

f_ljh\�lZd`_�fh]ml�kh^_j`Zlv�hrb[db��

�

Z��

�

[��
Jbk�����H[jZ[hlZggh_�j_Zevgh_��Z��b�hl\_qZxs__��

_fm�kbgl_abjh\Zggh_��[��bah[jZ`_gby�

�

Jbk�����J_amevlZl�gZeh`_gby�j_Zevgh]h��

b�kbgl_abjh\Zggh]h�bah[jZ`_gbc��ij_^klZ\e_gguo�gZ�jbk����

:e]hjblfu�kh\f_s_gby�bah[jZ`_gbc�

GZb[he__� ba\_klgufb� b� qZklh� ijbf_gy_fufb� \�

ijZdlbd_� kh\f_s_gby� bah[jZ`_gbc� y\eyxlky� dhjj_ey�

pbhggu_� Ze]hjblfu� kh\f_s_gby� >�@�� Hgb� ^Zxl� ^hklZ�

lhqgh�ohjhrb_�j_amevlZlu�kh\f_s_gby�>�@��H^gZdh�ijb�

f_g_gb_�wlbo�f_lh^h\�\�[hjlh\uo�KLA�e_lZl_evguo�Zi�

iZjZlh\� g_j_Zevgh� ba�aZ� bo� \ukhdhc� \uqbkebl_evghc�

keh`ghklb��bkdexqZxs_c�\hafh`ghklv�j_r_gby�aZ^Zq�\�

j_Zevghf�\j_f_gb��?kl_kl\_gguf�\�wlbo�mkeh\byo�y\ey�

_lky�i_j_oh^�hl�kjZ\g_gby�kZfbo�bah[jZ`_gbc�d�khihk�

lZ\e_gbx�dhglmjh\�hkgh\guo�h[t_dlh\��ijbkmlkl\mxsbo�

gZ� kjZ\gb\Z_fuo� bah[jZ`_gbyo�� b� \ujZ[hld_� gZ� wlhc�

hkgh\_�kihkh[h\�kh\f_s_gby�bah[jZ`_gbc��
>hklZlhqgh� hilbfbklbqgu_� j_amevlZlu� ^Z_l� f_lh^�

kh\f_s_gby�bah[jZ`_gbc��[Zabjmxsbcky�gZ�ihbkd_�g_�

dhlhjh]h� fgh`_kl\Z� khhl\_lkl\mxsbo� iZj� dexq_\uo�

lhq_d� gZ� kjZ\gb\Z_fuo� bah[jZ`_gbyo� b� gZoh`^_gbb�

ij_h[jZah\Zgby� 7 �� ijb\h^ys_]h� h^gh� bah[jZ`_gb_��

d� iehkdhklb� ^jm]h]h�� B^_y� kh\f_s_gby� ^\mo� dhglmjh\�

�^\mo�bah[jZ`_gbc��k�ihfhsvx�fZljbpu� ]hfh]jZnbb�7 �

aZdexqZ_lky� \� mfgh`_gbb� wlhc� fZljbpu�

�� �� ��

�� �� ��

�� ��
�
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i_j\u_�^\_�dhfihg_glu�dhlhjh]h�y\eyxlky�dhhj^bgZlZ�

fb� cL � �lhqdb� kh\f_sZ_fh]h� dhglmjZ� �bah[jZ`_gby���

Ij_h[jZah\Zgb_� � ��
L L

; 7 ; L Qc  �  �\uihegy_l� ©kh�

\f_s_gb_ª� bah[jZ`_gbc�� GZijbf_j�� kbgl_abjh\Zggh_�

bah[jZ`_gb_� ©gZdeZ^u\Z_lkyª� gZ� j_Zevgh_��We_f_glu�

LMW �fZljbpu� ]hfh]jZnbb� gZoh^ylky� \� j_amevlZl_� j_r_�

gby�khhl\_lkl\mxs_c�kbkl_fu�\hkvfb�ebg_cguo�Ze]_[�

jZbq_kdbo� mjZ\g_gbc� * <�  W �� Hkgh\gZy� fZljbpZ� * �

ihjy^dZ� �� b� \_dlhj� k\h[h^guo� qe_gh\�< wlhc� kbkl_fu�

nhjfbjmxlky� ba� dhhj^bgZl� q_luj_o� iZj� dexq_\uo� lh�
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@_kldb_�h]jZgbq_gby�gZ�\j_fy�h[jZ[hldb�j_Zevgh]h�

b� kbgl_abjh\Zggh]h� bah[jZ`_gbc� gZ� [hjlm� E:� \ugm`�

^Zxl�bkdZlv�[uklju_�Ze]hjblfu�j_r_gby�dZ`^hc�aZ^Z�

qb� \� khklZ\_� dhfie_dkZ� aZ^Zq�� j_rZ_fh]h� [hjlh\uf�

\uqbkebl_e_f��AZ^ZqZ� kh\f_s_gby� bah[jZ`_gbc� k� h^�

gh\j_f_gguf� hij_^_e_gb_f� hrb[hd� gZ\b]Zpbhgguo�

iZjZf_ljh\� E:�� y\ey_lky� \� wlhf� dhfie_dk_� gZb[he__�

\Z`ghc�b�keh`ghc�\�\uqbkebl_evghf�hlghr_gbb���

Ij_^eh`_gguc� f_lh^� dexq_\hc� lhqdb� ij_ke_^m_l�

p_ev� khdjZs_gby� \uqbkebl_evguo� aZljZl� gZ� j_r_gb_�

wlhc� aZ^Zqb��Hg� h[_ki_qb\Z_l� ij_^\Zjbl_evgh_� kh\f_�

s_gb_� bah[jZ`_gbc�� Hgh�� dZd� wlh� ke_^m_l� ba� ^Zggh]h�

bkke_^h\Zgby��fh`_l�[ulv�^hklZlhqgh�ohjhrbf��H^gZdh�

f_lh^�dexq_\hc�lhqdb�g_�j_rZ_l�\�iheghf�h[t_f_�aZ^Z�

qm�hp_gb\Zgby�hrb[hd�\�gZ\b]Zpbhgguo�iZjZf_ljZo���

F_lh^� dexq_\hc� lhqdb� iha\hey_l� gZclb� hp_gdm� J' �

kf_s_gby�ih� dj_gm��[ebadb_� d�bklbgguf� hp_gdb�kf_s_�

gbc�ih�\ukhl_� K' �b�ih�m]em�lZg]Z`Z� T' ��F_g__�lhqgufb�

y\eyxlky�hp_gdb�kf_s_gbc� [ b \' ' ��Ihemq_ggZy�^Zgguf�

f_lh^hf�hp_gdZ���f_jgh]h�\_dlhjZ�gZ\b]Zpbhgguo�iZjZ�

f_ljh\� � �Ö Ö Ö Ö Ö� � ��� �[ \ K T J' ' ' ' ' �fh`_l� bkihevah\Zlvky� \�

dZq_kl\_� bkoh^gh]h� �gme_\h]h�� ijb[eb`_gby� ^ey� ihbkdZ�

©bklbgguoª� agZq_gbc� wlh]h� \_dlhjZ� dhjj_eypbhgguf�

f_lh^hf��Ihbkd�\�wlhf�kemqZ_�gm`gh�[m^_l�hkms_kl\eylv�

g_�ih�\k_fm�iZjZee_e_ibi_^m�\���f_jghf�ijhkljZgkl\_��

Z�ebrv�\�g_dhlhjhc��^hklZlhqgh�fZehc��hdj_klghklb�gZc�

^_gghc� lhqdb� b�� \hafh`gh�� ebrv� ih� lj_f� iZjZf_ljZf�

�[ \ b \' ' ' ��Wlh�fh`_l�iha\heblv�khdjZlblv�dhebq_kl\h�

\uqbke_gbc�iZjghc�djbl_jbZevghc�nmgdpbb�k� �
�� �agZq_�

gbc�ijb�iheghf�i_j_[hj_�^h� �
�� ��

Ebl_jZlmjZ�

���;Zdebpdbc� <�D���;hqdZj_\� :�F��F_lh^u�nbevljZ�

pbb�kb]gZeh\�\�dhjj_eypbhggh�wdklj_fZevguo�kbkl_fZo�

gZ\b]Zpbb��F���JZ^bh�b�k\yav�������������k��

���?e_kbgZ� K�B��� ?nbfh\� :�B�� Hl[hj� djbl_jbZevguo�

nmgdpbc� ^ey� kbkl_f� memqr_ggh]h� b� dhf[bgbjh\Zggh]h�

\b^_gby���Ba\_klby�Lme=M��l_ogbq_kdb_�gZmdb��\ui�����q����

��������K�����������

���Gh\bdh\�:�B����KZ[ebgZ�<�:����=hjyq_\�?�H��Ijbf_��

g_gb_� dhglmjgh]h� ZgZ\ebaZ� ^ey� kh\f_s_gby� bah[jZ`_�

gbc��� Ba\_klby� Lme=M�� l_ogbq_kdb_� gZmdb�� \ui�� ��� q����

������±�K�����������

���1RYLNRY� $�,��� 6DEOLQD� 9�$��� 1LNLIRURY� 0�%��� /RJLQRY�

$�$�� &RQWRXU� $QDO\VLV� DQG� ,PDJH� VXSHULPSRVLWLRQ� 7DVN� LQ�

&RPSXWHU�YLVLRQ�6\VWHPV����WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�

3DWWHUQ� 5HFRJQLWLRQ� DQG� ,PDJH� $QDO\VLV�� 1HZ� ,QIRUPDWLRQ�

7HFKQRORJLHV��35,$±���±�������6DPDUD��������YRO�����±�33��

���������

���'PLWU\�&KHWYHULNRY�DQG�=VROW�6]DER��$�6LPSOH�DQG�(I�

ILFLHQW� $OJRULWKP� IRU� 'HWHFWLRQ� RI� +LJK� &XUYDWXUH� 3RLQWV� LQ�

3ODQDU�&XUYHV��3URF����UG�:RUNVKRS�RI�WKH�$XVWULDQ�3DWWHUQ�

5HFRJQLWLRQ�*URXS��������SS�����������

���G_ihfgysbc�I�<���Xjbg�>�<��Ihbkd�hihjguo�lhq_d�

gZ�\_dlhjguo�bah[jZ`_gbyo�iml_f�^_l_dlbjh\Zgby�m]he�

dh\uo�kljmdlmj�k�ihfhsvx�klZlbklbq_kdhc�hp_gdb� ]bih�

l_a�����*UDSKLFRQ������SURFHHGLQJV��KWWS���ZZZ�JUDSKLFRQ�UX�

��������

���Gh\bdh\�:�B��:e]hjblfu�\u^_e_gby�]jZgbp�ihe_aguo�

kb]gZeh\� ��� <_klgbd� J=JLM����� �\uimkd� ����� ±� JyaZgv�� ��

��������K���������

35(�&20%,1,1*�,0$*(6�$1'�

48$/,7<�(9$/8$7,21�0(7+2'6��

2)�&20%,1,1*�

1RYLNRY�$�,���(ILPRY�$�,��

7KH� UHSRUW� H[DPLQHV� WKH� SUREOHPV� RI� GHYHORSPHQW� RI�

HQKDQFHG� DQG� FRPELQHG� YLVLRQ� V\VWHPV� RI� DLUFUDIW�� ,W� IR�

FXVHV� RQ� WKH� LVVXH� RI� GLIIHUHQW� VSHFWUDO� LPDJH� FRPELQLQJ��

7KH� DXWKRUV� SURSRVH� D� PHWKRGRORJ\� RI� LPDJHV� SUH�

FRPELQLQJ� EDVHG� RQ� ILQGLQJ� D� ©NH\� SRLQWª� IRU� ELQGLQJ� RI�

FRPELQHG�LPDJHV��$XWKRUV�GHVFULEH�WKH�VWHSV�IRU�FRUUHFWLQJ�

WKH� FRRUGLQDWHV� RI� WKH� DLUFUDIW� �UROO� DQG� SLWFK� DQJOHV� DQG�

KHLJKW��ZKLFK�VLJQLILFDQWO\�LPSURYHV�WKH�TXDOLW\�RI�FRPELQLQJ�

LPDJHV�REWDLQHG�IURP�D�FDPHUD�RQ�WKH�ERDUG�RI�DLUFUDIW�DQG�

LPDJHV�JHQHUDWHG�E\�GLJLWDO�DUHD�PDS��,Q�WKH�UHSRUW�GHPRQ�

VWUDWLRQ�RI�QHZ�DOJRULWKP�RI�SUH�FRPELQLQJ�LPDJHV�LV�PDGH��

,W� DOVR� VKRZV�KLJK� TXDOLW\�RI� WUDQVIRUPDWLRQ� VHULHV� RYHU� WKH�

YLUWXDO�LPDJH�DQG�UHVXOW�RI�LPDJHV�FRPELQLQJ��7KXV�LW�LV�SRV�

VLEOH�WR�REWDLQ�HVWLPDWHV�RI�QDYLJDWLRQDO�HUURU�RI� WKH�DLUFUDIW��

$XWKRUV� GHPRQVWUDWHG� WKH� SRVVLELOLW\� RI� TXDOLW\� UDWLQJ� QRW�

RQO\�YLVXDOO\��EXW�DOVR�E\�XVLQJ�TXDQWLWDWLYH�LQGH[�RI�TXDOLW\��

�

�

�
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Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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JZkkfZljb\Z_lky� aZ^ZqZ� ihemZ\lhfZlbq_kdh]h� ihkljh_gby�

dZjlu�]em[bgu� ^ey�\b^_h��Ij_^eh`_g�f_lh^�h[jZ[hldb�h[eZkl_c�

gZeh`_gbc� h[t_dlh\� ^ey� ih\ur_gby� dZq_kl\Z� dZjl� ]em[bgu�� Bg�

nhjfZpby� h� lZdbo� h[eZklyo� Zddmfmebjm_lky� ijb� ihke_^h\Z�

l_evghc�h[jZ[hld_�dZ^jh\�\b^_h��Z�aZl_f�bkihevam_lky�^ey�fZkdb�

jh\Zgby� g_gZ^_`guo� bgl_jihebjh\Zgguo� h[eZkl_c�� Ijb\_^_gh�

kjZ\g_gb_�Ze]hjblfh\�ihbkdZ�h[eZkl_c�gZeh`_gbc�h[t_dlh\�b�kih�

kh[h\�bo�bkihevah\Zgby�\�jZkkfZljb\Z_fhc�aZ^Zq_��

M>D���������

H;J:;HLD:�H;E:KL?C�G:EH@?GBC�H;T?DLH<��
IJB�IHKLJH?GBB�D:JL�=EM;BGU�>EY�<B>?H�

FZlxgbg�K�;���ZkibjZgl�nZdmevl_lZ�\uqbkebl_evghc�fZl_fZlbdb�b�db[_jg_lbdb�F=M��
bf��F��<��Ehfhghkh\Z��H�PDLO��VPDW\XQLQ#JUDSKLFV�FV�PVX�UX��

<Zlhebg�>�K���d��n��f��g���k��g��k��nZdmevl_lZ�\uqbkebl_evghc�fZl_fZlbdb�b�db[_jg_lbdb�F=M��
bf��F��<��Ehfhghkh\Z��H�PDLO��GPLWUL\#JUDSKLFV�FV�PVX�UX��

�

Dexq_\u_� keh\Z�� dZjlZ� ]em[bgu�� \b^_h��
h[jZ[hldZ� bah[jZ`_gbc�� hilbq_kdbc� ihlhd��

k`Zlb_�kl_j_h\b^_h��

<\_^_gb_�

<� ^Zgghc� klZlv_� jZkkfZljb\Z_lky� aZ^ZqZ�

ihemZ\lhfZlbq_kdh]h�ihkljh_gby� dZjlu� ]em[b�

gu�^ey�\b^_h��Ih^�l_jfbghf�©dZjlZ� ]em[bguª�

^ey� g_dhlhjh]h� dZ^jZ� [m^_f� ihgbfZlv� bah[�

jZ`_gb_�� kh^_j`Zs__� \f_klh� yjdhklghc� beb� p\_lh\hc�

bgnhjfZpbb� jZkklhygby�^h� khhl\_lkl\mxsbo� \b^bfuo�

lhq_d� kp_gu�� DZjlu� ]em[bgu�� ihemq_ggu_� k� ihfhsvx�

ijyfh]h� baf_j_gby� ki_pbZebabjh\Zggufb� ijb[hjZfb�

>�@�beb�ihkj_^kl\hf� ZgZebaZ� kl_j_hiZju� >�@��ijbf_gy�

xlky�^ey�lj_of_jgh]h�fh^_ebjh\Zgby��<�dbghbg^mkljbb�

dZjlu� ]em[bgu� ijbf_gyxlky� dZd� ijhf_`mlhqguc� wlZi�

ij_h[jZah\Zgby� h[uqgh]h� dbgh� �[m^_f� _]h� gZa\Zlv� �'�

dbgh�beb��'�\b^_h��\�kl_j_hnhjfZl��Ijhp_kk�kha^Zgby�

dZjl�]em[bgu�^ey�\b^_h�ih^jZamf_\Z_l�kha^Zgb_�dZjlu�

jZkklhygbc�^ey�dZ`^h]h�dZ^jZ��>ZggZy�aZ^ZqZ�\�h[s_f�

kemqZ_� g_� bf__l� j_r_gby�� GZ� ijZdlbd_� ijbf_gyxlky�

jmqgZy�jZaf_ldZ�b�jZaebqgu_�w\jbklbq_kdb_�f_lh^u�>���

����@��Ijb�jmqghc�h[jZ[hld_�ljm^haZljZlu�fh`gh�mf_gv�

rblv�k�ihfhsvx�dhfivxl_jguo�bgkljmf_glh\��Wlh�fh�

]ml� [ulv� dZd� bgkljmf_glu� h[jZ[hldb� bah[jZ`_gbc� h[�

s_]h� gZagZq_gby�� dbklb�� aZeb\dZ�� k_]f_glZpby� b� l�i��� Z�

lZd`_� ki_pbZebabjh\Zggu_�� nbevlju� dZjlu� ]em[bgu��

Ze]hjblfu� jZkijhkljZg_gby� jmqghc� jZaf_ldb�� f_lh^u�

Z\lhfZlbq_kdh]h�ihkljh_gby�dZjlu�]em[bgu�^ey�\b^_h�

�

Jbk������Ijbf_j�lj_of_jghc�kp_gu��ke_\Z���

b�dZjlu�]em[bgu�^ey�g__��kijZ\Z���

H^bg� ba� jZkijhkljZg_gguo� ihemZ\lhfZlbq_kdbo�

ih^oh^h\� >��� ��� ��� �@� khklhbl� \� lhf�� qlh� ihevah\Zl_ev�

\jmqgmx� kha^Z_l� dZjlm� ]em[bgu� ^ey� g_dhlhjuo� dZ^jh\�

\b^_h��;m^_f� gZa\Zlv� wlb� dZ^ju� dexq_\ufb��H[t_dlu�

f_`^m�khk_^gbfb� dZ^jZfb�� dZd�ijZ\beh�� g_�kbevgh� ba�

f_gyxl�k\hx�ihabpbx��Z�ke_^h\Zl_evgh��b�]em[bgm��Ih�

wlhfm�dZjlm�]em[bgu�^ey�hklZevguo�dZ^jh\�fh`gh�kljh�

blv�Z\lhfZlbq_kdb�±�bgl_jihebjmy�__�^ey�g_h[jZ[hlZg�

guo� dZ^jh\��>ey� ih\ur_gby� dZq_kl\Z� bgl_jihebjh\Zg�

ghc� dZjlu� ]em[bgu� ij_^eZ]Z_lky� hl^_evgh� h[jZ[Zlu�

\Zlv�h[eZklb�gZeh`_gby�h[t_dlh\�\�\b^_h��

Ijbf_j� lj_of_jghc� kp_gu� �ke_\Z�� b� dZjlu� ]em[bgu�

^ey�g__� �kijZ\Z��ij_^klZ\e_g�gZ�jbk�����Yjdhklv�ibdk_�

e_c� dZjlu� ]em[bgu� khhl\_lkl\m_l� jZkklhygbx� hl� lhqdb�

gZ[ex^_gby�^h�ih\_joghklb�h[t_dlZ��;hevrbf�agZq_gb�

yf�yjdhklb�khhl\_lkl\m_l�[he__�[ebadb_�ih\_joghklb��

H[ahj�f_lh^h\�ihkljh_gby�dZjlu�]em[bgu�

<�jZ[hlZo� >��� ��� ��@�ij_^eZ]Zxlky�f_lh^u�ihemZ\lh�

fZlbq_kdhc� jZaf_ldb� dZjlu� ]em[bgu� ^ey� \b^_h�� hkgh�

\Zggu_�gZ�bkihevah\Zgbb�ihevah\Zl_evkdh]h�\\h^Z�^ey�

g_dhlhjuo� dZ^jh\� ihke_^h\Zl_evghklb� �dexq_\uo� dZ^�

jh\���Bkoh^gZy� jZaf_ldZ� jZkijhkljZgy_lky� k� dexq_\uo�

dZ^jh\�gZ�hklZevgu_�k�mq_lhf�bgnhjfZpbb�h�^\b`_gbb��

p\_l_�b�^jm]bo�oZjZdl_jbklbdZo��dhlhju_�fh`gh�ba\e_qv�

ba�\b^_h��

<� >��@�^ey� bgl_jiheypbb� dZjlu� ]em[bgu�f_`^m� dex�

q_\ufb�dZ^jZfb�khklZ\ey_lky�kbkl_fZ�mjZ\g_gbc��h]jZ�

gbqb\Zxsbo�jZaghklv�ih�]em[bg_�f_`^m�khk_^gbfb�ibd�

k_eyfb�\�dZ^j_�b�khhl\_lkl\mxsbfb�ibdk_eyfb�\�khk_^�

gbo� dZ^jZo��Kbkl_fhc� lZd`_� aZ^Z_lky� ]em[bgZ�^ey� jZa�

f_q_gguo� ibdk_e_c� b� ]em[bgZ� ibdk_e_c�� gZc^_ggZy� k�

ihfhsvx�deZkkbnbdZlhjZ�ih�p\_lm��Ihemq_ggZy�kbkl_fZ�

j_rZ_lky� f_lh^hf� gZbf_gvrbo� d\Z^jZlh\�� J_r_gb_�

khhl\_lkl\m_l� dZjl_� ]em[bgu� ^ey� \k_c� ihke_^h\Zl_ev�

ghklb��LZdhc�ih^oh^� lj_[m_l� j_r_gby� kbkl_fu� mjZ\g_�

gbc�[hevrhc�jZaf_jghklb��Wlh�ijb\h^bl�d�g_h[oh^bfh�

klb�mf_gvrZlv�jZaf_jghklv�aZ�kq_l�jZaj_r_gby�bkdhfhc�

dZjlu� ]em[bgu�� :gZeh]bqguf� h[jZahf� dZjlZ� ]em[bgu�

kljhblky� \� jZ[hl_� >��@�� >ey� dZ`^h]h� ibdk_ey� �\b^_h�

ihke_^h\Zl_evghklb�aZ^Z_lky�mjZ\g_gb_�\b^Z��
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k_e_c�� khklhys__� ba� �� khk_^gbo� ibdk_e_c� gZ� l_dms_f�

dZ^j_�b�khhl\_lkl\mxs_]h�khk_^g_]h�ibdk_ey�k�ij_^u�

^ms_]h� dZ^jZ�� STZ �±� \_k� khk_^g_]h� ibdk_ey�� h[jZlgh�

ijhihjpbhgZevguc� jZaghklb� p\_lh\� ibdk_e_c� S �b� T ��

Khk_^gbc�ibdk_ev�k�ij_^u^ms_]h�dZ^jZ�hij_^_ey_lky�k�

mq_lhf� \_dlhjh\� hilbq_kdh]h� ihlhdZ�� Ba� ihemq_gguo�

mjZ\g_gbc�khklZ\ey_lky�ebg_cgZy�kbkl_fZ� �$[  ��>ey�

gZoh`^_gby� dZjlu� ]em[bgu� j_rZ_lky� aZ^ZqZ� d\Z^jZ�

lbqgh]h�ijh]jZffbjh\Zgby��
�

PLQ
[
$[ �ijb� h]jZgbq_gb�

yo� ([ It ��aZ^Zgguo�ihevah\Zl_evkdbf�\\h^hf��

QZs_� bkihevam_lky� ih^oh^�� dhlhjuc� iha\hey_l� ih�

ke_^h\Zl_evgh�\uqbkeylv�dZjlm�]em[bgu�^ey�khk_^g_]h�

dZ^jZ�� <� jZ[hl_� >�@� ]em[bgZ� ^ey� dZ`^h]h� ke_^mxs_]h�

dZ^jZ� \uqbkey_lky� k�ihfhsvx�[beZl_jZevgh]h�nbevl�

jZ�� \_kZ� dhlhjh]h� aZ\bkyl� hl� ]_hf_ljbq_kdh]h� b�nhlh�

f_ljbq_kdh]h�jZkklhygby�f_`^m�ibdk_eyfb��<hafh`gu_�

hrb[db� bkijZ\eyxlky� k� ihfhsvx� dhfi_gkZpbb� ^\b`_�

gby��AZ�kq_l�ijbf_g_gby�dhfi_gkZpbb�^\b`_gby�lhevdh�

gZ� wlZi_� ihklh[jZ[hldb� ^Zgguc� ih^oh^� g_� ijbf_gbf�

^ey�\b^_hihke_^h\Zl_evghkl_c�k�kbevguf�^\b`_gb_f��

<� jZ[hl_� >��@� f_`dZ^jh\Zy� bgl_jiheypby� bkihev�

am_lky�^ey�m\_ebq_gby� qZklhlu� dZ^jh\� dZjlu� ]em[bgu��

Bgl_jiheypby� hkms_kl\ey_lky� aZ� kq_l� bkihevah\Zgby�

\_dlhjh\� ^\b`_gby�� ihemq_gguo� ih� khhl\_lkl\mxs_fm�

�'�\b^_hihlhdm���

<�aZ^Zq_�k`Zlby�dZjlu�]em[bgu�lZd`_�ijbf_gyxlky�

ZgZeh]bqgu_�ih^oh^u��GZijbf_j��\�f_lh^_�>��@�dhfi_g�

kZpby� ^\b`_gby� bkihevam_lky� ijb� ij_^kdZaZgbb� dZjlu�

]em[bgu�^ey�hq_j_^gh]h�dh^bjm_fh]h�dZ^jZ���

Ih^oh^��ZgZeh]bqguc�hibkZgguf�\�>�������������@��fu�

bkihevah\Zeb�dZd�[Zah\uc�^ey�ihkljh_gby�dZjlu�]em[b�

gu��Hg�iha\hey_l�ihke_^h\Zl_evgh�ihemqZlv�dZjlm� ]em�

[bgu�^ey�dZ`^h]h�ke_^mxs_]h� dZ^jZ��JZaf_jghklv�j_�

rZ_fhc�aZ^Zqb�ijb�wlhf�agZqbl_evgh�f_gvr_��q_f�ijb�

ihkljh_gby� dZjlu� ]em[bgu� ^ey� \k_c� ihke_^h\Zl_evgh�

klb�kjZam���

Ihkljh_gb_�h[eZkl_c�hldjulby�^ey�iZju�dZ^jh\�

Ijb� h[jZ[hld_� kp_g�� kh^_j`Zsbo�^\b`msb_ky� h[t�

_dlu��h[uqgh�ijbf_gy_lky�hp_gdZ�^\b`_gby��Ijb�ihbk�

d_� \_dlhjh\� ^\b`_gby� djblbqghc� y\ey_lky� dhjj_dlgZy�

h[jZ[hldZ� h[eZkl_c� hldjulby�� lh� _klv� l_o� h[eZkl_c��

dhlhju_�[ueb� g_� \b^gu� gZ� h^ghf� dZ^j_�� gh� gZ�^jm]hf�

ba�aZ�^\b`_gby�h[t_dlh\�klZeb�\b^bfu��<�^Zgghc�jZ[h�

l_� fu� bkihevam_f� kms_kl\mxsb_� f_lh^u� ihkljh_gby�

h[eZkl_c� hldjulby� ^ey� iZju� dZ^jh\�� GZ� bo� hkgh\_�

ij_^eZ]Z_lky�kljhblv�fZkdm�©^h\_jbyª�^ey�bgl_jiheb�

jh\Zgghc�dZjlu� ]em[bgu��Z�^Ze__�bkihevah\Zlv�__�^ey�

memqr_gby�dZq_kl\Z�j_amevlZlZ��

AZ^ZqZ� ihkljh_gby� h[eZkl_c� hldjulby� ih� \b^_h� \�

h[s_f� kemqZ_� g_� bf__l� lhqgh]h� j_r_gby�� GZijbf_j��

^ey�^\mo� ihke_^h\Zl_evguo� dZ^jh\�fh`gh� hij_^_eblv�

h[eZklb�hldjulby�g_kdhevdbfb�kihkh[Zfb��\�aZ\bkbfhk�

lb�hl�j_Zevgh]h�gZijZ\e_gby�^\b`_gby��kf��jbk������Ih�

wlhfm�gZ�ijZdlbd_�bkihevamxlky�jZaebqgu_�w\jbklbq_�

kdb_�ih^oh^u��
H^bg�ba�gZb[he__�qZklh�bkihevam_fuo�ih^oh^h\�>��@�

hkgh\Zg�gZ�ZgZeba_�hrb[db�dhfi_gkZpbb�^\b`_gby�f_�

`^m�^\mfy�dZ^jZfb��H[eZklv�dZ^jZ��]^_�hrb[dZ�dhfi_g�

kZpbb� \ukhdZ� \� h[hbo� gZijZ\e_gbyo�� jZkkfZljb\Z_lky�

dZd�h[eZklv�gZeh`_gby��<�kbem�ijhklhlu� djbl_jby�^Zg�

guc�ih^oh^�bf__l�\ukhdmx�kdhjhklv�jZ[hlu��h^gZdh�hg�

g_mklhcqb\�d�rmfm��^Z_l�[hevrh_�qbkeh�eh`guo�kjZ[Z�

lu\Zgbc� ijb� fZeuo� agZq_gbyo� ihjh]Z� 4 �b� gZh[hjhl��

fZeh_� qbkeh� \_jguo� kjZ[Zlu\Zgbc� ijb� [hevrbo� 4 ��

:gZeh]bqguc�ih^oh^��/5&��hkgh\Zg�gZ�ZgZeba_�jZaghklb�

\_dlhjh\�^\b`_gby�hl�h^gh]h�dZ^jZ�d�ke_^mxs_fm�b�h[�

jZlgh�� <� jZ[hl_� >��@� lZd`_� ij_^eh`_g� ]_hf_ljbq_kdbc�

ih^oh^��hkgh\Zgguc�gZ�ZgZeba_�iehlghklb�dhgph\�\_dlh�

jh\�^\b`_gby� gZ� hihjghf� dZ^j_��LZd� dZd� gZ� dZ^j_� W�g_�

kms_kl\mxl�khhl\_lkl\by�^ey�lhq_d�ba�h[eZklb�aZdjulby�

dZ^jZ� �W � ��ihwlhfm�\�lZdbo�h[eZklyo�nmgdpby�iehlghklb�

[m^_l�bf_lv�fZeu_� agZq_gby��>Zgguc�ih^oh^�h[eZ^Z_l�

ohjhr_c�mklhcqb\hklvx��lZd�dZd�hibjZ_lky�gZ�gZ^_`gu_�

\_dlhjZ� ^\b`_gby� \� h[eZklyo� aZdjulby� \f_klh� g_dhj�

j_dlgh�hij_^_e_gguo�\_dlhjh\�\�h[eZklyo�hldjulby��

�

Jbk������G_h^ghagZqghklv�hij_^_e_gby�h[eZklb�hldjulby��

ih�^\mf�dZ^jZf��<hafh`gZy�h[eZklv�hldjulby�hlf_q_gZ�

k_juf�p\_lhf��h[t_dlu�hlf_q_gu�rljboh\dhc�

H[hagZq_gby�

Imklv�jZaf_j� dZ^jZ�jZ\_g�: +u ��H[hagZqbf�q_j_a�

� �W, S �yjdhklv� \� lhqd_� k� dhhj^bgZlZfb� � � ��[ \S S S �

>�� �@ >�� �@S : +� � u � �gZ� dZ^j_� \� fhf_gl� \j_f_gb� W ��

Ijb� wlhf� aZibkv� W, �[m^_l� h[hagZqZlv� \_kv� dZ^j� \� fh�

f_gl�\j_f_gb� W ��Hp_gdZ�^\b`_gby�±�ihbkd�khhl\_lkl\by�

f_`^m�^\mfy� dZ^jZfb��h^bg�ba�dhlhjuo�gZau\Z_lky�[Z�

ah\uf��Z�^jm]hc�±�hihjguf��>ey� dZ`^hc� lhqdb�
�W
[ �[Zah�

\h]h�dZ^jZ�
�W
, �Ze]hjblf�hp_gdb�^\b`_gby�gZoh^bl�khhl�

\_lkl\mxsmx� _c� lhqdm�
�W
[ �hihjgh]h� dZ^jZ�

�W
, ��JZaghklv�

f_`^m� dhhj^bgZlZfb� wlbo� lhq_d� gZau\Z_lky� \_dlhjhf�

^\b`_gby�
�� � �
� �

W W W
9 [ �� \uqbke_gguf� \� lhqd_�

�W
[ �[Zah\h]h�

dZ^jZ�
�W
, ��

�� � � � �
� �

W W W W W
9 [ [ [ � �� Kh\hdmighklv�

�� �W W
9 �\k_o�

\_dlhjh\�^\b`_gby�
�� � �
� �

W W W
9 [ �[Zah\h]h� dZ^jZ�gZau\Z_lky�

ihe_f�\_dlhjh\�^\b`_gby�^ey�dZ^jh\�
�W
, �b�

�W
, ��

Ijb�^\b`_gbb�h[t_dlh\�gZ�\b^_h�\hagbdZxl�h[eZklb�

bo�\aZbfgh]h�gZeh`_gby��Fh`gh�\u^_eblv�^\Z�lbiZ�gZ�

eh`_gbc�gZ�aZ^Zgghc�iZj_�dZ^jh\�>��@���

���Hldjulb_� ±� h[eZklv�[Zah\h]h� dZ^jZ�� hlkmlkl\mx�
sZy�gZ�hihjghf�dZ^j_���

���AZdjulb_� ±� h[eZklv� hihjgh]h� dZ^jZ�� hlkmlkl\mx�
sZy�gZ�[Zah\hf�dZ^j_���



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

Dhfi_gkZpby�^\b`_gby� ±�ijhp_kk�ihkljh_gby�kdhf�

i_gkbjh\Zgguo�dZ^jh\�
�W
,� �gZ�hkgh\_�hihjgh]h�dZ^jZ�

�W
, �

k� bkihevah\Zgb_f� bgnhjfZpbb� h� ^\b`_gbb� f_`^m� bk�

oh^gufb�dZ^jZfb�
�W
, �b�

�W
, ���

� � �� � �
� � � � ���

W W W W W
, [ , [ 9 [ �� � ����

>ey� jZkijhkljZg_gby� dZjlu� ]em[bgu� ' �k� dZ^jZ�

�W � �gZ� dZ^j� W �bkihevamxlky� \_dlhju� ^\b`_gby� ��W W9 � ��

gZc^_ggu_�ih�bkoh^ghfm��'�\b^_h�k�ihfhsvx�ij_h[jZ�

ah\Zgby�dhfi_gkZpbb�^\b`_gby�0& ���

� � ��
� � � � ���

GHI

W W L L W W
0& ' [ ' [ 9 [� �  � � ����

?keb�ba\_klgZ�dZjlZ�]em[bgu� �W' � �^ey�ij_^u^ms_]h�

dZ^jZ��lh�fh`gh�wdkljZihebjh\Zlv�__�^ey�dZ^jZ� W ���

� � �
Ö � � � ��
W W W W
' [ 0& ' [� �  � ����

>ey�djZldhklb�h[hagZqbf�ij_h[jZah\Zgb_�^ey�\k_]h�

dZ^jZ�
� � �

Ö
W W W W
' 0& '� �  �?keb� agZq_gb_� �� � �W W[ 9 [�� �\u�

oh^bl� aZ� ^himklbfu_� ij_^_eu�� hgh� ijb\h^blky� d� [eb�

`Zcr_fm�^himklbfhfm��Ij_h[jZah\Zgb_�fh`gh�ijbf_�

gylv�ihke_^h\Zl_evgh��gZqbgZy�k�g_dhlhjh]h�aZ^Zggh]h�

dZ^jZ� N �� jZkijhkljZgyy� dZjlm� ]em[bgu� gZ� \kx� \b^_h�

ihke_^h\Zl_evghklv���

� � �� � ��
Ö ��� �
W W W W W N N N
' 0& 0& 0& '� � � �     � ����

Iheh`bf� Ö
GHI

N N
' ' ��Ijb� lZdhf�ih^oh^_� dZq_kl\h�ih�

emq_gghc�dZjlu� ]em[bgu�gZijyfmx�aZ\bkbl�hl�Ze]hjbl�

fZ� hp_gdb� ^\b`_gby�� Hkgh\guf� g_^hklZldhf� lZdh]h�

ih^oh^Z�y\ey_lky�lh��qlh�\�h[eZklyo�hldjulby��dhlhju_�

ijbkmlkl\mxl�gZ�[Zah\hf�dZ^j_�b�hlkmlkl\mxl�gZ�hihj�

ghf�� \_dlhju� ^\b`_gby� g_� hij_^_e_gu�� ;hevrbgkl\h�

Ze]hjblfh\� hp_gdb� ^\b`_gby� hibjZ_lky� gZ� kdhfi_gkb�

jh\Zggmx�f_`dZ^jh\mx�jZaghklv�b�ihwlhfm�\�h[eZklyo�

hldjulby� hgb� ^Zxl� g_dhlhju_� g_Z^_d\Zlgu_� �aZ\bky�

sb_�hl�Ze]hjblfZ�hp_gdb�^\b`_gby�b�\oh^gh]h�bah[jZ�

`_gby��agZq_gby�\_dlhjh\�^\b`_gby��

<� h[eZklyo� hldjulby� \_dlhju� ^\b`_gby� hij_^_ey�

xlky�g_dhjj_dlgh��ihwlhfm�©dhibjh\Zgb_ª�dZjlu�]em[b�

gu� ^ey� h[eZklb� nhgZ� fh`_l� ijhbkoh^blv� ba� h[eZklb�

h[t_dlZ��jbk������

�

Jbk�����IjbqbgZ�\hagbdgh\_gby�hrb[db�bgl_jiheypbb�dZjlu�

]em[bgu�ijb�bkihevah\Zgbb�dhfi_gkZpbb�^\b`_gby���

H[jZ[hldZ�h[eZkl_c�hldjulby�

Dhfi_gkZpby�dZjlu� ]em[bgu� ����\�h[eZklyo�hldjulby�

ijb\h^bl�lhfm��qlh�aZ�^\b`msbfky�h[t_dlhf�h[jZam_lky�

©re_cnª� g_ijZ\bevghc� ]em[bgu� �kf�� jbk�� ���� I_j_^�

h[t_dlhf� dZjlZ� ]em[bgu� ihemq_gZ� k� bkihevah\Zgb_f�

[he__�gZ^_`guo�\_dlhjh\�^\b`_gby��ihwlhfm�j_amevlZl�

\�wlhc�h[eZklb�dhjj_dlguc��Ijb�jZkijhkljZg_gbb�k�jZa�

guo� gZijZ\e_gbc� dhjj_dlgu_� agZq_gby� dZjlu� ]em[bgu�

ihemqZxlky� ih� jZagu_� klhjhgu� hl� h[t_dlZ��Wlh�fh`gh�

bkihevah\Zlv�^ey�memqr_gby�j_amevlZlZ�h[jZ[hldb���

JZkkfhljbf� ihke_^h\Zl_evghklv� dZ^jh\� ^ebgu� Q �

�kp_gm�^ebgu� Q ��� � ������ Q, , � ��>himklbf��qlh�ba\_klgZ�dZj�

lZ� ]em[bgu� �' �b� �Q' � �^ey�i_j\h]h�b�ihke_^g_]h� dZ^jh\�

khhl\_lkl\_ggh��jbk������JZkkfhljbf�h[t_dl�^\b`msbcky�

ihklmiZl_evgh�ke_\Z� gZijZ\h��Ijb� jZkijhkljZg_gbb� hl�

��]h� dZ^jZ� ^h� g_dhlhjh]h� dZ^jZ� >�� �@N Q� � �©re_cnª�

gZoh^blky�ke_\Z�hl�h[t_dlZ��jbk����_���Z�ijb�jZkijhkljZ�

g_gbb�hl�ihke_^g_]h�dZ^jZ�±�kijZ\Z�hl�h[t_dlZ��jbk���^���

J_amevlZl� jZ[hlu� Ze]hjblfZ� fh`_l� [ulv� memqr_g��

iml_f�kebygby�j_amevlZlh\�jZkijhkljZg_gby�k�g_kdhev�

dbo� gZijZ\e_gbc�� Ij_^iheh`bf�� bf__lky� P �jZaf_q_g�

guo� dexq_\uo� dZ^jh\� k� bg^_dkZfb� � ������ PN N � ��>ey� dZ`�

^h]h� dZ^jZ� ihke_^h\Zl_evghklb� fh`gh� ihkljhblv� P �

\ZjbZglh\� wdkljZihebjh\Zgghc� dZjlu� ]em[bgu�
� �Ö Ö����� P' ' �

�� Fh`gh� bkihevah\Zlv� ijhklh_� mkj_^g_gb_�

j_amevlZlh\�jZkijhkljZg_gby�k�jZaguo�gZijZ\e_gbc���

�

�

�Ö Ö� � � �
P

DYJ L

W W

L

' [ ' [
P

�

 

 ¦ � ����

]^_� Ö
DYJ

W
' �±�blh]h\Zy� dZjlZ� ]em[bgu��P �±�dhebq_kl\h�gZ�

ijZ\e_gbc� jZkijhkljZg_gby� �^ey� wdki_jbf_glh\� bk�

ihevah\Zehkv�jZkijhkljZg_gb_�k�i_j\h]h�b�k�ihke_^g_]h�

dZ^jZ�� l�_�� �P  ��� LZdhc� ih^oh^� g_� ^Z_l� m^h\e_l\hjb�

l_evgh]h� j_amevlZlZ�� l�� d�� ©re_cnª� hklZ_lky� k� h[_bo�

klhjhg� h[t_dlZ� �jbk�� �� Z�� [��� >jm]hc� ih^oh^� khklhbl� \�

lhf��qlh�j_amevlZlu�k�^\mo�gZijZ\e_gbc�kf_rb\Zxlky�k�

\_kZfb��aZ\bkysbfb�hl�jZkklhygby�^h�khhl\_lkl\mxs_�

]h�dexq_\h]h�dZ^jZ��gZijbf_j���

�

�

�

�

Ö � �
Ö � �

P L L

W WZ L
W P L

WL

Z ' [
' [

Z

�

 
�

 

¦
¦

� ����

�L

WZ  ��ijb� LW N �b�m[u\Z_l�^h�gmey�ijb�ijb[eb`_gbb� W �

d�khk_^g_fm�dexq_\hfm�dZ^jm� �LN � �beb� �LN � ��jbk������

LZdbf�h[jZahf��^ey�dexq_\h]h�dZ^jZ�[_j_lky�lhevdh�

bkoh^gZy� dZjlZ� ]em[bgu�� Z� gZ� ijhf_`mlhqguo� dZ^jZo��

jZkiheh`_gguo� f_`^m� jZaf_q_ggufb�� bkihevam_lky�

kj_^g__� agZq_gb_� ba� j_amevlZlh\� jZkijhkljZg_gby� k�

^\mo�[eb`Zcrbo�dexq_\uo�dZ^jh\��Dh]^Z�h[eZklv�hldju�

lby�h[jZam_lky�[ebadh�d�dexq_\hfm�dZ^jm��\_kZ�hrb[hq�

guo�ibdk_e_c�[m^ml�[hevrbfb��Wlh�m\_ebqbl�aZf_lghklv�

hrb[hd�jZkijhkljZg_gby��>ey�[he__�wnn_dlb\gh]h�m^Z�

e_gby� re_cnZ� g_h[oh^bfh� ijhba\h^blv� kf_rb\Zgb_�

gZijZ\e_gbc�k�mq_lhf�iheh`_gby�h[eZkl_c�hldjulby��



�

�

�
���

�

Jbk�����<hagbdgh\_gb_�aZl_dZgbc�ijb�ihdZ^jh\hf�jZkijhkljZg_gbb�dZjlu�]em[bgu�ijb�bkihevah\Zgbb�[Zah\h]h�ih^oh^Z���

NjZ]f_gl�\b^_hihke_^h\Zl_evghklb�©5RDGª�>��@��D��DZ^j�����[��DZ^j�����\��WlZehggZy�dZjlZ�]em[bgu�^ey�dZ^jZ������

]��WlZehggZy�dZjlZ�]em[bgu�^ey�dZ^jZ�����^��J_amevlZl�ihdZ^jh\hc�bgl_jiheypbb�k���]h�^h���]h�dZ^jZ���

_��J_amevlZl�ihdZ^jh\hc�bgl_jiheypbb�k���]h�^h���]h�dZ^jZ��

�

Jbk�����Ijbf_j�\_kh\hc�nmgdpbb�^ey�h[t_^bg_gby��

j_amevlZlh\�bgl_jiheypbb�^ey�dexq_\uo�dZ^jh\� �NW � �b� �NW � �

Ihkljh_gb_�f_ju�^h\_jby�

IhdZ^jh\mx�fZkdm� h[eZkl_c� hldjulby�[_a�^hihegb�

l_evghc� h[jZ[hldb� ljm^gh� ijbf_gblv� ^ey� memqr_gby�

dZq_kl\Z� bgl_jihebjh\Zgghc� dZjlu� ]em[bgu��H^gbf� ba�

\hafh`guo� ih^oh^h\� d� aZiheg_gbx� h[eZkl_c� hldjulbc�

y\ey_lky� kbgl_a� bah[jZ`_gby� \� wlbo� h[eZklyo�

�LQSDLQWLQJ��gZijbf_j�>��@���WlZ�aZ^ZqZ�bf__l�fgh`_kl\h�

j_r_gbc�^ey�bah[jZ`_gbc��>ey� dZjl� ]em[bgu�hgZ�nZd�

lbq_kdb� ij_^klZ\ey_l� kh[hc� aZ^Zqm� ihkljh_gby� dZjlu�

]em[bgu�ih�h^ghfm�bah[jZ`_gbx��Qlh[u�ba[_`Zlv�kbg�

l_aZ� dZjlu� ]em[bgu�� b�fZdkbfZevgh� bkihevah\Zlv�^hk�

lZlhqgh�gZ^_`gmx�bgnhjfZpbx�h�]em[bg_�gZ�dexq_\uo�

dZ^jZo� b� h� ^\b`_gbb� h[t_dlh\� f_`^m� dZ^jZfb�� fu�

ij_^eZ]Z_f� bkihevah\Zlv� bgl_jihebjh\Zggmx� dZjlm�

]em[bgu�k� g_kdhevdbo� dexq_\uo� dZ^jh\� b� ihkljh_ggu_�

h[eZklb�hldjulby���

Fu� ij_^eZ]Z_f� Zddmfmebjh\Zlv� bgnhjfZpbx� h[� h[�

eZklyo�hldjulby�ijb�i_j_oh^_�hl�dZ^jZ�d�dZ^jm��Ijb�wlhf�

h[eZklb�� ihf_q_ggu_� dZd� hldjulb_� gZ� l_dms_f� dZ^j_�� \�

h[s_f� kemqZ_� fh]ml� ^\b]Zlvky� gZ� ihke_^mxsbo� dZ^jZo��

Imklv� � �[: �±�dZjlZ�h[eZkl_c�hldjulby�^ey�dZ^jZ� W ���

�� �

� � �

�� �

_keb o lhqdZ g_ ijbgZ^e_`ZsZy

[ h[eZklb hldjulby

bgZq_

�
°

:  ®
°
¯

� ����

Lh]^Z� Zddmfmebjh\ZggZy� fZkdZ� ©^h\_jbyª�
M: �ijb�

ijhoh^_� hl� dexq_\h]h� dZ^jZ� MN �[m^_l� kljhblvky� ke_�

^mxsbf�h[jZahf���

Ö
M M

M

N N
:  : � ����

� � �
Ö Ö� � PLQ� � �MNM

W W W W W
[ 0& � �:  : : �� �����

Ijhp_kk� ihkljh_gby� fZkdb� h[eZkl_c� hldjulby� ko_�

fZlbqgh�ihdZaZg�gZ�jbk�� ���?keb� ijb� dhfi_gkZpbb�^\b�

`_gby� dhhj^bgZlu� \uoh^yl� aZ� ^himklbfmx� h[eZklv�� lh�

agZq_gb_�
� � �

Ö MN

W W W
0& � �: �ijbgbfZ_lky� jZ\guf� gmex�� l�d��

nZdlbq_kdb�wlh�hagZqZ_l�^\b`_gby�ba�aZ�]jZgbpu�dZ^jZ��

Ibdk_ev� dZ^jZ� W �k� dhhj^bgZlhc� W[ �ihf_qZ_lky� dZd� h[�

eZklv�hldjulby� \�^\mo� kemqZyo�� ��� _keb� hg�e_`bl� \� h[�

eZklb� hldjulby� gZ� l_dms_f� dZ^j_�� ��� _keb� khhl\_lkl�

\mxsbc� _fm� k� mq_lhf� ^\b`_gby� ibdk_ev� �W[ � �gZ� dZ^j_�

�W � �\� Zddmfmebjh\Zgghc� fZkd_�
�

Ö
W�: �ijbgZ^e_`bl� h[�

eZklb�hldjulby���



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

Bkihevah\Zgb_�f_ju�^h\_jby�

Ihkljh_ggmx� gZ� hkgh\_� h[eZkl_c� hldjulby� fZkdm�

^h\_jby� ij_^eZ]Z_lky� bkihevah\Zlv� ^ey� ih\ur_gby�

dZq_kl\Z� blh]h\hc� dZjlu� ]em[bgu�� Ba� ij_^\Zjbl_evgh�

ihkljh_gguo� \ZjbZglh\� bgl_jiheypbb� dZjlu� ]em[bgu�

[hevrbc�ijbhjbl_l�\�dZ`^hf�ibdk_e_�bf_xl�\ZjbZglu�

k�[hevr_c�f_jhc�^h\_jby��AZ� kq_l� wlh]h�mf_gvrZ_lky�

\deZ^�\�blh]h\uc�j_amevlZl�h[eZkl_c��\�dhlhjuo�bgl_j�

iheypby�ijhba\h^beZkv�ih�g_dhjj_dlguf�\_dlhjZf�^\b�

`_gby�� Fu� jZajZ[hlZeb� b� ijhl_klbjh\Zeb� g_kdhevdh�

kihkh[h\�bkihevah\Zgby�ihkljh_gghc�f_ju�^h\_jby��

GZb[he__�ijhkluf�\ZjbZglhf�y\ey_lky�\u[hj�\�dZ�

`^hc� lhqd_� lh]h� gZijZ\e_gby� jZkijhkljZg_gby� WV
:
�� dh�

lhjh_� khhl\_lkl\m_l� [hevr_fm� agZq_gbx� f_ju� ^h\_�

jby���

ÖDUJPD[� �
L

W W
V
:  : � �����

J_amevlbjmxsbf�agZq_gb_f�]em[bgu�[m^_l��

WV

W W
' '

::  �� �����

Ijb� lZdhf� ih^oh^_� j_amevlZl� ^ey� h[eZkl_c� \b^_h��

g_�y\eyxsboky�h[eZklyfb�hldjulby��hij_^_ey_lky�ih�

jy^dhf� h[oh^Z� Ö
L: �� ?keb�

L

W' �agZqbl_evgh� hlebqZxlky�

^ey�jZaguo� L ��b�gZ�g_dhlhjhf�dZ^j_� W � WV
:
�f_gy_lky�^ey�

agZqbl_evghc� qZklb� dZ^jZ�� lh� j_amevlZl� [m^_l� kh^_j�

`Zlv� j_adbc� i_j_oh^� ih� ]em[bg_��H[uqgh� wlh� hljbpZ�

l_evgh�kdZau\Z_lky�gZ�dZq_kl\_�\b^_h��h[jZ[hlZggh]h�k�

bkihevah\Zgb_f�dZjlu�]em[bgu��gZijbf_j�ijb�i_j_\h^_�

\b^_h�ba��'�nhjfZlZ�\��'��

Qlh[u�mf_gvrblv�dhebq_kl\h�j_adbo�baf_g_gbc�]em�

[bgu��fh`gh�\�h[eZklyo�� ]^_� Ö �
L

W
:  ��ijbf_gblv�^hihe�

gbl_evguc�djbl_jbc��gZijbf_j��jZkklhygb_�^h�dexq_\h�

]h� dZ^jZ�� Kj_^b� gZijZ\e_gbc� jZkijhkljZg_gby� fh`gh�

\u[bjZlv� l_�� dhlhju_� bf_xl� fZdkbfZevgh_� agZq_gb_�

f_ju�^h\_jby���

^ `Ö Ö� WVM

W W W
- M

:: :  : �� �����

Ba� gbo� \u[bjZ_f� gZijZ\e_gb_�� dhlhjh_� bf__l� gZb�

f_gvr__�jZkklhygb_�^h�dexq_\h]h�dZ^jZ���

� � DUJPLQ�_ _��
W

'LVW

W M
M -

V [ M N
:

:

�

 � � �����

GZc^_ggh_� gZijZ\e_gb_� bkihevam_lky� \� dZq_kl\_�

blh]h\h]h�^ey�^Zgghc�lhqdb���

� �
�WV 'LVW ['LVW

W W
' '

::  � �����

Ijb�lZdhf�ih^oh^_�j_adbc�kdZqhd�fh`_l�[ulv�lhevdh�

gZ�k_j_^bg_�hlj_adZ�f_`^m�^\mfy�dexq_\ufb�dZ^jZfb��

ihwlhfm� fh`gh� mkj_^gblv� ]em[bgm� ^ey� gZijZ\e_gbc� k�

[ebadbfb�d�fZdkbfZevghfm�agZq_gbyfb�f_ju�^h\_jby���

^ `Ö Ö� �WV7 M

W W W
- M 7

:: :  : � � �����

]^_� 7� ±� aZ^Zgguc� ihjh]�� Blh]h\h_� agZq_gb_� ihemqZ_f�

mkj_^g_gb_f�\u[jZgguo�dZg^b^Zlh\���

�
�

_ _ 7
W

7 M

W W7

M -W

' '
- :

:
:

�

 ¦ � �����

Mkj_^g_gb_� fh`_l� ijhba\h^blvky� k� \_kZfb�� m[u\Zx�

sbfb�ijb�\hajZklZgbb�jZkklhygby�^h�dexq_\h]h�dZ^jZ���

�
� � �_ _� �

7
W

7 M

W M W

M -

' [ M N '
Z Z

P :

:

�

 �¦ � �����

A^_kv� P �±� ghjfbjh\hqguc� dhwnnbpb_gl�� ;he__�

agZqbfufb�ijb�[ebadbo�agZq_gbyo�f_ju�^h\_jby�kqblZ�

xlky�dZg^b^Zlu��dhlhju_�jZkiheh`_gu�[eb`_�d�khhl\_l�

kl\mxsbf� dexq_\uf� dZ^jZf�� >Ze__� [m^_l� ijb\_^_gh�

kjZ\g_gb_�hibkZgguo�ih^oh^h\��

�

Jbk�����Ihkljh_gb_�Zddmfmebjh\Zgghc�dZjlu��

h[eZkl_c�hldjulby�^ey�g_kdhevdbo�dZ^jh\�

J_amevlZlu�

JZajZ[hlZgguc� f_lh^� bkihevah\Zgby� h[eZkl_c� hl�

djulby�[ue� ijhl_klbjh\Zg� gZ� gZ[hj_� \b^_hihke_^h\Z�

l_evghkl_c�k�ihkljh_gghc�dZjlhc� ]em[bgu� >��@��>ey�l_k�

lbjh\Zgby�dZq_kl\Z�bgl_jiheypbb�dZjlu�]em[bgu�jZajZ�

[hlZgghfm�Ze]hjblfm�gZ�\oh^�ih^Z\Zebkv�dZjlu�]em[bgu�

^ey�^\mo�dexq_\uo�dZ^jh\�b�hlj_ahd�\b^_h�f_`^m�gbfb��

Ihemq_ggZy� dZjlZ� ]em[bgu� kjZ\gb\ZeZkv� k� wlZehgghc��

>ey� wlh]h� baf_jyehkv� ibdh\h_� hlghr_gb_� kb]gZe�rmf�

�3615���J_amevlZlu�ij_^klZ\e_gu�gZ�jbk�����>ey�hp_gdb�

ihey� \_dlhjh\� ^\b`_gby� bkihevah\Zeky� Ze]hjblf� ih�

kljh_gby�hilbq_kdh]h�ihlhdZ�>��@��

�

Jbk�����KjZ\g_gb_�f_lh^h\�ihkljh_gby�h[eZkl_c�hldjulby�

ih�dZq_kl\m�jZkijhkljZg_gby�dZjlu�]em[bgu��

k�mq_lhf�h[eZkl_c�hldjulby�

<� dZq_kl\_�hihjgh]h�f_lh^Z�[ueh�\aylh�mkj_^g_gb_�

dZg^b^Zlh\�[_a�mq_lZ�h[eZkl_c�hldjulby�� Ö
DYJ

' ���<lhjhc�

\ZjbZgl�Ze]hjblfZ�ihf_qZe�dZd�g_gZ^_`gu_�l_�h[eZklb��

dhlhju_�[ueb�kdhfi_gkbjh\Zgu�ih�^\b`_gbx�ba�aZ� ]jZ�

gbp�dZ^jZ��Wlh�iha\hebeh�ih\ukblv� dZq_kl\h�ihkljh_g�

ghc� dZjlu� ]em[bgu� [he__� q_f� gZ� ���^;�� >Zevg_cr__�

memqr_gb_�dZq_kl\Z�[ueh�^hklb]gmlh�aZ�kq_l�h[jZ[hldb�

h[eZkl_c�hldjulby�\gmljb�dZ^jZ��GZbemqrb_�j_amevlZlu�

ih��3615��[ueb��^hklb]gmlu�k�bkihevah\Zgb_f��ih^oh^Z�



�

�

�
���

�
Jbk�����DZjlZ�]em[bgu��ihkljh_ggZy�k�ihfhsvx�jZaebqguo�f_lh^h\�h[jZ[hldb�h[eZkl_c�hldjulby��ke_\Z���

b�\bamZebaZpby�hlebqbc�ih�kjZ\g_gbx�k�wlZehghf��kijZ\Z��

/5&��gh�wlhl�f_lh^�ihjh`^Z_l�[hevrh_�dhebq_kl\h�\u�

[jhkh\� \[ebab� ]jZgbp� h[t_dlh\� �jbk�� ��]��� =_hf_ljbq_�

kdbc�ih^oh^� bf__l�[ebadb_�ihdZaZl_eb� 3615� b�ijh^_�

fhgkljbjh\Ze� ohjhrmx� mklhcqb\hklv� \[ebab� ]jZgbp�

�jbk�� ��\��� Kj_^b� ijhl_klbjh\Zgguo� ih^oh^h\� h[t_^b�

g_gby� j_amevlZlh\� jZkijhkljZg_gby� dZjlu� ]em[bgu� k�

g_kdhevdbo� dZ^jh\� gZbemqrbf� hdZaZeky� ih^oh^�� bk�

ihevamxsbc� mkj_^g_gb_� dZg^b^Zlh\� k�[ebadbfb� d�fZd�

kbfZevghfm�agZq_gbyfb�f_ju�^h\_jby��
7

W'
Z:
���

>hihegbl_evgh�[ueh�ijhl_klbjh\Zgh�\ebygb_�h[jZ�

[hldb� h[eZkl_c� hldjulby� gZ� j_amevlZlu� jZ[hlu� Ze]h�

jblfZ� k`Zlby� kl_j_h\b^_h�� Bkihevah\Zgguc� ih^oh^�

[he__� ih^jh[gh� hibkZg� \� >��@��?]h� kmlv� \� ke_^mxs_f��

Kl_j_h\b^_h� ij_^klZ\ey_lky� \� nhjfZl_� �'�]em[bgZ��

�'� \b^_h� dh^bjm_lky� k� bkihevah\Zgb_f� deZkkbq_kdh]h�

dh^_dZ�h[s_]h�gZagZq_gby��<�^Zgghf�kemqZ_�bkihevah�

\Zeky�dh^_d�[�����>ey�wnn_dlb\gh]h�k`Zlby�dZjlu�]em�

[bgu� bkihevam_lky� __� kh]eZkh\Zgghklv� k� �'� \b^_h�� aZ�

kq_l� q_]h� fh`gh� ih\urZlv� dZq_kl\h� ^_dh^bjh\Zgghc�

dZjlu� ]em[bgu�� DZjlu� ]em[bgu� ijhj_`b\Z_lky� dZd� ih�

\j_f_gb�� lZd� b� ih� ijhkljZgkl\_gguf� baf_j_gbyf� b�

k`bfZxlky�� GZ� wlZi_� ^_dh^bjh\Zgby� jZa`Zlh_� �'� \b�

^_h� bkihevam_lky� ^ey� \hkklZgh\e_gby� bkoh^gh]h� jZa�

j_r_gby�b�ijhj_`_gguo�dZ^jh\�dZjlu�]em[bgu���

>_dh^bjh\ZggZy� dZjlZ� ]em[bgu� kjZ\gb\ZeZkv� k� bk�

oh^ghc� ih� ibdh\hfm� khhlghr_gbx� kb]gZe�rmf� �3615���

>ey� hp_gdb� \ebygby� h[jZ[hldb� h[eZkl_c� hldjulbc� gZ�

Ze]hjblf�k`Zlby�[ueb�ihkljh_gu�5'�djb\u_��Bkihev��

ah\Zgb_� ^_l_dlhjZ� h[eZkl_c� hldjulby� ijb� ^_dh^bjh\Z�

gbb� dZjlu� ]em[bgu� iha\hebeh� ih\ukblv� dZq_kl\h� ^_dh�

^bjh\Zgghc� dZjlu� ]em[bgu�^h� ��^;�[_a� baf_g_gby� jZa�

f_jZ�k`Zluo�^Zgguo��jbk������

AZdexq_gb_�

<�^Zgghc� jZ[hl_�[ue�ijh\_^_g� kjZ\gbl_evguc� ZgZ�

eba� lj_o�f_lh^h\� hij_^_e_gby� h[eZkl_c� hldjulby� ^ey�

\b^_h� \� ijbf_g_gbb� d� aZ^Zq_�f_`dZ^jh\hc� bgl_jihey�

pbb� dZjlu� ]em[bgu��GZb[he__� i_jki_dlb\guf� hdZaZeky�

]_hf_ljbq_kdbc� f_lh^� ZgZebaZ� \_dlhjh\� ^\b`_gby� ba�

jZ[hlu� >��@�� Wlhl� f_lh^� ihdZaZe� [ebadb_� d� gZbemqrbf�

agZq_gby�3615��b�\�lh�`_�\j_fy�ihdZaZe�emqrb_�j_amev�

lZlu�gZ� ]jZgbpZo�h[t_dlh\�±�f_gvr_�Zjl_nZdlh\�q_f�m�

f_lh^Z�/5&��qlh�\Z`gh�^ey�dZjl�]em[bgu���

�
Jbk�����KjZ\g_gb_�Ze]hjblfh\�k`Zlby�dZjlu�]em[bgu��

gZ�hkgh\_�f_`dZ^jh\h]h�jZkijh�kljZg_gby��

k�h[jZ[hldhc�h[eZkl_c�hldjulby�b�[_a�g__�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

;ueh�ij_^eh`_gh�ihkljh_gb_�fZkdb�^h\_jby�^ey�bg�

l_jihebjh\Zgghc� dZjlu� ]em[bgu� gZ� hkgh\_� ihdZ^jh\uo�

h[eZkl_c� hldjulby� b� g_kdhevdh� \ZjbZglh\� _z� bkihevah�

\Zgby��Ih� j_amevlZlZf� l_klh\� gZbemqrbf� hdZaZeky�f_�

lh^�k�bkihevah\Zgb_f�jZkklhygby�^h�dexq_\h]h�dZ^jZ�kh�

\a\_r_gguf�mkj_^g_gb_f��GZ�l_klh\hf�gZ[hj_�hg�ihdZ�

aZe� memqr_gb_� ihdZaZl_ey� dZq_kl\Z� �3615�� bgl_jiheb�

jh\Zgghc�dZjlu�]em[bgu�[he__�q_f�gZ���^;��

H[jZ[hldZ�h[eZkl_c�hldjulby�iha\hebeZ�ih\ukblv�dZ�

q_kl\h�dZjlu�]em[bgu��^h���^;�ijb�gbadbo�agZq_gbyo�[bl�

j_clZ��� Khhlghr_gb_� dZq_kl\h�[blj_cl� j_]mebjh\Zehkv�

dhebq_kl\hf�bkihevah\Zgguo�dexq_\uo�dZ^jh\�dZjlu�]em�

[bgu��

GZ�\bamZebaZpbb��jbk�����[he__�k\_leu_�h[eZklb�kh�

hl\_lkl\mxl�[hevr_c�hrb[d_��A^_kv��Z��dZjlZ� ]em[bgu��

ihemq_ggZy�ijhkluf�mkj_^g_gb_f��[��j_amevlZl�k�h[jZ�

[hldhc�h[eZkl_c�hldjulby��ihemq_gguo�ih�hrb[d_�dhf�

i_gkZpbb� ^\b`_gby�� \�� j_amevlZl� k� h[jZ[hldhc� h[eZk�

l_c� hldjulby��ihemq_gguo� k�ihfhsvx� ]_hf_ljbq_kdh]h�

f_lh^Z�� ]�� j_amevlZl� k� h[jZ[hldhc� h[eZkl_c� hldjulby��

ihemq_gguo�ih�djbl_jbx�/5&��

Ebl_jZlmjZ�

���%ODLV� )�� 5HYLHZ� RI� ��� \HDUV� RI� UDQJH� VHQVRU� GHYHO�

RSPHQW�����-RXUQDO�RI�(OHFWURQLF�,PDJLQJ��±�������±�9RO������

QR�����±�3S�����±�����

���2JDOH�$��6���$ORLPRQRV�<��6KDSH�DQG�WKH�6WHUHR�&RU�

UHVSRQGHQFH� 3UREOHP� ��� ,QWHUQDWLRQDO� -RXUQDO� RI� &RPSXWHU�

9LVLRQ��±�������±�9RO������QR�����±�3S�����±�����

���=KXR� 6��� 6LP� 7�� 2Q� WKH� 5HFRYHU\� RI� 'HSWK� IURP� D�

6LQJOH� 'HIRFXVHG� ,PDJH� ��� &RPSXWHU� $QDO\VLV� RI� ,PDJHV�

DQG� 3DWWHUQV� �� (G�� E\� ;LDR\L� -LDQJ�� 1LFRODL� 3HWNRY�� ±�

6SULQJHU� %HUOLQ� +HLGHOEHUJ�� ������ ±� 9RO�� ����� RI� /HFWXUH�

1RWHV�LQ�&RPSXWHU�6FLHQFH��±�3S�����±�������

���%DWWLDWR�6���&XUWL� 6��� /D�&DVFLD�0�� HW� DO��'HSWK�PDS�

JHQHUDWLRQ�E\�LPDJH�FODVVLILFDWLRQ��±�������KWWS���G[�GRL�RUJ��

�������������������

���6D[HQD�$���1J�$���&KXQJ�6��/HDUQLQJ�'HSWK�IURP�6LQ�

JOH�0RQRFXODU�,PDJHV���� ,(((�1HXUDO� ,QIRUPDWLRQ�3URFHVV�

LQJ�6\VWHPV��±�������±�9RO������

���/L�=���&DR�;���'DL�4��$�QRYHO�PHWKRG�IRU��'�WR��'�YLGHR�

FRQYHUVLRQ�XVLQJ�EL�GLUHFWLRQDO�PRWLRQ�HVWLPDWLRQ���������,(((�

,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $FRXVWLFV�� 6SHHFK� DQG� 6LJQDO�

3URFHVVLQJ��,&$663���±�������±�3S������±������

���5DSLG��'�WR��'�FRQYHUVLRQ���3��9��+DUPDQ��-��)ODFN��

6��)R[��0��'RZOH\���(G��E\�$��-��:RRGV��-��2��0HUULWW��6��$��

%HQWRQ��0��7��%RODV��±�9RO��������±�63,(��������±�3S����±

����KWWS���OLQN�DLS�RUJ�OLQN�"�36,������������

���9DUHNDPS�&���%DUHQEUXJ�%��,PSURYHG�GHSWK�SURSDJDWLRQ�

IRU��'�WR��'�YLGHR�FRQYHUVLRQ�XVLQJ�NH\�IUDPHV���� ,(7�&RQIHU�

HQFH�3XEOLFDWLRQV��±�������±�9RO��������QR��&3�����±�3S����±����

KWWS���OLQN�DLS�RUJ�OLQN�DEVWUDFW�,((&36�Y�����L&3����S���V���

���3UDFWLFDO� WHPSRUDO�FRQVLVWHQF\� IRU� LPDJH�EDVHG�JUDSKLFV�

DSSOLFDWLRQV���0��/DQJ��2��:DQJ��7��$\GLQ�HW�DO��±�9RO������±�1HZ�

<RUN�� 1<�� 86$�� $&0�� ������ ±� 3S�� ����±������

KWWS���GRL�DFP�RUJ�KWWS���GRL�DFP�RUJ��������������������������

����*XWWPDQQ�0���:ROI� /���&RKHQ�2U�'��6HPL�DXWRPDWLF�

VWHUHR� H[WUDFWLRQ� IURP�YLGHR� IRRWDJH�� ��� ,&&9¶���� ±� ������ ±�

3S�����±�����

����9LGHR�VWHUHROL]DWLRQ��&RPELQLQJ�PRWLRQ�DQDO\VLV�ZLWK�

XVHU�LQWHUDFWLRQ���0��/LDR��-��*DR��5��<DQJ��0��*RQJ����9LVX�

DOL]DWLRQ� DQG�&RPSXWHU�*UDSKLFV�� ,(((�7UDQVDFWLRQV� RQ�� ±�

������±�9RO������QR�����±�3S������±������

����&KRL�-���0LQ�'���6RKQ�.���'�SOXV�GHSWK�EDVHG�UHVROX�

WLRQ�DQG�IUDPH�UDWH�XS�FRQYHUVLRQ�WHFKQLTXH�IRU�GHSWK�YLGHR�

��� &RQVXPHU� (OHFWURQLFV�� ,(((� 7UDQVDFWLRQV� RQ�� ±� ������ ±�

1RYHPEHU��±�9RO������QR�����±�3S������±������

����'H�6LOYD�'�9�6�;���)HUQDQGR�:��$�&��<DVDNHWKX�6��/�

3��2EMHFW�EDVHG�FRGLQJ�RI�WKH�GHSWK�PDSV�IRU��'�YLGHR�FRG�

LQJ����&RQVXPHU�(OHFWURQLFV��,(((�7UDQVDFWLRQV�RQ��²�������

±�$XJXVW��±�9RO������QR�����±�3S������±������

����0DW\XQLQ�6���9DWROLQ�'���'�9LGHR�&RPSUHVVLRQ�8VLQJ�

'HSWK�0DS�3URSDJDWLRQ����0XOWLPHGLD�&RPPXQLFDWLRQV��6HU�

YLFHV� DQG� 6HFXULW\� �� (G�� E\� $�� ']LHFK�� $�� &]\*HZVNL�� ±�

6SULQJHU�%HUOLQ�+HLGHOEHUJ��������±�9RO������RI�&RPPXQLFD�

WLRQV�LQ�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH��±�3S�����±�����

����=jbrbg�K�<��Ijh]jZffgZy�kbkl_fZ�^ey�ij_h[jZ�

ah\Zgby�qZklhlu�dZ^jh\�pbnjh\uo�\b^_h�kb]gZeh\��>bk��

dZg^��nba��fZl��gZmd�������������F=M��±�F���������

����&RQVLVWHQW� GHSWK� PDSV� UHFRYHU\� IURP� D� YLGHR� VH�

TXHQFH���*XRIHQJ�=KDQJ��-LD\D�-LD��7LHQ�7VLQ�:RQJ��+XMXQ�

%DR� ��� 3DWWHUQ� $QDO\VLV� DQG� 0DFKLQH� ,QWHOOLJHQFH�� ,(((�

7UDQVDFWLRQV�RQ��±�������±�9RO������QR�����±�3S�����±�����

����,QFH�6���.RQUDG�-��*HRPHWU\�EDVHG�HVWLPDWLRQ�RI�RF�

FOXVLRQV� IURP� YLGHR� IUDPH� SDLUV� ��� $FRXVWLFV�� 6SHHFK�� DQG�

6LJQDO� 3URFHVVLQJ� �,&$663¶����� ,(((� ,QWHUQDWLRQDO� &RQIHU�

HQFH�RQ���,(((��±�9RO�����±�������±�3S��LL±�����

����7HOHD�$��$Q�LPDJH�LQSDLQWLQJ�WHFKQLTXH�EDVHG�RQ�WKH�

IDVW�PDUFKLQJ�PHWKRG����-RXUQDO�RI�JUDSKLFV�WRROV��±�������±�

9RO�����QR�����±�3S����±����

����$\YDFL�$���5DSWLV�0���6RDWWR�6��6SDUVH�2FFOXVLRQ�'H�

WHFWLRQ�ZLWK�2SWLFDO�)ORZ����,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�

9LVLRQ�� ±� ������ ±� 9RO�� ���� QR�� ��� ±� 3S�� ���±�����

KWWS���G[�GRL�RUJ���������V������������������

2&&/86,21�352&(66,1*��

)25�'(37+�0$3�(67,0$7,21�

0DW\XQLQ�6���9DWROLQ�'��

:H�GHYHORS�D�V\VWHP�IRU�VHPL�DXWRPDWLF�FRQYHUWLQJ��'�

YLGHR� LQWR� �'� VWHUHRVFRSLF� FRQWHQW�� 7UDGLWLRQDO� SLSHOLQH� RI�

FRQYHUVLRQ� LQFOXGHV�PDLQO\�PDQXDO�GHSWK�PDS�PDUN�XS� IRU�

YLGHR� DQG� DXWRPDWLF� YLHZV� JHQHUDWLRQ�� ,QVWHDG� RI� PDQXDO�

GHSWK�PDS�FUHDWLRQ��ZH�XVH�RQO\� OLPLWHG�XVHU� LQSXW� IRU�VHY�

HUDO�IUDPHV�LQ�YLGHR�DQG�DXWRPDWLFDOO\�SURSDJDWH�LW�RQ�RWKHU�

IUDPHV���

0RVW� YLGHR� SURFHVVLQJ� DOJRULWKPV� IDLO� LQ� RFFOXVLRQ� DUHD�

ZKHUH�PRWLRQ� HVWLPDWLRQ� LV� XQUHOLDEOH��:H�SURSRVH� D� WHFK�

QLTXH�IRU�RFFOXVLRQ�SURFHVVLQJ��:H�HYDOXDWHG�VHYHUDO�RFFOX�

VLRQ� DUHD� GHWHFWLRQ� DQG� XVDJH� VWUDWHJLHV�� 7KH� SURSRVHG�

PHWKRG�ZDV�DSSOLHG� WR� GHSWK�PDS� FUHDWLRQ� DQG�GHSWK�PDS�

FRPSUHVVLRQ��

�
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JZkkfZljb\Z_lky� ih^oh^� d� j_r_gbx� aZ^Zqb� b^_glbnbdZpbb�

h[t_dlh\�a_fghc�ih\_joghklb��hkgh\Zgguc�gZ�ZgZeba_�]bi_jki_d�

ljZevguo�oZjZdl_jbklbd�h[t_dlh\��ihemqZ_fuo�k�h[jZ[hlZgguo�

dhkfbq_kdbo� bah[jZ`_gbc�� ihkj_^kl\hf� ijbf_g_gby� Ze]hjblfh\�

b^_glbnbdZpbb�gZ�hkgh\_�jZaebqguo��f_j�ih^h[by��Ij_^klZ\e_gu�

j_amevlZlu�h[jZ[hldb�]bi_jki_dljZevghc�bgnhjfZpbb�k�bkihev�

ah\Zgb_f�ij_^eZ]Z_fuo�Ze]hjblfh\�b^_glbnbdZpbb��

M>D���������

:E=HJBLFU�B>?GLBNBD:PBB�=BI?JKI?DLJ:EVGUO�
O:J:DL?JBKLBD�H;T?DLH<�<�A:>:Q:O�
>BKL:GPBHGGH=H�AHG>BJH<:GBY�A?FEB�

>_fb^h\Z�E�:���ijhn_kkhj�J=JLM��^�l�g���H�PDLO��/LOL\D�GHPLGRYD#UDPEOHU�UX��

Lbrdbg�J�<���gZqZevgbd�hl^_eZ�nbebZeZ�N=MI�©=GIJDP�©PKD;�Ijh]j_kkª�±�HD;�©Ki_dljª��d�l�g����
H�PDLO��URPDQ�WLVKNLQ#PDLO�UX��

LjmoZgh\�K�<���]eZ\guc�ki_pbZebkl�hl^_eZ�nbebZeZ�N=MI�©=GIJDP�©PKD;�Ijh]j_kkª�±�HD;�©Ki_dljª���
H�PDLO��VHUJHBWVY#PDLO�UX�

�

Dexq_\u_�keh\Z��Ze]hjblf�b^_glbnbdZpbb��
]bi_jki_dljZevgZy� oZjZdl_jbklbdZ� h[t_dlZ��

f_jZ� ih^h[by� _\deb^h\Z� jZkklhygby��g_q_ldZy�

f_jZ�ih^h[by��m]eh\Zy�f_jZ�ih^h[by��g_q_ldZy�

ebg_cgZy�j_]j_kkby��dhgkheb^Zpby��

<\_^_gb_�

<�ihke_^gb_�]h^u�h^ghc�ba�\Z`guo�aZ^Zq��j_rZ_fuo�

kbkl_fZfb� ^bklZgpbhggh]h� ahg^bjh\Zgby� A_feb� �>AA���

y\ey_lky� aZ^ZqZ� h[jZ[hldb� b� ZgZebaZ� ]bi_jki_dljZev�

ghc�bgnhjfZpbb��dhlhjZy�nhjfbjm_lky�gZ�hkgh\_�ihem�

q_gguo� k�[hjlZ� dhkfbq_kdh]h� ZiiZjZlZ� ]bi_jki_dljZev�

guo� bah[jZ`_gbc� �=KB�� a_fghc�ih\_joghklb��ij_^klZ\�

e_gguo�[hevrbf�gZ[hjhf�kgbfdh\�h^ghc�b�lhc�`_�kp_gu�

\�madbo�khijbdZkZxsboky�ki_dljZevguo�^bZiZahgZo��LZd��

gZijbf_j��hl_q_kl\_gguc�dhkfbq_kdbc�ZiiZjZl�©J_kmjk�

Iª� k� ]bi_jki_dljZevghc� ZiiZjZlmjhc� �=K:�� gZ� [hjlm��

aZims_gguc����bxgy������]h^Z��\u^Z_l�gZ[hju�kgbfdh\�

\� ���� madbo� khijbdZkZxsboky� ^bZiZahgZo� \b^bfhc� h[�

eZklb�ki_dljZ��dhlhju_�b�nhjfbjmxl�]bi_jki_dljZevgh_�

bah[jZ`_gb_��=KB���gZau\Z_fh_�lZd`_�©]bi_jdm[hfª��

;hevrh_� \gbfZgb_� ijb� h[jZ[hld_� =KB� m^_ey_lky�

ijh[e_f_�b^_glbnbdZpbb�h[t_dlh\�a_fghc�ih\_joghklb�

ih� bo� ]bi_jki_dljZevguf� oZjZdl_jbklbdZf� �=KB��� =KO�

h[t_dlZ� \� ]jZnbq_kdhf� \b^_� ij_^klZ\ey_l� kh[hc� hlh�

[jZ`_gb_� k\yab�f_`^m�^ebghc� \hegu� b� agZq_gbyfb� dh�

wnnbpb_glZ�ki_dljZevghc�yjdhklb��DKY��ZgZebabjm_fh�

]h� h[t_dlZ��B^_glbnbdZpby� h[t_dlZ� ih� _]h� =KO� fh`_l�

[ulv� hkms_kl\e_gZ� ihkj_^kl\hf� kjZ\g_gby�k�ijbf_g_�

gb_f�l_o�beb�bguo�f_j�ih^h[by� �koh^kl\Z��ZgZebabjm_�

fhc�=KO�h[t_dlZ�k�g_dhlhjufb�wlZehggufb�=KO��wlZeh�

gZfb��� h[t_^bg_ggufb� \� ki_pbZevgu_� ki_dljZevgu_�

[b[ebhl_db�>�±�@��Ijb�wlhf�g_h[oh^bfh�mqblu\Zlv��qlh�m�

ZgZebabjm_fhc�b�wlZehgguo�=KO�^he`gu�[ulv�h^bgZdh�

\ufb� _^bgbpu� baf_j_gby�� ki_dljZevguc� ^bZiZahg� b�

jZaj_r_gb_�^Zgguo�>�@��

P_ev� jZ[hlu� aZdexqZ_lky� \� kha^Zgbb� b� bkke_^h\Z�

gbb� Ze]hjblfh\� b^_glbnbdZpbb� =KO� h[t_dlh\� a_fghc�

ih\_joghklb� k� ijbf_g_gb_f� jZaebqguo� h[hkgh\Zggh�

\u[jZgguo�f_j�ih^h[by��Z�lZd`_�±�\�ihke_^mxs_c�dhg�

kheb^Zpbb� qZklguo� j_amevlZlh\� b^_glbnbdZpbb� =KO�

h[t_dlh\��ihemq_gguo�ijb�bkihevah\Zgbb�ij_^eZ]Z_fuo�

Ze]hjblfh\��

:e]hjblfu�b^_glbnbdZpbb���
l_hj_lbq_kdb_�bkke_^h\Zgby�

:gZeba� jZ[hl� hl_q_kl\_gguo� b� aZjm[_`guo� Z\lhjh\��

>�±�@�k\b^_l_evkl\m_l�h�lhf��qlh�\�gZklhys__�\j_fy�^ey�

j_r_gby� aZ^Zq� b^_glbnbdZpbb� h[t_dlh\� a_fghc� ih�

\_joghklb�ih�bo�=KO�gZb[he__�qZklh�bkihevamxlky�ih^�

oh^u��hkgh\Zggu_�gZ�ijbf_g_gbb��f_j�ih^h[by��koh^kl�

\Z�� >��� �@��f_lh^Z�ki_dljZevgh]h�m]eZ� >��� �����@��bkdmkkl�

\_gguo� g_cjhgguo� k_l_c� >��� ��@�� Ze]hjblfZ� N�kj_^gbo��

>�±��� ��@�� f_lh^Z� fZdkbfZevgh]h� ijZ\^hih^h[by� �d� kh�

`Ze_gbx�� hdZaZ\r_]hky� g_wnn_dlb\guf� ijb� jZ[hl_� k�

����ihehkgufb�=KB��>����@��

J_amevlZlu� wdki_jbf_glZevguo� bkke_^h\Zgbc� ih�

hp_gd_� dZq_kl\Z� b^_glbnbdZpbb� h[t_dlh\� a_fghc� ih�

\_joghklb�gZ� dhkfbq_kdbo�kgbfdZo� k�ijbf_g_gb_f�i_j_�

qbke_gguo�\ur_�ih^oh^h\��k\b^_l_evkl\mxl�h�lhf��qlh�gb�

h^bg� ba� gbo� g_� h[eZ^Z_l� y\guf� ij_bfms_kl\hf� i_j_^�

^jm]bfb�� lZd� dZd� g_� h[_ki_qb\Z_l� lj_[m_fh_� dZq_kl\h�

b^_glbnbdZpbb�h[t_dlh\�\�ij_h[eZ^Zxs_f�[hevrbgkl\_�

kemqZ_\��

>ey� j_r_gby� aZ^Zqb� b^_glbnbdZpbb� h[t_dlh\� a_f�

ghc�ih\_joghklb�ih�bo�=KO�ij_^eZ]Z_lky�h^gh\j_f_ggh�

bkihevah\Zlv� q_luj_� Ze]hjblfZ� b^_glbnbdZpbb� =KO��

hkgh\Zggu_�gZ�f_j_�ih^h[by� �koh^kl\Z��_\deb^h\Z�jZk�

klhygby�� m]eh\hc� f_j_� ih^h[by� b� ^\mo� g_q_ldbo� f_jZo�

ih^h[by�� k� p_evx� ihke_^mxs_c� dhgkheb^Zpbb� qZklguo�

j_amevlZlh\�b^_glbnbdZpbb��
<u[hj� f_ju� ih^h[by� _\deb^h\Z� jZkklhygby� h[m�

keh\e_g� \ukhdhc� wnn_dlb\ghklvx� ijbf_g_gby� ^Zgghc�

f_ju�ijb�j_r_gbb�rbjhdh]h�ki_dljZ�aZ^Zq�b^_glbnbdZ�

pbb� �deZkkbnbdZpbb���\� lhf�qbke_�b� aZ^Zq�b^_glbnbdZ�

pbb�ijb�h[jZ[hld_�dhkfbq_kdbo�bah[jZ`_gbc��

Bkihevah\Zgb_� m]eh\hc� f_ju� ih^h[by�� ij_^iheZ�

]Zxs_c�j_ZebaZpbx�f_lh^Z�ki_dljZevgh]h�m]eZ��6SHFWUDO�

$QJOH�0DSSHU�±�6$0����fh`_l�[ulv��h[hkgh\Zgh��l_f��qlh�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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^ZggZy�f_jZ� h[_ki_qb\Z_l� ihemq_gb_� ohjhrbo� j_amev�

lZlh\� b^_glbnbdZpbb� =KO� h[t_dlh\�� bf_xsbo� koh`b_�

agZq_gby�yjdhklb�lhq_d�bah[jZ`_gby�\h�\k_o�ki_dljZev�

guo�^bZiZahgZo�^Z`_� \� lhf� kemqZ_�� dh]^Z� gZ� bkoh^guo�

bah[jZ`_gbyo� gZ[ex^Zxlky� wnn_dlu� aZk\_ldb�� ih�

kdhevdm�f_lh^� ki_dljZevgh]h� m]eZ� g_� mqblu\Z_l� agZq_�

gby�yjdhklb�lhq_d�bah[jZ`_gby��

P_e_khh[jZaghklv� bkihevah\Zgby� g_q_ldbo� f_j� ih�

^h[by� >��� ���� ��@�fh`_l�[ulv�h[hkgh\ZgZ� l_f��qlh�g_dh�

lhjZy�ZgZebabjm_fZy�=KO�h[t_dlZ�fh`_l�h^gh\j_f_ggh�

ijbgZ^e_`Zlv� d�jZaguf�deZkkZf� �dZl_]hjbyf��h[t_dlh\��

\�lh�\j_fy�dZd�Ze]hjblfu�©`_kldhcª�b^_glbnbdZpbb�>�@��

dhlhjufb� y\eyxlky� Ze]hjblf� gZ� hkgh\_�f_ju� ih^h[by�

_\deb^h\Z� jZkklhygby� b� Ze]hjblf� gZ� hkgh\_� m]eh\hc�

f_ju�ih^h[by��h^ghagZqgh�hlg_kml�ZgZebabjm_fmx�=KO�

h[t_dlZ� d� l_f� beb� bguf� h^ghagZqgh� hij_^_e_gguf�

deZkkZf��qlh�fh`_l�[ulv� g_�\k_]^Z� \_jgh��Ijbf_g_gb_�

Ze]hjblfh\� ©fy]dhcª� b^_glbnbdZpbb�� hkgh\Zgguo� gZ�

ijbf_g_gbb�g_q_ldbo�f_j�ih^h[by��iha\hebl�[he__� ]b[�

dh�j_rZlv�aZ^Zqm�b^_glbnbdZpbb�h[t_dlZ�ih�_]h�=KO��

Ijh]jZffgZy� j_ZebaZpby� ij_^eZ]Z_fuo� Ze]hjblfh\�

b^_glbnbdZpbb�h[t_dlZ�ih�_]h�=KO��Ze]hjblfh\�kjZ\g_�

gby�=KO�h[t_dlZ�k�wlZehgZfb�gZ�hkgh\_�f_ju�ih^h[by�

_\deb^h\Z� jZkklhygby�� m]eh\hc� f_ju� ih^h[by� b� ^\mo�

g_q_ldbo�f_j�ih^h[by��[ueZ�\uiheg_gZ�ijb�jZajZ[hld_�

kbkl_fu� bgl_ee_dlmZevghc� h[jZ[hldb� ^Zgguo� ]bi_j�

ki_dljZevghc� kt_fdb� �KBH>=K��� kljmdlmjgh� khklhys_c�

ba� [Zau� ^Zgguo� ojZg_gby� b� h[jZ[hldb� ^Zgguo� �;>�� b�

ijh]jZffu� bgl_ee_dlmZevghc� h[jZ[hldb� ^Zgguo� ]bi_j�

ki_dljZevghc�kt_fdb�>������@��

<�;>�KBH>=K�hkms_kl\ey_lky�ojZg_gb_�b�h[jZ[hldZ�

ZgZebabjm_fuo�=KO��\�qZklghklb��k�ihfhsvx�ojZgbfuo�

ijhp_^mj� ijh\h^ylky� hi_jZpbb� ghjfbjh\Zgby� ZgZebab�

jm_fhc� =KO� d� wlZehgguf� agZq_gbyf�� bgl_jiheypby�

\oh^guo�agZq_gbc��jZkq_l�f_ju�ih^h[by�_\deb^h\Z�jZk�

klhygby�� m]eh\hc�f_ju� ih^h[by��^\mo� g_q_ldbo�f_j� ih�

^h[by�� Z� lZd`_� ±� h[jZ[hldZ� b� ojZg_gb_� j_amevlZlh\��<�

ijh]jZff_� bgl_ee_dlmZevghc� h[jZ[hldb� ^Zgguo� ]bi_j�

ki_dljZevghc�kt_fdb�KBH>=K�j_Zebah\Zgu�q_luj_�Ze�

]hjblfZ�b^_glbnbdZpbb�=KO�h[t_dlZ��Ze]hjblf�b^_glb�

nbdZpbb� =KO� gZ� hkgh\_�f_ju� ih^h[by� _\deb^h\Z� jZk�

klhygby�� Ze]hjblf� b^_glbnbdZpbb� =KO� gZ�hkgh\_� m]eh�

\hc�f_ju� ih^h[by�� ^\Z� Ze]hjblfZ� b^_glbnbdZpbb� =KO�

gZ�hkgh\_�g_q_ldbo�f_j�ih^h[by��Z�lZd`_�Ze]hjblf�dhg�

kheb^Zpbb� qZklguo� j_amevlZlh\� b^_glbnbdZpbb� =KO�

h[t_dlZ��

:e]hjblf�b^_glbnbdZpbb�=KO��

gZ�hkgh\_�f_ju�ih^h[by�_\deb^h\Z�jZkklhygby�

:e]hjblf�b^_glbnbdZpbb�=KO�gZ�hkgh\_�f_ju�ih^h�

[by� _\deb^h\Z� jZkklhygby� j_Zebam_l� b^_glbnbdZpbx�

=KO� k� bkihevah\Zgb_f� ba\_klghc� _\deb^h\hc� f_ljbdb�

^ey� \uqbke_gby� jZkklhygby� f_`^m� ^\mfy� lhqdZfb� \��

- �f_jghf�ijhkljZgkl\_�>�@��
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M\ �±�agZq_gb_�dhwnnbpb_glZ�ki_dljZevghc�yjdhklb�

�DKY�� ZgZebabjm_fhc� �$QDO\]HG�� =KO� ^ey� M �]h� dZgZeZ�

]bi_jki_dljhf_ljZ��
6

M\ �±� agZq_gb_� DKY� wlZehgghc�

�6WDQGDUG�� =KO� ^ey� M �]h� dZgZeZ� ]bi_jki_dljhf_ljZ��

��M - �� - �±� dhebq_kl\h� dZgZeh\� ]bi_jki_dljhf_ljZ��

jZ\gh_� dhebq_kl\m� lhq_d� \� ZgZebabjm_fhc� �wlZehgghc��

=KO��gZijbf_j�� ��-  ���

Ke_^m_l� hlf_lblv�� qlh� ^ebgZ� \hegu� MO �^ey� M �]h�

� ��M - �� dZgZeZ� ]bi_jki_dljhf_ljZ� kqblZ_lky� ba\_kl�

ghc�\_ebqbghc��dhlhjhc�\�khhl\_lkl\b_�klZ\ylky� agZq_�

gby�DKY�ZgZebabjm_fhc�b�wlZehgghc�=KO��

:e]hjblf�b^_glbnbdZpby�=KO�gZ�hkgh\_�f_ju�ih^h�

[by�_\deb^h\Z�jZkklhygby�ij_^iheZ]Z_l��

±�jZkq_l�f_j�ih^h[by�_\deb^h\Z�jZkklhygby� ����^ey�

ZgZebabjm_fhc�=KO�b�wlZehgguo�=KO��ojZgbfuo�\�;>��

±�mihjy^hq_gb_�ih�\hajZklZgbx�\uqbke_gguo�agZq_�

gbc�f_j�ih^h[by�_\deb^h\Z�jZkklhygby��

±�\u[hj�\�dZq_kl\_�bkdhfhc�lhc�wlZehgghc�=KO��^ey�

dhlhjhc� agZq_gb_� f_ju� ih^h[by� _\deb^h\Z� jZkklhygby�

����y\ey_lky�fbgbfZevguf��

:e]hjblf�b^_glbnbdZpbb�=KO��

gZ�hkgh\_�m]eh\hc�f_ju�ih^h[by�

:e]hjblf�b^_glbnbdZpbb�=KO�gZ�hkgh\_�m]eh\hc�f_�

ju� ih^h[by� ij_^iheZ]Z_l� bkihevah\Zgb_� f_lh^Z� ki_d�

ljZevgh]h� m]eZ� �6SHFWUDO� $QJOH� 0DSSHU� ±� 6$0��� j_Zeb�

amxs_]h�hp_gdm�ih^h[by�bkke_^m_fhc�b�wlZehgghc�=KO��

jZkkfZljb\Z_fuo� dZd� \_dlhju�� jZaf_jghklv� dhlhjuo�

jZ\gZ�dhebq_kl\m�dZgZeh\�]bi_jki_dljhf_ljZ��ihkj_^kl�

\hf�\uqbke_gby�m]eZ�f_`^m�gbfb�>��@��
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* �±� ki_dlju� ZgZebabjm_fhc� b� wlZehgghc�=KO�

khhl\_lkl\_ggh��
M
J �b�




MJ �±� agZq_gby� DKY� ZgZebabjm_�

fhc�b�wlZehgghc�=KO�khhl\_lkl\_ggh�^ey�agZq_gby�^eb�

gu� \hegu�
M

O �� ��M - ��� - �±� dhebq_kl\h� dZgZeh\� ]bi_j�

ki_dljhf_ljZ��

:e]hjblf�b^_glbnbdZpby�=KO�gZ�hkgh\_�m]eh\hc�f_�

ju�ih^h[by�ij_^iheZ]Z_l��

±�jZkq_l�m]eh\uo�f_j�ih^h[by�����^ey�ZgZebabjm_fhc�

=KO�b�wlZehgguo�=KO��ojZgbfuo�\�;>��

±�mihjy^hq_gb_�ih�\hajZklZgbx�\uqbke_gguo� agZq_�

gbc�m]eh\uo�f_j�ih^h[by��

±�\u[hj�\�dZq_kl\_�bkdhfhc�lhc�wlZehgghc�=KO��^ey�

dhlhjhc� agZq_gb_� m]eh\hc� f_ju� ih^h[by� ���� y\ey_lky�

fbgbfZevguf��

>h\hevgh� qZklh� ba�aZ� ih]j_rghkl_c� =K:�� ijb\h^y�

sbo�d�g_lhqghklb�bgnhjfZpbb�h[�ZgZebabjm_fhc�=KO��Z�

lZd`_�ba�aZ�ihqlb�ihegh]h�hlkmlkl\by�©qbkluoª�ZgZebab�

jm_fuo�=KO�b�gZebqby�\�[hevrbgkl\_�kemqZ_\�ZgZebab�

jm_fuo� =KO��ij_^klZ\eyxsbo� kh[hc� kf_kv� ba� g_kdhev�

dbo� [Zah\uo� deZkkh\� >�@�� p_e_khh[jZagh� jZkkfZljb\Zlv�

g_kdhevdh�wlZehgguo�=KO��bf_xsbo�gZbf_gvrb_�agZq_�

gby�f_ju� ih^h[by� _\deb^h\Z� jZkklhygby� ���� b� m]eh\hc�

f_ju�ih^h[by������\�dZq_kl\_�ihl_gpbZevgh�bkdhfuo��

G_kfhljy� gZ� bkihevah\Zgb_� ijb� b^_glbnbdZpbb�

[hevrh]h� dhebq_kl\Z�wlZehgguo�=KO��j_amevlZlu�b^_g�

lbnbdZpbb� k� ijbf_g_gb_f� f_ju� ih^h[by� _\deb^h\Z�



�

�

�
���

jZkklhygby� beb� m]eh\hc�f_ju� ih^h[by�fh`_l� [ulv� g_�

m^h\e_l\hjbl_evguf�� <� k\yab� k� wlbf� p_e_khh[jZagh�

hkms_kl\eylv� ih^l\_j`^_gb_� j_amevlZlZ� b^_glbnbdZ�

pbb��dhlhjh_��\�qZklghklb��fh`_l�[ulv�ihemq_gh�ihkj_^�

kl\hf� ijbf_g_gby� ^jm]bo� Ze]hjblfh\� b^_glbnbdZpbb�

=KO� k� ihke_^mxs_c� dhgkheb^Zpb_c� qZklguo� j_amevlZ�

lh\�b^_glbnbdZpbb��DZd�ihdZau\Zxl�wdki_jbf_glZevgu_�

bkke_^h\Zgby�� ohjhrbc� dhgkheb^bjmxsbc� j_amevlZl�

b^_glbnbdZpbb� h[_ki_qb\Z_l� kh\f_klgh_� bkihevah\Z�

gb_�Ze]hjblfZ�b^_glbnbdZpbb�=KO�gZ�hkgh\_�f_ju�ih�

^h[by�_\deb^h\Z�jZkklhygby��Ze]hjblfZ�b^_glbnbdZpbb�

=KO�gZ�hkgh\_�m]eh\hc�f_ju�ih^h[by�b�^\mo�Ze]hjblfh\�

b^_glbnbdZpbb�gZ�hkgh\_�g_q_ldbo�f_j�ih^h[by��

:e]hjblfu�b^_glbnbdZpbb�=KO��

gZ�hkgh\_�g_q_ldbo�f_j�ih^h[by�

B^_glbnbdZpby�=KO�h[t_dlZ�fh`_l�[ulv�\uiheg_gZ�

gZ� hkgh\_� mjZ\g_gby� deZkkbq_kdhc�ebg_cghc� j_]j_kkbb�

�DEJ�� ihkj_^kl\hf� j_r_gby� aZ^Zq�ih^[hjZ�iZjZf_ljh\�

N �b�E �mjZ\g_gby� �gZijbf_j�� \� khhl\_lkl\bb�k�f_lh^hf�

gZbf_gvrbo� d\Z^jZlh\� >��@�� ^ey� ZgZebabjm_fhc� b� wlZ�

ehgguo�=KO��

\ N [ E � � � ����

k� ihke_^mxsbf� \uqbke_gb_f� kj_^g_d\Z^jZlbqguo� hl�

dehg_gbc� �KDH�� g_\yahd� ZgZebabjm_fhc� b� wlZehgguo�

=KO�� dhlhju_�fh]ml� bkihevah\Zlvky� dZd� oZjZdl_jbklbdb�

mgbdZevghklb�ijb�b^_glbnbdZpbb�=KO��

?keb�^ey�b^_glbnbdZpbb�=KO�h[t_dlZ�bkihevah\Zlv�

lhevdh� h^gm� oZjZdl_jbklbdm� mgbdZevghklb� ±� lZdmx�� dZd�

KDH�� lh� \� jy^_� kemqZ_\� =KO� h[t_dlh\�� bf_xsb_� ijb�

[ebabl_evgh�jZ\gu_� agZq_gby�KDH��fh]ml�[ulv�hlg_k_�

gu�d�h^ghfm�deZkkm��g_kfhljy�gZ� lh��qlh�nhjfZ�djb\uo�

=KO� h[t_dlh\� [m^_l� jZaebqgZ� >��@��<� k\yab� k� wlbf� ^ey�

b^_glbnbdZpbb�=KO�h[t_dlZ�ij_^eZ]Z_lky�bkihevah\Zlv�

^hihegbl_evgu_� oZjZdl_jbklbdb� mgbdZevghklb�� dhlhju_�

fh]ml�[ulv�ihemq_gu�gZ�hkgh\_�mjZ\g_gby�g_q_ldhc�eb�

g_cghc� j_]j_kkbb� �GEJ�� b� bkihevah\Zgu� ^ey� jZkq_lZ�

g_q_ldbo�f_j�ih^h[by��

<� >��@� ihdZaZgh�� qlh� gZb[he__� p_e_khh[jZagh� bk�

ihevah\Zlv�mjZ\g_gb_�GEJ�k�Zkbff_ljbqgufb�g_q_ldb�

fb� iZjZf_ljZfb�� lZd� dZd� hgh� �\� hlebqb_� hl� mjZ\g_gby�

g_q_ldhc� ebg_cghc� j_]j_kkbb� k� kbff_ljbqgufb� g_q_l�

dbfb�iZjZf_ljZfb�� h[_ki_qb\Z_l� \uqbke_gb_� agZq_gby�

oZjZdl_jbklbdb�mgbdZevghklb�±�KDH��dhlhjh_�jZ\gh�beb�

[ebadh� agZq_gbx�� ihemqZ_fhfm� k� ihfhsvx� mjZ\g_gby�

DEJ��

� �� �< [ $ [ $ � � �� ����

]^_�
� � � �� � � �$ D F G �b�

� � � �� � � �$ D F G �±� LGQ�� khhl\_lkl�

\mxsb_�iZjZf_ljZf�N�b�E�mjZ\g_gby�DEJ������ij_^klZ\�

ey_fu_� k� ihfhsvx� lj_m]hevguo�nmgdpbc� ijbgZ^e_`gh�

klb��ih^jh[gh�jZkkfhlj_gguo�\�>��@���b�y\eyxsb_ky�Zkbf�

f_ljbqgufb�g_q_ldbfb�iZjZf_ljZfb�mjZ\g_gby�GEJ������

Ijb� jZajZ[hld_� Ze]hjblfh\� b^_glbnbdZpbb� =KO�

h[t_dlZ� gZ� hkgh\_� g_q_ldbo� f_j� fh]ml� bkihevah\Zlvky�

jZaebqgu_� g_q_ldb_�f_ju� ih^h[by� >��@��ijb� wlhf�kZfb�

Ze]hjblfu�b^_glbnbdZpbb�[m^ml�bf_lv�h^bgZdh\u_�wlZ�

iu� j_ZebaZpbb�� Mdjmig_ggZy� ko_fZ� Ze]hjblfZ� b^_glb�

nbdZpbb�=KO�h[t_dlZ�gZ�hkgh\_�g_q_ldhc�f_ju�ih^h[by�

ijb\_^_gZ�gZ�jbk�����

�

Jbk�����Mdjmig_ggZy�ko_fZ�Ze]hjblfZ�b^_glbnbdZpbb�=KO�

h[t_dlZ�gZ�hkgh\_�g_q_ldhc�f_ju�ih^h[by�

GZ�i_j\hf�wlZi_� Ze]hjblfZ� hij_^_eyxlky�iZjZf_l�
ju� �Z� bf_ggh�LGQ��mjZ\g_gby�GEJ� ZgZebabjm_fhc�=KO��

^ey�q_]h�j_rZ_lky�aZ^ZqZ�d\Z^jZlbqgh]h�ijh]jZffbjh\Z�

gby��ADI���nhjfmebjm_fZy�ke_^mxsbf�h[jZahf�>������@��
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]^_� M� ±� ihjy^dh\uc� ghf_j� dZgZeZ� ]bi_jki_dljhf_ljZ�

� -M �� ��� - �±� dhebq_kl\h� dZgZeh\� ]bi_jki_dljhf_ljZ���

L� ±� ihjy^dh\uc� ghf_j� LGQ� � ���L  �ijb� �Q  ��� � �M[  �

� -M �� ���lZd�dZd�khhl\_lkl\mxl�k\h[h^ghfm�qe_gm�±�iZ�

jZf_ljm� E� ±� mjZ\g_gby� DEJ� ����� �M[ �±� agZq_gb_� ^ebgu�

\hegu� ^ey� M �]h� dZgZeZ� ]bi_jki_dljhf_ljZ�� M\ �±� agZq_�

gb_�DKY�=KO�^ey�^ebgu� \hegu� �M[ �� �M M[ O ���D �±� agZ�

q_gb_� mjh\gy� LGQ�� oZjZdl_jbamxs__�rbjbgm� dhjb^hjZ�

GEJ� � >���@D � ���
� �
�N N �±�\_kh\u_� dhwnnbpb_glu��oZjZd�

l_jbamxsb_�\deZ^�i_j\h]h�b�\lhjh]h�keZ]Z_fuo�\�p_e_�

\mx�nmgdpbx� ����� [ ±� fZeh_� iheh`bl_evgh_� qbkeh� lZ�

dh_��qlh�
� ��N N [!! �lj_lv_�keZ]Z_fh_�\\_^_gh�\�p_e_\mx�

nmgdpbx�^ey�lh]h��qlh[u�hgZ�bf_eZ�d\Z^jZlbqguc�\b^�b�

qlh[u�ijb�ihbkd_�agZq_gbc�LGQ�fh`gh�[ueh�knhjfmeb�

jh\Zlv�ADI�>��@���

Ijb� j_r_gbb� ADI� ���±���� ij_^iheZ]Z_lky�� qlh�

� � �N N  ��\� >��@� ihdZaZgh�� qlh� \u[hj� agZq_gbc� iZjZ�
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>ey�j_r_gby�ADI�\�\b^_�����ijb�h]jZgbq_gbyo�����fh`_l�

[ulv� bkihevah\Zg� f_lh^� g_hij_^_e_gguo� fgh`bl_e_c�

EZ]jZg`Z�>��@��<\b^m�lh]h��qlh�j_r_gb_�ADI�f_lh^hf�fgh�

`bl_e_c� EZ]jZg`Z� y\ey_lky� \_kvfZ� ljm^h_fdhc� aZ^Zq_c��

p_e_khh[jZagh� bkihevah\Zgb_� kms_kl\mxsbo� fZl_fZlb�

q_kdbo�iZd_lh\��iha\heyxsbo�j_rZlv�aZ^Zqb�fbgbfbaZpbb�

k�h]jZgbq_gbyfb��<�qZklghklb��ADI�fh`_l�[ulv�j_r_gZ�\�

kbkl_f_� bg`_g_jguo� b� gZmqguo� jZkq_lh\� 0$7/$%� k� ijb�

f_g_gb_f�\kljh_gghc�nmgdpbb�©TXDGSURJª�>��@��

MjZ\g_gb_�GEJ� ����^ey�ZgZebabjm_fhc�=KO�h[t_dlZ�

kljhblky� gZ� hkgh\_� j_r_gby� ADI� ���±������ Ijb� wlhf��

gZ� hkgh\_� \uqbke_gguo� LGQ�
� � � �� � � �$ D F G �b�

� � � �� � � �$ D F G �mjZ\g_gby� GEJ� ���� ^ey� agZq_gbc� ^ebg�

\heg� [ MO �� ��M - �� hij_^_eyxlky� oZjZdl_jgu_� lhqdb�

mjZ\g_gby�DEJ� � �
DEJ

GEJ M< O ��

� �� �DEJ

GEJ M M< D DO O � � �� �����

Z�lZd`_�mjZ\g_gbc�\_jog_c� � �83

GEJ M< O �b�gb`g_c� � �/2:

GEJ M< O �

]jZgbp�dhjb^hjZ�GEJ�ZgZebabjm_fhc�oZjZdl_jbklbdb��

� � � �� � � �83

GEJ M M< D G D GO O � � � � �� �����

� � � �� � � �
/2:

GEJ M M< D F D FO O � � � � �� �����

>ey�wlZehgguo�=KO�mjZ\g_gby�GEJ������Z�lZd`_�mjZ\�

g_gby� DEJ� � �
DEJ

GEJ M< O �� \_jog_c� � �83

GEJ M< O �b� gb`g_c�

� �/2:

GEJ M< O �]jZgbp� dhjb^hjZ�GEJ�� hij_^_ey_fu_� \� khhl�

\_lkl\bb�k������������b�������kljhylky�ZgZeh]bqguf�h[jZ�

ahf��ijb�wlhf�\k_�jZkq_lgu_�agZq_gby�GEJ�^ey�wlZehg�

guo�=KO�ojZgylky�\�;>�KBH>=K��

Ba�aZ� Zkbff_ljbqghklb� LGQ�
� � � �� � � �$ D F G �b�

� � � �� � � �$ D F G �dhjb^hju�GEJ�ZgZebabjm_fhc�b�wlZehg�

guo� =KO� lZd`_� Zkbff_ljbqgu� �jbk�� ����<� k\yab� k� wlbf�

lhqdb�=KO� �dZd�ZgZebabjm_fhc��lZd�b�dZ`^hc�wlZehgghc��

fh]ml�[ulv� jZa[blu� gZ� �� ih^fgh`_kl\Z�� ih^fgh`_kl\h�

lhq_d��e_`Zsbo�\�\_jog_c�qZklb�83 �dhjb^hjZ�GEJ��f_�

`^m� ebgb_c� \_jog_c� ]jZgbpu� dhjb^hjZ� GEJ� b� ebgb_c�

DEJ�� hij_^_ey_fufb� khhl\_lkl\_ggh� mjZ\g_gbyfb� �����

b� �������b�ih^fgh`_kl\h�lhq_d��e_`Zsbo�\�gb`g_c�qZklb�

/2: �dhjb^hjZ� GEJ� �f_`^m� ebgb_c� gb`g_c� ]jZgbpu�

dhjb^hjZ�GEJ� b� ebgb_c� DEJ�� hij_^_ey_fufb� khhl\_l�

kl\_ggh�mjZ\g_gbyfb������b��������

�

Jbk�����Ij_^klZ\e_gb_�=KO�\�dhjb^hj_�GEJ�

GZ� \lhjhf� wlZi_� Ze]hjblfZ� ^ey� lhq_d� ZgZebabjm_�
fhc�b�dZ`^hc�wlZehgghc�=KO��e_`Zsbo�\�\_jog_c�83 �b�

gb`g_c� /2: �qZklyo� dhjb^hjh\� k\hbo� GEJ�� gZoh^ylky�

agZq_gby� g_q_ldbo� f_j� ih^h[by�
83
) �b�

/2:
) �� ^ey� \u�

qbke_gby� dhlhjuo� bkihevam_lky� h^gZ� ba� ^\mo� g_q_ldbo�

f_j�ih^h[by�\b^Z�>������@��
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]^_� M� � �$ MX JO c �±� agZq_gb_�nmgdpbb� ijbgZ^e_`ghklb� g_�

q_ldh]h� fgh`_kl\Z� $ ��$QDO\]HG�� ZgZebabjm_fhc� =KO�

mjZ\g_gbx� GEJ� wlhc� =KO� ^ey� agZq_gby� DKY� MJc �� khhl�

\_lkl\mxs_]h� ^ebg_� \hegu� MO �� ��M - ��� M� � �6 MX JO cc �±�

agZq_gb_�nmgdpbb�ijbgZ^e_`ghklb�g_q_ldh]h�fgh`_kl\Z�

6 ��6WDQGDUG�� wlZehgghc� =KO� mjZ\g_gbx�GEJ� wlhc� =KO�

^ey� agZq_gby� DKY� MJcc �� khhl\_lkl\mxs_]h� ^ebg_� \hegu�

MO �� ��M - ��� - �±� dhebq_kl\h� dZgZeh\� ]bi_jki_dljhf_l�

jZ�� jZ\gh_� dhebq_kl\m� lhq_d� \� ZgZebabjm_fhc� �wlZehg�

ghc��=KO��

>Zggu_�f_ju� ih^h[by�[ueb� \u[jZgu� ba�fgh`_kl\Z�

ba\_klguo� g_q_ldbo� f_j� ih^h[by� dZd� ihdZaZ\rb_� gZb�

\ukr__� dZq_kl\h� j_amevlZlh\� b^_glbnbdZpbb� ijb� \u�

iheg_gbb� hp_gdb� ih^h[by� l_klh\uo� gZ[hjh\� ^Zgguo��

hibku\Z_fuo�k�ihfhsvx�mjZ\g_gbc�GEJ�>��@��

AgZq_gb_�nmgdpbb�ijbgZ^e_`ghklb� g_dhlhjhc� lhqdb�

� � �M MJO �=KO� d� mjZ\g_gbx� GEJ� wlhc� =KO� fh`_l� [ulv�

hij_^_e_gh�dZd�>������@��
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]^_�
� � � � � �� � � � �D F G D F G �±� iZjZf_lju� LGQ�� \uqbke_ggu_�

ijb�j_r_gbb�ADI�����±�������

GZ� aZ\_jrZxs_f� lj_lv_f� wlZi_� Ze]hjblfZ� ^ey�
ZgZebabjm_fhc�b�dZ`^hc�wlZehgghc�=KO�kgZqZeZ�ijh\h�

^blky� \uqbke_gb_� j_amevlbjmxs_c� g_q_ldhc� f_ju� ih�

^h[by�� hij_^_ey_fhc� dZd�fbgbfmf� ba� g_q_ldbo�f_j� ih�

^h[by�
83
) �b�

/2:
) ��

� � �83 /2:) PLQ ) ) �� �����

Z�aZl_f�\k_�wlZehggu_�=KO�mihjy^hqb\Zxlky�ih�m[u\Z�

gbx�\uqbke_gguo�lZdbf�h[jZahf�agZq_gbc�g_q_ldbo�f_j�

ih^h[by�� ijb� wlhf� \� dZq_kl\_� bkdhfhc� \u[bjZ_lky� lZ�

wlZehggZy� =KO�� ^ey� dhlhjhc� agZq_gb_� g_q_ldhc� f_ju�

ih^h[by������y\ey_lky�fZdkbfZevguf��

:e]hjblf�dhgkheb^Zpbb�qZklguo��

j_amevlZlh\�b^_glbnbdZpbb�=KO�h[t_dlZ�

DZd� m`_� [ueh� hlf_q_gh�� ^ey� ih\ur_gby� dZq_kl\Z�

b^_glbnbdZpbb� ZgZebabjm_fhc� =KO� h[t_dlZ� p_e_khh[�

jZagh� \uiheg_gb_� dhgkheb^Zpbb� qZklguo� j_amevlZlh\�

b^_glbnbdZpbb��l_f�beb�bguf�h[jZahf��>��@��

Ijb�ijbf_g_gbb�q_luj_o�Ze]hjblfh\�b^_glbnbdZpbb�

=KO� d� ZgZebabjm_fhc� =KO� b� g_dhlhjhc� wlZehgghc� =KO�

\uqbkeyxlky�q_luj_�agZq_gby��agZq_gb_�f_ju�koh^kl\Z�

_\deb^h\Z� jZkklhygby� ( ������ agZq_gb_� m]eh\hc� f_ju�

ih^h[by�D �����^\Z�agZq_gby�g_q_ldbo�f_j�ih^h[by�
�) �b�

�
) �� \uqbke_gguo� khhl\_lkl\_ggh� k� ijbf_g_gb_f�nhj�

fme������������b�������

Ijb�jZ[hl_�k�;>�KBH>=K��kh^_j`Zs_c�bgnhjfZpbx�

h[�. �wlZehgguo�=KO��^ey�ZgZebabjm_fhc�=KO�h[t_dlZ�

[m^ml� ihemq_gu� q_luj_� b^_glbnbpbjmxsbo� gZ[hjZ��

dZ`^uc� ba� dhlhjuo� y\ey_lky� j_amevlZlhf� ijbf_g_gby�

h^gh]h� ba� q_luj_o� Ze]hjblfh\� b^_glbnbdZpbb� =KO� b�

kh^_j`bl� . �agZq_gbc� �\� khhl\_lkl\bb� k� dhebq_kl\hf�

wlZehgguo�=KO�\�;>���DZ`^uc�lZdhc�b^_glbnbpbjmxsbc�

gZ[hj�fh`_l� [ulv� mihjy^hq_g� ih� m[u\Zgbx� �\hajZklZ�

gbx��agZq_gbc�bkihevam_fhc�f_ju�ih^h[by��\�j_amevlZ�

l_�q_]h�wlZehgguf�=KO�ba�;>�[m^ml�ijbk\h_gu�g_dhlh�

ju_�j_clbg]h\u_�hp_gdb� �ihjy^dh\u_�ghf_jZ�\�j_clbg�

]_��� q_f� \ur_� agZq_gby�f_ju� ih^h[by� _\deb^h\Z� jZk�

klhygby�b�m]eh\hc�f_ju�koh^kl\Z�b�q_f�gb`_� agZq_gby�

g_q_ldbo�f_j�ih^h[by��l_f�f_gvr_�ghf_j�\�j_clbg]_���

Imklv�
N

(5 �±� j_clbg]h\Zy� hp_gdZ� N �c� wlZehgghc� =KO�

ijb� bkihevah\Zgbb� Ze]hjblfZ� b^_glbnbdZpbb� =KO� gZ�

hkgh\_� f_ju� ih^h[by� _\deb^h\Z� jZkklhygby� ( �� N5D �±�

j_clbg]h\Zy� hp_gdZ� N �c� wlZehgghc� =KO� ijb� bkihevah�

\Zgbb�Ze]hjblfZ�b^_glbnbdZpbb�=KO�gZ�hkgh\_�m]eh\hc�

f_ju� ih^h[by�D ��
�

N

)5 �±� j_clbg]h\Zy� hp_gdZ� N �c� wlZ�

ehgghc�=KO�ijb�bkihevah\Zgbb�Ze]hjblfZ�b^_glbnbdZ�

pbb� =KO� gZ� hkgh\_� g_q_ldhc� f_ju� ih^h[by�
�) ��

�

N

)5 �±�

j_clbg]h\Zy�hp_gdZ� N �c�wlZehgghc�=KO�ijb�bkihevah\Z�

gbb�Ze]hjblfZ�b^_glbnbdZpbb�=KO� gZ�hkgh\_�g_q_ldhc�

f_ju�ih^h[by�
�
) �� ��N . ���

:e]hjblf� dhgkheb^Zpbb� qZklguo� j_amevlZlh\� b^_glb�

nbdZpbb�=KO�h[t_dlZ�ij_^iheZ]Z_l��

dhgkheb^Zpbx� qZklguo� j_amevlZlh\� b^_glbnbdZpbb��

ihemq_gguo� k� ijbf_g_gb_f� f_ju� koh^kl\Z� _\deb^h\Z�

jZkklhygby� ( ��m]eh\hc�f_ju�ih^h[by�D �� Z� lZd`_�^\mo�

g_q_ldbo�f_j�ih^h[by�
�) �b�

�
) �ihkj_^kl\hf�ijbf_g_gby�

nhjfmeu��

� �
� �

�

N N N N
N ( ) )

5 5 5 5
5

D� � �
 �� �����

mihjy^hq_gb_�wlZehgguo�=KO�ba�;>�ih�\hajZklZgbx�mk�

j_^g_gguo�agZq_gbc�j_clbg]h\uo�hp_ghd�
N

5 �� ��N . ���

Imklv� dhgkheb^bjmxsb_� j_clbg]h\u_� hp_gdb�
N

5Ö �hi�

j_^_e_gu� dZd� ghf_jZ� \� j_clbg]_�^ey�mkj_^g_gguo�hp_�

ghd�
N

5 �� ��N . ���Hq_\b^gh�� qlh�^ey� ^Zevg_cr_]h� ZgZ�

ebaZ�p_e_khh[jZagh�bkihevah\Zlv�g_agZqbl_evgmx�qZklv�

emqrbo�wlZehgguo�=KO�ba�;>��hl���^h����wlZehgguo�=KO���

bf_xsbo� gZbf_gvrb_� agZq_gby� �ihjy^dh\u_� ghf_jZ��

dhgkheb^bjmxsbo�j_clbg]h\uo�hp_ghd� Ö
N
5 ��

Ihke_� \bamZevgh]h� kjZ\gbl_evgh]h� ZgZebaZ� j_amev�

lZlh\� b^_glbnbdZpbb� ZgZebabjm_fhc� =KO� h[t_dlZ� k�

ihfhsvx�g_dhlhjh]h�dhebq_kl\Z�emqrbo�wlZehgguo�=KO�

ba�;>��ihemq_gguo�\ur_mdZaZgguf�h[jZahf�b�ij_^klZ\�

e_gguo�dZd�\�l_dklh\hf��lZd�b�\�]jZnbq_kdhf�\b^_��hi_�

jZlhj� ijh]jZffu� KBH>=K� fh`_l� ijbgylv� hdhgqZl_ev�

gh_�j_r_gb_�h�khhl\_lkl\bb�ZgZebabjm_fhc�=KO�h[t_d�

lZ�g_dhlhjhc�wlZehgghc�=KO�ba�;>��

Wdki_jbf_glZevgu_�bkke_^h\Zgby��

Ij_^eZ]Z_fZy�KBH>=K� [ueZ� bkihevah\ZgZ� ijb� j_�

r_gbb�aZ^Zqb�b^_glbnbdZpbb�=KO�jZaebqguo�h[t_dlh\��

\� qZklghklb��[ueZ� ijhZgZebabjh\ZgZ� =KO� ©KhkgZ�� djh�

gZ��Fhkdh\kdZy�h[e��� ��Z\]mklZ�� ����� ]�ª��\aylZy�k�kZclZ�

*,6�/$%�>�@��<�;>�gZ�fhf_gl�\uiheg_gby�^Zggh]h�ZgZeb�

aZ� gZoh^behkv� ���� wlZehggZy� =KO�� \dexqZy� ZgZebab�

jm_fmx�=KO��

Ijb�j_r_gbb�aZ^Zqb�b^_glbnbdZpbb�ZgZebabjm_fhc�

=KO�k�ijbf_g_gb_f�q_luj_o�jZkkfhlj_gguo�\ur_�Ze]h�

jblfh\�b^_glbnbdZpbb�[ueb�bkihevah\Zgu�\k_�wlZehg�

gu_� =KO� ba�;>�KBH>=K��<� lZ[e�� ��ij_^klZ\e_gu� iylv�

emqrbo� j_amevlZlh\� b^_glbnbdZpbb� ZgZebabjm_fhc�

=KO�� ijb� wlhf� mdZaZgu� ihjy^dh\u_� ghf_jZ� Ö
N
5 �emqrbo�

wlZehgguo�=KO��hij_^_e_ggu_�ihkj_^kl\hf�mihjy^hq_�

gby�ih�\hajZklZgbx�dhgkheb^bjmxsbo�j_clbg]h\uo�hp_�

ghd�
N

5 �� ��N . �� \k_o� wlZehgguo�=KO� �ijb� b^_glbnbdZ�

pbb� ZgZebabjm_fhc�=KO�q_lujvfy�Ze]hjblfZfb�b^_glb�

nbdZpbb���gZbf_gh\Zgby�emqrbo�wlZehgguo�=KO�k�mdZaZ�

gb_f�bo�deZkkZ�b� lbiZ��Z� lZd`_�ihjy^dh\u_�ghf_jZ�ijb�

\_^_gguo�\� lZ[ebp_�wlZehgguo�=KO��hij_^_e_ggu_�ijb�

bg^b\b^mZevghf�ijbf_g_gbb�Ze]hjblfh\�b^_glbnbdZpbb�

=KO� d� =KO� ©KhkgZ�� djhgZ��Fhkdh\kdZy� h[e��� �� Z\]mklZ��

�����]�ª�gZ�hkgh\_�f_ju�ih^h[by�_\deb^h\Z�jZkklhygby��

m]eh\hc�f_ju�ih^h[by�b�g_q_ldbo�f_j�ih^h[by�� (5 � 5D ��

�)
5 ��

�)
5 ���Ke_^m_l�hlf_lblv��qlh�\h�\k_o�ij_^klZ\e_gguo�

gb`_�lZ[ebpZo��\�lhf�qbke_�b�\�lZ[ebp_����`bjguf�rjbn�

lhf�\u^_e_gu�ihjy^dh\u_�ghf_jZ�lj_o�emqrbo�=KO��hi�

j_^_e_ggu_� dZd� ijb� bg^b\b^mZevghf� ijbf_g_gbb�Ze]h�

jblfh\�b^_glbnbdZpbb�=KO��lZd�b�\�j_amevlZl_�dhgkheb�

^Zpbb�qZklguo�j_amevlZlh\�b^_glbnbdZpbb�=KO��

GZ� jbk�� �� b� �� ijb\_^_gu�njZ]f_glu� ]eZ\gh]h� hdgZ�

ijh]jZffu�� kh^_j`Zsb_� ]jZnbq_kdmx� bgl_jij_lZpbx�

j_amevlZlh\� b^_glbnbdZpbb� =KO�� Ijb� wlhf� ihdZaZgu��

ZgZebabjm_fZy�=KO��ebgby�DEJ��]jZgbpu�dhjb^hjZ�GEJ�
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b� wlZehggZy� =KO� �\u[jZggZy� ba� lZ[ebpu� j_amevlZlh\�

b^_glbnbdZpbb� =KO��� Lhqdb� ZgZebabjm_fhc� =KO� bah�

[jZ`_gu� l_fgufb� d\Z^jZlZfb�� lhqdb� wlZehgghc� =KO� ±�

k\_leufb�hdjm`ghklyfb���

�

Jbk�����NjZ]f_gl�]eZ\gh]h�hdgZ�ijh]jZffu�k�j_amevlZlhf�

b^_glbnbdZpbb��ij_^klZ\e_gguf�\�]jZnbq_kdhf�\b^_��

�^ey�wlZehgZ�k�h[sbf�ihjy^dh\uf�ghf_jhf��jZ\guf����

�

Jbk�����NjZ]f_gl�]eZ\gh]h�hdgZ�ijh]jZffu�k�j_amevlZlhf�

b^_glbnbdZpbb��ij_^klZ\e_gguf�\�]jZnbq_kdhf�\b^_��

�^ey�wlZehgZ�k�h[sbf�ihjy^dh\uf�ghf_jhf��jZ\guf����

GZ� jbk�� �� ij_^klZ\e_gu� ZgZebabjm_fZy� =KO� b� wlZ�

ehggZy�=KO�k�ihjy^dh\uf�ghf_jhf����lZ[e������khhl\_l�

kl\mxs_c� h[t_dlm� ©KhkgZ�� djhgZ�� Fhkdh\kdZy� h[e��� ��

Z\]mklZ�� ����� ]�ª�� Ijb� wlhf� \k_� lhqdb� ZgZebabjm_fhc�

=KO�iheghklvx��kh\iZ^Zxl�k�lhqdZfb�wlZehgghc�=KO��GZ�

jbk�� �� ij_^klZ\e_gu� ZgZebabjm_fZy� =KO� b� wlZehggZy�

=KO� k� ihjy^dh\uf� ghf_jhf� �� �lZ[e�� ���� khhl\_lkl\mx�

s_c�h[t_dlm�©KhkgZ��djhgZ��Fhkdh\kdZy�h[e�����Z\]mklZ��

����� ]�ª�� Ijb� wlhf� fh`gh� m\b^_lv� gZebqb_� g_dhlhjuo�

jZkoh`^_gbc�f_`^m�ZgZebabjm_fhc�b�wlZehgghc�=KO��

Ba� lZ[e����\b^gh��qlh�\k_�wlZehggu_�=KO�emqrbo�j_�

amevlZlh\�b^_glbnbdZpbb�ijbgZ^e_`Zl�d� lhfm�`_�deZkkm�

�©>_j_\vyª�� b� d� lhfm� `_� lbim� �©JZklbl_evghklvª��� qlh��

b� ZgZebabjm_fZy� =KO� ©KhkgZ�� djhgZ�� Fhkdh\kdZy� h[e����

��Z\]mklZ�������]�ª��ohly�\k_�wlZehggu_�=KO��mqZkl\h\Z\�

rb_�\�b^_glbnbdZpbb��jZa^_e_gu�gZ���lbiZ�b����deZkk���
Ke_^m_l�hlf_lblv��qlh�ijb�bkihevah\Zgbb�lhevdh�h^�

gh]h� Ze]hjblfZ� b^_glbnbdZpbb�=KO�� j_amevlZl� b^_glb�

nbdZpbb� fh`_l� [ulv� f_g__� lhqguf� b� ^Z`_� g_\_jguf��

LZd��gZijbf_j��ba�lZ[e�����kh^_j`Zs_c���emqrbo�j_amev�

lZlh\� b^_glbnbdZpbb� ZgZebabjm_fhc� =KO� k� ihfhsvx�

lhevdh�h^gh]h�Ze]hjblfZ�b^_glbnbdZpbb�=KO�gZ�hkgh\_�

m]eh\hc� f_ju� ih^h[by� 5D �� \b^gh�� qlh�� _keb� [u� ;>� g_�

kh^_j`ZeZ� wlZehggmx� =KO� ©KhkgZ�� djhgZ�� Fhkdh\kdZy�

h[e�����Z\]mklZ������� ]�ª��lh�j_amevlZl�b^_glbnbdZpbb�±�

\u[jZggZy�\�dZq_kl\_�bkdhfhc�wlZehggZy�=KO�±�fh]�[u�

bf_lv�g_ijZ\bevgh�hij_^_e_ggu_� deZkk�b� lbi�ZgZebab�

jm_fhc� =KO�� <� lh�`_� \j_fy� dhgkheb^Zpby� qZklguo� j_�

amevlZlh\� b^_glbnbdZpbb� =KO�� ihemq_gguo� k� ijbf_g_�

gb_f� q_luj_o� Ze]hjblfh\� b^_glbnbdZpbb�� iha\hey_l�

mklZgh\blv� [he__� lhqgu_� j_clbg]h\u_� hp_gdb�
N5 �wlZ�

ehgguo�=KO�ba�;>�b�ba[_`Zlv�ijbgylby�eh`gh]h�j_r_gby�

h� j_amevlZlZo� b^_glbnbdZpbb� ZgZebabjm_fhc� =KO� �ijb�

hlkmlkl\bb� h^ghbf_ggh]h� wlZehgZ� =KO� \� ;>�� dZd� =KO�

©Q_jgha_f�lbibqguc��]hj��:����������kf��������]�ª��lZ[e�����

\lhjZy� kljhdZ��� Ijb� wlhf� ZgZebabjm_fZy� =KO� [ueZ� [u�

b^_glbnbpbjh\ZgZ� dZd� =KO� ©KhkgZ�� djhgZ��Fhkdh\kdZy�

h[e��� ��Z\]mklZ�� ����� ]�ª� �lZ[e�� ���\lhjZy�kljhdZ��k�ijZ�

\bevgh�hij_^_e_ggufb�deZkkhf�b�lbihf��

LZ[ebpZ����Emqrb_�j_amevlZlu�b^_glbnbdZpbb�=KO�©KhkgZ��djhgZ��Fhkdh\kdZy�h[e�����Z\]mklZ�������]�ª��dhgkheb^Zpby��

Ihjy^d���

ghf_j� Ö N5 �

GZbf_gh\Zgb_�h[t_dlZ�
k�wlZehgghc�=KO�

DeZkk� Lbi�
Kj_^g__�Zjbnf��

N

5 �
(5 � 5D � �)

5 �
�)

5 �

��
KhkgZ�� djhgZ�� Fhkdh\kdZy� h[e����
��Z\]mklZ�������]��

>_j_\vy� JZklbl_evghklv� �� �� �� �� ��

��
KhkgZ�� djhgZ�� Fhkdh\kdZy� h[e����
��Z\]mklZ�������]��

>_j_\vy� JZklbl_evghklv� ����� �� �� ��� ��

��
KhkgZ�� djhgZ�� Fhkdh\kdZy� h[e���
���Z\]mklZ��������]��

>_j_\vy� JZklbl_evghklv� �� ��� ��� �� ��

��
;_j_aZ�� djhgZ��Fhkdh\kdZy� h[e����
��Z\]mklZ�������]��

>_j_\vy� JZklbl_evghklv� ��� �� ��� ��� ���

��
;_j_aZ�� djhgZ��Fhkdh\kdZy� h[e���
���bxey�������]��

>_j_\vy� JZklbl_evghklv� ������ ��� ��� ��� ���

LZ[ebpZ����Emqrb_�j_amevlZlu�b^_glbnbdZpbb�=KO�

©KhkgZ��djhgZ��Fhkdh\kdZy�h[e�����Z\]mklZ�������]�ª�gZ�hkgh\_�m]eh\hc�f_ju�ih^h[by�����

5D �
GZbf_gh\Zgb_�h[t_dlZ�
k�wlZehgghc�=KO�

DeZkk� Lbi� Ihjy^d��ghf_j� Ö N5 � Kj_^g__�Zjbnf��
N

5 � (5 �
�)

5 �
�)

5 �

��
KhkgZ��djhgZ��Fhkdh\kdZy�h[e����

��Z\]mklZ�������]��
>_j_\vy� JZklbl_evghklv� �� �� �� �� ��

��
Q_jgha_f�lbibqguc��]hj��:���
��������kf��������]��

Ihq\u� =jmglu� ��� ����� ��� ���� ����

��
>_jgh\h�dZj[hgZlgZy�ihq\Z��:���
��������kf��������]��

Ihq\u� =jmglu� ���� ������ ��� ���� ����

��
>_jgh\h�dZj[hgZlgZy�ihq\Z�:���

�!���kf��������]��
Ihq\u� =jmglu� ���� ������ ���� ���� ����

��
KhkgZ��djhgZ��Fhkdh\kdZy�h[e����
���bxgy��fheh^u_�ih[_]b��������]��

>_j_\vy� JZklbl_evghklv� ��� ����� ���� �� ��
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LZ[ebpZ����Emqrb_�j_amevlZlu�b^_glbnbdZpbb�=KO�

©:knZevlbjh\Zggh_�rhkk_�kmoh_�����bxey�������]�ª�gZ�hkgh\_�m]eh\hc�f_ju�ih^h[by�����

5D
�

GZbf_gh\Zgb_�h[t_dlZ�
k�wlZehgghc�=KO�

DeZkk� Lbi�
Ihjy^d���

ghf_j� Ö N5 �

Kj_^g__�

Zjbnf��
N

5 �
(5 �

�)
5 �

�)
5 �

��
:knZevlbjh\Zggh_�rhkk_�km�
oh_�����bxey�������]��

Khhjm`_gby�
:gljhih]_ggu_�

h[t_dlu�
�� �� �� �� ��

��
Q_jgha_f�h[udgh\_gguc���
ihq\Z�km[[hj_Zevgh]h�ihykZ�

ihq\u� =jmglu� ��� ������ ���� ��� ����

��
Rhkk_� k� ZknZevlh\uf� ihdju�
lb_f��kmoh_�����bxey������]��

khhjm`_gby�
:gljhih]_ggu_�

h[t_dlu�
�� ����� �� �� ��

��
>_jgh\h�dZj[hgZlgZy�ihq\Z��
:����������kf���

ihq\u� =jmglu� ���� ������� ���� ���� ����

�� DZhebg�
]hjgu_��
ihjh^u�

=jmglu� ��� ��� ���� ��� ���

LZ[ebpZ����Emqrb_�j_amevlZlu�b^_glbnbdZpbb�=KO�

©:knZevlbjh\Zggh_�rhkk_�kmoh_�����bxey�������]�ª�gZ�hkgh\_�g_q_ldhc�f_ju�ih^h[by������
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��
:knZevlbjh\Zggh_�rhkk_��
kmoh_�����bxey�������]��

Khhjm`_gby�
:gljhih]_ggu_�

h[t_dlu�
�� �� �� �� ��

�� Kj_^gb_�]hjgu_�ihjh^u��ljZobl� =hjgu_�ihjh^u� =jmglu� ��� ������ ��� ���� ��

��
;_j_aZ��djhgZ��Fhkdh\kdZy�h[e���
��hdly[jy������]��

>_j_\vy� JZklbl_evghklv� ��� ������� ���� ���� ��

��
LZduj�lbibqguc��jZkiZoZggZy�
ihq\Z�km[ljhibq_kdh]h�ihykZ�

Ihq\u� =jmglu� ��� ����� ��� ���� ��

��
=jm[hh[ehfhqgu_�]hjgu_�ih�
jh^u��`_elh\Zlh�k_juc�f_edh�
]Ze_qguc�dhg]ehf_jZl�

=hjgu_�ihjh^u� =jmglu� �� ����� ��� ��� ��

LZ[ebpZ����Emqrb_�j_amevlZlu�b^_glbnbdZpbb�=KO�

©:knZevlbjh\Zggh_�rhkk_�kmoh_�����bxey�������]�ª�gZ�hkgh\_�f_ju�ih^h[by�_\deb^h\Z�jZkklhygby�����

(5 �
GZbf_gh\Zgb_�h[t_dlZ�
k�wlZehgghc�=KO�

DeZkk� Lbi�
Ihjy^d���

ghf_j� Ö N5 �

Kj_^g__�Zjbnf��
N

5 �
5D � �)

5 �
�)

5 �

��
:knZevlbjh\Zggh_�rhkk_�kmoh_��
���bxey�������]��

Khhjm`_gby�
:gljhih]_ggu_�

h[t_dlu�
�� �� �� �� ��

��
Rhkk_�k�ZknZevlh\uf�ihdjulb�
_f��kmoh_�����bxey������]��

Khhjm`_gby�
:gljhih]_ggu_�

h[t_dlu�
�� ���� �� �� ��

�� Ihq\Z��khehg_p�f_edbc� Ihq\u� =jmglu� ��� ��� ��� ��� ���

��
I_kqZgu_�ih^ahebklu_�ihq\u��
Kh^_j`Zgb_�\eZ]b�\�ihq\_��������

Ihq\u� =jmglu� ��� ������ ���
��
��

����

��
Rhkk_��fhs_ggh_�dZfg_f��kmoh_��
���bxey������]��

Khhjm`_gby�
:gljhih]_ggu_�

h[t_dlu�
�� ��� ��� ��� ���

�

:e]hjblfu� b^_glbnbdZpbb� =KO� gZ� hkgh\_� m]eh\hc�

f_ju�ih^h[by�b�g_q_ldbo�f_j�ih^h[by� lZd`_�g_�\k_]^Z�

^Zxl�ijb_fe_fu_�ih�lhqghklb�j_amevlZlu�b^_glbnbdZ�

pbb� =KO� >\� qZklghklb�� ijb� b^_glbnbdZpbb� =KO� kmoh]h�

ZknZevlbjh\Zggh]h� rhkk_� Ze]hjblfu� b^_glbnbdZpbb�

=KO� gZ� hkgh\_� m]eh\hc� f_ju� ih^h[by� b� g_q_ldbo� f_j�

ih^h[by�^Zxl�f_g__�lhqgu_�j_amevlZlu�b^_glbnbdZpbb��

q_f�Ze]hjblf�b^_glbnbdZpbb�=KO�gZ�hkgh\_�f_ju�koh^�

kl\Z�_\deb^h\Z�jZkklhygby��lZ[e���±��@��

LZd��gZijbf_j��ba�lZ[e����b����kh^_j`Zsbo���emqrbo�

j_amevlZlh\� b^_glbnbdZpbb� =KO� ©:knZevlbjh\Zggh_�

rhkk_�kmoh_�� ���bxey�� ����� ]�ª�khhl\_lkl\_ggh�k�ihfh�

svx� lhevdh� h^gh]h� Ze]hjblfZ� b^_glbnbdZpbb� =KO� gZ�

hkgh\_� m]eh\hc� f_ju� ih^h[by� ���� 5D �b� lhevdh� h^gh]h�

Ze]hjblfZ�b^_glbnbdZpbb�=KO�gZ�hkgh\_�g_q_ldhc�f_ju�

�����
�)

5 �\b^gh�� qlh�� _keb� [u�;>� g_� kh^_j`ZeZ� wlZehg�

gmx� =KO� ©:knZevlbjh\Zggh_� rhkk_� kmoh_�� ��� bxey��

����� ]�ª�� lh� j_amevlZlu� b^_glbnbdZpbb� ±� \u[jZggu_� \�

dZq_kl\_� bkdhfhc� wlZehggu_� =KO� ©Q_jgha_f� h[udgh�

\_gguc��ihq\Z�km[[hj_Zevgh]h�ihykZª��lZ[e�����kljhdZ����

b�=KO�©Kj_^gb_� ]hjgu_�ihjh^u��ljZoblª� �lZ[e�����kljh�

dZ� ��� ±� fh]eb� [u� bf_lv� g_ijZ\bevgh� hij_^_e_ggu_�

deZkk�b�lbi�ZgZebabjm_fhc�=KO��

<� lh`_� \j_fy� ba� lZ[e�� ��� kh^_j`Zs_c� ��emqrbo� j_�

amevlZlh\�b^_glbnbdZpbb�=KO�©:knZevlbjh\Zggh_�rhk�

k_� kmoh_�� ��� bxey�� ����� ]�ª� k� ihfhsvx� lhevdh� h^gh]h�

Ze]hjblfZ�b^_glbnbdZpbb�=KO�gZ�hkgh\_�f_ju�koh^kl\Z�

_\deb^h\Z�jZkklhygby� ����
(5 ��\b^gh��qlh��^Z`_�_keb�[u�

;>� g_� kh^_j`ZeZ� wlZehggmx� =KO� ©:knZevlbjh\Zggh_�

rhkk_�kmoh_�����bxey�������]�ª��lh�j_amevlZl�b^_glbnb�

dZpbb� ±� \u[jZggZy� \� dZq_kl\_� bkdhfhc� wlZehggZy� =KO�

©Rhkk_�k�ZknZevlh\uf�ihdjulb_f��kmoh_�����bxey������]�ª�

�lZ[e�����kljhdZ����±�bf_e�[u��ih�djZcg_c�f_j_��ijZ\bev�

gh�hij_^_e_ggu_�deZkk�b�lbi�ZgZebabjm_fhc�=KO��

Ijb� wlhf� dhgkheb^Zpby� qZklguo� j_amevlZlh\� b^_glb�

nbdZpbb� =KO� ©:knZevlbjh\Zggh_�rhkk_� kmoh_�� ��� bxey��

����� ]�ª�� ihemq_gguo� k� ijbf_g_gb_f� q_lujzo� ij_^eZ]Z_�

fuo� Ze]hjblfh\� b^_glbnbdZpbb�� iha\hey_l� ijbgylv� ijZ�

\bevgh_�j_r_gb_�ih�b^_glbnbdZpbb�ZgZebabjm_fhc�=KO��
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Ijb\_^_ggu_�ijbf_ju�k\b^_l_evkl\m_l�h�p_e_khh[�

jZaghklb� kh\f_klgh]h� ijbf_g_gby� g_kdhevdbo� Ze]hjbl�

fh\� b^_glbnbdZpbb� =KO� k� p_evx� ihke_^mxs_c� dhgkh�

eb^Zpbb�qZklguo�j_amevlZlh\�b^_glbnbdZpbb��

AZdexq_gb_�

J_amevlZlu� wdki_jbf_glZevguo� bkke_^h\Zgbc� ih^�

l\_j`^Zxl� p_e_khh[jZaghklv� ^Zevg_cr_]h� jZa\blby�

ij_^eZ]Z_fh]h� ih^oh^Z� d� j_r_gbx� aZ^Zqb� b^_glbnbdZ�

pbb�=KO�h[t_dlh\��hkgh\Zggh]h�gZ�dhgkheb^Zpbb�qZklguo�

j_amevlZlh\�b^_glbnbdZpbb�=KO�h[t_dlh\��ihemq_gguo�k�

ijbf_g_gb_f� jZaebqguo� h[hkgh\Zggh� \u[jZgguo� Ze]h�

jblfh\� b^_glbnbdZpbb� =KO� h[t_dlh\�� k�p_evx� ih\ur_�

gby�gZ^_`ghklb�deZkkbnbdZpbhggh]h�j_r_gby��Bkihevah�

\Zgb_�lZdh]h�ih^oh^Z�iha\hebl�j_rblv�aZ^Zqm�b^_glbnb�

dZpbb� h[t_dlh\� a_fghc� ih\_joghklb� ih� \u^_e_gguf� k�

h[jZ[hlZgguo�dhkfbq_kdbo�kgbfdh\�D:�©J_kmjk�Iª�]bi_j�

ki_dljZevguf�oZjZdl_jbklbdZf�k�ihke_^mxsbf�gZdhie_�

gb_f�wlZehgguo�oZjZdl_jbklbd�\�[Za_�^Zgguo��qlh��\�k\hx�

hq_j_^v�� h[_ki_qbl� kha^Zgb_� ZdlmZevghc� hl_q_kl\_gghc�

ki_dljZevghc�[b[ebhl_db�wlZehgh\��dhlhjmx�fh`gh�[m^_l�

ijbf_gylv� ijb� fhgblhjbg]_� khklhygby� k_evkdhohayckl�

\_gguo� m]h^bc��e_kguo�fZkkb\h\�� \h^guo� j_kmjkh\�� wdh�

eh]bq_kdh]h�khklhygby�ihq\�b�l�i��

Ebl_jZlmjZ�

���86*6�6SHFWURVFRS\�/DE��KWWS���VSHFODE�FU�XV�JV�JRY��

���-HW� 3URSXOVLRQ� /DERUDWRU\�� $67(5� 6SHFWUDO� /LEUDU\���

1$6$��KWWS���VSHFODE�MSO�QDVD�JRY��

���Ki_dljZevgu_� [b[ebhl_db� ±� bklhqgbd� ^Zgguo� ih�

ki_dljZf��*,6�/$%��KWWS���ZZZ�JLV�ODE�LQIR��

���Ijh]jZffguc�dhfie_dk� (19,��Mq��ihkh[b_��DhfiZ�

gby�©Kh\ahg^ª��±�������KWWS���ZZZ�VRY]RQG�UX��

���Rh\_g]_j^l� J�:�� >bklZgpbhggh_� ahg^bjh\Zgb_��

Fh^_eb�b�f_lh^u�h[jZ[hldb�bah[jZ`_gbc�� ±�F���L_ogh�

kn_jZ��������±�����k��

���QZg^jZ�:�F���Dhr�K�D��>bklZgpbhggh_� ahg^bjh\Z�

gb_� b� ]_h]jZnbq_kdb_� bgnhjfZpbhggu_� kbkl_fu�� ±�F���

L_oghkn_jZ��������±�����k��

���Jbk� M�=�� Hkgh\u� ^bklZgpbhggh]h� ahg^bjh\Zgby�±�

F���L_oghkn_jZ��������±�����k��

���Iuevdbg�:�G���Lbrdbg�J�<���LjmoZgh\�K�<��AZ^Zqb�

'$7$�0,1,1*�b�bo�j_r_gb_�\�kh\j_f_gguo�j_eypbhgguo�

KM;>� ��� <_klgbd� JyaZgkdh]h� ]hkm^Zjkl\_ggh]h� jZ^bhl_o�

gbq_kdh]h� mgb\_jkbl_lZ�� ±� ������ ±� ��� �\uimkd� ����� ±��

K���������

���Qm[mdh\Z�B�:�� 'DWD�0LQLQJ��Hkgh\u� bgnhjfZpbhg�

guo�l_ogheh]bc��Ki_pbZevgu_�dmjku��Ba^Zl_evkl\h�©;b�

ghfª��EZ[hjZlhjby�agZgbc��������±�����k��

����<DQJ�&���(YHULWW�-�+����%UDGIRUG�-�0��<LHOG�HVWLPDWLRQ�

IURP� K\SHUVSHFWUDO� LPDJHU\� XVLQJ� VSHFWUDO� DQJOH� PDSSHU�

�6$0��� ±� $PHULFDQ� 6RFLHW\� RI� $JULFXOWXUDO� DQG� %LRORJLFDO�

(QJLQHHUV��9RO�������������������

����9DQ� GHU� :HNHQ� '��� 1DFKWHJDHO� 0��� .HUUH� (�(�� $Q�

RYHUYLHZ�RI�VLPLODULW\�PHDVXUHV�IRU�LPDJHV����3URFHHGLQJV�RI��

,&$663�������,(((�,QW��&RQI��$FRXVWLFV��6SHHFK�DQG�6LJQDO�

3URFHVVLQJ���±�2UODQGR��86$��±�������±�SS�������������

����Iuevdbg�:�G���Lbrdbg�J�<��F_lh^u� b� Ze]hjblfu�

k_]f_glZpbb�bah[jZ`_gbc�� ±�F���=hjyqZy�ebgby� ±�L_e_�

dhf��������±����k��

����Fylh\�=�G���Lbrdbg�J�<���Mr_gdbg�<�:���X^Zdh\�:�:��

Ijbf_g_gb_� g_q_ldbo� f_j� ih^h[by� \� aZ^Zq_� kh\f_s_�

gby� bah[jZ`_gbc� ih\_joghklb� A_feb� ��� <_klgbd� JyaZg�

kdh]h� ]hkm^Zjkl\_ggh]h� jZ^bhl_ogbq_kdh]h� mgb\_jkbl_�

lZ��±�������±�����\uimkd������±�K����������

����LjmoZgh\�K�<���X^Zdh\�:�:��Kha^Zgb_� kljmdlmju�

[Zau�^Zgguo�kbkl_fu�bgl_ee_dlmZevghc�h[jZ[hldb�^Zg�

guo� ]bi_jki_dljZevghc� kt_fdb�� K\b^_l_evkl\h� h� ]hkm�

^Zjkl\_gghc� j_]bkljZpbb�ijh]jZffu�^ey�W<F� \�N_^_�

jZevghc� kem`[_� ih� bgl_ee_dlmZevghc� kh[kl\_gghklb�

������������hl�������������

����LjmoZgh\�K�<���X^Zdh\�:�:��Ijh]jZffZ�bgl_ee_d�

lmZevghc� h[jZ[hldb�^Zgguo� ]bi_jki_dljZevghc� kt_fdb��

K\b^_l_evkl\h� h� ]hkm^Zjkl\_gghc� j_]bkljZpbb� ijh�

]jZffu�^ey�W<F�\�N_^_jZevghc�kem`[_�ih�bgl_ee_dlm�

Zevghc�kh[kl\_gghklb�������������hl�������������

����Dj_f_j�G�R���Imldh�;�:���Ljbrbg�B�F���Njb^fZg�F�G��

<ukrZy�fZl_fZlbdZ� ^ey� wdhghfbklh\�� Mq_[gbd� ^ey� \m�

ah\��F���XGBLB��������±�����k��

����>_fb^h\Z�E�:���Fylh\�=�G��Ih^oh^� d�hp_gd_�mgb�

dZevghklb�dmkhqgh�ebg_cguo�h[t_dlh\�k�bkihevah\Zgb_f�

g_q_ldhc� ebg_cghc� j_]j_kkbb� ���Kbkl_fu� mijZ\e_gby� b�

bgnhjfZpbhggu_�l_ogheh]bb��������L�����������K���������

����+DHNZDQ� /HH�� +LGHR� 7DQDND� )X]]\� DSSUR[LPDWLRQV�

ZLWK� QRQ�V\PPHWULF� IX]]\� SDUDPHWHUV� LQ� IX]]\� UHJUHVVLRQ�

DQDO\VLV�� 2VDND� SUHIHFWXUH� 8QLYHUVLW\�� -RXUQDO� RI� WKH�

2SHUDWLRQV�5HVHDUFK�6RFLHW\�RI�-DSDQ��9RO�����������0DUFK�

������

����:gmnjb_\� ?�B��� Kfbjgh\� :�;��� Kfbjgh\Z� ?�G��

0$7/$%����±�KI[��;O<�I_l_j[mj]��������±������k��

����>_fb^h\Z�E�:���Lbrdbg�J�<���X^Zdh\�:�:��JZajZ�

[hldZ� ZgkZf[ey� Ze]hjblfh\� deZkl_jbaZpbb� gZ� hkgh\_�

fZljbp� ih^h[by� f_lhd� deZkl_jh\� b� Ze]hjblfZ� ki_d�

ljZevghc�nZdlhjbaZpbb� ��� <_klgbd� JyaZgkdh]h� ]hkm^Zj�

kl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��������������

������K��������

7+(�2%-(&76�+<3(563(&75$/�

)($785(�,'(17,),&$7,21�

$/*25,7+06�,1�7+(�($57+�5(027(�

6(16,1*�7$6.6�

'HPLGRYD�/�$���7LVKNLQ�5�9����

7UXNKDQRY�6�9��

7KH�DSSURDFK�WR�UHVROYH�WKH�WDVN�RI�(DUWK�REMHFWV¶�LGHQWLIL�

FDWLRQ� IRXQGHG� RQ� K\SHUVSHFWUDO� REMHFWV¶� IHDWXUH� DQDO\]H��

ZKLFK� DUH� JRW� IURP� SURFHVVHG� VSDFH� LPDJHV�� E\�PHDQV� RI�

LGHQWLILFDWLRQ� DOJRULWKPV�� EDVHG� RQ� WKH� GLIIHUHQW� VLPLODULW\�

PHDVXUHV�� LV� FRQVLGHUHG�� 7KH� UHVXOWV� RI� K\SHUVSHFWUDO� LQIRU�

PDWLRQ�SURFHVVLQJ�E\�PHDQV�RI�WKH�RIIHUHG�LGHQWLILFDWLRQ�DOJR�

ULWKPV��DUH�UHSUHVHQWHG��

�

�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�

�



�

�

�
���

JZkkfZljb\Zxlky� \hijhku� ih\ur_gby� ijhkljZgkl\_ggh]h�

jZaj_r_gby� ]bi_jki_dljZevguo� ^Zgguo��Ij_^eZ]Z_lky� gh\uc� ih^�

oh^� d� j_r_gbx� wlhc� aZ^Zqb� k� bkihevah\Zgb_f� Ze]hjblfZ� ki_d�

ljZevgh]h� jZa^_e_gby� ibdk_e_c� ]bi_jki_dljZevgh]h� bah[jZ`_�

gby��Ki_dljZevgh_� jZa^_e_gb_� ij_^eZ]Z_lky� \uihegylv� k� ijb\e_�
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Ih\ur_gb_�ijhkljZgkl\_ggh]h�jZaj_r_gby�=KB��

<� dZ`^hc� lhqd_� \ukhdh^_lZevgh]h� kgbfdZ� \hkklZ�

gZ\eb\Z_lky� ki_dljZevgZy� oZjZdl_jbklbdZ�� L_f� kZfuf�

nhjfbjm_lky� gh\h_� ]bi_jki_dljZevgh_� bah[jZ`_gb_� k�

ijhkljZgkl\_gguf� jZaj_r_gb_f� \ukhdh^_lZevgh]h�

kgbfdZ��

Wlhl�ijhp_kk�\dexqZ_l�ke_^mxsb_�rZ]b��

RZ]� ��� <uihegyxlky� rZ]b� ���� Ze]hjblfZ� km[ibd�

k_evgh]h�ki_dljZevgh]h�jZa^_e_gby�=KB��
RZ]����Nhjfbjm_lky� gh\h_� bah[jZ`_gb_�

^ `  �� � �� � ��
UVN

' ' U 5 V 6 N .    �k� ijhkljZgkl\_g�

guf� jZaj_r_gb_f� bah[jZ`_gby� ' �b� kh� ki_dljZevguf�

jZaj_r_gb_f� bah[jZ`_gby� % �� Ki_dlj� dZ`^hc� lhqdb� \�

\b^_� \_dlhjZ� � � �� �
UV UVS

' ' S 3  �khihklZ\ey_lky� k�

hihjgufb� ki_dljZfb� 
L6 �ba� kibkdZ� 6 �� <� j_amevlZl_�

khihklZ\e_gby�^ey�ijhba\hevghc�nbdkbjh\Zgghc�lhqdb�

� � �U V �gZoh^blky�gZb[he__�[ebadbc�hihjguc�ki_dlj�


O6 ��

]^_�
DUJPD[ � � �L UV

L
O 6 ' ) �� Ihke_� q_]h� \_dlhj�



UV' �aZ�

f_gy_lky� gZ�


O6 ��<� j_amevlZl_� \� qZklhc� j_r_ld_�� khhl�

\_lkl\mxs_c� fgh]hahgZevghfm� bah[jZ`_gbx� ' �� nhj�

fbjm_lky�]bi_jki_dljZevgh_�bah[jZ`_gb_� '

��

RZ]����Bkoh^y�ba�nbabq_kdh]h�ijbgpbiZ�kt_fdb���

� �
�

�



� �

S

S

UVS S UVN
' '

O

O

O O

G O
 

 ¦ �� �

l�_��kmffZ�we_f_glh\�ihemq_ggh]h�ki_dljZ�


UV' �\�^bZiZ�

ahgZo� kt_fdb� fgh]hahgZevgh]h� bah[jZ`_gby� ^he`gZ�

[ulv� jZ\gZ� agZq_gbx� yjdhklb� \� khhl\_lkl\mxs_f� ibd�

k_e_� UV' ��H^gZdh� ba�aZ� jZaebqguo� mkeh\bc� ihemq_gby�

hihjghc� KO� �gZ� hkgh\_� dhlhjhc� knhjfbjh\Zg� ki_dlj�

lhqdb�


UV' ��b�nZdlbq_kdb�ZgZebabjm_fhc�lhqdb� � � �U V �wlh�

jZ\_gkl\h��g_��\uihegy_lky���>ey��jZaj_r_gby��wlhc��kb��

lmZpbb� jZkkqblu\Zxlky� fmevliebdZlb\gu_� dhwnnbpb�

_glu�dhjj_dpbb� UVNJ ��lZdb_�qlh���

� � � �

�

�



� �

S

S

UVS S UVNUVN
' '

O

OO
O O

G O J
 

 ¦ �� �

]^_� � �UVN OJ �±�g_ij_ju\gZy�nmgdpby�hl� � �N O ��ihkljh_ggZy�

iml_f�ebg_cghc�bgl_jiheypbb� 3 �lhq_d���


UVSUVS UVS' 'J  �� � �

�

�

 

� �

S

S

UVS S UVN
' '

O

O

O O

G O
 

 ¦ �� ��S 3 ��

J_amevlbjmxs__� bah[jZ`_gb_�
' �gZoh^blky� dZd�

� � 

UVN UV UVN
' N 'J ��<�j_amevlZl_�\�maeZo�qZklhc�j_r_ldb��

khhl\_lkl\mxs_c� \ukhdh^_lZevghfm� fgh]hahgZevghfm�

bah[jZ`_gbx� ' �� nhjfbjm_lky� blh]h\h_� ]bi_jki_d�

ljZevgh_� bah[jZ`_gb_�
' �� h[eZ^Zxs__� \ukhdbfb� b�

ijhkljZgkl\_gguf�b�ki_dljZevguf�jZaj_r_gbyfb��

Wdki_jbf_glu�b�\u\h^u�

BkiulZgby�jZkkfhlj_gguo� Ze]hjblfh\� \uihegyebkv�

ke_^mxsbf� h[jZahf� �jbk�� ���� <� dZq_kl\_� hihjghc� bg�

nhjfZpbb�bkihevah\Zeky�Z\bZpbhgguc� ]bi_jki_dljZev�

guc� kgbfhd� \ukhdh]h� ijhkljZgkl\_ggh]h� jZaj_r_gby�

% ��khklhysbc�ba�.�dZgZeh\��Wlhl�kgbfhd�bkihevah\Ze�

ky�\�dZq_kl\_�wlZehggh]h��GZ�hkgh\_�g_]h�iml_f�hi_jZ�

pbb� mkj_^g_gby� b� ijhj_`b\Zgby� \� T� jZa� kljhbehkv� ]b�

i_jki_dljZevgh_�bah[jZ`_gb_�gbadh]h�ijhkljZgkl\_ggh�

]h� jZaj_r_gby� % �� Iml_f� h[t_^bg_gby� ki_dljZevguo�

dZgZeh\� nhjfbjh\Zeky� fgh]hahgZevguc� kgbfhd� ' ��

\dexqZxsbc� / �^bZiZahgh\�� ]^_� / ���� . ��Bah[jZ`_gb_�

' �h[eZ^Zeh� ijhkljZgkl\_gguf� jZaj_r_gb_f� bkoh^gh�

]h� bah[jZ`_gby�

% �k� kms_kl\_ggh�f_gvrbf� ki_dljZev�

guf� jZaj_r_gb_f�� <uihegyehkv� ih\ur_gb_� ijhkljZg�

kl\_ggh]h� jZaj_r_gby� bah[jZ`_gby� % �gZ� hkgh\_� ki_d�

ljZevgh]h� jZa^_e_gby� �\� dZq_kl\_� f_ju� koh^kl\Z� ) �

bkihevah\ZeZkv�f_jZ�ki_dljZevgh]h�m]eZ�>��@���<�j_amev�

lZl_�nhjfbjh\Zehkv� bah[jZ`_gb_�
' �� DZq_kl\h� jZ[h�

lu� Ze]hjblfZ� ki_dljZevgh]h� jZa^_e_gby� hp_gb\Zehkv�

iml_f� khihklZ\e_gby� KO� h^ghbf_gguo� we_f_glh\� bah�

[jZ`_gbc�
' �b�


% ��K�bkihevah\Zgb_f�f_ju�ki_dljZev�

gh]h� m]eZ� hp_gb\ZeZkv� hrb[dZ� ki_dljZevgh]h� jZa^_e_�

gby��AZ�hrb[hqgu_�ijbgbfZebkv�lhqdb��^ey�dhlhjuo�wlZ�

f_jZ�ij_\urZeZ���]jZ^mkh\��<�j_amevlZl_�gZ�^hklZlhq�

gh� ij_^klZ\bl_evghf� klZlbklbq_kdhf� fZl_jbZe_� �ijb�

T ��� b� / ��� mklZgh\e_gh�� qlh� ^hey� hrb[hqguo� lhq_d�

khklZ\beZ� ���� kj_^gyy� \_ebqbgZ� wlhc� hrb[db� ih� \k_f�

lhqdZf�khklZ\ey_l�����]jZ^mkZ��Z�KDH�±�����]jZ^mkZ��

�

Jbk�����Ko_fZ�jZkq_lZ�ihdZaZl_ey�dZq_kl\Z�ih\ur_gby�jZaj_r_gby�=KB�



 

Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

�

Jbk�����WlZehggZy�b�\hkklZgh\e_ggZy�KO�

�

Jbk�����Dhfie_dkbjh\Zgb_�=KB�k�^Zggufb�\ukhdh]h�ijhkljZgkl\_ggh]h�jZaj_r_gby�

GZ� jbk�� �� ke_\Z� ijb\_^_gu� ^\_� KO�� ihkljh_ggu_�

^ey�\iheg_�hij_^_e_ggh]h�h[t_dlZ��djZkguf�p\_lhf�±�

^ey�=KB�\ukhdh]h�jZaj_r_gby�

% ��kbgbf�p\_lhf�±�^ey�

\hkklZgh\e_ggh]h� =KB�
' �� GZ� jbk�� �� kijZ\Z� ij_^�

klZ\e_gu�ZgZeh]bqgu_�j_amevlZlu�^ey�^jm]h]h�h[t_d�

lZ��DZd�\b^bf��\hkklZgh\e_ggu_�KO�^hklZlhqgh�[ebadb�

d�wlZehgguf��

<� dZq_kl\_� ijbf_jZ� gZ� jbk�� ��ij_^klZ\e_g� j_amevlZl�

dhfie_dkbjh\Zgby��ke_\Z� ±�=KB�k�gbadbf�ijhkljZgkl\_g�

guf� jZaj_r_gb_f�� \� p_glj_� ±� fgh]hahgZevguc� kgbfhd�

\ukhdh]h� ijhkljZgkl\_ggh]h� jZaj_r_gby�� kijZ\Z� ±� j_�

amevlbjmxs__�=KB��

LZdbf� h[jZahf�� ij_^eh`_g� ih^oh^� d� ki_dljZevghfm�

jZa^_e_gbx� ]bi_jki_dljZevguo�bah[jZ`_gbc�k�ijb\e_q_�

gb_f� \� dZq_kl\_� hihjghc� bgnhjfZpbb� \ukhdh^_lZevguo�

fgh]hahgZevguo� kgbfdh\�� JZajZ[hlZg� Ze]hjblf� ih\ur_�

gby� ijhkljZgkl\_ggh]h� jZaj_r_gby� ]bi_jki_dljZevguo�

kgbfdh\��hkgh\Zgguc�gZ�ki_dljZevghf�jZa^_e_gbb�ibdk_�

e_c� =KB�� <uiheg_gZ� hp_gdZ� dZq_kl\Z� Ze]hjblfZ� ki_d�

ljZevgh]h� jZa^_e_gby� b� ih\ur_gby� ijhkljZgkl\_ggh]h�

jZaj_r_gby�=KB�gZ�hkgh\_�gZlmjghc�b�fh^_evghc�bgnhj�

fZpbb��

Ebl_jZlmjZ�

���?j_f__\� <�<�� ©Kh\j_f_ggu_� gZijZ\e_gby� jZ[hl�

ih�ZgZebam�b�ih\ur_gbx�dZq_kl\Z� dhkfbq_kdbo�bah[jZ�

`_gbc�ih\_joghklb�A_febª� ���Pbnjh\Zy� h[jZ[hldZ� kb]�

gZeh\������������K�����±�����

���:of_lh\�J�G���KljZlbeZlh\�G�J���X^Zdh\�:�:���<_�

a_gh\�<�B���?j_f__\�<�<��©Fh^_eb�nhjfbjh\Zgby�b�g_�

dhlhju_� Ze]hjblfu� h[jZ[hldb� ]bi_jki_dljZevguo� bah�

[jZ`_gbcª����Bkke_^h\Zgb_�A_feb�ba�dhkfhkZ������������

K���������

���/XFDV� 3DUUD�� &OD\� 6SHQFH�� 3DXO� 6DMGD�� $QGUHDV�

=LHKH��.ODXV�5REHUW�0�OOHU��©8QPL[LQJ�+\SHUVSHFWUDO�'DWDª��

LQ� $GYDQFHV� LQ� 1HXUDO� ,QIRUPDWLRQ� 3URFHVVLQJ� ����

�3URF��1,36�����������33�����������

���-�-��6HWWOH��©/LQHDU�PL[LQJ�DQG�WKH�HVWLPDWLRQ�RI�HQG�

PHPEHUV�IRU�WKH�VSHFWUDO�GHFRPSRVLWLRQ�RI�UHPRWHO\�VHQVHG�

VFHQHVª�� 63,(� 5HPRWH� 6HQVLQJ� IRU� *HRORJ\�� �������

������33�����������

���,RUGDFKH�� 0��'��� %LRXFDV�'LDV�� -�0��� 3OD]D�� $���

©6SDUVH�8QPL[LQJ�RI�+\SHUVSHFWUDO�'DWDª��*HRVFLHQFH�DQG�

5HPRWH�6HQVLQJ��,(((�7UDQVDFWLRQV�RQ���YRO�����QR����������

33�������������
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�

�
���

���:glhgmrdbgZ�K�<���?j_f__\�<�<���FZdZj_gdh\�:�:���

Fhkd\blbg�:�W��©Hkh[_gghklb�ZgZebaZ�b�h[jZ[hldb�bg�

nhjfZpbb�hl�kbkl_f�]bi_jki_dljZevghc�kt_fdb�a_fghc�

ih\_joghklbª� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ����

������K���������

���?j_f__\� <�<��� FZdZj_gdh\� :�:��� Fhkd\blbg� :�W���

X^Zdh\�:�:��©Ih\ur_gb_�q_ldhklb�hlh[jZ`_gby�h[t_d�

lh\� gZ� ^Zgguo� ]bi_jki_dljZevghc� kt_fdb� a_fghc� ih�

\_joghklbª����Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\������������

K�����±�����

���?j_f__\�<�<��©Kh\j_f_ggu_�ijh[e_fu�h[jZ[hldb�

^Zgguo�^bklZgpbhggh]h�ahg^bjh\Zgby�A_febª����JZ^bh�

l_ogbdZ������������K���������

���?j_f__\�<�<���FZdZj_gdh\�:�:���Fhkd\blbg�:�W���

Fylh\� =�G�� ©Ih\ur_gb_� bgnhjfZlb\ghklb� fZl_jbZ�

eh\� kt_fdb� A_feb� aZ� kq_l� h[t_^bg_gby� ]bi_jki_d�

ljZevghc� bgnhjfZpbb� k�^Zggufb� hl�^jm]bo� kt_fhq�

guo� kbkl_fª� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\������

������K�����±�����

����<XKDV��5�+���*RHW]��$��)��+���DQG�%RDUGPDQ��-��:����

©'LVFULPLQDWLRQ� DPRQJ� VHPLDULG� ODQGVFDSH� HQGPHPEHUV�

XVLQJ� WKH� VSHFWUDO� DQJOH� PDSSHU� �6$0�� DOJRULWKPª���

,Q� 6XPPDULHV� RI� WKH� 7KLUG� $QQXDO� -3/� $LUERUQH� *HR�

VFLHQFH�:RUNVKRS�� -3/� 3XEOLFDWLRQ� ������� YRO�� ��� ������

33����������

,1&5($6,1*�2)�63$7,$/�

5(62/87,21�2)�+<3(563(&75$/�

,0$*(5<�2)�($57+�%$6('��

21�)86,21�:,7+�+,*+��

5(62/87,21�,0$*(6�

(UHPHHY�9�9���0DNDUHQNRY�$�$����

0RVNYLWLQ�$�(��

,QFUHDVLQJ� RI� VSDWLDO� UHVROXWLRQ� RI� K\SHUVSHFWUDO� GDWD�

ZHUH� UHYLHZHG�� $� QHZ� DSSURDFK� WR� VROYLQJ� WKLV� SUREOHP� LV�

SURSRVHG�� ,W� LV� EDVHG� RQ� VSHFWUDO� XQPL[LQJ� DOJRULWKP��

6SHFWUDO� XQPL[LQJ� LV� GRQH� E\� LQFRUSRUDWLQJ� RI� WKH�

V\QFKURQRXV� KLJK� UHVROXWLRQ�PXOWLVSHFWUDO� VXUYH\� GDWD�� 5H�

VXOWV� RI� SURFHVVLQJ� RI� WKH� DFWXDO� K\SHUVSHFWUDO� GDWD� ZHUH�

SUHVHQWHG���

@mjgZe�©Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\ª��

ihdhjy_l�\_jrbgu�]hj�«�

�
�
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JZkkfhlj_gZ� aZ^ZqZ� hp_gb\Zgby� ijhkljZgkl\_gghc� hjb_glZpbb�

h[t_dlZ� ih� _]h� ^\mf_jghfm� bah[jZ`_gbx�k� bkihevah\Zgb_f� ba\_kl�

ghc� lj_of_jghc� fh^_eb� h[t_dlZ�� Ij_^eh`_g� Ze]hjblf� ij_^\Zjb�

l_evgh]h�hp_gb\Zgby�ijhkljZgkl\_gghc�hjb_glZpbb�h[t_dlZ�k�ih�

fhsvx�^_kdjbilhjZ�\g_rg_]h� dhglmjZ��Ij_^klZ\e_gu�j_amevlZlu�

wdki_jbf_glZevguo�bkke_^h\Zgbc�ij_^eh`_ggh]h�Ze]hjblfZ��

M>D���������

:E=HJBLF�IJ?><:JBL?EVGH=H�HP?GB<:GBY�IJHKLJ:GKL<?GGHC�
HJB?GL:PBB�H;T?DL:�K�IHFHSVX�>?KDJBILHJ:�<G?RG?=H�DHGLMJ:�

:eiZlh\�;�:���^�l�g���aZ\_^mxsbc�dZn_^jhc�Z\lhfZlbdb�b�bgnhjfZpbhgguo�l_ogheh]bc�\�mijZ\e_gbb�
JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��J=JLM���H�PDLO��DLWX#UVUHX�UX��

;Z[Zyg�I�<���d�l�g���^hp_gl�dZn_^ju�Z\lhfZlbdb�b�bgnhjfZpbhgguo�l_ogheh]bc�\�mijZ\e_gbb�J=JLM���
H�PDLO��DLWX#UVUHX�UX��

Kfbjgh\�K�:���g�k��dZn_^ju�Z\lhfZlbdb�b�bgnhjfZpbhgguo�l_ogheh]bc�\�mijZ\e_gbb�J=JLM��

FZke_ggbdh\�?�:���klm^_gl�J=JLM���

�

Dexq_\u_� keh\Z�� hij_^_e_gb_� hjb_glZ�
pbb�� ^_kdjbilhj� \g_rg_]h� dhglmjZ�� ]_hkn_jZ��

m]eu�Wce_jZ��

<\_^_gb_�

Hp_gb\Zgb_� ijhkljZgkl\_gghc� hjb_glZpbb�

h[t_dlZ� ih� _]h� bah[jZ`_gbx� y\ey_lky� ZdlmZev�

ghc� aZ^Zq_c� l_ogbq_kdh]h� aj_gby� >�@�� Hp_gb\Zgb_�

ijhkljZgkl\_gghc�hjb_glZpbb�h[t_dlh\�gZb[he__�\hklj_�

[h\Zgh�\�lZdbo�ijbeh`_gbyo�dZd��

±�mijZ\e_gb_� gZa_fgufb� fh[bevgufb� jh[hlZfb�� ib�

ehlbjm_fufb�b�[_kibehlgufb�e_lZl_evgufb�ZiiZjZlZfb��

±�Z\lhfZlbq_kdZy�^haZijZ\dZ�e_lZl_evguo�ZiiZjZlh\��

±�kludh\dZ�dhkfbq_kdbo�dhjZ[e_c�>�@��

±�nhjfbjh\Zgb_�bah[jZ`_gbc�\�kbkl_fZo�memqr_ggh]h�

b�kbgl_abjh\Zggh]h�\b^_gby���

±�ZgZeba�b�bg^_dkZpby�\b^_hkx`_lh\��

<�jZ[hlZo� >����@�[ue�ij_^eh`_g�ih^oh^�d�j_r_gbx�aZ�

^Zqb� hp_gb\Zgby� ijhkljZgkl\_gghc� hjb_glZpbb� h[t_dlZ��

khklhysbc� ba� ^\mo� wlZih\�� h[mq_gb_� b� hp_gb\Zgb_�� GZ�

wlZi_� h[mq_gby� ijhbkoh^bl� jZkq_l�^_kdjbilhjh\� wlZehg�

guo� bah[jZ`_gbc� h[t_dlZ� ijb� jZ\ghf_jgh� jZkij_^_e_g�

guo� gZ� kn_j_� hjb_glZpbyo�� WlZehggu_� bah[jZ`_gby�

nhjfbjmxlky�gZ�hkgh\_� �'�fh^_eb�bkke_^m_fh]h�h[t_d�

lZ�� GZ� wlZi_� hp_gb\Zgby� ^ey� hij_^_e_gby� hjb_glZpbb�

h[t_dlZ� gZoh^blky� ^_kdjbilhj� wlZehggh]h� bah[jZ`_gby��

dhlhjuc�\�gZb[hevr_c�kl_i_gb�khhl\_lkl\m_l�^_kdjbilhjm�

gZ[ex^Z_fh]h� bah[jZ`_gby�� Ij_^klZ\e_gh� �� Ze]hjblfZ�

hp_gb\Zgby�ijhkljZgkl\_gghc�hjb_glZpbb�h[t_dlZ��hkgh�

\Zgguo�gZ�^Zgghf�ih^oh^_��k�bkihevah\Zgb_f�;IN��k�bk�

ihevah\Zgb_f�l_dklmjguo�oZjZdl_jbklbd��k�bkihevah\Zgb�

_f� kljmdlmjgh]h� ZgZebaZ��Ke_^m_l� hlf_lblv��qlh�ij_^eh�

`_ggu_� Ze]hjblfu� h[eZ^Zxl� jy^hf� g_^hklZldh\�� LZd��

Ze]hjblf� gZ� hkgh\_� l_dklmjgh]h� ZgZebaZ� qm\kl\bl_e_g� d�
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lhj�� hkgh\Zgguc� gZ� oZjZdl_jbklbdZo� dhglmjZ� h[t_dlZ��

Ihke_� [bgZjbaZpbb� wlZehggh]h� bah[jZ`_gby� �jbk�� �Z��
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<_ebqbgZ� VH �hibku\Z_l�� gZkdhevdh� baf_gy_lky� ^_�

kdjbilhj� aZrmfe_ggh]h� bah[jZ`_gby� h[t_dlZ� hlghkb�
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\_dlhj�agZq_gbc�djbl_jbZevghc�nmgdpbb��
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H[hagZqbf�q_j_a� VRUW0 �\_dlhj� agZq_gbc� djbl_jbZev�

ghc� nmgdpbb�� khjlbjh\Zgguc� ih� \hajZklZgbx�� ;ueb�

ijh\_^_gu� bkke_^h\Zgby�� \� j_amevlZl_� dhlhjuo� [ueh�

h[gZjm`_gh�� qlh�� dZd� ijZ\beh�� ohly�[u� h^bg� ba�i_j\uo�

�����JP 1 � �we_f_glh\� \_dlhjZ� VRUW0 �khhl\_lkl\m_l�

l_dms_c� hjb_glZpbb� h[t_dlZ� k� hrb[dhc� hp_gb\Zgby�

hjb_glZpbb�^h���Û��LZd��^ey� ]_hkn_ju�nZdlhjZ����ihem�

qZ_f� �P  �hjb_glZpbc�dZg^b^Zlh\���

Kj_^b� ihemq_gguo�P �hjb_glZpbc�dZg^b^Zlh\� \klj_�

qZxlky�ihoh`b_�hjb_glZpbb��>ey�khdjZs_gby�g_hij_^_�

e_gghklb�hp_gb\Zgby�hjb_glZpbb�ijhba\h^blky�h[t_^b�
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JZkkfZljb\Z_lky�\hafh`ghklv�ih\ur_gby�gZ^_`ghklb�ke_`_�

gby�aZ�h[t_dlZfb�ih�^Zgguf�\b^_hgZ[ex^_gby�ijb�gZebqbb�yjdhkl�

guo�ihf_o�iml_f�ihkljh_gby�Ze]hjblfZ�k_e_dpbb�gZ�hkgh\_�ij_^�

eh`_gghc� kbkl_fu� ijbagZdh\�� JZajZ[hlZgu� dhebq_kl\_ggu_� djb�

l_jbb� wnn_dlb\ghklb� jZ[hlu� kbkl_fu� \b^_hke_`_gby�� Ij_^�

klZ\e_gu� j_amevlZlu� kjZ\gbl_evguo� wdki_jbf_glZevguo� bkke_�

^h\Zgbc�� ^_fhgkljbjmxsb_� iheh`bl_evguc� wnn_dl�� k\yaZgguc� k�

\\_^_gb_f�gh\uo�ijbagZdh\��

M>D�������������

IH<UR?GB?�WNN?DLB<GHKLB�K?E?DPBB�H;T?DLH<��
<�KBKL?F:O�<B>?HKE?@?GBY�IJB�G:EBQBB�YJDHKLGUO�IHF?O�

FmjZ\v_\�<�K���d�l�g���^hp_gl�dZn_^ju�Z\lhfZlbdb�b�bgnhjfZpbhgguo�l_ogheh]bc�\�mijZ\e_gbb��
JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��H�PDLO��DLWX#UVUHX�UX��

N_ev^fZg�:�;��d�l�g���g�k��dZn_^ju�Z\lhfZlbdb�b�bgnhjfZpbhgguo�l_ogheh]bc�\�mijZ\e_gbb��
JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�mgb\_jkbl_l��
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Dexq_\u_� keh\Z�� h[t_dl�� yjdhklgZy�

ihf_oZ�� h[gZjm`_gb_�� \b^_hke_`_gb_�� gZ^_`�

ghklv��Ze]hjblf�k_e_dpbb��kbkl_fZ�ijbagZdh\��

<\_^_gb_�

<� gZklhys__� \j_fy� l_ogheh]bb� ke_`_gby�

aZ� h[t_dlZfb� \� ihke_^h\Zl_evghklb� \b^_h�

dZ^jh\� gZoh^yl�rbjhdh_� ijbf_g_gb_� \� kbkl_�

fZo�fhgblhjbg]Z�ljZgkihjlZ��\�[hjlh\uo�kbkl_�

fZo� e_lZl_evguo� ZiiZjZlh\�� \� kn_j_� [_ahiZkghklb� b�

^jm]bo�ijbeh`_gbyo��Hkgh\gufb� aZ^ZqZfb��j_rZ_fufb�

kbkl_fZfb� \b^_hke_`_gby�� y\eyxlky� h[gZjm`_gb_�� ba�

f_j_gb_� dhhj^bgZl� b� ijh]ghabjh\Zgb_� iheh`_gby� h[t�

_dlZ�bgl_j_kZ��D�Ze]hjblfbq_kdhfm�h[_ki_q_gbx�kbkl_f�

\b^_hke_`_gby� aZqZklmx� ij_^ty\ey_lky� lj_[h\Zgb_�

mklhcqb\hc�jZ[hlu�ijb�gZ[ex^_gbb�h[t_dlh\�\�ijbkml�

kl\bb�jZaebqgh]h�jh^Z�ihf_o��

<� ^Zgghc� jZ[hl_� \� dZq_kl\_� h[t_dlh\� bgl_j_kZ� \u�

klmiZxl� e_lZl_evgu_� ZiiZjZlu�� gZ[ex^Z_fu_� gZ� h[�

eZqghf�nhg_�� Ij_^iheZ]Z_lky�� qlh� \� dZ^j� fh]ml� ihiZ�

^Zlv�ohjhrh�jZaebqbfu_�yjdhklgu_�h[jZah\Zgby��koh^�

gu_�k�bah[jZ`_gb_f�h[t_dlZ��qlh�fh`_l�ijb\h^blv�d�_]h�

ihl_j_� b� kju\m� ijhp_kkZ� ke_`_gby��<� dZq_kl\_� ih^h[�

guo�ihf_o�fh]ml�\uklmiZlv�bah[jZ`_gby�ilbp�b�ehdZev�

gu_�g_h^ghjh^ghklb�nhgZ��Hkh[_ggh�hkljh�^ZggZy�ijh�

[e_fZ�klhbl�ijb�gZ[ex^_gbb�fZehdhgljZklguo�m^Ze_g�

guo� h[t_dlh\� \� bgnjZdjZkghf� ^bZiZahg_��Kbkl_fZ� \b�

^_hke_`_gby� fh`_l� mklZgZ\eb\Zlvky� dZd� klZpbhgZjgh��

lZd� b� jZaf_sZlvky� gZ� ih^\b`ghf� ghkbl_e_�� Ijbf_ju�

bah[jZ`_gbc� k� oZjZdl_jghc� nhghp_e_\hc� h[klZgh\dhc�

ij_^klZ\e_gu�gZ�jbk�����

H^gbf� ba� kihkh[h\� ih\ur_gby� dZq_kl\Z� ke_`_gby�

y\ey_lky�ihkljh_gb_�gZ[hjZ�ijbagZdh\�� dhlhjuc�iha\h�

ebl�k�[hevr_c�^hklh\_jghklvx�ih�kjZ\g_gbx�k�kms_kl�

\mxsbfb�j_r_gbyfb�hlebqblv�h[t_dl�hl�ihf_ob��Ij_^�

iheZ]Z_lky��qlh�ijb�h[jZ[hld_�bah[jZ`_gby�k�ihfhsvx�

dZdh]h�eb[h� ba\_klgh]h� Ze]hjblfZ� h[gZjm`_gby� [ueb�

\u^_e_gu� [bgZjgu_� fZkdb� h[t_dlZ� b� ihf_o�� hij_^_�

eyxsbo� bo� dhgnb]mjZpbx� b�f_klhiheh`_gb_� >���@��Ijb�

wlhf�ihf_oZf�gZ�[bgZjghf�bah[jZ`_gbb�[m^ml�khhl\_l�

kl\h\Zlv� k_]f_glu�� koh`b_� k� h[t_dlhf� bgl_j_kZ� b� f_�

rZxsbfb�_]h�gZ[ex^_gbx��

GZ�ijZdlbd_�\�dZq_kl\_�ijbagZdh\�k_]f_glh\�bkihev�

amxlky� iehsZ^v�� ]Z[Zjblgu_� jZaf_ju�� hlghr_gb_� klh�

jhg�� kj_^gyy� yjdhklv�� ;m^_f� kqblZlv�� qlh� hlf_q_ggu_�

ijbagZdb� khklZ\eyxl� [Zah\uc� gZ[hj�� GZ� hkgh\Zgbb�

lhevdh� [Zah\h]h� gZ[hjZ� g_� \k_]^Z� ij_^klZ\ey_lky� \ha�

fh`guf�h^ghagZqgh�hlebqblv�h[t_dl�hl�ihf_ob��<�jZ[h�

lZo� >���@� hibku\Z_lky�ijbf_g_gb_�^ey� ZgZebaZ� bah[jZ�

`_gbc� ke_^mxsbo� ijbagZdh\�� fhf_glu� bah[jZ`_gby��

wdkp_gljbkbl_l�� gZijZ\e_gb_� ]eZ\ghc� hkb�� hdjm]ehklv��

dhhj^bgZlu�p_gljhb^Z� k_]f_glZ� b� jy^�^jm]bo��<u[jZg�

guc�gZ[hj�ijbagZdh\��dZd�ijZ\beh��ih^\_j]Z_lky�ghjfZ�

ebaZpbb� b� ih^Z_lky� gZ� deZkkbnbdZlhj�� dhlhjuc� ijbgb�

fZ_l� j_r_gb_� h� gZebqbb� bgl_j_kmxs_]h� h[t_dlZ� gZ�

bah[jZ`_gbb��H^gZdh� fgh]b_� ijbagZdb� \� j_Zevguo� kb�

lmZpbyo�g_�kihkh[gu�^Zlv�j_e_\Zglgh_�hibkZgb_�oZjZd�

l_jbklbd�h[t_dlZ��Z�ijbf_g_gb_�keh`guo�deZkkbnbdZlh�

jh\� ij_^iheZ]Z_l� j_r_gb_� khimlkl\mxsbo� ijh[e_f��

\hagbdZxsbo�ijb� h[mq_gbb� Ze]hjblfZ�� dhlhju_�g_� \k_�

]^Z�\hafh`gh�mki_rgh�j_rblv�gZ�ijZdlbd_��

�

Jbk�����Ijbf_ju�bah[jZ`_gbc�k�oZjZdl_jghc��

nhghp_e_\hc�h[klZgh\dhc��

H[t_dl�bgl_j_kZ�hlf_q_g�klj_edhc�

Ihwlhfm� jZajZ[hldZ� gZ^_`ghc� kbkl_fu� ijbagZdh\��

iha\heyxsbo�[he__�wnn_dlb\gh�k_e_dlbjh\Zlv�h[t_dlu�

bgl_j_kZ� ijb� khojZg_gbb� ijhklhc� kljmdlmju� deZkkbnb�

dZlhjZ��ij_^klZ\ey_lky�\_kvfZ�ZdlmZevghc�ijh[e_fhc��

HibkZgb_�ijbagZdh\�

Ijb� ihkljh_gbb� kbkl_fu� ijbagZdh\� g_h[oh^bfh� hl�

lZedb\Zlvky�hl� lh]h�nZdlZ��qlh�h[t_dlu�bgl_j_kZ�fh]ml�

[ulv�m^Ze_gu�hl�gZ[ex^Zl_ey��Z�nhjfbjm_fh_�bah[jZ�

`_gb_�� dZd�ijZ\beh��g_� kh^_j`bl� \ujZ`_gguo�^_lZe_c��

>Zggu_� hkh[_gghklb� aZ^Zqb� g_� iha\hey_l� wnn_dlb\gh�

bkihevah\Zlv� ijhkl_crb_� oZjZdl_jbklbdb�� hibku\Zx�
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sb_�nhjfm�b�yjdhklv�h[t_dlZ��;m^_f�mqblu\Zlv��qlh�ijb�

kjZ\gbl_evgh� \ukhdhc� qZklhl_� ihklmie_gby� \b^_hdZ^�

jh\� fh`gh� ij_g_[j_qv�f_`dZ^jh\uf� baf_g_gb_f� fZk�

rlZ[Z� b� hjb_glZpbb� h[t_dlZ�� LZdbf� h[jZahf�� `_kldh_�

lj_[h\Zgb_� h[_ki_q_gby� iheghc� bg\ZjbZglghklb� ijb�

agZdh\� d� ^_ckl\bx� jZdmjkguo� ]_hf_ljbq_kdbo� ij_h[jZ�

ah\Zgbc�fh`_l�[ulv�bkdexq_gh�ba�jZkkfhlj_gby���

<f_kl_� k� l_f� ZgZeba� bgnhjfZpbb� g_h[oh^bfh� ijh�

ba\h^blv�\�l_fi_�ihklmie_gby�^Zgguo��qlh�gZdeZ^u\Z_l�

h]jZgbq_gby� gZ� \uqbkebl_evgmx� keh`ghklv� ijbf_gy_�

fuo� f_lh^h\� b� ijb\h^bl� d� g_h[oh^bfhklb� ihbkdZ� dhf�

ijhfbkkZ�f_`^m�dZq_kl\hf�hibkZgby�bah[jZ`_gby�h[t�

_dlZ�b�\uqbkebl_evghc�ljm^h_fdhklvx�_]h�ihemq_gby��

<�oh^_�bkke_^h\Zgbc�[ueb�ij_^eh`_gu�iylv�^hihe�

gbl_evguo�ijbagZdh\��dhlhju_�p_e_khh[jZagh�bkihevah�

\Zlv�kh\f_klgh�k�[Zah\uf�gZ[hjhf��I_j\u_�^\Z�ijbagZ�

dZ� y\eyxlky� yjdhklgufb� b� \uqbkeyxlky� gZ� hkgh\_� bk�

oh^gh]h�bah[jZ`_gby��Z�hklZ\rb_ky�kljhylky�gZ�hkgh\_�

[bgZjguo�fZkhd�b�bo�fh`gh�hlg_klb�d�fhjnheh]bq_kdbf�

oZjZdl_jbklbdZf�k_]f_glh\��
I_j\uf� ijbagZdhf� y\ey_lky� fbgbfmf� jZaghklghc�

dhjj_eypbhgghc�nmgdpbb�� hljZ`Zxs_c� f_jm� koh^kl\Z�

wlZehgZ�b�gZc^_gguo�gZ�l_dms_f�dZ^j_�k_]f_glh\��Ih�

eZ]Z_lky�� qlh� jZg__� gZ� wlZi_� \u^_e_gby� b� h[gZjm�

`_gby�ihemq_gh�bah[jZ`_gb_�hlke_`b\Z_fh]h�h[t_dlZ�
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<� lhf� kemqZ_�� _keb� jZaf_ju� wlZehgZ� ij_\urZxl�

jZaf_ju� k_]f_glZ�� lh� ijbagZd� ���� g_� \uqbkey_lky��>ey�

memqr_gby� dZq_kl\Z� khihklZ\e_gby� k_]f_glh\� k� wlZeh�

ghf� ]jZgbpu� bah[jZ`_gby� dZ`^h]h� k_]f_glZ�� ij_^eZ]Z�

_lky� jZkrbjblv� gZ� g_dhlhjmx� \_ebqbgm�� aZ\bkysmx� hl�

jZaf_jh\�h[t_dlZ��

Ke_^mxsbc�ijbagZd�kljhblky�gZ�hkgh\_�hp_gb\Zgby�

jZkij_^_e_gby� wg_j]bc� ]jZ^b_glh\� ih� gZijZ\e_gbyf��

Ijhp_^mjZ� jZkq_lZ� wlh]h� ijbagZdZ� \h� fgh]hf� koh`Z� k�

lhc�� qlh� bkihevam_lky� \� Ze]hjblf_� hibkZgby� hkh[_ggh�

kl_c�bah[jZ`_gby�6,)7�>�@�gZ�wlZi_�ihkljh_gby�^_kdjbi�

lhjh\��b�\dexqZ_l�ke_^mxsb_�hkgh\gu_�wlZiu��k]eZ`b�

\Zgb_� bkoh^gh]h� bah[jZ`_gby� ih� gZc^_gghc� [bgZjghc�

fZkd_�k_]f_glZ��ihemq_gb_�ihey�]jZ^b_glh\�k]eZ`_ggh]h�

bah[jZ`_gby��\uqbke_gb_�fh^mey�b�gZijZ\e_gby�]jZ^b�

_glZ�\�dZ`^hc�lhqd_��hp_gdZ�jZkij_^_e_gby�wg_j]bb�]jZ�

^b_glh\� ih� gZijZ\e_gbyf�� ghjfbjh\Zgb_� ihemq_gguo�

aZ\bkbfhkl_c��Ij_^iheZ]Z_lky��qlh�^Zgguc�ijbagZd�kih�

kh[_g�^Zlv�^hklZlhqgh�ihegh_�hibkZgb_�ehdZevguo�hkh�

[_gghkl_c�bah[jZ`_gby�h[t_dlZ��
K]eZ`b\Zgb_�bkoh^gh]h�bah[jZ`_gby�ijhba\h^blky� ]Z�

mkkh\kdbf� nbevljhf� k� g_[hevrhc� Zi_jlmjhc� jZaf_jhf��

����ibdk_e_c�k�p_evx�mf_gvr_gby�\ebygby�rmfZ��>ey�dZ`�

^hc� lhqdb� � � �[ \ �k]eZ`_ggh]h� bah[jZ`_gby� h[t_dlZ�

dZg^b^ZlZ� qbke_ggufb� f_lh^Zfb� hij_^_ey_lky� fh^mev�

� � �JP [ \ �b� gZijZ\e_gb_� � � �J [ \T �]jZ^b_glZ�� <� dZq_kl\_�

qbke_gghc�ZiijhdkbfZpbb�]jZ^b_glZ�bkihev�amxlky�dhg_q�

gu_�jZaghklb��<k_�\hafh`gu_�m]eh\u_�gZijZ\e_gby�\_dlh�

jh\� ]jZ^b_glZ��e_`Zsb_�gZ� hlj_ad_�>�� � �S �� jZa[b\Zxlky�

gZ� J1 �bgl_j\Zeh\� �jbk�� ���� ?keb� h[hagZqblv� q_j_a�
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Jbk�����Hp_gb\Zgb_�jZkij_^_e_gby�wg_j]bb�]jZ^b_glh\��

ih�gZijZ\e_gbyf�ijb� �J1  �

Kl_i_gv� koh^kl\Z� hp_ghd� jZkij_^_e_gbc�� ihemq_g�

guo� ^ey� hlke_`b\Z_fh]h� h[t_dlZ� R* �b� L�h]h� k_]f_glZ��

gZoh^blky� k� ihfhsvx� dhwnnbpb_glZ� ;oZllZqZjvy� >�@��

agZq_gb_�dhlhjh]h�ghjfbjh\Zgh�b�e_`bl�\�^bZiZahg_�hl�

gmey�^h�_^bgbpu��
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dhebq_kl\h�ihf_o�\�k_jbb��klZjlh\uc�dZ^j��i_jbh^�ke_�

^h\Zgby�ihf_ob��

<� dZq_kl\_�bkoh^gh]h�\b^_hfZl_jbZeZ�^ey�ijh\_^_�

gby� kjZ\gbl_evguo� bkke_^h\Zgbc� kem`beZ� [ZaZ� gZlmj�

guo�\b^_hkx`_lh\��dhlhjZy�kh^_j`ZeZ�r_klv�\b^_hihk�

e_^h\Zl_evghkl_c� h[s_c� ijh^he`bl_evghklvx� [he__�

����� dZ^jh\��GZ� q_luj_o� kx`_lZo� \� dZq_kl\_�nhgh\hc�

khklZ\eyxs_c� \uklmiZeh� ykgh_� g_[h� k� g_y\gh� \ujZ�

`_gghc� h[eZqghklvx�� hklZevgu_� kx`_lu� � kh^_j`Zeb�

h[eZqghklv� k� dhgljZklgufb� yjdhklgufb� i_j_iZ^Zfb��

H^bg�ba�kx`_lh\�kh^_j`Ze�ihkl_i_ggh�m^Zeyxsbcky�hl�

gZ[ex^Zl_ey�h[t_dl��hq_gv�[ebadbc�ih�nhjf_�b�jZaf_�

jZf� d� ihf_o_� gZ� bah[jZ`_gbb�� JZaf_ju� h[t_dlh\� gZ�

ijhly`_gbb�\j_f_gb�gZ[ex^_gby�baf_gy�ebkv�hl���o���

^h���o���ibdk_e_c��Z�kdhjhklv�f_`dZ^jh\h]h�k^\b]Z�bah�

[jZ`_gby�g_�ij_\urZeZ����ibdk_e_c��

>ey�ihemq_gby�[bgZjguo�bah[jZ`_gbc�bkihevah\Ze�

ky�Ze]hjblf�h[gZjm`_gby�h[t_dlh\��hkgh\Zgguc�gZ�ijh�

kljZgkl\_gghc�nbevljZpbb�b�Z^Zilb\ghc�ihjh]h\hc�h[�

jZ[hld_�� baeh`_gguc� \� >�@�� <� mdZaZgguc� Ze]hjblf� [ue�

\g_k_g� jy^� baf_g_gbc�� k\yaZgguc� k� dhjj_dpb_c� ihjh]Z�

[bgZjbaZpbb�� LZd�� agZq_gb_� ihjh]Z� k]eZ`b\Zehkv� \h�

\j_f_gb�b�nbdkbjh\Zehkv�gZ�ihklhygghf�mjh\g_�ijb�_]h�

j_adhf� \hajZklZgbb�� >ZggZy� fh^bnbdZpby� iha\hebeZ�

memqrblv�dZq_kl\h�h[gZjm`_gby�ijb�gZebqbb�\�ahg_�h[�

jZ[hldb�[hevrh]h�qbkeZ�yjdbo�ibdk_e_c��

K� p_evx� m\_ebq_gby� h[t_fZ� klZlbklbq_kdbo� ^Zgguo�

ijh\h^behkv� mkj_^g_gb_� ihdZaZl_e_c� wnn_dlb\ghklb� k_�

e_dpbb�b�ijhke_`b\Zgby�h[t_dlZ�ijb����aZimkdZo�Ze]hjbl�

fZ�k�jZagufb�iZjZf_ljZfb�ih\_^_gby�ihf_ob�^ey��

dZ`^h]h� l_klh\h]h� kx`_lZ�� Fh^_ebjh\Zehkv� ihy\e_gb_�

k_jbc�ba�^\mo�b�q_luj_o�ihf_o�k�i_jbh^hf�ke_^h\Zgby�\�

g_kdhevdh�khl_g�dZ^jh\��IhdZaZl_eb�\uqbkeyebkv�gZ�hkgh��
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\_� h[jZ[hldb� dZ`^h]h� \b^_hkx`_lZ� b� aZl_f� mkj_^gyebkv�

gZ�\k_c�\u[hjd_�\b^_hkx`_lh\�k�mq_lhf�bo�^ebl_evghklb��

H[h[s_ggu_� agZq_gby� ihdZaZl_e_c� wnn_dlb\ghklb�

^ey� k_jbc� ba� ^\mo� ihf_o� k\_^_gu� \� lZ[e����� <� lZ[ebp_�

bkihevah\Zgu� ke_^mxsb_� mkeh\gu_� h[hagZq_gby� ijba�

gZdh\�ba�^hihegbl_evgh]h�gZ[hjZ�� ©�ª�±�koh^kl\h�k� wlZ�

ehgguf�bah[jZ`_gb_f�h[t_dlZ�gZ�hkgh\_�fbgbfmfZ�jZa�

ghklghc�DN�� ©�ª� ±� jZkij_^_e_gb_� iehsZ^b� k_]f_glZ� ih�

gZijZ\e_gbyf��©�ª�±�hp_gdZ�jZkij_^_e_gby�wg_j]bb�]jZ�

^b_glh\�ihemlhgh\h]h�bah[jZ`_gby�ih�gZijZ\e_gbyf��©�ª�

±�nmgdpby�i_j_]b[Z�dhglmjZ�k_]f_glZ��©�ª�±�]bklh]jZff�

gh_�hibkZgb_�nhjfu�dhglmjZ��^_kdjbilhj�nhjfu���

GZ� hkgh\_� ZgZebaZ� ihemq_gguo� j_amevlZlh\� [ueh�

\uy\e_gh�� qlh� gZbemqrb_� j_amevlZlu� h[_ki_qb\Zebkv�

ijb�bkihevah\Zgbb�ijbagZdh\� ©�ª�� ©�ª�b�©�ª��<� lZ[e����

ijb\_^_gu� ihdZaZl_eb� wnn_dlb\ghklb� ijb� bkihevah\Z�

gbb� iZjguo� dhf[bgZpbc� ijbagZdh\�� Bkihevah\Zgb_�

[hevr_]h� qbkeZ� ijbagZdh\�[ueh� ijbagZgh� g_p_e_khh[�

jZaguf�� lZd� dZd� ijb\h^bl� d� aZf_lghfm� jhklm� \uqbkeb�

l_evghc�ljm^h_fdhklb�ijb�khojZg_gbb��Z�\�jy^_�kemqZ_\�

b�mom^r_gbb�agZq_gbc�ZgZebabjm_fuo�djbl_jb_\��

<� lZ[e�� �� ijb\_^_gu� j_amevlZlu� jZ[hlu� Ze]hjblfZ�

^ey�k_jbc�ba�q_luj_o�ihf_o��Ke_^m_l�hlf_lblv��qlh�ijb�

h^gh\j_f_gghf� ihy\e_gbb� [hevrh]h� qbkeZ� ihf_o� hgb�

fh]ml� h[t_^bgylvky� b� gZdeZ^u\Zlvky� gZ� bah[jZ`_gb_�

h[t_dlZ��>ZggZy� kblmZpby�fh`_l� ijb\h^blv� d� m\_ebq_�

gbx�\j_f_gb�gZoh`^_gby�Ze]hjblfZ�\�j_`bf_�ijh]ghaZ�

b�mklZj_\Zgbx�bgnhjfZpbb�h[�h[t_dl_��

LZ[ebpZ�����IhdZaZl_eb�wnn_dlb\ghklb�ke_`_gby�^ey�k_jbc�ba�^\mo�ihf_o�

IjbagZdb� k_eK ���� V ��ibdk�� kj
K ���� ke_`

K ����

;Zah\u_� ������ ���� ������ �����

;Zah\u_�b�^hihegbl_evgu_� �

�� ������ ���� ������ ���

�� ������ ���� ������ �����

�� ������ ���� ������ �����

�� ������ ���� ������ �����

�� ������ ���� ������ �����

����� ����� ���� ������ �����

����� ������ ���� ������ �����

����� ������ ���� ������ �����

����� ������ ���� ������ �����

����� ������ ���� ������ �����

LZ[ebpZ�����IhdZaZl_eb�wnn_dlb\ghklb�ke_`_gby�^ey�k_jbc�ba�q_luj_o�ihf_o�

IjbagZdb� k_eK ���� V ��ibdk�� kj
K ���� ke_`

K ����

;Zah\u_� ������ ���� ������ �����

;Zah\u_�b�^hihegbl_evgu_� �

�� ������ ���� ������ ���

�� ������ ���� ������ �����

�� ������ ���� ������ �����

�� ������ ���� ������ �����

�� ������ ���� ������ �����

����� ������ ���� ������ �����

����� ������ ���� ������ �����

����� ������ ���� ������ �����
�

AZdexq_gb_�

Ijb� ijh\_^_gbb� bkke_^h\Zgbc� ZgZebabjh\Zebkv� ihdZ�

aZl_eb� wnn_dlb\ghklb� jZ[hlu� kbkl_fu� \b^_hke_`_gby� k�

bkihevah\Zgb_f� ij_^eh`_ggh]h� Ze]hjblfZ� k_e_dpbb� h[t�

_dlh\�b�^hihegbl_evghc�kbkl_fu�ijbagZdh\��KblmZpby�mk�

eh`gyeZkv�gZebqb_f�gZ�bkoh^ghf�bah[jZ`_gbb�rmfZ��g_�

jZ\ghf_jgh]h�nhgZ�b�jZaebqguf�qbkehf�yjdhklguo�ihf_o��

NhjfZ�gZ[ex^Z_fuo�gZ�bah[jZ`_gbyo�h[t_dlh\�aZqZklmx�

[ueZ�koh`Z�k�nhjfhc�yjdhklguo�h[jZah\Zgbc��ihjh`^_g�

guo� ihf_oZfb�� Z� kZfb� bah[jZ`_gby� aZrmfe_gu�� <� wlbo�

mkeh\byo�bgl_]jZevgu_�ihdZaZl_eb��d�dhlhjuf�fh`gh�hlg_�

klb� ]bklh]jZffgu_� oZjZdl_jbklbdb�� hdZaZebkv� f_g__� bg�

nhjfZlb\gufb�� IjbagZdb�� h[_ki_qb\Zxsb_� emqrb_� j_�

amevlZlu��h[eZ^Zeb�[hevr_c�ihf_ohmklhcqb\hklvx�b�hib�

jZebkv�gZ�bkihevah\Zgb_�\k_c�^hklmighc�bgnhjfZpbb�h[�

bah[jZ`_gbb�h[t_dlZ�b�hkh[_gghklyo�_]h�dhglmjZ��

GZ� hkgh\_� ihemq_gguo� ^Zgguo� [ueb� k^_eZgu� ke_�

^mxsb_�\u\h^u��

±�wnn_dlb\ghklv� ke_`_gby� mf_gvrZ_lky� k� jhklhf�

qbkeZ� ihf_o�� qlh� k\yaZgh� k� m\_ebq_gb_f� ijh^he`bl_�

evghklb� aZkehg_gby� h[t_dlZ� ihf_ohc� b� mklZj_\Zgb_f�

bgnhjfZpbb�h[�h[t_dl_��

±�gZb[hevr_c� wnn_dlb\ghklvx� h[eZ^Zxl� ijbagZdb�

gZ� hkgh\_�nmgdpbc�i_j_]b[Z� dhglmjZ� b� koh^kl\Z�k� wlZ�

ehgguf�bah[jZ`_gb_f�h[t_dlZ��

±�lhqghklv�baf_j_gby�dhhj^bgZl�h[t_dlZ�\hajZklZ_l�

gZ���������

±�qZklhlZ�kju\h\�ke_`_gby�mf_gvrZ_lky�\�������jZaZ��

<� p_ehf� Ze]hjblf� k_e_dpbb�� kh\f_klgh� bkihevamx�

sbc�[Zah\uc� b� jZajZ[hlZgguc� gZ[hju� ijbagZdh\�� ijh�

^_fhgkljbjh\Ze� ^hklZlhqgh� \ukhdb_� oZjZdl_jbklbdb��
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g_lj_[h\Zl_e_g� d� \uqbkebl_evguf� j_kmjkZf� b� fh`_l�

ijbf_gylvky�gZ�ijZdlbd_�\�khklZ\_�kbkl_f�\b^_hke_`_�

gby�j_Zevgh]h�\j_f_gb��

JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_� ]jZg�

lZ� Ij_ab^_glZ� JN� ^ey� fheh^uo� jhkkbckdbo� mq_guo�

dZg^b^Zlh\�gZmd�FD��������������

Ebl_jZlmjZ�

���:eiZlh\� ;�:��� ;ehobg� :�G��� FmjZ\v_\� <�K�� :e]h�

jblf�h[jZ[hldb�bah[jZ`_gbc�^ey�kbkl_f�Z\lhfZlbq_kdh�

]h�khijh\h`^_gby�\ha^mrguo�h[t_dlh\� ���Pbnjh\Zy�h[�

jZ[hldZ�kb]gZeh\��±�������±�����±�K��������

���;Z[Zyg� I�<���N_ev^fZg� :�;��Hij_^_e_gb_� f_klh�

iheh`_gby�h[t_dlZ�gZ�bah[jZ`_gbb�\�kbkl_fZo�l_ogbq_�

kdh]h�aj_gby�fh[bevguo�jh[hlhl_ogbq_kdbo�dhfi�e_dkh\����

<_klgbd�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�

mgb\_jkbl_lZ��±�������±�������±�K���������

���:eiZlh\�;�:���;Z[Zyg�I�<���Kfbjgh\�K�:��:\lhfZ�

lbq_kdh_� ke_`_gb_� aZ� h[t_dlZfb� ijb� hlkmlkl\bb� Zijb�

hjguo�k\_^_gbc�h�nhghp_e_\hc�h[klZgh\d_����Pbnjh\Zy�

h[jZ[hldZ�kb]gZeh\��±�������±�����±�K���������

���/DERQWH�*���'HFN�:�&��� ,QIUDUHG� WDUJHW�IODUH� GLVFULPL�

QDWLRQ� XVLQJ� D� =,6&� KDUGZDUH� QHXUDO� QHWZRUN� ��� -RXUQDO� RI�

UHDO�WLPH� LPDJH� SURFHVVLQJ�� ±� 9RO�� ��� ,VVXH� ��� ±� ������ ±��

33���������

���9LDX�&�5��([SHQGDEOH�&RXQWHUPHDVXUH� HIIHFWLYHQHVV�

DJDLQVW� LPDJLQJ� LQIUDUHG� JXLGHG� WKUHDWV� ��� 6HFRQG� ,QWHU�

QDWLRQDO�&RQIHUHQFH�RQ�(OHFWURQLF�:DUIDUH��������SS������

���*UD\� *�-��� $RXI� 1��� 5LFKDUGVRQ� 0�$��� %XWWHUV� %��

:DOPVOH\�5��$Q�LQWHOOLJHQW�WUDFNLQJ�DOJRULWKP�IRU�DQ�LPDJLQJ�

LQIUDUHG�DQWL�VKLS�PLVVLOH����7HFKQRORJLHV�IRU�RSWLFDO�FRXQWHU�

PHDVXUHV�,;��3URF�RI�63,(��±�������±�9RO�������������/��

���/RZH� '�*�� 'LVWLQFWLYH� LPDJH� IHDWXUHV� IURP� VFDOH�LQYD�

ULDQW�NH\SRLQWV� ��� ,QWHUQDWLRQDO� � MRXUQDO�RI� �FRPSXWHU�YLVLRQ��±�

������±�9RO���������±�33����������

���5H\HV�$OGDVRUR�&�&���%KDOHUDR�$��7KH�%KDWWDFKDU\\D�

VSDFH� IRU� IHDWXUH� VHOHFWLRQ� DQG� LWV� DSSOLFDWLRQ� WR� WH[WXUH�

VHJPHQWDWLRQ� ���3DWWHUQ�5HFRJQLWLRQ�� ±� ������ ±�9RO������ ,V�

VXH����±�33�����������

���<babevl_j�X�<���@_elh\�K�X���;hg^Zj_gdh�:�<�� b�

^j��H[jZ[hldZ�b�ZgZeba�bah[jZ`_gbc�\�aZ^ZqZo�fZrbg�

gh]h�aj_gby��±�F���������±����k��

����RZibjh�E���KlhdfZg�>`��Dhfivxl_jgh_�aj_gb_��±�

F���������±����k��

����Kihkh[�h[jZ[hldb�ihke_^h\Zl_evghklb�bah[jZ`_�

gbc�^ey�h[gZjm`_gby�b�ke_`_gby�aZ�\ha^mrgufb�h[t_d�

lZfb�� iZl����������� JN� �� ;�:�� :eiZlh\�� I�<�� ;Z[Zyg��

E�G�� Dhklyrdbg�� K�B�� FmjZ\v_\�� <�K�� FmjZ\v_\�� X�G��

JhfZgh\�� <�G�� W]_ev�� aZy\bl_ev� b� iZl_glhh[eZ^Zl_ev�

H:H� ©=hkm^Zjkl\_gguc� JyaZgkdbc� ijb[hjguc� aZ\h^ª��

aZy\e_g�������������him[e��������������;xe������

����%DU�6KDORP� <��� /L� ;��5�� .LUXEDUDMDQ� 7�� (VWLPDWLRQ�

ZLWK� DSSOLFDWLRQV� WR� WUDFNLQJ� DQG� QDYLJDWLRQ�� WKHRU\�� DOJR�

ULWKPV�DQG�VRIWZDUH��1HZ�<RUN��:LOH\��������±����S��

,03529,1*�7+(�()),&,(1&<��

2)�2%-(&7�6(/(&7,21��

,1�9,'(2�75$&.,1*�6<67(06��

,1�7+(�35(6(1&(�2)�&/877(5�

0XUDYLHY�9�6��

,Q�WKLV�SDSHU�ZH�FRQVLGHU�WKH�SRVVLELOLW\�RI�LQFUHDVLQJ�WKH�

HIILFLHQF\�RI�YLGHR�WUDFNLQJ�LQ�WKH�SUHVHQFH�RI�FOXWWHU�E\�FRQ�

VWUXFWLQJ� WKH� QHZ� REMHFW� VHOHFWLRQ� DOJRULWKP� EDVHG� RQ� WKH�

SURSRVHG� IHDWXUHV��7KH�SHUIRUPDQFH�PHDVXUHV�XVHG� LQ�WKH�

UHVHDUFK� RI� WKH� HIIHFWLYHQHVV� RI� REMHFW� WUDFNLQJ� DUH�

LQWURGXFHG��5HVXOWV�RI�WKH�FRPSDUDWLYH�H[SHULPHQWDO�VWXGLHV�

GHPRQVWUDWHG� WKH� DGYDQWDJH� RI� WKH� GHYHORSHG� DOJRULWKP�

EDVHG�RQ�WKH�GHYHORSHG�VHW�RI�REMHFW�IHDWXUHV��

M�\�Z�`�Z�_�f�u�_����Z�\�l�h�j�u��

J_^Zdpby� gZmqgh�l_ogbq_kdh]h� `mjgZeZ� ©Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\ª� ijhkbl� <Zk� kh[ex^Zlv�

ke_^mxsb_�lj_[h\Zgby�d�fZl_jbZeZf��gZijZ\ey_fuf�gZ�im[ebdZpbx��

Lj_[h\Zgby�d�l_dklh\uf�fZl_jbZeZf�b�khijh\h^bl_evguf�^hdmf_glZf��
��� L_dkl�±�l_dklh\uc�j_^Zdlhj�0LFURVRIW�:RUG��
��� LZ[ebpu� b� jbkmgdb� ^he`gu� [ulv� ijhgmf_jh\Zgu��GZ� \k_� jbkmgdb��lZ[ebpu� b� [b[ebh]jZnbq_kdb_�

^Zggu_�mdZau\Zxlky�kkuedb�\�l_dkl_�klZlvb��

��� H[t_f�klZlvb�^h����klj���rjbnl������>ey�aZdZaguo�h[ahjguo�jZ[hl�h[t_f�fh`_l�[ulv�m\_ebq_g�
^h����klj��

��� GZa\Zgb_�klZlvb�gZ�jmkkdhf�b�Zg]ebckdhf�yaudZo��
��� Jmdhibkv�klZlvb�khijh\h`^Z_lky��

x� djZldhc�ZgghlZpb_c�gZ�jmkkdhf�b�Zg]ebckdhf�yaudZo��

x� ghf_jhf�M>D��

x� k\_^_gbyfb� h[� Z\lhjZo� �N�B�H��� hj]ZgbaZpby�� ^he`ghklv�� mq_gZy� kl_i_gv�� l_e_nhgu��

we_dljhggZy�ihqlZ���

x� dexq_\ufb�keh\Zfb��

x� Zdlhf�wdki_jlbau��ijb�gZebqbb�\�\Zr_c�hj]ZgbaZpbb�wdki_jlghc�dhfbkkbb����

Lj_[h\Zgby�d�beexkljZpbyf��
x� <_dlhjgu_��ko_fu��]jZnbdb����`_eZl_evgh�bkihevah\Zgb_�]jZnbq_kdbo�j_^Zdlhjh\�$GREH�,OOXVWUDWRU�

beb�&RUHO�'5$:��

x� JZkljh\u_��nhlh]jZnbb��jbkmgdb���±�F������jZaj_r_gb_�g_�f_g__����GSL��nhjfZl�WLII��MSJ��
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Ijb\_^_gu� ZgZeblbq_kdb_�\ujZ`_gby�^ey�mijhs_ggh]h�nhjfb�

jh\Zgby�ij_^ukdZ`_gbc�dZ^jZ�\b^_hbah[jZ`_gby��ijh_pbjm_fh]h�gZ�

Zkn_jbq_kdmx� hljZ`Zxsmx� ih\_joghklv� Zijbhjgh� g_ba\_klghc�

nhjfu��

M>D�����������������

:E=HJBLF�MIJHS?GGHC�DHFI?GK:PBB�>BKLHJKBB��
IJB�IJH?PBJH<:GBB�<B>?HBAH;J:@?GBY�G:�:KN?JBQ?KDB?�
HLJ:@:XSB?�IH<?JOGHKLB�:IJBHJGH�G?BA<?KLGHC�NHJFU�
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yjdhklv�ibdk_ey�,�L��M��gZoh^blky�ih�nhjfme_��
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Ijb� bkihevah\Zgbb� [bebg_cghc� bgl_jiheypbb� yj�

dhklv�ibdk_ey�,�L��M��gZoh^blky�ih�nhjfme_��
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>ey� dhfi_gkZpbb� >B�� ko_fZlbqgh� ihdZaZgguo� gZ�

jbk�����[��fh`gh�h]jZgbqblvky�nhjfmeZfb����������

Ijhp_^mjZ�ih^[hjZ�agZq_gbc�iZjZf_ljh\�WU[��E\�b�VF\�

y\ey_lky� wfibjbq_kdhc� b� aZdexqZ_lky� \� ihhq_j_^ghf�

�kgZqZeZ�ih^[bjZ_lky� agZq_gb_� WU[�� aZl_f� ±� E\�� aZl_f� ±�

VF\��i_j_[hj_�^Zgguo�iZjZf_ljh\�k�nbdkbjh\Zgguf�rZ�

]hf�������beb�������gZqbgZy�kh�agZq_gby����^ey�dhfi_g�

kZpbb�>B��ijb\_^_gguo�gZ�jbk�����[��WU[�^_dj_f_glbjm_l�

ky��Z�E\�b�VF\�±�bgdj_f_glbjmxlky��I_j_[hj�ij_djZsZ_l�

ky� eb[h� ijb� ^hklb`_gbb� fZdkbfZevgh]h� \bamZevgh]h�

dhfnhjlZ� hi_jZlhjZ� �ebgbb� k_ldb� l_klh\h]h� bah[jZ`_�

gby�gZ�:I�\hkijbgbfZxlky�ijyfufb��iZjZee_evgufb�b�

wd\b^bklZglgufb��� eb[h� ijb� fZdkbfZevghc� [ebahklb�

l_klh\h]h� bah[jZ`_gby� b�bah[jZ`_gby�^bZ]ghklbq_kdhc�

dZf_ju��f_jZ�[ebahklb�fbgbfbabjm_lky�ih�f_lh^m�gZb�

f_gvrbo� d\Z^jZlh\� >���� ��@��� <� ihke_^g_f� kemqZ_� ijb�

ih^[hj_�iZjZf_ljZ� WU[�fbgbfbabjm_lky� d\Z^jZl�hrb[db�

hlghkbl_evgh� \_jlbdZevguo�ebgbc� l_klh\h]h� bah[jZ`_�

gby��ijb�ih^[hj_�E\�±�hlghkbl_evgh�]hjbahglZevguo�eb�

gbc�b�ijb�ih^[hj_�VF\�±�hlghkbl_evgh�dZd�\_jlbdZevguo��

lZd�b�]hjbahglZevguo�ebgbc��

G_^hklZldZfb�\k_o�jZkkfhlj_gguo�Ze]hjblfh\�nhj�

fbjh\Zgby�IB�^ey�dhfi_gkZpbb�>B� ����� ����b� ��������y\�

eyxlky� ihl_jy� qZklb� ihe_aghc� bgnhjfZpbb� ba� dZ^jZ�

\b^_hbah[jZ`_gby� �ijb� g_\uiheg_gbb� mkeh\bc�

��d�[�L�d�:±�� b� ��d�\�L�d�+±��� b� kgb`_gb_� jZaj_rZxs_c�
kihkh[ghklb��

Hp_gdZ�\uqbkebl_evguo�aZljZl�

Dhebq_kl\h� we_f_glZjguo� \uqbkebl_evguo� hi_jZ�

pbc� �W<H�� gZ� j_ZebaZpbx� ij_h[jZah\Zgbc� �������� b� hi�

j_^_e_gb_�yjdhklb�ibdk_e_c�\�bah[jZ`_gbb�k�IB�jZaf_�

jhf�:�[�+�ibdk_e_c�ijb\_^_gh�\�lZ[e�����
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LZ[ebpZ���

Hi_jZpby� ©�ª� ©ª� ©�ª� W<H�

:e]hjblf�

©[eb`Zcr_]h�

khk_^Zª�

�:+� �:+� :+� ��:+�

:e]hjblf�[b�

ebg_cghc�bg�

l_jiheypbb�

��:+� ��:+� :+� ��:+�

<� lZ[e�� �� ijb\_^_gZ� kdhjhklv� h[jZ[hldb� �dZ^jh\�k��

\b^_hihke_^h\Zl_evghklb�k�jZaf_jhf�dZ^jZ�:�[�+�ibd�

k_e_c�\�j_Zevghf�fZkrlZ[_�\j_f_gb�k�bkihevah\Zgb_f�

jZaguo�IW<F�b�Ze]hjblfZ�[bebg_cghc�bgl_jiheypbb��

LZ[ebpZ���

JZaf_j�dZ^jZ��

ibdk��[�ibdk��
���[���� ����[���� ����[�����

3HQWLXP�'XDO�

&38�(������

����==p��

HAM���=[�

����� ���� ����

,QWHO�&RUH�L���

����==p��
HAM���=[�

����� ����� �����

Ba� lZ[e�� �� \b^gh�� qlh� ^ey�nhjfbjh\Zgby�IB� \� j_�

Zevghf� fZkrlZ[_� \j_f_gb� jZpbhgZevg__� \uqbkeylv�

dhhj^bgZlu��[�L��\�M��lhevdh�h^bg�jZa�b�aZl_f�ojZgblv�bo�

\�iZfylb�IAM��gZijbf_j��\�yq_cdm�k�Z^j_khf���M:� �� L��

aZibku\Zlv�dhhj^bgZlm�[�L��\uqbke_ggmx�\�khhl\_lkl\bb�

k����������Z�\�yq_cdm�k�Z^j_khf���M:���L������±�dhhj^bgZlm�

\�L��Bkoh^y� ba� ij_^iheh`_gby�� qlh� ^ey� ojZg_gby� dhhj�

^bgZl� bkihevam_lky�IAM� k�yq_cdhc� iZfylb� ���[bl��fb�

gbfZevguc� h[t_f�IAM�� lj_[m_fuc� ^ey� jZaguo� jZaf_�

jh\�dZ^jZ��ijb\_^_g�\�lZ[e�����

LZ[ebpZ���

JZaf_j�dZ^jZ��ibdk�� ���[���� ����[���� ����[�����

H[t_f�IAM��F[bl� ����� ������ ������

J_amevlZlu�fh^_ebjh\Zgby��

BfblZpbhggh_�fh^_ebjh\Zgb_��k\yaZggh_�k�nhjfb�

jh\Zgb_f� gZ�IW<F� bah[jZ`_gbc� jZaf_jhf� �����[�����

ibdk_e_c� �l_e_\babhggZy�bkiulZl_evgZy� lZ[ebpZ�LBL�

�����b�lZ[ebpZ�,62��������k�IB��ihdZaZeh��qlh�ih�kjZ\�

g_gbx�k�bkoh^guf�bah[jZ`_gb_f��jbk�����ijb�

� ��� �� � � ���� �±�� � �����
\ [ \
E WU b VF� � � � ����

jZaj_rZxsZy�kihkh[ghklv�ih� ]hjbahglZeb�b�\_jlbdZeb�

mom^rZ_lky�g_�[he__�q_f�gZ�������jbk����b�����

KjZ\g_gb_�k�Ze]hjblfhf�dhfi_gkZpbb�^bklhjkbb������\�

dhlhjhf� dhwnnbpb_glu�Jmkbgh\Z�\uqbkeyebkv�k�bkihev�

ah\Zgb_f� f_lh^Z� E_\_g[_j]Z�FZd\Zj^lZ� ih� i_j_hij_^_�

e_gghc� kbkl_f_� ba� ��� mjZ\g_gbc�� ijh\h^behkv�gZ� l_klh�

\hf� bah[jZ`_gbb� jZaf_jhf� �����[������ ibdk_e_c� lbiZ�

©k_lqZlh_� ihe_ª�� J_amevlZlu� wdki_jbf_glZ� k� ^bZ]ghklb�

q_kdhc� dZf_jhc� ihdZaZeb�� qlh� kj_^g_d\Z^jZlbq_kdh_� hl�

dehg_gb_��KDH��ibdk_e_c�bah[jZ`_gby�gZ�:I�ijb�nhjfb�

jh\Zgbb�IB� ih� �������� b� \uiheg_gbb� mkeh\bc� ���� hlghkb�

l_evgh�l_klh\h]h�bah[jZ`_gby�khklZ\ey_l�g_�[he__���ibd�

k_ey��Z�ijb�nhjfbjh\Zgbb�IB�ih� ���� ±�g_�[he__� ����������

ibdk_ey��G_kfhljy�gZ�ijhb]jur�ih�KDH�\���������jZaZ�Ze�

]hjblf�mijhs_ggh]h�nhjfbjh\Zgby�IB�h[_ki_qb\Z_l�\�����

jZaZ� f_gvrb_� Z[khexlgu_� bkdZ`_gby� gZ� djZyo� ijh_pb�

jm_fh]h�gZ�dhf[bg_j�bah[jZ`_gby��Z�lZd`_�iha\hey_l�hi_�

jZlb\gh� �\� l_q_gb_� ���� fbgml�� baf_gylv� iZjZf_lju� dhf�

i_gkZpbb�>B� �gZijbf_j��ijb�baf_g_gbb�[Zau� ]eZa�hi_jZ�

lhjZ�� [_a� bkihevah\Zgby� ^bZ]ghklbq_kdhc� dZf_ju�� qlh�

\Z`gh�^ey�ijZdlbq_kdbo�ijbeh`_gbc��

�

Jbk�����L_klh\Zy�L<�lZ[ebpZ�LBL������

�

Jbk�����DZ^j�\b^_hbah[jZ`_gby�k�IB��

ijb�E\� ������WU[� ������b�VF\� ������

�

Jbk�����P_gljZevguc�njZ]f_gl�dZ^jZ�k�jbk����



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

AZdexq_gb_�

LZdbf� h[jZahf�� jZkkfhlj_gguc� Ze]hjblf� mijhs_g�

gh]h�nhjfbjh\Zgby� ij_^ukdZ`_gbc�iha\hey_l� baf_g_�

gb_f�\k_]h�lj_o�iZjZf_ljh\�kdhjj_dlbjh\Zlv�oZjZdl_j�

gu_� ^ey� +8'� k� Zkn_jbq_kdbfb� hljZ`Zxsbfb� ih\_jo�

ghklyfb� ^bklhjkbhggu_� bkdZ`_gby� b�fh`_l� [ulv� j_Z�

ebah\Zg�\�j_Zevghf�fZkrlZ[_�\j_f_gb��

Ebl_jZlmjZ�

���/L�+��5HYLHZ�DQG�DQDO\VLV�RI�DYLRQLF�KHOPHW�PRXQWHG�

GLVSOD\V���+��/L��;��=KDQJ��*��6KL��+��4X��<��:X��-��=KDQJ����

2SWLFDO� (QJLQHHULQJ�� ±� ������ 9RO����������� ±� 3�����������

�����������

���Dhaeh\�:�<�� GZre_fgZy� kbkl_fZ� bg^bdZpbb� ��

:�<��Dhaeh\�� B�=��>_gbkh\�� >�G��RZjbnmeebgZ� >We_dl�

jhgguc� j_kmjk@� ��� ;m^ms__� fZrbghkljh_gby� Jhkkbb��

fZl_jbZeu�9,�<k_jhk��dhgn��fheh^uo�mq_guo�b�ki_pbZ�

ebklh\��±�F���F=LM�bf��G�W��;ZmfZgZ��������±���we��hil��

^bkd��&'�520���

���+XD�+��'HVLJQ�RI�DQ�XOWUD�OLJKW�KHDG�PRXQWHG�SURMHF�

WLYH�GLVSOD\� �+03'��DQG� LWV�DSSOLFDWLRQV�LQ�DXJPHQWHG�FRO�

ODERUDWLYH� HQYLURQPHQWV� �� +��+XD�� &��*DR�� /��%URZQ��

)��%LRFFD��-�3��5ROODQG� ���6WHUHRVFRSLF� GLVSOD\V� DQG�YLUWXDO�

UHDOLW\�V\VWHPV��3URFHHGLQJV�RI�63,(��±�������±�9RO��������

±�3�����������

���;Zohe^bg�:�<�� Hilbq_kdb_� mkljhckl\Z� \bjlmZev�

guo�^bkie__\� ��:�<��;Zohe^bg��<�G��<Zkbev_\��<�:��=jbff��

=�W��JhfZgh\Z�� K�:��Kfbjgh\� ��� Hilbq_kdbc� `mjgZe�� ±�

������±������±�K���������

���0HO]HU�-�(��+HDG�PRXQWHG�GLVSOD\V�� GHVLJQLQJ� IRU� WKH�

XVHU���-�(��0HO]HU��.�:��0RIILWW��±�0F*UDZ�+LOO��������±�����S��

���KWWS���ZZZ�PHGLD�SKD]RWURQ�UX�"S ����� Ijh_dpbhg�

gu_� kbkl_fu� hlh[jZ`_gby� \lhjbqghc� bgnhjfZpbb�

Z\bZ��b�Z\lh[Zabjh\Zgby��>ZlZ�h[jZs_gby�±�����������

���0DODFDUD�'�� +DQGERRN� RI� RSWLFDO� GHVLJQ�� �QG� HGLWLRQ��

'��0DODFDUD��=�0DODFDUD��±�1HZ�<RUN��0DUFHO�'HFNHU��������±�

����S��

���+DUWOH\�5��0XOWLSOH�YLHZ�JHRPHWU\� LQ�FRPSXWHU�YLVLRQ��

5��+DUWOH\�� $��=LVVHUPDQ�� �QG� HGLWLRQ�� ±� &DPEULGJH�� &DP�

EULGJH�8QLYHUVLW\�3UHVV��������±�����j��

���7VDL�5�<��$�YHUVDWLOH�FDPHUD�FDOLEUDWLRQ�WHFKQLTXH�IRU�

KLJK�DFFXUDF\� �G� PDFKLQH� YLVLRQ� PHWURORJ\� XVLQJ� RII�WKH�

VKHOI�79�FDPHUDV�DQG�OHQVHV���5�<��7VDL���� ,(((�-RXUQDO�RQ�

5RERWLFV�DQG�$XWRPDWLRQ��±�������±�5$�������±�3�����±�����

����Eh[Zgh\�:�G�� Nhlh]jZff_ljby� �� :�G��Eh[Zgh\���

��_�ba^���i_j_jZ[��b�^hi��±�F���G_^jZ��������±�����k��

����Dh\Ze_gdh�<�I�� F_lh^bdZ� hp_gdb� ^bklhjkbb� kh\j_�

f_gguo� bgnjZdjZkguo� kbkl_f� �� <�I��Dh\Ze_gdh�� X�=��<_�

k_eh\�� B�<��DZjibdh\� ��� <_klgbd� F=LM� bf�� G�W��;ZmfZgZ��

K_j��©Ijb[hjhkljh_gb_ª��±�������±������±�K����������

����=jmafZg�B�K��Pbnjh\Zy�h[jZ[hldZ�bah[jZ`_gbc�\�

bgnhjfZpbhgguo� kbkl_fZo� �� B�K��=jmafZg�� <�K��Dbjb�

qmd��<�I��Dhkuo��=�B��I_j_ly]bg��:�:��Ki_dlhj�� ±�Gh\hkb�

[bjkd��Ba^�\h�G=LM��������±�����k��

����<babevl_j�X�<��H[jZ[hldZ� b�ZgZeba�bah[jZ`_gbc�

\�aZ^ZqZo�fZrbggh]h�aj_gby��dmjk�e_dpbc�b�ijZdlbq_kdbo�

aZgylbc� ��X�<��<babevl_j�� K�X��@_elh\�� :�<��;hg^Zj_g�

dh��F�<��Hkhkdh\��:�<��Fhj`bg��±�F���NbafZldgb]Z��������±�

����k��

6,03/,),('�',67257,21�

&203(16$7,21�$/*25,7+0��

)25�352-(&7,1*�9,'(2�21�35,25,�

81.12:1�)250�$63+(5,&$/�

5()/(&7,9(�685)$&(6�

.KRORSRY�,�6��

$QDO\WLFDO� H[SUHVVLRQV� IRU� VLPSOLILHG� IRUPLQJ� WKH�

SUHGLVWRUWLRQ�RI�YLGHR�IUDPH�WKDW�SURMHFWHG�RQ�SULRUL�XQNQRZQ�

IRUP�DVSKHULFDO�UHIOHFWLQJ�VXUIDFHV�LV�FRQVLGHUHG��

G�H�<�U�?���D�G�B�=�B�

KhehgbgZ�:�B��

PBNJH<:Y�H;J:;HLD:�KB=G:EH<�B�0$7/$%����

:�B��KhehgbgZ��>�F��Debgkdbc��L�<��F_jdmq_\Z��K�G��I_jh\��±�

KI[���;O<�I_l_j[mj]��������±�����k���Mq_[gZy�ebl_jZlmjZ��

^ey�\mah\��

Fhkd\Z��L_oghkn_jZ��������±�����k��

Hibku\Zxlky�[Zah\u_�f_lh^u�b�Ze]hjblfu�pbnjh\hc�h[jZ�

[hldb� kb]gZeh\� b� kj_^kl\� bo� dhfivxl_jgh]h� fh^_ebjh\Zgby� \�

kbkl_f_� 0$7/$%�� >Zgu� hkgh\u� Ze]hjblfbq_kdh]h� yaudZ�

0$7/$%�� JZkkfZljb\Zxlky� ^bkdj_lgu_� kb]gZeu�� ebg_cgu_�

^bkdj_lgu_� kbkl_fu�� ^bkdj_lgh_� ij_h[jZah\Zgb_� Nmjv_� k� bk�

ihevah\Zgb_f� Ze]hjblfh\�;IN�� kbgl_a�b� ZgZeba�DBO�� b�;BO�

nbevljh\�� \� lhf� qbke_� k�nbdkbjh\Zgghc� lhqdhc�� ki_dljZevguc�

ZgZeba� kb]gZeh\�� fgh]hkdhjhklgZy� h[jZ[hldZ� kb]gZeh\� b� Z^Zi�

lb\gZy�pbnjh\Zy�nbevljZpby���

�
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Ijh\h^blky� djZldbc� h[ahj� f_lh^h\� \u^_e_gby� dhglmjh\� h[t�

_dlh\��Ij_^eZ]Z_lky�f_lh^� \u^_e_gby� dhglmjh\� h[t_dlh\� k�jZa�

fulufb� ]jZgbpZfb� k� bkihevah\Zgb_f� Ziijhdkbfbjmxsbo� kieZcg�

nmgdpbc��

M>D���������

F?LH>�<U>?E?GBY�DHGLMJH<�H;T?DLH<��
K�G?Q?LDBFB�DJ:YFB�G:�P<?LGUO�BAH;J:@?GBYO�

F_^\_^_\�>�=���gZqZevgbd�dhfivxl_jgh]h�hl^_eZ��Zkkbkl_gl�dZn_^ju�bgnhjfZlbdb�b�ijbdeZ^ghc�
fZl_fZlbdb�Djb\hjh`kdh]h�i_^Z]h]bq_kdh]h�bgklblmlZ�=<MA�©Djb\hjh`kdbc�gZpbhgZevguc�mgb\_jkbl_lª���

H�PDLO��GLPDNUURJ#JPDLO�FRP�

�

Dexq_\u_� keh\Z�� \u^_e_gb_� dhglmjh\�
h[t_dlh\�� p\_lgu_� bah[jZ`_gby�� jZafulu_�

]jZgbpu��kieZcg�nmgdpbb��hilbfbaZpby��hi_jZ�

lhj�Kh[hey��

<\_^_gb_�

Bgl_gkb\gh_�jZa\blb_�kj_^kl\�ihemq_gby�b�i_j_^Zqb�

pbnjh\uo� bah[jZ`_gbc� kha^Z_l� ijh[e_fm� h[jZ[hldb� h]�

jhfguo� h[t_fh\� bah[jZ`_gbc��;hevrh_� dhebq_kl\h� bah�

[jZ`_gbc� ihemqZxl� \� ]_heh]bb�� fbg_jZeh]bb�� [bheh]bb��

f_lZeemj]bb��f_^bpbg_��f_l_hjheh]bb��wdheh]bb�b�l�i��

<Z`guf�bklhqgbdhf�bgnhjfZpbb�gZ�bah[jZ`_gbyo�y\�

ey_lky� g_� lhevdh� gZebqb_� beb� dhebq_kl\h� hij_^_e_gguo�

h[t_dlh\�� gh� b� bo� fhjnheh]by�� GZijbf_j�� fhjnheh]by�

a_j_g�fbg_jZeh\� iha\hey_l� hij_^_eblv� mkeh\by�nhjfb�

jh\Zgby�� h[sghklb� ijhbkoh`^_gby�� Fhjnheh]by� bffmg�

guo�de_lhd�±�whabghnbeh\�±�ihdZau\Z_l�khklhygb_�bffmg�

ghc� kbkl_fu� >�@�� H^gZdh� hij_^_e_gb_� fhjnheh]bq_kdbo�

ihdZaZl_e_c�±�ljm^h_fdbc�ijhp_kk��lj_[mxsbc�hdhglmjb�

\Zgby�� WlZ� aZ^ZqZ� agZqbl_evgh� mkeh`gy_lky� ^ey� fbdjh�

h[t_dlh\��dhlhju_�ih�k\h_c�ijbjh^_�beb�ba�aZ�hkh[_ggh�

kl_c� j_]bkljZpbb� g_� bf_xl� q_ldbo� dhglmjh\�� H[t_dlu�

bf_xl�jZafulu_�dhglmju�ba�aZ�^bnnmaghc�ijbjh^u��^uf��

aZ]jyag_gby�Zlfhkn_jgufb�\u[jhkZfb���\\b^m�©j\Zgh]hª��

njZdlZevgh]h�oZjZdl_jZ� djZ_\� �djhgu�^_j_\v_\�� ]jZgbpu�

[hevrbo�]jZgmebjh\Zgguo�ebfnhpblh\���ba�aZ�jZanhdmkb�

jh\db�bah[jZ`_gby��

<� hdhglmjb\Zgbb� gZb[he__� ba\_klguf� b� h[s_ijbgy�

luf�y\ey_lky�f_lh^�Zdlb\guo�dhglmjh\��?]h�ijZdlbq_kdbc�

\ZjbZgl� af_cdZ� �VQDNH�� hibkZg� \� ����� ]h^m� >�@��Nmgdpby��

fh^_ebjmxsZy� dhglmj�� baf_gy_lky�� iulZykv�^hklbqv�fb�

gbfmfZ� kh[kl\_gghc� wg_j]bb� �]eZ^dhklb� dhglmjZ�� b� g_kh�

hl\_lkl\by�dhglmjZ� �nmgdpby�bah[jZ`_gby���F_lh^�lj_[m�

_l�gZqZevghc�bgbpbZebaZpbb� �dZd�ijZ\beh� ���� lhq_d��b�\�

ijhp_kk_�bl_jZpbhggh]h�ihkljh_gby�jZkkqblu\Z_l�ijhba�

\h^gu_� b� ]jZ^b_glu� bah[jZ`_gby��H[sZy� b^_y� gZoh^bl�

\hiehs_gb_�\h�fgh]bo�\ZjbZglZo�f_lh^Z��hlebqZxsboky�

kihkh[Zfb� jZkq_lZ� ]jZ^b_glh\�� ijhba\h^guo�� f_lh^Zfb�

hilbfbaZpbb� b� \b^hf� iZjZf_ljbq_kdhc� djb\hc� dhglmjZ��

JZaghh[jZab_�h[mkeh\e_gh�ihiuldhc�^hklbqv�gZb[hevr_c�

ijb]h^ghklb�^ey�dhgdj_lguo�aZ^Zq��mkeh\bc�b�h[t_dlh\��

>jm]hc�ih^oh^� d� hdhglmjb\Zgbx� k\yaZg� k�pbnjh\hc�

nbevljZpb_c��<u^_e_gb_�dhglmjh\�[ebadh�d�\u^_e_gbx�

\ukhdhqZklhlghc� khklZ\eyxs_c� bah[jZ`_gby�� Pbnjh�

\u_� nbevlju� \u^_e_gby� dhglmjh\� j_Zebah\Zgu� dZd�

^bkdj_lgu_�^bnn_j_gpbZevgu_�hi_jZlhju��o��beb��o��

ibdk_e_c�� GZb[he__� ba\_klgu_� hi_jZlhju� Jh[_jlkZ��

Kh[_ey��Ijxbll� >��� �@��NbevljZpby�bah[jZ`_gby�wlbfb�

hi_jZlhjZfb� iha\hey_l� ihemqblv� dhglmju� bah[jZ`_gby�

\h�\k_f�ihe_�h[jZ[hldb��H^gZdh�ih�wlhfm�bah[jZ`_gbx�

ljm^gh� hij_^_eblv� fhjnheh]bq_kdb_� ihdZaZl_eb� hl�

^_evguo�h[t_dlh\��

AZ^ZqZ�hdhglmjb\Zgby�agZqbl_evgh�mkeh`gy_lky��_k�

eb� dhglmj� h[t_dlZ� jZaful� beb� g_^hklZlhqgh� ]eZ^dbc��

Wlh� ijb\h^bl� d� mkbe_gbx� \ebygby�rmfh\�� iehohc� koh�

^bfhklb� bl_jZpbhggh]h� ijhp_kkZ�� g_lhqgh]h� \hkijhba�

\_^_gby�dhglmjh\��JZaebqgu_�Z\lhju��\�aZ\bkbfhklb�hl�

dhgdj_lguo� mkeh\bc�� j_rZxl� wlm� aZ^Zqm� ih�jZaghfm��

GZijbf_j��\_^_lky�ihbkd�©ih\j_`^_gguoª�njZ]f_glh\�b�

gZkljhcdZ� gZ� lZdb_�njZ]f_glu�� >jm]hc�f_lh^� ±� f_lh^�

+LEULG�0HWKRG�bkihevam_l�l_ogheh]bx�hdhglmjb\Zgby��ijb�

dhlhjhc�\u^_eyxlky�b�mkljZgyxlky�ih�ihkljh_gbx�dhg�

lmjZ� wdklj_fZevgu_� lhqdb�� H^gZdh� lZdb_� Ze]hjblfu�

lj_[mxl� ^hihegbl_evguo� iZjZf_ljh\� b� bo� lhqghc� gZ�

kljhcdb��qZklh�ijb�Zdlb\ghf�mqZklbb�hi_jZlhjZ��

Ihwlhfm� aZ^ZqZ� Z\lhfZlbaZpbb� hdhglmjb\Zgby� h[t�

_dlh\� k� g_q_ldbfb� djZyfb� aZ� bo�pbnjh\ufb� bah[jZ`_�

gbyfb�^ey�hij_^_e_gby�fhjnheh]bq_kdbo�iZjZf_ljh\�b�

^Zevg_cr_c�deZkkbnbdZpbb�y\ey_lky�ZdlmZevghc��

:gZeba�ihke_^gbo�bkke_^h\Zgbc�b�im[ebdZpbc�

H^gbf� ba� i_jki_dlb\guo� b� kh\j_f_gguo� f_lh^h\�

\u^_e_gby� dhglmjZ� h[t_dlZ� gZ� bah[jZ`_gbb� y\ey_lky�

f_lh^�Zdlb\guo� dhglmjh\��:e]hjblf� aZdexqZ_lky�\�ke_�

^mxs_f�� ijhba\h^blky� ^_nhjfZpby� dhglmjZ� k� p_evx�

aZdexq_gby� \gmljb� _]h� h[eZklb�� dhlhjZy� kh^_j`bl� ibd�

k_eb�h[t_dlZ�>�@��

K� ihfhsvx�f_lh^Z� Zdlb\guo� dhglmjh\�fh`gh� gZclb�

]jZgbpm� h[t_dlZ� gZ� bah[jZ`_gbyo�� \� lhf� kemqZ_�� _keb�

gZqZevgZy� ]jZgbpZ� bah[jZ`_gby� aZ^Z_lky� ihevah\Zl_�

e_f� beb� ^jm]bf� kihkh[hf�� \hafh`gh� Z\lhfZlbabjh\Zg�

guf��Lhqdb� \� dhglmj_� klj_fylky� d� ]jZgbp_� h[t_dlZ�ijb�

fbgbfbaZpbb� wg_j]bb� dhglmjZ�� >ey� dZ`^hc� hlf_ldb� \�

hdj_klghklyo�YL��agZq_gb_�wg_j]bb�gZoh^blky�dZd��

� � � �LQWL L H[W L
( ( Y ( YD E � � ����

]^_� (LQW�YL�� y\ey_lky� nmgdpb_c� wg_j]bb�� aZ\bkys_c� hl�

nhjfu�dhglmjZ��b�(H[W�YL��±�nmgdpb_c�wg_j]bb��aZ\bkys_c�

hl�k\hckl\�bah[jZ`_gby�b�lbiZ�]jZ^b_glZ�\�hdj_klghklb�

lhqdb�YL��.�b���y\eyxlky�dhgklZglZfb��h[_ki_qb\Zxsbfb�

hlghkbl_evgmx�dhjj_dpbx�\_ebqbg�wg_j]bb���



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������
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(L�� (LQW�YL��� (H[W�YL�� y\eyxlky�fZljbpZfb�� AgZq_gb_� \�

p_glj_� dZ`^hc�fZljbpu�khhl\_lkl\m_l�wg_j]bb�dhglmjZ�

\�hlf_ld_�YL��>jm]b_�agZq_gby�\�fZljbpZo�khhl\_lkl\mxl�

wg_j]bb� \� dZ`^hc� hlf_ld_� \� hdj_klghklyo� YL�� DZ`^Zy�

hlf_ldZ�YL�klj_fblky�\�YL
��khhl\_lkl\mxs_c�iheh`_gbx�

fbgbfZevgh]h�agZq_gby�\�(L��Wlhl�ijhp_kk�beexkljbjm�

_lky� gZ� jbk�� ��� ?keb� nmgdpbb� wg_j]bb� \u[jZgu� ijZ�

\bevgh��lh�dhglmj�9�^he`_g�ijb[ebablvky�b�hklZgh\blv�

ky�gZ�]jZgbp_�h[t_dlZ��

�

Jbk�����Ijbf_j�^\b`_gby�hlf_ldb�YL�\�Zdlb\ghf�dhglmj_�

G_^hklZlhd�ijbf_g_gby�f_lh^Z�\�Z\lhfZlbabjh\Zg�

guo�kbkl_fZo�khklhbl�\�hij_^_e_gbb�dhwnnbpb_glh\�.�

b� ���Hgb� dhjj_dlbjmxlky� hi_jZlhjhf�� LZd`_� hi_jZlhj�

\u[bjZ_l� b� nmgdpbb� wg_j]bc� \gmljb� dhglmjZ� b� aZ� _]h�

ij_^_eZfb��

GZ� hkgh\_� ^Zggh]h�f_lh^Z� jZajZ[hlZgu� Ze]hjblfu�

^ey�\u^_e_gby�dhglmjh\�h[t_dlh\�jZaebqghc�ijbjh^u��

;ukljuc� Ze]hjblf� Zdlb\guo� dhglmjh\�� ij_^eh`_gguc�

'RQQD�-��:LOOLDPV�b�0XEDUDN�6KDK�>�@��\u^_ey_l�dhglmju�

jZaebqguo�h[t_dlh\��h^gZdh��dZd�b�\�kZfhf�f_lh^_��g_�

h[oh^bfh�ijyfh_�mqZklb_�hi_jZlhjZ�ijb�\u[hj_�dhwn�

nbpb_glh\��

DhfiZgb_c� %LRPHGLFDO� ,PDJLQH�*URXS� �%,*�� >�@�ij_^�

eh`_g� f_lh^� fh^_ebjh\Zgby� dhglmjh\� [bheh]bq_kdbo�

h[t_dlh\� f_lh^hf� af_cdb� �(�6QDNH�� k� ijbf_g_gb_f�

wdkihg_gpbZevguo�kieZcgh\��jbk�����>�@��

LZdhc�Ze]hjblf�y\ey_lky�gZb[he__�ih^oh^ysbf�^ey�

fhjnheh]bq_kdh]h�ZgZebaZ�de_lhd��

Kj_^b�jZaebqguo�\hafh`guo�ij_^klZ\e_gbc�djb\hc�

bkihevam_lky� %�kieZcg�� dhlhjuc� oZjZdl_jbam_lky� F�

lhqdZfb�mijZ\e_gby��Lhqdb��dj_klbdb��aZ^Zxl�dhgljhev�

guc� iheb]hg� �ijyfu_� ebgbb� f_`^m� lhqdZfb��� dhlhjuc�

mijZ\ey_l�kieZcg�af_cdhc��djb\Zy�ebgby���

W\hexpby� djb\hc� knhjfmebjh\ZgZ� dZd� aZ^ZqZ� fb�

gbfbaZpbb��K\yaZggZy�k�g_c�nmgdpby�gZau\Z_lky�wg_j�

]b_c� af_cdb�� Bkihevamxlky� dhf[bgZpbb� dhglmjZ� b� h[�

eZklb�wg_j]bc��Wg_j]by�dhglmjZ�khhl\_lkl\m_l�bgl_]jZ�

em� hl�ijh_dpbb� bah[jZ`_gby� ]jZ^b_glZ� gZ� djb\hc��WlZ�

wg_j]by�bkihevam_l�k]eZ`_ggmx�\_jkbx�bkoh^gh]h�bah�

[jZ`_gby�k�]Zmkkh\kdbf�y^jhf�.�klZg^Zjlgh]h�hldehg_�

gby�� H[eZklb� wg_j]bc� fZdkbfbabjmxl� jZagbpm� f_`^m�

bgl_gkb\ghklvx� h[eZklb�� h]jZgbq_gghc� djb\hc�� b� bg�

l_gkb\ghklvx�\g_�__��

DZd� hlf_qZxl� Z\lhju�� wdkihg_gpbZevguc� kieZcg� \�<�

nhjf_� emqr_� \k_]h� ih^oh^bl� ^ey� fh^_ebjh\Zgby� djm]h�

\uo��weebilbq_kdbo�b�dZie_h[jZaguo�nhjf��Ijb�Ziijhdkb�

fZpbb� fbgbfbabjmxl� jZaghklv� wg_j]bc� h[eZklb�� h]jZgb�

q_gghc� djb\hc�� b� \u^_e_gghc� h[eZklb��>ey�fbgbfbaZpbb�

wlh]h� ihdZaZl_ey� bkihevam_lky� bl_jZpbhggZy� ijhp_^mjZ�

hilbfbaZpbb� dhgljhevguo� lhq_d�� hij_^_eyxsbo� iheb]hg��

hibkZgguc�\hdjm]�h[t_dlZ�fh^_ebjh\Zgby��

� �

Z��^h�hilbfbaZpbb� [��ihke_�hilbfbaZpbb�

Jbk����<u^_e_gguc�dhglmj�de_ldb��
wdkihg_gpbZevguf�kieZcghf�

H^gZdh� ijhp_^mjZ� hilbfbaZpbb� g_kdhevdh� hkeh`g_�

gZ� l_f�� qlh� dhgljhevgu_� lhqdb� ^\b`mlky� gZ� iehkdhklb��

Lhqdb�g_�bf_xl�ijyfhc�k\yab�kh�kljhysbfky�dhglmjhf��
Ijb� bkihevah\Zgbb� qZklhlguo� nbevljh\� ^ey� \u^_�

e_gby� dhglmjh\� qZs_� \k_]h� ihevamxlky� hi_jZlhjZfb�

Jh[_jlkZ��Kh[_ey��Ijxbll��Hi_jZlhju�Kh[_ey�b�Ijxbll�

bkihevamxl� ]jZ^b_gl�� \uqbke_gguc� ih� nhjfme_�

� �

[ \
* * * � ��Hlebqb_�khklhbl�ebrv�\�kihkh[_�\uqbke_�

gbc�ijhba\h^guo�ih�khklZ\eyxsbf��Hi_jZlhj�Jh[_jlkZ�

bkihevam_l�hdgh��o���b�\_ebqbgZ�]jZ^b_glZ�\uqbkey_lky�

ih�nhjfme_��
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<f_kl_� k� l_f�� ijb� bkihevah\Zgbb� ^Zgguo� f_lh^h\�

\u^_eyxlky� dhglmju� \k_o� h[t_dlh\� gZ� bah[jZ`_gbb��

Dhebq_kl\h�gZc^_gguo� dhglmjh\� aZ\bkbl�hl�\u[jZggh]h�

ihjh]h\h]h� agZq_gby��?keb�_]h�\u[jZlv�\ukhdbf�� lh�ih�

emqZ_lky�fZeh�dhglmjh\��b�bkdhfuc�h[t_dl�fh`_l�[ulv�

g_\u^_e_g��Ijb�gbadhf�agZq_gbb�±�[hevrh_�dhebq_kl\h�

dhglmjh\��Lh�_klv��\�h[s_f�kemqZ_�g_h[oh^bfh�mqZklb_�

hi_jZlhjZ�^ey�\u[hjZ�ihjh]h\h]h� agZq_gby��qlh�mkeh`�

gy_l�ijhp_kk�Z\lhfZlbaZpbb�\u^_e_gby�dhglmjZ��

:\lhjhf� [ueb� \uiheg_gu� ihiuldb� ijbf_gblv� ^Zg�

gu_� f_lh^u� d� hdhglmjb\Zgbx� h[t_dlh\� k� jZafulufb�

dhglmjZfb�� gh� j_amevlZlu� hdZaZebkv� g_m^h\e_l\hjb�

l_evgufb��jbk������

P_ev� bkke_^h\Zgbc� ±� jZajZ[hlZlv� f_lh^� \u^_e_�
gby� dhglmjZ� h[t_dlh\� k� g_q_ldbfb�� jZafulufb� djZyfb�

gZ� p\_lguo� bah[jZ`_gbyo�� ebr_gguc� \� lhc� beb� bghc�

kl_i_gb�hlf_q_gguo�\ur_�g_^hklZldh\��
�
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Jbk�����Ijbf_g_gb_�4VQDNH�d�hdhglmjb\Zgbx�whabghnbeZ�

J_amevlZlu�bkke_^h\Zgbc�b�jZajZ[hldb�

<�jZ[hl_�ij_^eZ]Z_lky�bgnhjfZpbhggZy�l_ogheh]by�

hdhglmjb\Zgby� h[t_dlh\� k� bkihevah\Zgb_f�f_lh^Z�� kh�

klhys_]h�ba�ihke_^h\Zl_evguo�wlZih\��

P_evx� ij_^\Zjbl_evghc� h[jZ[hldb� y\ey_lky� memq�

r_gb_�dZq_kl\Z�ihemqZ_fh]h�bah[jZ`_gby��Kgbfdb��dZd�

ijZ\beh�� g_^hklZlhqgh� q_ldb_� b� dhgljZklgu_�� Z� lZd`_�

g_kml�\�k_[_�fgh]h�ebrg_c�bgnhjfZpbb��ij_`^_�\k_]h�

rmfh\��iuev��hk_\rmx�gZ�kl_deZ�fZadh\��^jm]b_�nZdlh�

ju��� Memqrblv� q_ldhklv� b� dhgljZklghklv� fh`gh� ZiiZ�

jZlgufb�f_lh^Zfb��gZijbf_j��aZf_ghc�\b^_hdZf_ju�gZ�

lm�� dhlhjZy� ki_pbZebabjm_lky� gZ� kt_fd_� bah[jZ`_gbc�

ih^�fbdjhkdhihf��Gh� wlh�^hjh]hklhysbc� kihkh[�� dhlh�

juc� g_� j_rZ_l� ijh[e_fm� bkdexq_gby�rmfh\��Ihwlhfm�

p_e_khh[jZag__� \hkihevah\Zlvky� Ze]hjblfbq_kdbfb�

f_lh^Zfb�memqr_gby�dZq_kl\Z�bah[jZ`_gby��

Mf_gvr_gb_� bahebjh\Zgguo� ij_iylkl\bc� k� fbgb�

fZevguf�jZafu\Zgb_f�dhglmjZ�h[_ki_qb\Z_lky�aZ�kq_l�

h^ghf_jghc� f_^bZgghc� nbevljZpbb� ih� iylb� lhqdZf��

I_j_iZ^u� yjdhklb� gZ� bah[jZ`_gbb� kh^_j`Zl� \� k_[_�

bgnhjfZpbx� h� dhglmjZo� h[t_dlh\�� Bf_ggh� k� bo� ihfh�

svx� \uihegy_lky� jZa^_e_gb_� h[t_dlh\� ^jm]� hl� ^jm]Z��

I_j_iZ^u�yjdhklb� h[uqgh�hl^_eyxl�^jm]� hl�^jm]Z�^\_�

h[eZklb� bah[jZ`_gby� k� jZaebqghc� yjdhklvx�� B^_Zev�

guc�^_l_dlhj� i_j_iZ^Z�^he`_g� mdZau\Zlv� gZebqb_� i_�

j_iZ^h\�\�_^bghc�lhqd_��jZkiheh`_gghc�kljh]h�\�p_glj_�

]jZ^b_glZ� yjdhklb�� >ey� ]jm[h]h� \u^_e_gby� dhglmjZ�

ijbf_g_g� hi_jZlhj�Kh[_ey� k� hdghf� ���� we_f_glu� dh�

lhjh]h�ihdZaZgu�gZ�jbk����

JZkq_lu�\uihegyxlky�ih�nhjfme_��
� �
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Jbk����Hdgh�jZkq_lh\�hi_jZlhjhf�Kh[_ey�

H^gZdh�� \� h[s_f� kemqZ_�� wlh� g_� iha\hey_l� ^hklbqv�

hdhglmjb\Zgby�bf_ggh�g_h[oh^bfh]h�h[t_dlZ��Djhf_�lh]h��

hi_jZlhj� Kh[_ey� lj_[m_l� \u[hjZ� ihjh]h\h]h� agZq_gby��

>ey�jZ[hlu�hi_jZlhjZ�bah[jZ`_gb_�i_j_\h^blky�\�nhjfZl�

<89��Hi_jZlhj�ijbf_gy_lky�d�kb]gZem�yjdhklb�<��

Ihke_�bkihevah\Zgby�wlbo�f_lh^h\�ihemqZ_f� ]jZgb�

pu�h[t_dlh\�±�[bgZjgh_�bah[jZ`_gb_��gh�]jZgbpu�gZoh�

^ylky� g_h^ghagZqgh�� dZd� fgh`_kl\h� hl^_evguo� lhq_d��

Ihke_^g__�h[tykgy_lky�g_q_ldbfb�b�jZafulufb� ]jZgb�

pZfb�l_eZ���

Mqblu\Zy� lhevdh�yjdhklv��g_\hafh`gh� \u^_eblv�gm`�

guc�dhglmj�b�hij_^_eblv�_]h�\Z`gu_�oZjZdl_jbklbdb��Ih�

wlhfm�g_h[oh^bfh�ijbgbfZlv�\h�\gbfZgb_�b�dhfihg_glu�

p\_lghklb�8��kbg_�`_elZy��b�9��djZkgh�]hem[Zy���>ey�wlh�

]h�d�[bgZjghfm�bah[jZ`_gbx�yjdhklb� �dhfihg_glZ�<��^h�

[Z\bf� dhfihg_glu�p\_lghklb� \� g_baf_gghf� \b^_��Ihem�

qZ_f� p\_lgh_� bah[jZ`_gb_� k� ^jm]bf� jZkij_^_e_gb_f�

p\_lh\� aZ� kq_l� [bgZjgh]h� ij_h[jZah\Zgby� yjdhklb�� GZ�

g_f�q_ldh�\u^_e_gu�l_�`_�dhglmju��gh�h[t_dl�klZe�[_eh]h�

p\_lZ��Z�nhg�bf__l�`_elh\Zluc�p\_l���

;eZ]h^Zjy� jZagbp_� \� p\_l_� \u^_ey_f� h[t_dl�� >ey�

wlh]h� jZajZ[hlZgZ� kljZl_]by� ihke_^h\Zl_evgh]h� i_j_�

[hjZ��GZoh^ylky� ijb[ebabl_evgu_� ]jZgbpu� ©[_eh]h� l_�

eZª��GZoh^ylky�[_eu_�lhqdb��\hdjm]�dhlhjuo�_klv�^hklZ�
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lhqgh_� dhebq_kl\h� �g_�f_g__� ��� lZdbo�`_�[_euo� lhq_d��

Wlh�bkdexqZ_l�hl^_evgu_�[_eu_� lhqdb�kj_^b�p\_lgh]h�

nhgZ�� >Ze__� ^\b]Z_fky� \� q_luj_o� gZijZ\e_gbyo� ^h�

q_jguo�lhq_d��<�j_amevlZl_�ihemqZ_f�^_dZjlh\u_�dhhj�

^bgZlu� lhq_d� dhglmjZ� bkdhfh]h� h[t_dlZ� b� ijyfhm]hev�

gbd��\� dhlhjuc� h[t_dl� \ibkZg��Wlh� hq_gv� ]jm[h_� \u^_�

e_gb_�dhglmjZ��ih�dhlhjhfm�keh`gh�hij_^_eblv�fhjnh�

eh]bq_kdb_�iZjZf_lju��

>ey� lhqgh]h� hdhglmjb\Zgby� h[t_dlZ�� ij_^klZ\e_ggh]h�

fgh`_kl\hf� hl^_evguo� lhq_d�� ij_^eh`_g� gh\uc� f_lh^�

bl_jZpbhggh]h� ijb[eb`_gby� dhglmjZ� kieZcghf�� Hkh[_g�

ghklv�bkdhfh]h�dhglmjZ�\�lhf��qlh�hg�y\ey_lky�aZfdgmlhc�

nmgdpb_c��Ihkljhblv�pbdebq_kdbc��aZfdgmluc�kieZcg�fh`�

gh�^\mfy�kihkh[Zfb��i_j_oh^hf�d�iZjZf_ljbq_kdhc�nmgd�

pbb�beb�iheyjghc�kbkl_f_�dhhj^bgZl���

Ijb�bkihevah\Zgbb�iZjZf_ljbq_kdhc�nmgdpbb�ihy\�

ey_lky� keh`ghklv� \u[hjZ� iZjZf_ljZ� W�� b� bf__f� ^\_�

hl^_evgu_�nmgdpbb�[�W��b�\�W���Ihwlhfm�[ue�ba[jZg�i_�

j_\h^�\�iheyjgmx�kbkl_fm�dhhj^bgZl��

Bkke_^m_fu_�h[t_dlu��fbdjhhj]Zgbafu��fbg_jZeu��

bf_xl�nhjfm��[ebadmx�d�\uimdehc��qlh�mijhsZ_l�i_j_�

oh^��dZd�[m^_l�ihdZaZgh�^Ze__�gZ�jbk��������

GZqZehf� hlkq_lZ�iheyjghc�kbkl_fu� dhhj^bgZl� kem�

`bl� p_glj� ijyfhm]hevgbdZ�� \� dhlhjuc� \ibkZg� gZc^_g�

guc�dhglmj��jbk������

>ey� mlhqg_gby� ]jm[h� \u^_e_ggh]h� dhglmjZ� g_h[oh�

^bfh� ihkljhblv� kieZcg�fh^_ev�� Hkh[_gghklv� ^Zggh]h�

kieZcgZ� \� lhf�� qlh� hg� y\ey_lky� aZfdgmluf�� <� lZdhf�

kieZcg_� dhebq_kl\h� maeh\� jZ\gh� dhebq_kl\m�njZ]f_g�

lh\�� Hkh[_gghklvx� i_jbh^bq_kdh]h� kieZcgZ� y\ey_lky�

lh�� qlh� i_j_^� i_j\uf� njZ]f_glhf� gZoh^blky� ihke_^�

gbc��Z� aZ�ihke_^gbf�njZ]f_glhf�ke_^m_l�i_j\uc��>ey�

ihkljh_gby�kieZcg�fh^_eb�[ue�\u[jZg�kieZcg�WjfblZ��

>ey� \uqbke_gbc� [Zabkguo� nmgdpbc� kieZcgZ� WjfblZ�

bkihevamxlky�ke_^mxsb_�nhjfmeu�>�@��
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AZfdgmlhklv� dhglmjZ� kieZcgZ� mqblu\Z_lky� ke_^mx�

sbf�h[jZahf��

±�^ey�i_j\h]h��KM��� �[5�±�[5����

±�^ey�ihke_^g_]h��KM� �[��±�[���KM��� �[��±�[���

±�^ey�ij_^ihke_^g_]h��KM��� �[��±�[���

]^_�5�±�dhebq_kl\h�njZ]f_glh\�kieZcgZ��M�±�ghf_j�l_dm�

s_]h�njZ]f_glZ��

<� h[s_f� \b^_�� ^ey� kieZcgZ�� dhlhjuc� khklhbl� ba� 5�

njZ]f_glh\��bf__f�\ujZ`_gb_��
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]^_� ;M�[�� ehdZevgZy� [ZabkgZy� kieZcg�nmgdpby�� khklhy�

sZy�ba�q_luj_o�njZ]f_glh\��
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AgZq_gb_� kieZcgZ� \� ijhba\hevghc� lhqd_�� ijbgZ^e_�

`Zs_c�M�fm�njZ]f_glm��jZ\gh��
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>ey�aZfdgmlh]h�kieZcgZ�wlh�\ujZ`_gb_�bklbggh�^ey�

\k_o�njZ]f_glh\��
:iijhdkbfZpby� \uihegy_lky�ih�f_lh^m� gZbf_gvrbo�

d\Z^jZlh\��FGD���G_h[oh^bfh�gZ�fgh`_kl\_�lhq_d�\L��DL��

��L 1 �� hp_gblv� bklbggh_� agZq_gb_� dhglmjZ� I�DL�� ijb�

mkeh\bb� Z^^blb\ghc� ih]j_rghklb�k� gme_\uf�fZl_fZlb�

q_kdbf� h`b^Zgb_f� L L L\ I H � �� > @ �
L

0 H  �� Ih]j_rghklv�

kqblZ_f� g_dhjj_ebjh\Zgghc� b� jZkij_^_e_gghc� ih� ghj�

fZevghfm� aZdhgm� k� ^bki_jkb_c� > @ �' H V ��G_h[oh^bfh�

gZclb�lZdb_�agZq_gby�\_dlhjZ�$� �^DM`��ijb�dhlhjuo�^hk�

lb]Z_lky�fbgbfmf� � �� ��
�

� PLQ
1

L L

L
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<�h[s_f�\b^_�FGD�k�fh^_evx�kieZcghf�g_�hlebqZ�

_lky�hl�ZgZeh]bqguo�mjZ\g_gbc�^ey�Ze]_[jZbq_kdbo�ih�

ebghfh\��

J_r_gb_f�y\ey_lky��

� � � ��
7 7

$ 3 3 3 <
�

 � ����

]^_� 3� ±� fZljbpZ� ieZgbjh\Zgby�� klhe[pu� ±� [Zabku�

kieZcgZ������

Hkh[_gghklvx� kieZcg�fh^_eb� dhglmjZ� y\ey_lky� _]h�

aZfdgmlhklv��GZqZeh�b�dhg_p�kieZcgZ�y\eyxlky�mkeh\gufb��

lZd� dZd� dhg_qguc� ma_e� h^gh\j_f_ggh� y\ey_lky� b�i_j\uf��

Ihwlhfm� fZljbpZ� ieZgbjh\Zgby� ^ey� aZfdgmlh]h� kieZcgZ�

bf__l� [ehqgh�^bZ]hgZevgmx� nhjfm� k� ^hihegbl_evgufb�

[ehdZfb�kijZ\Z�\\_jom�b�ke_\Z�\gbam��jbk������

�

Jbk�����Nmgdpby�dhglmjZ�\�^_dZjlh\hc�b�iheyjghc�kbkl_f_�dhhj^bgZl�
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Jbk����Ko_fZ�jZkiheh`_gby�[ehdh\�fZljbpu�ieZgbjh\Zgby�

>ey�ihkljh_gby�fZljbpu�ieZgbjh\Zgby�J�bkihevam�

xlky�nhjfmeu� �����>ey�dZ`^hc� L�hc� lhqdb�\uqbkeyxlky�

agZq_gby�nmgdpbc�;��[L���;��[L���;��[L���;��[L���<�fZljbp_�

ieZgbjh\Zgby�hgb�gZoh^ylky�\�L�hc�kljhqd_��>ey�dZ`^h�

]h� M�]h�njZ]f_glZ� k� h[s_]h� dhebq_kl\Z�njZ]f_glh\�5��

djhf_� M� ����5�±����5�� agZq_gby� nmgdpbc� ;��[L��� ;��[L���

;��[L���;��[L�� gZoh^ylky� \� klhe[pZo� k� ghf_jZfb� M�±���� M��

M������ M����� khhl\_lkl\_ggh�� >ey� i_j\h]h� njZ]f_glZ�

�M� ����agZq_gby�nmgdpbc�;��[L��aZibku\Z_lky�\�klhe[_p�

5��lZd�dZd�\�dZq_kl\_�gme_\h]h�njZ]f_glZ�bkihevam_lky�

ihke_^gbc��AgZq_gby�;��[L���;��[L���;��[L��aZibku\Zxlky�\�

klhe[pu� ��� ��� �� khhl\_lkl\_ggh�� >ey� ij_^ihke_^g_]h�

njZ]f_glZ� �M� �5�±���� agZq_gby�;��[L�� aZghkylky� \� ��uc�

klhe[_p�� lZd� dZd� aZ� ihke_^gbf� njZ]f_glhf� b^_l� i_j�

\uc�� AgZq_gby� ;��[L��� ;��[L��� ;��[L�� aZibku\Zxlky� \�

klhe[p_�5�±����5�±����5�khhl\_lkl\_ggh��Ih� lhc�`_�ijb�

qbg_�^ey�ihke_^g_]h�njZ]f_glZ� �M� �5�� agZq_gby�;��[L��

aZghkylky�\h���c�klhe[_p��;��[L��aZghkblvky�\���uc�klhe�

[_p�� AgZq_gby� ;��[L��� ;��[L��� aZibku\Zxlky� \� klhe[pu��

5�±����5�khhl\_lkl\_ggh��

=eZ^dhklv� b� lhqghklv� ijb[eb`_gby� kieZcg�dhglmjZ�

g_y\gh� aZ\bkbl� hl� dhebq_kl\Z� maeh\� kieZcgZ��>ey� ^hk�

lb`_gby�ijb[eb`_gby�kieZcghf�\�1�����jZajZ[hlZg�f_�

lh^�hilbfbaZpbb�dhebq_kl\Z�maeh\�b�bo�jZaf_s_gby��GZ�

gZqZevghc�klZ^bb�kieZcg�kljhblky�gZ�q_luj_o�njZ]f_g�

lZo�k�q_lujvfy�maeZfb��I_j\uc�ma_e�gZoh^blky�\�i_j\hc�

lhqd_�kieZcgZ��HklZevgu_�ljb�±�gZ�jZ\guo�jZkklhygbyo�

^jm]�hl�^jm]Z��Mlhqg_gb_�iheh`_gby�maeh\�kieZcgZ�\u�

ihegy_lky� ke_^mxsbf� h[jZahf�� JZkklhygb_� f_`^m� kh�

k_^gbfb� maeZfb� ^_eblky� gZ� iylv� qZkl_c�� DZ`^uc� ma_e�

^\b`_lky� \� dZ`^mx� ba� gbo��?keb� kj_^g_d\Z^jZlbq_kdh_�

hldehg_gb_�kieZcg�dhglmjZ�ihke_�\j_f_ggh]h�^\b`_gby�

maeZ�mf_gvrbeZkv��lh�hlgug_�ma_e�gZoh^blky�\�wlhc�gh�

\hc� lhqd_�� ?keb� ihke_� hilbfbaZpbb� jZaf_s_gby� maeh\�

g_�m^Z_lky�^hklbqv�g_h[oh^bfhc�lhqghklb�ijb[eb`_gby��

lh�m\_ebqb\Z_f�qbkeh�njZ]f_glh\�kieZcgZ� �^h[Z\ey_f�

_s_� h^bg� ma_e��� \� k_j_^bgm�njZ]f_glZ� k� gZb[hevrbf�

hldehg_gb_f�^h[Z\ey_lky�gh\uc�ma_e��>Ze__�\gh\v�ih�

\lhjy_lky� hilbfbaZpby� jZaf_s_gby� maeh\�� <� kj_^g_f�

kieZcg�kljhblky�gZ�������maeZo��J_amevlZl�hilbfbaZpbb�

ihdZaZg�gZ�jbk�����

JZajZ[hlZgguc�f_lh^�fh`gh� ijbf_gylv�ijb� hdhglm�

jb\Zgbb� h[t_dlh\� jZaebqghc� ijbjh^u�� K� _]h� ihfhsvx�

[ueb� \u^_e_gu� dhglmju� gZ� pbnjh\uo� bah[jZ`_gbyo�

fbg_jZ]jZnbb��jbk������f_lZeeh]jZnbb��jbk������bffmgh�

eh]bb��jbk�������

Ij_^eh`_gguc�f_lh^�j_Zebah\Zg�\�bgnhjfZpbhgghc�

l_ogheh]bb� hij_^_e_gby� fhjnheh]bq_kdbo� iZjZf_ljh\�

whabghnbeh\�� Bkke_^my� fhjnheh]bq_kdb_� ijbagZdb�

[hevrbo� ]jZgmebjh\Zgguo� ebfnhpblh\� �whabghnbeh\���

fh`gh� hij_^_eblv� bffmgguc� klZlmk� q_eh\_dZ�� lh� _klv�

klZ^bx�[hjv[u�hj]ZgbafZ�k�\bjmkZfb��Fhjnheh]bq_kdb_�

ijbagZdb� whabghnbeh\� a^hjh\h]h� b� [hevgh]h� q_eh\_dZ�

kms_kl\_ggh� hlebqZxlky�� >ey� hij_^_e_gby� bffmggh]h�

klZlmkZ� iZpb_glZ� ijbf_g_g� deZkkbq_kdbc� ^bkdjbfb�

gZglguc�ZgZeba�>�@���

�������� �
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Jbk�����Dhglmj�h[t_dlZ�^h�b�ihke_�hilbfbaZpbb�
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Jbk�����Dhglmju�kj_ah\�fbg_jZeh\�
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Jbk�����Dhglmju�ih\j_`^_gbc�f_lZeebq_kdhc�ih\_joghklb�

�

Jbk������Dhglmju�h[t_dlh\�fbdjhkdhibb�

>ey�hij_^_e_gby�^bkdjbfbgZglghc�nmgdpbb�bkihev�

ah\Zgu� hlghkbl_evgu_� ihdZaZl_eb��
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 ��]^_�GY�±�[hevrhc�^bZf_lj��GP�±�

fZeuc� ^bZf_lj�� 6� ±� iehsZ^v�� O� ±� ^ebgZ� dhglmjZ��>ey�

jZkq_lZ� bkihevah\ZgZ� h[mqZxsZy� \u[hjdZ� ba� Q� �����

h[jZaph\��ba�gbo�Q�� �����Q�� �����

Hij_^_e_gu� dhwnnbpb_glu� �L� ^bkdjbfbgZglghc�

nmgdpbb� b� ihemq_gZ� ^bkdjbfbgZglgZy� nmgdpby�

� � � � � � � �
< ; [ [ [E E E � � ��

<_jhylghklv� hrb[hqghc� deZkkbnbdZpbb� hij_^_ey�

_lky�ke_^mxsbf�h[jZahf��?keb�P��±�qbkeh�gZ[ex^_gbc�

:��� hlg_k_gguo� d�:��� b� P�� ±� qbkeh� gZ[ex^_gbc�:���

deZkkbnbpbjh\Zgguo� \� :��� lh� J��_��� �P��Q�� b�

J��_��� �P��Q���

Ih�^Zgguf�j_ljhki_dlb\gh]h�ZgZebaZ�[ueh�ihemq_�

gh�J��_��� ��������Z�J��_��� ��������Wlh� \_jhylghklv� hl�

ghr_gby�a^hjh\h]h�iZpb_glZ�d�[hevguf��Z�[hevgh]h�±�d�

a^hjh\uf��

AZdexq_gb_�

JZajZ[hlZgguc�f_lh^��jZ[hlZ�dhlhjh]h�ijh\_jyeZkv�

gZ�j_Zevguo� bah[jZ`_gbyo��ijh^_fhgkljbjh\Ze� mklhc�

qb\hklv�b�^hklb`_gb_�aZ^Zgghc�lhqghklb��

F_lh^� \dexqZ_l� \� k_[y� ihke_^h\Zl_evghklv� ke_�

^mxsbo�hi_jZpbc��

���Ij_h[jZah\Zgb_�bah[jZ`_gby�\�<89��

���F_^bZggZy�nbevljZpby��

���Hij_^_e_gb_�]jm[h]h�dhglmjZ�hi_jZlhjhf�Kh[_ey��

���Hij_^_e_gb_�dhhj^bgZl�dhglmjZ��

���:iijhdkbfZpby�kieZcghf��

���HilbfbaZpby�dhglmjZ��

G_[hevrh_� gZjmr_gb_� \uimdehklb� h[t_dlh\� g_� y\�

ey_lky�ij_iylkl\b_f�^ey�ij_^eh`_ggh]h�f_lh^Z��ohly�\�

hl^_evguo� kemqZyo� fh`_l� g_kdhevdh� kgb`Zlv� lhqghklv�

aZ�kq_l�k]eZ`b\Zgby��

Ebl_jZlmjZ�

���R_e_\bpvdbc�1�<���Rmldh�F�H���Rmldh�<�F���DZe]Zgh�

\Z�H�H��� KieZcgb� \� pbnjh\�c� h[jh[p�� ^Zgbo� �� kb]gZe�\��

Djb\bc�J�]��<b^Z\gbqbc�^�f��������±����k����e��

���%LRPHGLFDO� ,PDJLQJ� *URXS�� *UDGLHQW� �LQGH[��

KWWS���ELJZZZ�HSIO�FK�DOJRULWKPV�KWPO�

���'211$�-��:,//,$06�$1'�08%$5$.�6+$+�$�)DVW�

$OJRULWKP� IRU� $FWLYH� &RQWRXUV� DQG� &XUYDWXUH� (VWLPDWLRQ��

&9*,3��,0$*(�81'(567$1',1*�9RO������1R�����-DQXDU\��

SS��������������

���5REHUWV�/�*�� 0DFKLQH� 3HUFHSWLRQ� 2I� 7KUHH�'LPHQ�

VLRQDO� 6ROLGV� �� /�*��5REHUWV� ±� 0DVVDFKXVHWWV� ,QVWLWXWH� RI�

7HFKQRORJ\� /LQFROQ� /DERUDWRU\�� J_`bf� ^hklmim��

KWWS���ZZZ�SDFNHW�FF�ILOHV�PDFK�SHU��'�VROLGV�KWPO�

���6DPXHO�-��'Z\HU�,,,��$�SHUVRQDOL]HG�YLHZ�RI�WKH�KLVWRU\�

RI�3$&6�LQ�WKH�86$����6DPXHO�-��'Z\HU�,,,�����3URFHHGLQJV�RI�

WKH�63,(��©0HGLFDO�,PDJLQJ�������3$&6�'HVLJQ�DQG�(YDOXD�

WLRQ�� (QJLQHHULQJ� DQG� &OLQLFDO� ,VVXHVª�� (GLWHG� E\� *�� -DPHV�

%ODLQH�DQG�(OLRW�/��6LHJHO��������±�3�������

���Ebl\bgh\Z�L�<��Ijhn�eZdlbdZ�j_ki�jZlhjgbo�aZo\h�

jx\Zgv�m�^�l_c��o\hjbo�gZ�[jhgo�Zevgm�Zklfm��sh�h^_j�

`mxlv�[Zabkgm� l_jZi�x��^bk�� dZg^��f_^�� gZmd�� ��������� ��

L�<��Ebl\bgh\Z��±�>��>>F:��±�������±����k��

���.DDV� 0��� :LWNLQ� $��� 7HU]RSRXORV� '�� 6QDNHV�� $FWLYH�

&RQWRXU�0RGHOV�� ��� ,QW��-RXUQDO�RI�&RPSXWHU�9LVLRQ��±�������

1���S����������

���NZdlhjguc�� ^bkdjbfbgZglguc� b� deZkl_jguc� ZgZ�

eba� �>`��H��Dbf�� Q�M��Fvxee_j�� M�J��De_ddZ� b� ^j��� ih^�

j_^��B�K��?gxdh\Z��I_j��k�Zg]e�±�F��NbgZgku�b�klZlbklb�

dZ��������±�K���������

7+(�0(7+2'�2)�('*(�'(7(&7,21�

2)�2%-(&76�:,7+�)8==<�('*(6��

,1�&2/25�,0$*(6�

0HGYHGHY'�*��

$� EULHI� UHYLHZ� RI�PHWKRGV� RI� HGJH� GHWHFWLRQ� RI� REMHFWV� LV�

FRQVLGHUHG��%DVLF�PHWKRGV�GR�QRW�DOORZ�WR�DOORFDWH�WKH�FRQWRXUV�

RI�REMHFWV�ZLWK�EOXUUHG�HGJHV�RU�UHTXLUH�WKH�DFWLYH�SDUWLFLSDWLRQ�

RI� WKH� XVHU�� 7KH� DGYDQWDJH� RI� WKH� SURSRVHG�PHWKRG� RI� HGJH�

GHWHFWLRQ� XVLQJ� WKH� DSSUR[LPDWLQJ� VSOLQH� IXQFWLRQV� LV� LWV�

DXWRPDWL]DWLRQ� �WKH� XVHU� RQO\� QHHG� WR� VSHFLI\� RQH� SRLQW�

EHORQJLQJ�WR�WKH�REMHFW���7KH�UHVXOW� LV�D�FRQWRXU� LQ�WKH�IRUP�RI�

WKH� DQDO\WLF� IXQFWLRQ� WKDW� VLPSOLILHV� SDUDPHWH�UL]DWLRQ�� 7KH�

GHYHORSHG�PHWKRG�FDQ�EH�XVHG�LQ�HGJH�GHWHF�WLRQ�RI�REMHFWV�RI�

GLIIHUHQW� QDWXUH�� PLQHUDJUDSK\�� PHWDOOR�JUDSK\�� LPPXQRORJ\��

7KH�PHWKRG� LV� LPSOHPHQWHG� LQ� WKH� LQIRUPDWLRQ� WHFKQRORJ\� IRU�

GHWHUPLQDWLRQ�RI�PRUSKRORJLFDO�SDUDPHWHUV�RI�HRVLQRSKLOV��
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�

�
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JZkkfhlj_g�Ze]hjblf�mlhqg_gby�\_dlhjguo�lhih]jZnbq_kdbo�

dZjl�ih�^Zgguf�^bklZgpbhggh]h� ahg^bjh\Zgby�A_feb��Ij_^eh`_gh�

bkihevah\Zgb_�bgl_ee_dlmZevghc�kbkl_fu��hkgh\Zgghc�gZ�fZrbgZo�

hihjguo� \_dlhjh\�� fgh]hkehcguo� i_jp_iljhgZo�� g_cjhgguo� k_lyo�

ijyfh]h�jZkijhkljZg_gby��g_cjhgghc�dZjl_�Dhohg_gZ��JZkkfhlj_g�

ih^oh^�d�h[mq_gbx�g_cjhgghc�k_lb�ijyfh]h�jZkijhkljZg_gby�k�ih�

fhsvx�]_g_lbq_kdh]h�Ze]hjblfZ�b�]jZffZlbd�]jZnh\hc�]_g_jZpbb�

DblZgh��

M>D�������������������

G?CJHK?L?<HC�:E=HJBLF�MLHQG?GBY�<?DLHJGUO�LHIH=J:NBQ?KDBO�
D:JL�IH�>:GGUF�>BKL:GPBHGGH=H�AHG>BJH<:GBY�A?FEB�

:dbgbg�F�<���ZkibjZgl�dZn_^ju�©Dhkfbq_kdb_�l_ogheh]bbª�JyaZgkdh]h�]hkm^Zjkl\_ggh]h�jZ^bhl_ogbq_kdh]h�
mgb\_jkbl_lZ��H�PDLO��DNLQLQ�P�Y#JPDLO�FRP�

�

Dexq_\u_�keh\Z��bkdmkkl\_ggZy�g_cjhggZy�
k_lv�� fZrbgZ� hihjguo� \_dlhjh\�� g_cjhggZy�

dZjlZ� Dhohg_gZ�� fgh]hkehcguc� i_jp_iljhg��

g_cjhggZy�k_lv�ijyfh]h�jZkijhkljZg_gby�]jZf�

fZlbdZ� ]jZnh\hc� ]_g_jZpbb�DblZgh�� ]_g_lbq_k�

dbc�Ze]hjblf��

<\_^_gb_��IhklZgh\dZ�aZ^Zqb�

AZ^ZqZ� hi_jZlb\gh]h� khklZ\e_gby� b� h[gh\�

e_gby� lhih]jZnbq_kdbo� dZjl� y\ey_lky� h^ghc� ba� \Z`�

g_crbo�j_rZ_fuo�aZ^Zq�\�jZaebqguo�kn_jZo�wdhghfb�

db�� ijbjh^hihevah\Zgby� b� h[_ki_q_gbb� [_ahiZkghklb�

`bag_^_yl_evghklb�q_eh\_dZ��

>ZggZy� aZ^ZqZ� fh`_l� [ulv� j_r_gZ� ihkj_^kl\hf�

ZgZebaZ� ^Zgguo� ^bklZgpbhggh]h� ahg^bjh\Zgby� A_feb�

�>AA�� ihem�� b� iheghklvx� Z\lhfZlbq_kdbfb� bgl_ee_d�

lmZevgufb� kbkl_fZfb�� qlh� h[_ki_qb\Z_l� \ukhdmx� lhq�

ghklv� j_amevlZlZ� b� gbadb_� \j_f_ggu_� aZljZlu� gZ� _]h�

ihemq_gb_��

Lhih]jZnbq_kdZy� dZjlZ� ih^]hlZ\eb\Z_lky� \� ]_hbg�

nhjfZpbhgghc� kbkl_f_� gZ� hkgh\_� gZ[hjZ� \_dlhjguo�

keh_\�� dZ`^uc� ba� dhlhjuo� hibku\Z_l� iheh`_gb_� jZa�

ebqguo� h[t_dlh\� f_klghklb�� AZ^ZqZ� mlhqg_gby� lhih�

]jZnbq_kdhc� dZjlu� k\h^blky�� lZdbf� h[jZahf�� d� aZ^Zq_�

mlhqg_gby� gZ[hjZ� \_dlhjguo� keh_\�� dhlhjZy�� \� k\hx�

hq_j_^v�� k\h^blky� d� ihemq_gbx�\_dlhjgh]h� kehy�9�^ey�

dZ`^h]h�bkoh^gh]h�kehy��

I

ROG
9 9o �� �

]^_� I �±�nmgdpbhgZe�mlhqg_gby��bf_xsbc�\b^��

� � �ROG9 I 9 , �� �

A^_kv� , �±�kimlgbdh\uc�kgbfhd�beb�^Zggu_�Zwjhnh�
lhkt_fdb���

, �fh`gh�ij_^klZ\blv�\�\b^_��

^ � � � �`� � � � � ^ ���̀ �

�� � �� � �� � � � �

, L P Q N L P Q N

P 0 Q 1 N . 0 1 .

 � �

   �`
� �

]^_� � �� �L P Q N �±�agZq_gb_�\�ki_dljZevghf�dZgZe_� N �ibdk_�

ey� k� dhhj^bgZlZfb� � �� �P Q �� � �0 1 . �±� dhebq_kl\h� kljhd��

klhe[ph\�b�ki_dljZevguo�dZgZeh\�\�bah[jZ`_gbb� , ��

DZ`^hfm� ibdk_ex� �� ��L P Q �fh`gh� ihklZ\blv� \� khhl�

\_lkl\b_�gZ[hj�dhhj^bgZl� � � � �[ \ ] �\�kbkl_f_�dhhj^bgZl�

dZjlu�� � � � �� � � � �[ \ ] PDS P Q ��LZdbf�h[jZahf�^hklb]Z_l�

ky�gZeh`_gb_�^Zgguo�>AA�gZ�\_dlhjgu_�kehb�dZjlu��

Ij_^f_lhf�jZkkfhlj_gby�\�gZklhys_c�klZlv_�y\ey�

_lky�nmgdpbhgZe�I�mlhqg_gby�\_dlhjguo�keh_\�dZjlu��Hg�

fh`_l�[ulv� ihkljh_g� jZagufb�f_lh^Zfb�� h^gZdh� \� gZ�

klhys__�\j_fy�\k_�qZs_�klZeb�bkihevah\Zlvky�f_lh^u�

bkdmkkl\_ggh]h� bgl_ee_dlZ�� hkgh\Zggu_� gZ� l_hjbb� fZ�

rbggh]h�h[mq_gby��<�gZklhys_c�klZlv_�jZkkfZljb\Z_lky�

lhevdh�ijhkl_crbc�±�^\mof_jguc�kemqZc��Hibku\Z_fuc�

Ze]hjblf� fh`_l� ijbf_gylvky� lZd`_� b� ^ey� mlhqg_gby�

lj_of_jguo�fh^_e_c�f_klghklb��

:e]hjblf�mlhqg_gby�

Ij_^eZ]Z_fuc�Ze]hjblf�mlhqg_gby�lhih]jZnbq_kdbo�

dZjl�khklhbl�ba�ke_^mxsbo�wlZih\��

WlZi����Ij_^\Zjbl_evgZy�h[jZ[hldZ�^Zgguo�>AA� UDZ, �±�

dhjj_dpby�rmfh\�� dhg\_jlbjh\Zgb_�\�kbkl_fm� dhhj^bgZl�

dZjlu��ijh_pbjh\Zgb_�\�^\mof_jgmx�ijh_dpbx�dZjlu��dh�

hj^bgZlZ� ] �a^_kv�b�^Ze__�ijbgbfZ_lky�jZ\ghc�gmex���

WlZi� ���Ij_h[jZah\Zgb_� UDZ, �ba� bkoh^gh]h�nhjfZlZ�

ij_^klZ\e_gby� ki_dljZevguo� dZgZeh\� d�nhjfZlm� ij_^�

klZ\e_gby��bkihevam_fhfm�Ze]hjblfhf��

� � � � B � � � � ��

 � � � � �

�� � �� � �� � � �

UDZ

UDZ

L P Q N VSHFWUDO FRQYHUW L P Q N

D L P Q N E

P 0 Q 1 N . D E

  

 �

   �\

� �

]^_� �D E �±� dhwnnbpb_glu� ebg_cgh]h� ij_h[jZah\Zgby��

\u[bjZ_fu_�\�aZ\bkbfhklb�hl�bkoh^gh]h�nhjfZlZ�ij_^�

klZ\e_gby�ki_dljZevguo�dZgZeh\��

LZd� dZd� qZs_� \k_]h� bkoh^guf� nhjfZlhf� y\ey_lky�

[_aagZdh\h_�p_eh_���fb�[blgh_�qbkeh��lh�dhwnnbpb_glu�

�D E �ijbgbfZxl�agZq_gby��

�
� � �

���
D E  � �� �

WlZi� ��� DeZkkbnbdZpby� ibdk_e_c� bah[jZ`_gby� , �k�
ihemq_gb_f�gZ�\uoh^_�fZkdb�& ���

� � � � � � �� � ��

� � � �

�� � �� � �

ROG ROG
F P Q FODVVLILFDWLRQ L P Q 9 ,

F P Q 3

P 0 Q 1 3

 

�

  � `

�� �



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\���������

�

�
���

]^_� 3 �±� fgh`_kl\h� bg^_dkh\� deZkkh\�� DZ`^uc� bg^_dk�

S �fZjdbjm_l� h^bg� ba� \hafh`guo� deZkkh\� h[t_dlh\��

dhlhju_�fh]ml� ijbkmlkl\h\Zlv� \� \_dlhjghf� keh_�� ROG, �±�

^Zggu_�>AA��ih�dhlhjuf�[ue�ihkljh_g�\_dlhjguc�kehc�

ROG9 ���

WlZi����<_dlhjbaZpby�fZkdb�& �k�ihemq_gb_f�gZ�\u�

oh^_� \_dlhjgh]h� kehy�9 �� We_f_glu� � � �F P Q �fZkdb� & �

khklZ\eyxl� we_f_gl� \_dlhjgh]h� kehy�9 ��lhqdm�� ebgbx�

beb� iheb]hg� ±� \� aZ\bkbfhklb� hl� lbiZ� kehy�� \� kemqZ_��

_keb� hgb� bf_xl� h^bgZdh\h_� agZq_gb_� �ijbgZ^e_`Zl� d�

h^ghfm�b�lhfm�`_�deZkkm��b�h[jZamxl�k\yagh_�fgh`_kl�

\h�lhq_d�\�^_dZjlh\hc�kbkl_f_�dhhj^bgZl�hlghkbl_evgh�

p_gljZ�fZkdb��

<_dlhjbaZpby�fh`_l�[ulv�\uiheg_gZ�k�ihfhsvx�Ze�

]hjblfh\��hibkZgguo�\�>�@�b�>�@��

DeZkkbnbdZlhj�

Dexq_\uf� wlZihf� ij_^klZ\e_ggh]h� Ze]hjblfZ� y\ey�

_lky� deZkkbnbdZpby� ibdk_e_c� bah[jZ`_gby� , �k� ihemq_�

gb_f�gZ�\uoh^_�fZkdb�& ��DeZkkbnbdZpby�\uihegy�_lky�

k� ihfhsvx� deZkkbnbdZlhjZ� FODVVLILFDWLRQ ��Kms_kl�\mxl�

jZaebqgu_�kihkh[u�ihkljh_gby�deZkkbnbdZlhjZ��jmqgu_��

ihemZ\lhfZlbq_kdb_� �k� jmqguf� ih^[hjhf� iZjZf_ljh\�

Ze]hjblfZ�� k� jmqguf� wlZihf� \_jbnbdZpbb� j_amevlZlh\�

deZkkbnbdZpbb�b�ijhqb_��b�Z\lhfZlbq_kdb_��GZb[hevrbc�

bgl_j_k�ij_^klZ\eyxl�Z\lhfZlbq_kdb_�kihkh[u�ihkljh_�

gby� deZkkbnbdZlhjZ� ba�aZ� \hafh`ghklb� kms_kl\_ggh�

kgbablv�\j_f_ggu_�aZljZlu�gZ�deZkkbnbdZpbx��

<� dZq_kl\_� Z\lhfZlbq_kdb� gZkljZb\Z_fh]h� deZkkb�

nbdZlhjZ� FODVVLILFDWLRQ �fh]ml� [ulv� bkihevah\Zgu� j_�

r_gby�� hkgh\Zggu_� gZ� dhgp_ipbyo� l_hjbb� bkdmkkl\_g�

gh]h�bgl_ee_dlZ�b�l_hjbb�fZrbggh]h�h[mq_gby��

<� oh^_� ih^]hlh\db� klZlvb� [ue� jZajZ[hlZg� deZkkb�

nbdZlhj�� jZ[hlZxsbc� ih� Ze]hjblfm�� khklhys_fm� ba�

ke_^mxsbo�wlZih\��
WlZi� ��� Ij_^\Zjbl_evgZy� deZkkbnbdZpby� ibdk_e_c�

�� ��L P Q �k�nhjfbjh\Zgb_f�gZ�\uoh^_�ij_^\Zjbl_evghc�

fZkdb� SUH& �� >ey� ij_^\Zjbl_evghc� deZkkbnbdZpbb� ibd�

k_e_c�bkihevam_lky�g_cjhggZy�dZjlZ�Dhohg_gZ��

WlZi� ��� KhihklZ\e_gb_� fZkdb� SUH& �b� \_dlhjgh]h�

kehy� ROG9 �k� nhjfbjh\Zgb_f� gZ� \uoh^_� kibkdZ� deZkkb�

nbpbjh\Zgguo� b� g_deZkkbnbpbjh\Zgguo� ibdk_e_c�

�� ��L P Q ��

DZ`^uc� ibdk_ev� �� ��L P Q �fZjdbjm_lky� dZd� deZkkbnb�

pbjh\Zgguc�\�kemqZ_��_keb�f_jZ�jZkklhygby� � � � � ��G , P Q �

� � � ��ROG, P Q �g_� ij_\hkoh^bl� g_dhlhjh]h� ihjh]Z�

�7 7 ��\ �� \u[bjZ_fh]h� Z^Zilb\gh� \� aZ\bkbfhklb� hl�

]bklh]jZff� bah[jZ`_gbc� � ROG, , �±� q_f�f_gvr_� dhgljZkl�

bah[jZ`_gbc��q_f�yjq_�\ujZ`_gu�fh^u� ]bklh]jZffu�b�

q_f�[eb`_�fh^u�]bklh]jZffu�^jm]�d�^jm]m���l_f�f_gvr_�

agZq_gb_� ihjh]Z� 7 �� qlh� g_h[oh^bfh� ^ey� ih\ur_gby�

qm\kl\bl_evghklb� Ze]hjblfZ�gZ� h^ghjh^guo� bah[jZ`_�

gbyo��F_ljbdZ� G �\u[bjZ_lky� \� aZ\bkbfhklb� hl� j_rZ_�

fhc�aZ^Zqb��DZd�ihdZaZeb�wdki_jbf_glu��^ey�mlhqg_gby�

lhih]jZnbq_kdbo� dZjl� jZamfguf� \u[hjhf� y\ey_lky�

?\deb^h\Z�f_jZ�jZkklhygby��

WlZi����H[mq_gb_�y^jZ�deZkkbnbdZlhjZ� NHUQHO ��Y^jh�
deZkkbnbdZlhjZ�h[mqZ_lky�gZ�deZkkbnbpbjh\Zgguo�ibd�

k_eyo� �� ��L P Q ��

WlZi����DeZkkbnbdZpby�ibdk_e_c� �� ��L P Q �k�nhjfbjh�

\Zgb_f�gZ�\uoh^_�fZkdb�& ��?keb�ibdk_ev� �� ��L P Q �\dex�

q_g� \� kibkhd� deZkkbnbpbjh\Zgguo�� lh� � � �F P Q  �

� � �SUHF P Q ��bgZq_� � �� � � � ��F P Q NHUQHO L P Q ��

Y^jh�deZkkbnbdZlhjZ�

Y^jh� deZkkbnbdZlhjZ� ij_^klZ\ey_l� kh[hc� gZ[hj�

ijhkluo� deZkkbnbdZlhjh\� BFODVVLILHU VLPSOH �� hj]Zgbah�

\Zgguo�\�^j_\h\b^gmx�kljmdlmjm��

DZ`^uc� ijhklhc� deZkkbnbdZlhj� \uihegy_l� jZa[b_�

gb_� bkoh^gh]h� \_dlhjgh]h� ih^ijhkljZgkl\Z� VXE4 4� �

\_dlhjgh]h�ijhkljZgkl\Z�4 ��khklZ\e_ggh]h�ba�\_dlhjh\�

�� ��L P Q �� gZ�^\Z� deZkkZ��;m^mqb� hlg_k_gguf� d� lhfm� beb�

bghfm� deZkkm�� \_dlhj� �� ��L P Q �kimkdZ_lky� gZ� ke_^mxsbc�

mjh\_gv�^_j_\Z�^h�l_o�ihj��ihdZ�g_�^hklb]g_l�h^gh]h�ba�

klhdh\��DZ`^uc�ba�klhdh\�^_j_\Z�khhl\_lkl\m_l�h^ghfm�

ba�j_amevlbjmxsbo�bg^_dkh\� S �\hafh`guo�deZkkh\��

H[mq_gb_�y^jZ�deZkkbnbdZlhjZ�k\h^blky�d�h[mq_gbx�

ijhkluo�deZkkbnbdZlhjh\��

H[mq_gb_� ijhklh]h� deZkkbnbdZlhjZ�y\ey_lky� bl_jZ�

lb\guf�ijhp_kkhf��khklhysbf�ba�ke_^mxsbo�wlZih\��

±�ih^[hj�iZjZf_ljh\�h[mq_gby�b�ijh]hgZ�deZkkbnb�

dZlhjZ��

±�h[mq_gb_�deZkkbnbdZlhjZ�ih�lhfm�beb�bghfm�Ze]h�

jblfm��

<�dZq_kl\_�ijhkluo�deZkkbnbdZlhjh\�fh]ml�[ulv�bk�

ihevah\Zgu� ke_^mxsb_� dhgp_ipbb� l_hjbb� fZrbggh]h�

h[mq_gby��

±�fZrbgZ�hihjguo�\_dlhjh\�>�@��

±�fgh]hkehcguc�i_jp_iljhg�>�@��

±�g_cjhggZy�k_lv�ijyfh]h�jZkijhkljZg_gby��

G_cjhggZy�k_lv�ijyfh]h�jZkijhkljZg_gby�
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±� FURVV �� PXWDWLRQ �±� nmgdpbhgZeu� kdj_sb\Zgby� b�

fmlZpbb�khhl\_lkl\_ggh��

±� 3 �±� hij_^_ey_l� \_jogbc� mjh\_gv� dZq_kl\Z� h[mq_�



�

�

�
���

gby�emqr_c�BGK��^hklZlhqguc�^ey�hklZgh\Z�Ze]hjblfZ��

±� , �±� hij_^_ey_l� ^hklZlhqgh_� ^ey� hklZgh\Z� Ze]h�
jblfZ�dhebq_kl\h�bl_jZpbc��gZ�dhlhjuo�ih^jy^�^he`gu�

ih\lhjylvky� mkeh\by� hklZgh\Z�^ey�emqr_c� hkh[b�� hq_�

\b^gh��qlh�q_f�[hevr_� , ��l_f�[hevr_�\_jhylghklv�koh�
`^_gby� Ze]hjblfZ� d� mklhcqb\hfm� hilbfmfm� ±� d� BGK��

^Zxs_c�h^bgZdh\uc�ih�dZq_kl\m�h[mq_gby�j_amevlZl�gZ�

ijhba\hevguo� WHDFK9 �b� WHVW9 ��

Wdki_jbf_gl�

>ey� ijh\_jdb� khklhyl_evghklb� ij_^eZ]Z_fh]h� kih�

kh[Z�mlhqg_gby�lhih]jZnbq_kdbo�dZjl�[ueh�ihklZ\e_gh�

g_kdhevdh� wdki_jbf_glh\�� h^bg� ba� dhlhjuo� [m^_l� jZk�

kfhlj_g�^Ze__��

Wdki_jbf_gl�aZdexqZ_lky�\�mlhqg_gbb�b�^hiheg_gbb�

lhih]jZnbq_kdhc� dZjlu� iheb]hgZ� ©FZebgbsbª�� jZkih�

eh�`_ggh]h�gZ�]jZgbp_�JyaZgkdh]h�b�Ijhgkdh]h�jZchgh\�

JyaZgkdhc�h[eZklb�b�gZa\Zggh]h� lZd�ih�gZa\Zgbx�k_eZ�

FZebgbsb��jZkiheh`_ggh]h�gZ�^Zgghf�iheb]hg_��

<� dZq_kl\_� mlhqgy_fuo� ^Zgguo� >AA� ROG, �[ue� \ayl�

kimlgbdh\uc� kgbfhd�qZklb� iheb]hgZ� ©FZebgbsbª��k^_�

eZgguc�k_gkhjhf� ©(70��ª�D:� ©/DQGVDW� ±� �ª� ���]h�fZy�

�����]h� ]h^Z��GZ� hkgh\_� ROG, �[ueZ� kha^ZgZ� mlhqgy_fZy�

lhih]jZnbq_kdZy� dZjlZ� ^ `ROG9 �� AZ^ZqZ� jZajZ[hlZggh]h�

Ze]hjblfZ�khklhbl�\� lhf��qlh[u�mlhqgblv�bkoh^gmx� lh�

ih]jZnbq_kdmx� dZjlm� qZklb� iheb]hgZ� ©FZebgbsbª� b�

^hihegblv� j_amevlbjmxsmx� dZjlm� bgnhjfZpb_c� h[h�

\k_f� iheb]hg_�� Mlhqg_gb_� b� ^hiheg_gb_� lhih]jZnbq_�

kdhc�dZjlu�[ueh�\uiheg_gh�ih�^Zgguf� , �hl� ���]h�fZy�

�����]h�]h^Z��ihemq_gguf�l_f�`_�k_gkhjhf��

Ih� kjZ\g_gbx� k� lhih]jZnbq_kdhc� dZjlhc�^ `ROG9 �� kh�

klZ\e_gghc�^ey� , �\jmqgmx�� Ze]hjblf�ijh^_fhgkljbjh�
\Ze� \ukhdmx� lhqghklv� j_amevlZlZ�� g_ijZ\bevgh� deZk�

kbnbpbjh\Z\�f_g__����ibdk_e_c� �� ��L P Q ��

<�kj_^g_f�� lhqghklv�Ze]hjblfZ�^hklb]Z_l� ����ijZ�

\bevgh�deZkkbnbpbjh\Zgguo�ibdk_e_c� �� ��L P Q �ih�kjZ\�

g_gbx�k�jmqghc�deZkkbnbdZpb_c��

JZajZ[hlZgguc� Ze]hjblf� ihdZaZe� \ukhdmx� \j_f_g�

gmx� wnn_dlb\ghklv� ±� kimlgbdh\uc� kgbfhd� , �k� jZaf_�

jZfb� � ������ � � ������ � � ��0 1 .   �fh`_l�[ulv�h[jZ�

[hlZg�\�kj_^g_f�aZ����±����fk��qlh�^hklZlhqgh�^ey�h[�

jZ[hldb� ��� dZ^jh\� \� k_dmg^m� ���� )36� �Zg]e�� IUDPH� SHU�

VHFRQG�±�dhebq_kl\h�dZ^jh\�\�k_dmg^m��±�qZklhlZ��^hklZ�

lhqgZy� ^ey� nhjfbjh\Zgby� \b^_hihke_^h\Zl_evghklb��

ieZ\ghc�b�g_ij_ju\ghc�^ey�ajbl_evghc�kbkl_fu�kj_^�

g_klZlbklbq_kdh]h�q_eh\_dZ���

AZdexq_gb_�

<� oh^_� ijh\_^_gby� wdki_jbf_glh\� jZajZ[hlZgguc�

Ze]hjblf�ijh^_fhgkljbjh\Ze�ke_^mxsb_�^hklhbgkl\Z��

±�\ukhdZy�lhqghklv�j_amevlZlZ�±�g_�f_g__������ibd�

k_e_c� bkoh^guo� ^Zgguo� >AA� deZkkbnbpbjmxlky� ijZ�

\bevgh��

±�gbadb_�\j_f_ggu_� aZljZlu� ±� ��±���fk��gZ� ��lb�dZ�

gZevgh_�bah[jZ`_gb_�jZaf_jhf� �����gZ� �����ibdk_e_c�

�lbibqguc� kimlgbdh\uc� kgbfhd��� qlh� iha\hey_l� ^hklbqv�

���)36��

±�\ukhdbc�mjh\_gv�Z\lhfZlbaZpbb�ijhp_kkZ�mlhqg_gby��

G_^hklZldZfb� jZajZ[hlZggh]h� Ze]hjblfZ� y\eyxlky�

\ukhdZy� keh`ghklv� _]h� j_ZebaZpbb� b� g_h[oh^bfhklv�

ij_^\Zjbl_evghc� Z\lhfZlbq_kdhc� gZkljhcdb� deZkkbnb�

dZlhjZ�^ey�memqr_gby�_]h�\j_f_gguo�oZjZdl_jbklbd��

Ebl_jZlmjZ�

���RZibjh�E���KlhdfZg�>��Dhfivxl_jgh_�aj_gb_�±�F���

;BGHF��EZ[hjZlhjby�agZgbc����������

���=hgkZe_k�J���<m^k�J��Pbnjh\Zy�h[jZ[hldZ�bah[jZ�

`_gbc����I_j��k�Zg]ebckdh]h�ih^�j_^Zdpb_c�I�:��QhqbZ��±�

F���L_oghkn_jZ��±�������

���OZcdbg�K��G_cjhggu_�k_lb��Iheguc�dmjk����_�ba^���

bkij���I_j��k�Zg]e��±�F���HHH�©B�>��<bevyfkª�±�������

���:dbgbg�F�<���Dhgdbg�X�<��L_ogheh]by�l_fZlbq_kdh�

]h�^_rbnjbjh\Zgby�kimlgbdh\uo�bah[jZ`_gbc�gZ�hkgh�

\_� fZrbgu� hihjguo� \_dlhjh\�� ��� BgnhjfZlbdZ� b� ijb�

deZ^gZy� fZl_fZlbdZ�� f_`\mah\kdbc� k[hjgbd� gZmqguo�

ljm^h\��±�JyaZgv��JyaZgkdbc�]hkm^Zjkl\_gguc�mgb\_jkb�

l_l��±�������

���:dbgbg�F�<���Dhgdbg�X�<��Bkke_^h\Zgb_�ih^oh^h\�

d� h[mq_gbx� fgh]hkehcgh]h� i_jp_iljhgZ�� ��� F_lh^u� b�

kj_^kl\Z�h[jZ[hldb�b�ojZg_gby�bgnhjfZpbb��f_`\mah\�

kdbc�k[hjgbd�gZmqguo�ljm^h\��±�JyaZgv��JyaZgkdbc�]hkm�

^Zjkl\_gguc�jZ^bhl_ogbq_kdbc�mgb\_jkbl_l��±�������

���:dk_gh\�K�<���Gh\hk_evp_\�<�;��Hj]ZgbaZpby�b�bk�

ihevah\Zgb_�g_cjhgguo�k_l_c� �f_lh^u�b�l_ogheh]bb���±�

Lhfkd��GLE��±�������±�����k��

���.LWDQR�+��'HVLJQLQJ� QHXUDO� QHWZRUN� XVLQJ� JHQHWLF� DO�

JRULWKP�ZLWK�JUDSK�JHQHUDWLRQ�V\VWHP����&RPSOH[�6\VWHPV��

9RO�����±�������

86,1*�$57,),&,$/�1(85$/�

1(7:25.�72�&5($7(��

7232*5$3+,&�0$3�%$6('��

21�5(027(�6(16,1*�'$7$�

$NLQLQ�0�9��

3DSHU� GHVFULEHV� DOJRULWKP� WR� FUHDWH� WRSRJUDSKLF� YHFWRU�

PDS�EDVHG�RQ� UHPRWH� VHQVLQJ� GDWD��3DSHU� GHVFULEHV� LQWHO�

OHFWXDO�V\VWHP�EDVHG�RQ�VXSSRUW�YHFWRU�PDFKLQH��PXOWLOD\HU�

SHUFHSWURQ��IHHG�IRUZDUG�QHXUDO�QHWZRUN�DQG�.RKRQHQ¶V�VHOI�

RUJDQL]HG� PDS�� 3DSHU� GHVFULEV� DOJRULWKP� WR� WHDFK� IHHG�

IRUZDUG�QHXUDO�QHWZRUN�XVLQJ�JHQHWLF�DOJRULWKP�DQG�.LWDQR¶V�

JUDSK�JHQHUDWLRQ�JUDPPDWLF��
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