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IhghfZj_\Z�H�<���d�l�g���^hp_gl�B`_\kdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ��
bf_gb�F�L��DZeZrgbdh\Z��

IhghfZj_\�:�<���d�w�g���jmdh\h^bl_ev�ZiiZjZlZ�P_gljZevghc�ba[bjZl_evghc�dhfbkkbb��
M^fmjlkdhc�J_kim[ebdb��

IhghfZj_\Z�G�<���jmdh\h^bl_ev�hl^_eZ�l_klbjh\Zgby�IH�GIH�©Dhfivxl_jª�

�

Dexq_\u_� keh\Z�� iZjZf_ljbq_kdh_� ^bkd�
j_lgh_�ij_h[jZah\Zgb_�Nmjv_��kdhevays__�iZ�

jZf_ljbq_kdh_�^bkdj_lgh_�ij_h[jZah\Zgb_�Nm�

jv_�� h[gZjm`_gb_�� ]Zjfhgbq_kdZy� dhfihg_glZ��

Ze]hjblf�=_jp_ey��]j_[_gqZluc�nbevlj��

<\_^_gb_�

Ijb� j_r_gbb� aZ^Zq� ^bZ]ghklbjh\Zgby�

h[t_dlh\� \� jZaebqguo� ij_^f_lguo� h[eZklyo�

gZmqguo� bkke_^h\Zgbc�ijboh^blky� klZedb\Zlv�

ky�k�pbnjh\hc�h[jZ[hldhc�kemqZcguo�kb]gZeh\��

kh^_j`Zsbo�©kdjulu_ª�]Zjfhgbq_kdb_��lhgZev�

gu_�� dhfihg_glu� �j_r_gb_� lZd� gZau\Z_fhc� aZ�

^Zqb�\uy\e_gby�kdjuluo�i_jbh^bqghkl_c�>����@���

GZijbf_j�� \� iZkkb\ghc� ]b^jhehdZpbb� ZgZeba�

lZdbo� kb]gZeh\� hkms_kl\ey_lky� ijb� j_r_gbb� aZ^Zqb�

h[gZjm`_gby� b� deZkkbnbdZpbb� dZd� gZ^\h^guo�� lZd� b�

ih^\h^guo� km^h\� >�@��<�fZrbghkljh_gbb� ijb� \b[jhZdm�

klbq_kdhf�nmgdpbhgZevghf�^bZ]ghklbjh\Zgbb�h[t_dlh\�

rbjhdh_�jZkijhkljZg_gb_�ihemqbe�ZgZeba�\b[jhZdmklb�

q_kdbo�kb]gZeh\��kljmdlmjZ�dhlhjuo�oZjZdl_jbam_lky�gZ�

ebqb_f� ]Zjfhgbq_kdbo� jy^h\�� ihjh`^Z_fuo� l_fb� beb�

bgufb� ^_n_dlZfb�� ijb� nmgdpbhgbjh\Zgbb� jZaebqguo�

maeh\� b�f_oZgbafh\� >�@��<� g_dhlhjuo� ijbeh`_gbyo� kb]�

gZeu�kh�kdjulufb�i_jbh^bqghklyfb�kha^Zxlky�bkdmkkl�

\_ggh��gZijbf_j��\� l_e_nhgbb�ijb�j_ZebaZpbb� lhgZev�

gh]h�gZ[hjZ��

Hlf_lbf��qlh�f_lh^u�\uy\e_gby�kdjuluo�i_jbh^bq�

ghkl_c�hkgh\Zgu��dZd�ijZ\beh��gZ�pbnjh\hc�nbevljZpbb�

beb� ki_dljZevghf� ZgZeba_� �� ^\mo� gZijZ\e_gbyo� jZa\b�

lby�pbnjh\hc�h[jZ[hldb�kb]gZeh\>�@���

>ey� wnn_dlb\gh]h� j_r_gby� aZ^Zqb� \uy\e_gby�

kdjuluo� i_jbh^bqghkl_c�� dZd� f_lh^Zfb� pbnjh\hc�

nbevljZpbb� �h[jZ[hldZ� j_Zebam_lky� DBO�nbevljZfb�

beb� ;BO��nbevljZfb��� lZd� b� f_lh^Zfb� ki_dljZevgh]h�

ZgZebaZ� �ZgZeba� hkms_kl\ey_lky� k� ijbf_g_gb_f� ^bk�

dj_lgh]h�ij_h[jZah\Zgby�Nmjv_� �>IN��beb�iZjZf_ljb�

q_kdh]h� ^bkdj_lgh]h� ij_h[jZah\Zgby� Nmjv_� �>IN�I���

\Z`gh�h[_ki_qblv��

±�\ukhdmx�jZaj_rZxsmx�kihkh[ghklv�pbnjh\hc�h[�

jZ[hldb��

±�mklhcqb\hklv�\u[jZgghc�^bkdj_lghc�kbkl_fu�nbevl�

jZpbb��

±�iheguc� dhgljhev� gZ^� j_ahgZgkghc� qZklhlhc� \u�

[jZgghc�^bkdj_lghc�kbkl_fu�nbevljZpbb��

±�fbgbfmf� \j_f_gb� pbnjh\hc� h[jZ[hldb� b� h[t_fZ�

g_h[oh^bfhc�iZfylb�^ey�__�hkms_kl\e_gby��

Hlf_lbf��qlh�j_r_gb_�aZ^Zqb�\uy\e_gby�kdjuluo�i_�

jbh^bqghkl_c� qZklh� hkeh`gy_lky� l_f�� qlh� bkke_^m_fu_�

kb]gZeu�bf_xl�ki_dlj�Nmjv_��baf_gyxsbcky�\h�\j_f_gb��

H^gbf� ba� f_lh^h\� wnn_dlb\gh]h� \uy\e_gby� kdjuluo�

i_jbh^bqghkl_c�\�lZdh]h�jh^Z�kb]gZeZo�y\ey_lky�baf_j_�

gb_� l_dms_]h� kdhevays_]h� nmjv_�ki_dljZ� �bgh]^Z� gZau�

\Z_fh]h�l_dmsbf�ki_dljhf��>�������@��Kmlv�ih^oh^Z�aZdex�

qZ_lky�\�hij_^_e_gbb�nmjv_�ki_dljZ�kb]gZeZ�\h�\j_f_g�

ghf�hdg_�\�1�hlkq_lh\��Ijb�wlhf�i_j_^�ih\lhjguf�ki_d�

ljZevguf�baf_j_gb_f�hdgh�kf_sZ_lky�gZ�h^bg�hlkq_l���

H[sbf�g_^hklZldhf�kms_kl\mxsbo�f_lh^h\�baf_j_�

gby�kdhevaysbo�ki_dljh\�Nmjv_� >��� �@�y\ey_lky�g_h[oh�

^bfhklv�\uiheg_gby�[hevrh]h�qbkeZ�hi_jZpbc�ijb�\u�

oh^_� gZ� j_`bf� kdhevays_]h� baf_j_gby�� KhdjZs_gb_�

qbkeZ� wlbo� hi_jZpbc� ijb� h^gh\j_f_gghf� h[_ki_q_gbb�

\ukhdhc�jZaj_rZxs_c�kihkh[ghklb�ki_dljZevgh]h�ZgZ�

ebaZ�y\ey_lky�\Z`ghc�ijZdlbq_kdhc�aZ^Zq_c��

P_evx� gZklhys_c� jZ[hlu� y\ey_lky� jZajZ[hldZ� f_�

lh^h\� b� Ze]hjblfh\�� h[_ki_qb\Zxsbo� j_r_gb_� ihklZ\�

e_gguo�aZ^Zq��

F_lh^u�b�Ze]hjblfu�h[gZjm`_gby��
hl^_evguo�]Zjfhgbq_kdbo�dhfihg_gl��

:e]hjblf� =_jp_ey� y\ey_lky� wnn_dlb\guf� f_lh^hf�

\uqbke_gby� h^gh[bgh\h]h� ^bkdj_lgh]h� ij_h[jZah\Zgby�

Nmjv_� �>IN���KlZg^ZjlgZy� kljmdlmjZ�nbevljZ� =_jp_ey�
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ijb\_^_gZ�gZ�jbk��Z��:e]hjblf�=_jp_ey�rbjhdh�ijbf_�

gy_lky�ijb�^_dh^bjh\Zgbb�'70)�kb]gZeh\��'70)�±�'XDO�

7RQH�0XOWL� )UHTXHQF\�� ±�^\molhgZevguo�fgh]hqZklhlguo�

kb]gZeh\�� bkihevam_fuo� ijb� lhgZevghf� gZ[hj_� l_e_�

nhggh]h�ghf_jZ��

:e]hjblf� =_jp_ey� iha\hey_l� \uqbkeblv� agZq_gb_��

N�]h�[bgZ�1�lhq_qgh]h�>IN�>���@��
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b�y\ey_lky�;BO�nbevljhf�\lhjh]h�ihjy^dZ�k�^\mfy�^_c�

kl\bl_evgufb�dhwnnbpb_glZfb�\�h[jZlghc�p_ib��ke_\Z�

hl�imgdlbjghc�ebgbb��b�h^gbf� dhfie_dkguf� dhwnnbpb�

_glhf� \� ijyfhc� p_ib� nbevljZ� �kijZ\Z� hl� imgdlbjghc�

ebgbb�� �jbk���[���Hlf_lbf�� qlh�\hafh`_g� \ZjbZgl� Ze]h�

jblfZ�=_jp_ey�\�\b^_�;BO�nbevljZ��kljmdlmjZ�dhlhjh]h�

ijb\_^_gZ�gZ�jbk���Z��<ZjbZglu�hlebqZxlky�^jm]�hl�^jm�

]Z�j_ZebaZpb_c�ijyfhc�p_ib�nbevljZ���

Nbevlj�=_jp_ey��dZd�kijZ\_^eb\h�hlf_q_gh�\�>�@��bk�

ihevam_lky�g_klZg^Zjlgh��g_�dZd�h[uqguc�nbevlj��\�dh�

lhjhf�aZihfbgZxlky�\k_�\uoh^gu_�hlkq_lu��<�Ze]hjbl�

f_�=_jp_ey�h[jZ[hldZ�ijh\h^blky�[ehdZfb�\� 1 �hlkq_�

lh\��ijb�wlhf�\uqbkey_lky�b� aZihfbgZ_lky� lhevdh� dZ`�

^h_� 1 �agZq_gb_�\uoh^gh]h�hlkq_lZ��ijbqbgZ�h[jZ[hldb�

[ehdZfb�[m^_l�ihykg_gZ�gb`_���Hlf_lbf��qlh�wlb�\uoh^�

gu_�hlkq_lu�kh\iZ^Zxl�k�khhl\_lkl\mxsbfb�dhwnnbpb�

_glZfb� >IN�� >ey� ihemq_gby� mdZaZgguo� agZq_gbc� N �]h�

dhwnnbpb_glZ�>IN�\�Ze]hjblf_�=_jp_ey��jbk���Z��[����gZ�

dZ`^u_� 1 �\oh^guo�hlkq_lh\�Ze]hjblfZ�ijh\h^blky�h^�

gZ� hi_jZpby� dhfie_dkgh]h� mfgh`_gby� \� ijyfhc� p_ib�

nbevljZ� �hi_jZpby� hl\_qZ_l� aZ� j_ZebaZpbx� gmey�

nbevljZ��b� 1 �mfgh`_gbc�^_ckl\bl_evguo�dhwnnbpb_g�

lh\�gZ�\oh^gu_�hlkq_lu�Ze]hjblfZ�ijb�\uqbke_gbb�ijh�

f_`mlhqguo�j_amevlZlh\�\�h[jZlghc�p_ib�nbevljZ��hi_�

jZpbb��hl\_qZxl�aZ�j_ZebaZpbx�ihexkZ�nbevljZ����

AZf_lbf�� qlh� bf_ggh� hldZa� hl� ihemq_gby� \k_o� ijh�

f_`mlhqguo�\uoh^guo�hlkq_lh\��Z�ke_^h\Zl_evgh�b�hl�

kq_lh\� gZ� \oh^_� ijyfhc� p_ib� nbevljZ�� h[_ki_qb\Z_l�

Ze]hjblfm� =_jp_ey� \hafh`ghklv� wdhghfbb� \� qbke_� \u�

qbke_gbc� ih� kjZ\g_gbx� k� hij_^_e_gb_f� N �]h� dhwnnb�

pb_glZ�>IN� � �16 N �©\�eh[ª��kh]eZkgh�khhlghr_gbx�������

Ijb� dhfie_dkghagZqghf� \oh^ghf� kb]gZe_� Ze]hjblf�

=_jp_ey� iha\hey_l� ijbf_jgh� \^\h_� khdjZlblv� qbkeh�

hi_jZpbc�ih�kjZ\g_gbx�k�Ze]hjblfhf�>IN��>ey�^_ckl�

\bl_evghagZqgh]h� �\oh^gh]h�kb]gZeZ�dZd�Ze]hjblf�>IN��

lZd� b� Ze]hjblf� =_jp_ey� iha\heyxl� ihemqblv� ^hihegb�

l_evgmx�wdhghfbx�\�\uqbke_gbyo�ih�kjZ\g_gbx�k� dhf�

ie_dkghagZqguf�\oh^ghf�kb]gZehf��

JZaghklgu_�mjZ\g_gby�nbevljZ�=_jp_ey� �jbk���Z��[��

aZ^Zxlky�ke_^mxsbfb�khhlghr_gbyfb�>����@��

±�h[jZlgZy�p_iv�nbevljZ��jbk���Z��[��
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Jbk����Kljmdlmju�;BO�nbevljh\���
j_Zebamxsb_�Ze]hjblf�=_jp_y�

H[uqgh�kqblZ_lky��qlh�g_^hklZldhf�nbevljZ�=_jp_�

ey� y\ey_lky� nbdkbjh\Zgghklv� gZ[hjZ� ZgZebabjm_fuo�

qZklhl�� ^ `� N 1S �� ]^_� N  �� �1 � �� 1 � �� qbkeh� hlkq_lh\�

kb]gZeZ�� J�� EZchgk� \� >�@� ij_^eh`be� fh^bnbpbjh\Zlv�

Ze]hjblf�=_jp_ey�iml_f� aZf_gu�p_ehqbke_gguo� agZq_�

gbc� i_j_f_gghc� N � �jbk���Z�� �Z�� ke_^h\Zl_evgh�� b� gZ��

jbk���[��gZ�ex[h_�agZq_gb_�i_j_f_gghc� N �\�^bZiZahg_�

�� �1 � ��h[_ki_qb\Zy�� lZdbf�h[jZahf��iheguc�dhgljhev�

gZ^� j_ahgZgkghc� qZklhlhc�nbevljZ��<�^Zevg_cr_f�[m�

^_l� ihdZaZgh�� qlh� lZdZy� fh^bnbdZpby� ^_ckl\bl_evgh�

\hafh`gZ�� gh� \Z`gh� ihgbfZlv� b� mqblu\Zlv� g_� lhevdh�

iheh`bl_evgu_�__�ihke_^kl\by��gh�b�g_dhlhju_�^jm]b_�

fhf_glu�� GZijbf_j�� _keb� fu� ]h\hjbf�� qlh� ©klZg^Zjl�

gucª� Ze]hjblf� =_jp_ey�iha\hey_l� \uqbkeblv� agZq_gb_�

N�]h� [bgZ� 1�lhq_qgh]h� >IN�� lh� \hagbdZ_l� \hijhk�� qlh�

baf_jy_l� fh^bnbpbjh\Zgguc� lZdbf� h[jZahf� nbevlj�

=_jp_ey�"��

<� k\yab� k� baeh`_gguf�� k^_eZ_f� ^\Z� aZf_qZgby� ih�

ih\h^m� ij_^eh`_gghc� \� >�@�fh^bnbdZpbb�nbevljZ�=_j�

p_ey��

<h�i_j\uo��lZdmx�`_�fh^bnbdZpbx�fh`gh�k^_eZlv�b�

\�ij_h[jZah\Zgbb������?keb�p_ehqbke_ggmx�i_j_f_ggmx�

N �gZ�jbk���Z�ij_^klZ\blv�dZd�i_j_f_ggmx�\b^Z� � �N T� ��

]^_� �� �N 1 � �� � �Td � �� lh�ijboh^bf� d� \\_^_gghfm� \�

>�@�iZjZf_ljbq_kdhfm�>IN��>IN�I���

<h�\lhjuo��dZd�[m^_l�ihdZaZgh�gb`_��ijb�i_j_oh^_�d�

g_p_ehfm� agZq_gbx� qZklhlu� \b^Z� � �N T� � ijhbkoh^bl�

©gZ[_]ª�nZau�b�agZq_gb_�\uoh^gh]h�hlkq_lZ�fh^bnbpb�

jh\Zggh]h� lZdbf� h[jZahf� Ze]hjblfZ� =_jp_ey� g_� [m^_l�

kh\iZ^Zlv� k� khhl\_lkl\mxsbf� dhwnnbpb_glhf� >IN�I�

�l_f�[he__�k�dhwnnbpb_glhf�>IN���

<lhjhc� g_^hklZlhd� Ze]hjblfZ� =_jp_ey� [he__� kms_�

kl\_g_g��>_eh�\�lhf��qlh�nbevlj�=_jp_ey�gZoh^blky�gZ�

]jZgb� mklhcqb\hklb�� lZd� dZd� _]h� ihexk� jZkiheh`_g� gZ�

_^bgbqghc� hdjm`ghklb� ] ±� iehkdhklb��?keb� aZ� kq_l� hd�

jm]e_gby� dhwnnbpb_glh\� nbevljZ� ihexk� \uc^_l� aZ�
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ij_^_eu�_^bgbqghc�hdjm`ghklb�nbevlj�=_jp_ey�l_jy_l�

mklhcqb\hklv���

Ba\_klguc� f_lh^� [hjv[u� k� mdZaZgguf� g_^hklZldhf�

>�@� ±� h[jZ[hldZ� kb]gZeh\�[ehdZfb�^ebl_evghklvx� \� 1 �

hlkq_lh\� b� h[gme_gb_� \gmlj_ggbo� j_]bkljh\� � ��Y Q � b�

� ��Y Q � � ���� \� gZqZe_� h[jZ[hldb� dZ`^h]h� gh\h]h� [ehdZ�

^Zgguo�>�@��LZdbf�h[jZahf��mklhcqb\hklv�Ze]hjblfZ�=_j�

p_ey� h[_ki_qb\Z_lky� khdjZs_gb_f� h[jZ[Zlu\Z_fhc�

^ebl_evghklb�\oh^gh]h�kb]gZeZ�^h� 1 �hlkq_lh\� �dZd�hl�

f_q_gh� \� >�@�� 1 �fh`_l� baf_jylvky� khlgyfb���Wlh� \Z`�

gu_�aZf_qZgby�b�fu�d�gbf�_s_�\_jg_fky�\�^Zevg_cr_f��

JZkkfhljbf� Ze]hjblf� h^gh[bgh\h]h� kdhevays_]h�

>IN� �K>IN�� >�@��dhlhjuc�h[_ki_qb\Z_l�ihemq_gb_�l_dm�

sbo� agZq_gbc� ki_dljZevguo� hlkq_lh\� \� j_Zevghf�fZk�

rlZ[_�\j_f_gb���

>Zgguc� Ze]hjblf� h[gZjm`_gby� hl^_evgh]h� lhgZ� ih�

a\hey_l� j_dmjj_glgh� \uqbkeylv� agZq_gb_� N�]h� [bgZ� 1�

lhq_qgh]h�>IN�ba�kdhevays_]h�hdgZ�\�1�hlkq_lh\��Hlf_�

lbf�� qlh� Ze]hjblf� K>IN� wnn_dlb\g__� Ze]hjblfZ� =_j�

p_ey�k�lhqdb�aj_gby�qbkeZ�\uqbke_gbc�>�@���

JZaghklgh_�mjZ\g_gb_�K>IN�bf__l�\b^�>�@��
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N
16 Q �agZq_gb_� N �]h�[bgZ� 1 �lhq_qgh]h�>IN�\�fh�

f_gl�\j_f_gb� Q ��

?]h� j_ZebaZpby� ijb\h^bl� d� kljmdlmj_� DBO�nbevljZ��

ijb\_^_ggh]h�gZ�jbk�����

�

Jbk�����KljmdlmjZ�nbevljZ�h^gh[bgh\h]h�kdhevays_]h�>IN�

gZ�N�c�qZklhl_�

G_^hklZldhf� nbevljZ� h^gh[bgh\h]h� kdhevays_]h�

>IN�y\ey_lky�nbdkbjh\Zgghklv�gZ[hjZ�ZgZebabjm_fuo�

qZklhl���

^ `� N 1S �� ]^_ �� � �N 1 � �� 1 � �� qbkeh� hlkq_lh\� kb]�

gZeZ��

Hlf_lbf�� qlh� m�nbevljZ� h^gh[bgh\h]h� kdhevays_]h�

>IN� bf__lky� b� \lhjhc� g_^hklZlhd�� lZdhc� `_� dZd� b� m�

nbevljZ�=_jp_ey��K>IN�gZoh^blky�gZ�]jZgb�mklhcqb\h�

klb��lZd�dZd�_]h�_^bgkl\_gguc�ihexk��ih^Z\eyxsbc�ghev�

]j_[_gqZlh]h�nbevljZ�\�lhqd_� H[S� � � �] M N 1S �jZkih�

eh`_g� gZ� _^bgbqghc� hdjm`ghklb� ] �iehkdhklb�� <� >�@�

ij_^eh`_g� f_lh^� [hjv[u� k� mdZaZgguf� g_^hklZldhf� ±�
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_l��qlh�Ze]hjblf�=_jp_ey�fh`_l�bgl_jij_lbjh\Zlvky�dZd�

j_ZebaZpby� kljmdlmju� dhfie_dkgh]h� j_ahgZlhjZ��� �� \�

\b^_�dZghgbq_kdhc�nhjfu�;BO�nbevljZ�\lhjh]h�ihjy^�

dZ��Ihwlhfm�khihklZ\eyy��h[h[s_gguc�Ze]hjblf�=_jp_�

ey� �jbk�� ���� kljmdlmjm� dhfie_dkgh]h� j_ahgZlhjZ� �� ���

�jbk����[���kljmdlmjm�nbevljZ�K>IN�I��jbk������k�mq_lhf�

jZaghklgh]h�mjZ\g_gby�K>IN�I������ijboh^bf�d�kljmdlm�

j_� nbevljZ� h^gh[bgh\h]h� h[h[s_ggh]h� kdhevays_]h�

>IN�I��ijb\_^_gghc�gZ�jbk�����

�
Jbk����KljmdlmjZ�nbevljZ��j_Zebamxs_]h�HK>IN�I��

gZ� � �N T� �hc�qZklhl_�� � �Td d �

>Z^bf� djZldb_� ihykg_gby� ih� jZ[hl_� Ze]hjblfZ�

HK>IN�I��Hi_jZpbb�\�h[jZlghc�p_ib�HK>IN�I�nbevl�

jZ� �ke_\Z� hl� i_j\hc� imgdlbjghc� ebgbb�� \uihegyxlky�

1 V� �jZa��]^_� V ��qbkeh�[ehdh\�\�P;HG��\u[bjZ_lky�bk�

oh^y� ba� h[_ki_q_gby� g_h[oh^bfhc� jZaj_rZxs_c� kih�

kh[ghklb�ki_dljZevgh]h�ZgZebaZ���Hi_jZpbb�f_`^m�i_j�

\hc�b�\lhjhc�imgdlbjgufb�ebgbyfb�\uihegyxlky� V jZa�
�ih� qbkem� [ehdh\� \�P;HG���Hi_jZpby� f_`^m� \lhjhc� b�

lj_lv_c� � imgdlbjgufb� ebgbyfb� \uihegy_lky� h^bg� jZa��

�wlZ�hi_jZpby�aZdZgqb\Z_l�\uoh^�Ze]hjblfZ�K>IN�I�gZ�

j_`bf�kdhevays_]h�baf_j_gby����

�

Jbk�����KljmdlmjZ�nbevljZ��j_Zebamxs_]h�HK>IN��

gZ�N�hc�qZklhl_�

<�j_amevlZl_�\uiheg_gby�wlhc�hi_jZpbb�fu�ihemqZ�

_f�hlkq_l� � � �1 V6 V N V T� � � ��agZq_gb_�dhlhjh]h�\�lhqghklb�

jZ\gh� V N� �fm� dhwnnbpb_glm�>IN�I� ihke_^h\Zl_evgh�

klb� � �[ Q � \� hdg_� ^ebl_evghklvx� 1 V� � hlq_lh\�

� �� �Q 1 � ���Wlh� agZq_gb_� y\ey_lky� gZqZevguf� �mklZ�

gh\b\rbfky�� agZq_gb_f� ^ey� ijh\_^_gby� kdhevays_]h�

baf_j_gby��Hi_jZpbb��\uihegy_fu_�\�nbevlj_�HK>IN�

I�kijZ\Z�hl�lj_lv_c�imgdlbjghc�ebgbb��ZgZeh]bqgu�hi_�

jZpbyf�nbevljZ�K>IN�I��jbk�������

KljmdlmjZ� nbevljZ�� j_Zebamxs_]h� h[h[s_gguc�

K>IN��HK>IN��gZ�N�c�qZklhl_��ijb\_^_gZ�gZ�jbk�����

JZ[hlZ�nbevljZ�HK>IN�ZgZeh]bqgZ�jZ[hl_�nbevljZ�

HK>IN�I��

AZdexq_gb_�

<�jZ[hl_�\\_^_gZ�gh\Zy�ijhp_^mjZ�pbnjh\hc�[ehq�

ghc�h[jZ[hldb��gZa\ZggZy�Z\lhjZfb�ijhp_^mjhc�pbnjh�

\hc�[ehqghc�h[jZ[hldb�k�gZdhie_gb_f��gZ�hkgh\_� dhlh�

jhc�ij_^eh`_gh�^\Z�h[h[s_gby�Ze]hjblfZ�=_jp_ey���

I_j\uc�h[h[s_gguc�Ze]hjblf�=_jp_ey��\�hlebqb_�hl�

klZg^Zjlgh]h� Ze]hjblfZ� =_jp_ey�� iha\hey_l� h^gh\j_�

f_ggh�h[_ki_qblv��

±�\ukhdmx� jZaj_rZxsmx� kihkh[ghklv� pbnjh\hc�

ki_dljZevghc�h[jZ[hldb��

±�mklhcqb\hklv�jZ[hlu�nbevljZ��

<lhjhc�h[h[s_gguc�Ze]hjblf�=_jp_ey��khojZgyy�i_�

j_qbke_ggu_� ij_bfms_kl\Z�� ^Z_l� \hafh`ghklv� hkms_�

kl\blv� iheguc� dhgljhev� j_ahgZgkghc� qZklhlu�nbevljZ�

=_jp_ey��

H[h[s_ggu_� Ze]hjblfu�K>IN� b�K>IN�I��jZkkfhl�

j_ggu_�\�klZlv_��kms_kl\_ggh�khdjZsZxl��ih�kjZ\g_gbx�

k�ljZ^bpbhggufb�Ze]hjblfZfb�K>IN�b�K>IN�I��qbkeh�

hi_jZpbc��g_h[oh^bfuo�^ey�\uoh^Z�Ze]hjblfh\�K>IN�b�

K>IN�I� gZ� j_`bf� kdhevays_]h� baf_j_gby�� <ub]jur��

dhlhjuc� h[_ki_qb\Zxl� ij_^eh`_ggu_� h[h[s_ggu_� Ze�

]hjblfu�K>IN�b�K>IN�I��khklZ\ey_l�ijbf_jgh�\�q_lu�

j_� jZaZ� ih� hi_jZpbyf� ^_ckl\bl_evguo� mfgh`_gbc� b� \�

^\Z�jZaZ�ih�hi_jZpbyf�^_ckl\bl_evguo�keh`_gbc��

�Djhf_�lh]h��aZ�kq_l�ijbf_g_gby�\�kljmdlmjZo�HK>IN�

b�HK>IN�I�ij_^eh`_gguo�\�jZ[hl_�h[h[s_gguo�Ze]h�

jblfh\� =_jp_ey� �i_j\h]h� b� \lhjh]h� khhl\_lkl\_ggh���

\hafh`gh�^hklb`_gb_�\ukhdhc�jZaj_rZxs_c�kihkh[gh�

klb�kdhevays_]h�ki_dljZevgh]h�ZgZebaZ�ijb�khojZg_gbb�

mklhcqb\hklb�jZ[hlu�nbevljh\��

Ebl_jZlmjZ�

���K_j_[j_ggbdh\�F�=�� I_j\ha\Zgkdbc� :�:�� <uy\e_�

gb_�kdjuluo�i_jbh^bqghkl_c��±�F��GZmdZ��������±�����k��

���Hii_g]_cf� W�� Ijbf_g_gb_� pbnjh\hc� h[jZ[hldb�

kb]gZeh\��±�F���Fbj��������±�����k��

���G_jZajmrZxsbc�dhgljhev��KijZ\hqgbd��<��l����Ih^�

h[s�� j_^��<�<��Dex_\Z�l����<� �� dg�� ±�F���FZrbghkljh_�

gb_��������������k��

���EZchgk�J��Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\��<lhjh_�

ba^Zgb_��I_j��k�Zg]e��±�F���HHH�©;bghf�Ij_kkª��������±�

����k��

���IhghfZj_\�<�:���IhghfZj_\Z�H�<��L_hjby�b�ijbf_�

g_gb_� iZjZf_ljbq_kdh]h�^bkdj_lgh]h� ij_h[jZah\Zgby�Nm�

jv_����Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\��±������������±�&�������

���IhghfZj_\Z� H�<�� ;ukljh_� iZjZf_ljbq_kdh_� ^bk�

dj_lgh_� ij_h[jZah\Zgb_�Nmjv_� ^_ckl\bl_evguo� ihke_�

^h\Zl_evghkl_c� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ±�

�����������±�&�������

���IhghfZj_\� <�:��� IhghfZj_\Z� H�<�� Fh^bnbdZpby�

^bkdj_lgh]h�ij_h[jZah\Zgby�Nmjv_�^ey�j_r_gby� aZ^Zq�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\����������

�

�
���

bgl_jiheypbb�b�k\_jldb�nmgdpbc����JZ^bhl_ogbdZ�b�we_d�

ljhgbdZ��±�:G�KKKJ��������L���������±�&�������������

���IhghfZj_\�<�:���IhghfZj_\Z�H�<�H[h[s_gb_�^bk�

dj_lgh]h� ij_h[jZah\Zgby� Nmjv_� ^ey� bgl_jiheypbb� \h�

\j_f_gghc� h[eZklb� ��� Ba\_klby� <mah\� KKKJ�� ±� JZ^bh�

we_dljhgbdZ��Lhf�;;9,�������������±�&���������

���IhghfZj_\Z�H�<���IhghfZj_\�:�<���IhghfZj_\Z�G�<��

Kdhevays__�iZjZf_ljbq_kdh_�>IN�\�aZ^ZqZo�h[gZjm`_�

gby�lhgZevguo�dhfihg_gl� ���Pbnjh\Zy�h[jZ[hldZ�kb]gZ�

eh\��±������������±�&�������

����IhghfZj_\Z�H�<��JZa\blb_�l_hjbb�ki_dljZevgh]h�

ZgZebaZ�^bkdj_lguo�kb]gZeh\�gZ�dhg_qguo�bgl_j\ZeZo�\�

[Zabk_� iZjZf_ljbq_kdbo� ^bkdj_lguo� wdkihg_gpbZevguo�

nmgdpbc����Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\��±������������±�

&��������

����IhghfZj_\Z�H�<�� <_jhylghklgu_� k\hckl\Z� ki_d�

ljZevguo�hp_ghd��ihemq_gguo�f_lh^hf�iZjZf_ljbq_kdh�

]h�^bkdj_lgh]h�ij_h[jZah\Zgby�Nmjv_����Bgl_ee_dlmZev�

gu_�kbkl_fu�\�ijhba\h^kl\_��±����������������±�&���������

����IhghfZj_\�<�:���IhghfZj_\Z�H�<��<j_f_ggu_�hd�

gZ� ijb� hp_gd_� wg_j]_lbq_kdbo� ki_dljh\� f_lh^hf� iZjZ�

f_ljbq_kdh]h�^bkdj_lgh]h� ij_h[jZah\Zgby�Nmjv_� ���:\�

lhf_ljby��±�KH�:G�KKKJ������������±�&���������

����IhghfZj_\Z�H�<���IhghfZj_\�:�<���IhghfZj_\Z�G�<��

F_lh^� [ukljh]h� \uqbke_gby� ^bkdj_lgh]h� ij_h[jZah\Z�

gby�Nmjv_�^_ckl\bl_evguo�ihke_^h\Zl_evghkl_c���Pbn�

jh\Zy�h[jZ[hldZ�kb]gZeh\��±������������±�K���������

����:e_dk__\�<�:���IhghfZj_\�<�:���IhghfZj_\Z�H�<��

F_lh^heh]by�hij_^_e_gby�ih]j_rghkl_c�baf_j_gby�\_�

jhylghklguo� oZjZdl_jbklbd� kemqZcguo� ijhp_kkh\�� j_Z�

ebam_fuo� ijhp_kkhjgufb� baf_jbl_evgufb� kj_^kl\Zfb�

��� Bgl_ee_dlmZevgu_� kbkl_fu� \� ijhba\h^kl\_�� ±� ������

���������±�K���������

����IhghfZj_\Z�H�<���:e_dk__\�<�:���IhghfZj_\�<�:��

Pbnjh\hc�i_jbh^h]jZffZgZeba�b�ijh[e_fu�_]h�ijZdlb�

q_kdh]h� ijbf_g_gby� ��� <_klgbd� B`=LM�� ±� ���������� ±��

K�����������

����IhghfZj_\Z�H�<���IhghfZj_\Z�G�<��Fh^bnbdZpby�

nbevljZ�gZ�hkgh\_�qZklhlghc�\u[hjdb�^ey�j_r_gby�aZ�

^Zq�pbnjh\hc�h[jZ[hldb�kemqZcguo�ijhp_kkh\�kh�kdju�

lufb� i_jbh^bqghklyfb� ���Bgl_ee_dlmZevgu_� kbkl_fu� \�

ijhba\h^kl\_��±����������������±�K�����������

����IhghfZj_\Z�H�<���IhghfZj_\�:�<���IhghfZj_\�<�:��

H[h[s_gb_�Ze]hjblfZ�=_jp_ey�^ey�j_r_gby� aZ^Zq�\u�

y\e_gby� kdjuluo� i_jbh^bqghkl_c� ��� Bgl_ee_dlmZevgu_�

kbkl_fu�\�ijhba\h^kl\_��±����������������±�K���������

����IhghfZj_\� <�:��� IhghfZj_\Z� H�<�� <b[jhZdmklb�

q_kdh_�^bZ]ghklbjh\Zgb_�dhjh[hd�i_j_^Zq�klZgdh\�pbn�

jh\ufb�f_lh^Zfb����KlZgdb�b�bgkljmf_gl��±�����������±�

K���������

7+(�6800$5<�2)�7+(�*2(57=(/�

$/*25,7+0�$1'�7+(�6/,',1*�

3$5$0(75,&�',6&5(7(�)285,(5�

75$16)250�

3RQRPDUHY�9�$���3RQRPDUHYD�2�9���

3RQRPDUHY�$�9���3RQRPDUHYD�1�9��

7KH�EDVLF�PHWKRGV�RI�GHWHFWLQJ� LQGLYLGXDO� WRQDO�FRPSR�

QHQWV�DQG�DOJRULWKPV�RI� WKHLU� LPSOHPHQWDWLRQ�ZHUH�FRQWHP�

SODWHG��7KH�QRWLRQ�RI�D�GLJLWDO�EORFN�SURFHVVLQJ�ZLWK�DFFXPX�

ODWLRQ��'%3$���ZHUH�GHILQHG��ZKLFK�DOORZV�WR�UHDOL]H�WKH�')7�

DQG�')7�3��SDUDPHWULF�')7��ZLWK�LQFUHDVLQJ�PHPRU\�RI�GDWD�

EORFNV� �� IURP�EORFN� WR� EORFN���$� JHQHUDOL]DWLRQ� RI� WKH� DOJR�

ULWKP�RI�RQHELQ�VOLGLQJ�SDUDPHWULF�GLVFUHWH�)RXULHU�WUDQVIRUP�

�63')��3��ZHUH�VXJJHVWHG��*HQHUDOL]HG�DOJRULWKP��*63')�

±3���XQOLNH�DOJRULWKP�6'3)��3��FDQ�VLJQLILFDQWO\�UHGXFH� WKH�

QXPEHU�RI�RSHUDWLRQV�UHTXLUHG�WR�VWDUW�D�VOLGLQJ�PRGH�PHDV�

XUHPHQWV� LQ�WKLV�DOJRULWKP��$�JHQHUDOL]DWLRQ�RI�WKH�*RHUW]HO�

DOJRULWKP� ZHUH� GHVFULEHG�� 8QOLNH� VWDQGDUG� *RHUW]HO� DOJR�

ULWKP�� JHQHUDOL]HG� DOJRULWKP� DOORZV� WR� LQFUHDVH� E\� '%3$�

UHVROXWLRQ� VSHFWUDO� DQDO\VLV��PDLQWDLQLQJ� WKH� VWDELOLW\� RI� WKH�

ILOWHU�DQG�IXOO�FRQWURO�RYHU�LWV�UHVRQDQW�IUHTXHQF\��

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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IhdZaZgh�� qlh� ^ey� ih\ur_gby� qm\kl\bl_evghklb� ojhfZlh�

]jZnbq_kdh]h�ZgZebaZ�g_h[oh^bfh�\uihegblv�nbevljZpbx�kb]gZ�

eZ�k�ojhfZlh]jZnZ�ijb�ihfhsb�DBO�nbevljh\�k�ebg_cghc�nZahc��

Ij_^eh`_gZ�f_lh^bdZ�ihkljh_gby� d\ZabhilbfZevguo�DBO�nbevl�

jh\� \ukhdh]h� ihjy^dZ� k� bkihevah\Zgb_f� Ze]hjblfZ�IZjdkZ�FZdd�

e_eeZgZ� iml_f� dZkdZ^gh]h� kh_^bg_gby� DBO�nbevljh\� f_gvr_]h�

ihjy^dZ��Ijh\_^_gh� kjZ\g_gb_� ij_^eh`_gghc� f_lh^bdb� k� j_amev�

lZlZfb�jZkq_lZ�hilbfZevguo�nbevljh\�kbkl_fhc�0DW/DE��IhdZ�

aZgh�� qlh� ijbf_g_gb_� dZkdZ^gh]h�kh_^bg_gby� ^\mo�DBO�nbevljh\�

iha\hebeh� ih\ukblv� khhlghr_gb_� kb]gZe���rmf� ^ey� kb]gZeZ� gZ�

\uoh^_�ojhfZlh]jZnZ��ijbf_jgh�\�\hk_fv�jZa��

M>D�����������

D:KD:>GH?�KH?>BG?GB?�HILBF:EVGUO�DBO�NBEVLJH<��
K�EBG?CGHC�N:AHC�

<a^me_\Z�G�H���ZkibjZgl�dZn_^ju�<L�B`_\kdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ��
bf��F�L��DZeZrgbdh\Z��H�PDLO��VL]RYDQ#OLVW�UX��

=blebg�<�;���^�l�g���ijhn_kkhj�dZn_^ju�<L�B`_\kdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ��
bf��F�L��DZeZrgbdh\Z��H�PDLO��YEJBLVWX#PDLO�UX�

�

Dexq_\u_�keh\Z��ojhfZlh]jZnbq_kdbc�ZgZ�
eba�� DBO�nbevlj�� hilbfZevguc�� qm\kl\bl_ev�

ghklv��dZkdZ^gh_�kh_^bg_gb_��

<\_^_gb_�

F_lh^u� ojhfZlh]jZnbq_kdh]h� ZgZebaZ� >�@�

bkihevamxlky�^ey�dhgljhey�dZq_kl\Z�ijh^mdpbb�

g_nlyghc�� ibs_\hc�� ebd_jh\h^hqghc� ijhfur�

e_gghkl_c��Wlh�^hklZlhqgh�lhqguc�f_lh^�hij_�

^_e_gby�dZd�gZebqby�dZdh]h�eb[h�dhfihg_glZ�\�

ZgZebabjm_fhc� ijh[_�� lZd� b� jZkqzlZ� _z� dhg�

p_gljZpbb� >�@��Kb]gZe�ojhfZlh]jZnZ�ij_^klZ\�

ey_l�kh[hc�ihke_^h\Zl_evghklv�ibdh\�]Zmkkh\hc�

nhjfu��Ih� jZkiheh`_gbx� ibdZ� gZ� \j_f_gghc� hkb� ojh�

fZlh]jZffu� b^_glbnbpbjmxl� dhfihg_glu�� kh^_j`Zsb�

_ky� \� kf_kb��Ih� iehsZ^b� ibdh\� hp_gb\Zxl� dhebq_kl\h�

dhfihg_glZ��H[sbc�\b^�ojhfZlh]jZffu�ij_^klZ\e_g�gZ�

jbk�����

H^ghc�ba�oZjZdl_jbklbd�ijb[hjZ��\uihegyxs_]h�ojh�

fZlh]jZnbq_kdbc�ZgZeba��y\ey_lky�ij_^_e�^_l_dlbjh\Z�

gby�ihe_agh]h�kb]gZeZ��hij_^_ey_fuc�hlghr_gb_f�kb]�

gZe�rmf�� Q_f� \ur_� \_ebqbgZ� wlh]h� hlghr_gby�� l_f�

f_gvrb_�dhgp_gljZpbb�hij_^_ey_fh]h�\_s_kl\Z�\�kf_�

kb� m^Zklky� b^_glbnbpbjh\Zlv�� AgZq_gb_�rmfZ� aZ\bkbl�

hl�nbabq_kdbo� ijhp_kkh\�� hij_^_ey_fuo� lbihf� ojhfZ�

lh]jZnbq_kdh]h� ZgZebaZ� >�@�� lbiZ� ^_l_dlhjZ�� rmfh\�

we_dljbq_kdh]h� h[hjm^h\Zgby�� GZebqb_� rmfZ� kgb`Z_l�

lhqghklv� hp_ghd�� dZd� iheh`_gby� ibdh\� ojhfZlh]jZffu��

lZd� b� iehsZ^b� kb]gZeZ� ih^� wlbfb� ibdZfb� >�@�� LZd� dZd�

ojhfZlh]jZnbq_kdZy� bgnhjfZpby� i_j_ghkblky� \j_f_g�

ghc�nmgdpb_c�ihe_aghc�qZklb�kb]gZeZ�� lh�ih\ukblv�kh�

hlghr_gb_� kb]gZe�rmf� fh`gh� ebrv� nbevljZfb�� nZah�

qZklhlgZy� oZjZdl_jbklbdZ� dhlhjuo�ebg_cgZ��Wlb� lj_[h�

\Zgby�fh]ml�[ulv�m^h\e_l\hj_gu�ijb�\u[hj_�\�dZq_kl\_�

nbevljZ�DBO�nbevljZ�k�ebg_cghc�nZahc�>���@���

Hi_jZpby�nbevljZpbb�k�bkihevah\Zgb_f�DBO�nbevl�

jh\� lj_[m_l� [zevrh]h� dhebq_kl\Z� mfgh`_gbc� b� keh`_�

gbc�ih�kjZ\g_gbx�k�nbevljZpb_c��\uihegy_fhc�nbevl�

jZfb� k� [_kdhg_qghc� bfimevkghc� oZjZdl_jbklbdhc� �;BO�

nbevljZfb�� >���@�� Bkihevah\Zgb_� fbdjhijhp_kkhjghc�

l_ogbdb�kms_kl\_ggh�kgbabeh�\ebygb_�h]jZgbq_gbc��k\y�

aZgguo�k�ih\ur_gguf�dhebq_kl\hf�\uqbke_gbc�\�DBO�

nbevljZo� >�@�� L_f� g_� f_g__�� aZ^ZqZ� kbgl_aZ� DBO�

nbevljh\�fbgbfZevgh]h�ihjy^dZ�k�ebg_cghc�nZahc�b�k�

[hevrbf� dhwnnbpb_glhf� ih^Z\e_gby� \� ihehk_� aZ^_j�

`b\Zgby�� hklZ_lky� ZdlmZevghc��GZijbf_j�� lZdZy� aZ^ZqZ�

\hagbdZ_l� ijb� \kljZb\Zgbb� fbdjhijhp_kkhjguo� kbkl_f�

j_Zevgh]h� \j_f_gb� \� dZdb_�eb[h� l_ogbq_kdb_� mkljhckl�

\Z�� \� qZklghklb�� \� mkljhckl\Z�� \uihegyxsb_� ojhfZlh�

]jZnbq_kdbc� ZgZeba�� dh]^Z�fhsghklb�fbdjhijhp_kkhjZ�

h]jZgbq_gu���

�

Jbk�����OjhfZlh]jZffZ�l_klh\hc�kf_kb�ij_^_evguo��

m]e_\h^hjh^h\���±�hdlZg����±�^_dZg����±�mg^_dZg����±�^h^_dZg���

��±�ljb^_dZg����±�l_ljZ^_dZg����±�i_glZ^_dZg���

��±�]_dkZ^_dZg��jZkl\hjbl_ev�±�]_dkZg�

;ueZ� ijh\_^_gZ� k_jby� bkiulZgbc� ih� hp_gd_� iZjZ�

f_ljh\�`_eZ_fhc�Zfieblm^gh�qZklhlghc�oZjZdl_jbklbdb�

�:QO��nbevljZ�� ]jZgbqghc�qZklhlu�ihehku�ijhimkdZgby�

�h[hagZq_gghc�gZ�jbk����dZd�D��b� ]jZgbqghc�qZklhlu�ih�

ehku�aZ^_j`b\Zgby��h[hagZq_gghc�gZ�jbk����dZd�E��bkoh�

^y�ba�k\hckl\�kb]gZeZ�b�rmfZ�gZ�\uoh^_�ojhfZlh]jZnZ�

>�@�� AgZq_gby� iZjZf_ljh\� D� b� E� ih^[bjZeb� lZd�� qlh[u�

ihemqblv�fZdkbfmf�khhlghr_gby�kb]gZe�rmf�ijb�khojZ�

g_gbb�nhjfu� ihe_agh]h� kb]gZeZ��AZ\bkbfhklv� hlghr_�

gby� kb]gZe�rmf� hl� iZjZf_ljh\� nbevljZ�� ihemq_ggZy��

\� oh^_� wdki_jbf_glh\� >�@�� ij_^klZ\e_gZ� \� \b^_� ]jZ�

nbdh\� gZ� jbk����� HilbfZevguf� j_r_gb_f� \� ^Zgghf��

kemqZ_� hdZaZeky� nbevlj� k� iZjZf_ljZfb�� D� �����=p� b��

E� �����=p�ijb�qZklhl_�^bkdj_lbaZpbb�IV� ����=p��ihkdhev�

dm� djhf_�fZdkbfmfZ� hlghr_gby� kb]gZe�rmf� hg� h[_ki_�

qb\Ze� fbgbfZevgmx� \_ebqbgm� rmfZ� ������� f<��� Ghj�

fZebah\ZggZy� hlghkbl_evgh� qZklhlu� hijhkZ� rbjbgZ�
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H]jZgbqbf� ihke_^mxs__� jZkkfhlj_gb_� DBO�nbevl�

jhf� gb`gbo� qZklhl� �NGQ��� j_Zebah\Zgghf� k� ihfhsvx�
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 ¦ �±�ljb]hghf_ljbq_kdbc�ihebghf��

Ziijhdkbfbjmxsbc�aZ^Zggmx�:QO�� ^ `ND D ��N� �����«�0�±�

\_dlhj� dhwnnbpb_glh\� ihebghfZ�� ^ `� ��:  : : � ±� h[�

eZklv� m]eh\uo� qZklhl� ZiijhdkbfZpbb�� �: � ±� ^bZiZahg�

qZklhl� ihehku�ijhimkdZgby�� �: � ±�^bZiZahg� qZklhl�ih�

ehku�aZ^_j`b\Zgby�� � �3 Z �±�\_kh\Zy�nmgdpby�� G �±�ih�

]j_rghklv� ZiijhdkbfZpbb��Nbevlj�� ihemq_gguc� dZd� j_�

r_gb_� aZ^Zqb�� hij_^_ey_fhc�nhjfmehc� ����� bf__l�fb�

gbfZevguc�ihjy^hd�^ey�aZ^Zgghc�\_ebqbgu� G �b�k�wlhc�

lhqdb�aj_gby�y\ey_lky�hilbfZevguf�>�@��>�@���

IhiuldZ� gZoh`^_gby� iZjZf_ljh\� nbevljZ� ih� Ze]h�

jblfm� J_f_aZ� >�@�� iml_f� ihbkdZ� hilbfZevguo� j_r_gbc�

kbkl_fu� mjZ\g_gbc� ���� f_lh^hf� =ZmkkZ�� ihdZaZeZ�� qlh�

j_r_gb_�jZkoh^blky�m`_�ijb�1�  � ��� �ihjy^hd�0� ljb]h�

ghf_ljbq_kdh]h�ihebghfZ�

�
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 ¦ jZ\_g�

0� ������djb\Zy���gZ�jbk������J_r_gb_�hilbfbaZpbhgghc�

aZ^Zqb� k� bkihevah\Zgb_f� Ze]hjblfZ� IZjdkZ�FZdde_e�

eZgZ� >�@��iha\hebeh� g_kdhevdh� m\_ebqblv�ihjy^hd� hilb�

fZevgh]h�nbevljZ��gh�^ey�0� ����j_r_gb_�kgh\Z�jZah�

rehkv��djb\Zy���gZ�jbk������G_mklhcqb\hklv�ihemq_ggh]h�

\�wlhf�kemqZ_�j_r_gby�fh`gh�h[tykgblv�aZ\bkbfhklvx�

j_amevlZlh\� \uqbke_gby� dhwnnbpb_glh\� nbevljZ� hl�

lhqghklb� ij_^klZ\e_gby� g_ij_ju\guo� iZjZf_ljh\� Q_�

[ur_\kdhc�ZiijhdkbfZpbb�^bkdj_lgufb�hlkq_lZfb�k_l�

db�qZklhl�b�^bkdj_lguf�ij_^klZ\e_gb_f�dhwnnbpb_glh\�

^ `ND D �� N�  � ����«�0� Ziijhdkbfbjmxs_]h� ihebghfZ��

>_ckl\bl_evgh�� jhkl� ihjy^dZ� nbevljZ� ijb\h^bl�� Z�� d�

^h\hevgh�[ebadhfm�jZkiheh`_gbx�qZklhl�Zevl_jgZgkZ�b�

kms_kl\_gghfm� \ebygbx� ih]j_rghkl_c� hdjm]e_gby�� kh�

baf_jbfuf� k�rZ]hf� ]mklhc� k_ldb� qZklhl� b� [�� d� agZqb�

l_evghfm�\ebygbx�ih]j_rghklb�d\Zglh\Zgby�dhwnnbpb�

_glh\� ihebghfZ� ^ `ND �� Ih\ur_gb_� jZajy^ghklb� ij_^�

klZ\e_gby�qbk_e�k�5� ����jZajy^h\�^h�5� ����jZajy^h\�

iha\hebeh� ih\ukblv� ihjy^hd� ihebghfZ� ^h�0�  ���� ijb�

dhlhjhf� j_r_gb_� _s_� koh^behkv�� Wdki_jbf_glu� ihdZ�

aZeb�� qlh� ^Zevg_cr__� ih\ur_gb_� ihjy^dZ� ihebghfZ�

\gh\v�ijb\h^beh�d�ihl_j_�koh^bfhklb���

�

Jbk������<b^�:QO�ijh_dlbjm_fh]h�nbevljZ���

��±^ey�ijhklh]h�Ze]hjblfZ�J_f_aZ��

���±�^ey�f_lh^Z�IZjdkZ�FZdde_eeZgZ�

>ey�kha^Zgby�hilbfZevgh]h�DBO�nbevljZ�k�ebg_cghc�

nZahc�\ukhdh]h�ihjy^dZ�[ueh�j_r_gh�ihkljhblv�d\Zab�

hilbfZevguc�DBO�nbevlj�iml_f�dZkdZ^gh]h�kh_^bg_gby�

hilbfZevguo� DBO�nbevljh\� h^bgZdh\h]h�f_gvr_]h� ih�

jy^dZ���

DZkdZ^gh_� kh_^bg_gb_�DBO�nbevljh\� lbiZ� �� h^bgZ�

dh\h]h� ihjy^dZ� bf__l�:QO�� jZ\gmx� ijhba\_^_gbx�:QO�

dZkdZ^gh�kh_^bg_gguo� nbevljh\�� Z� bo� nZahqZklhlgZy�

oZjZdl_jbklbdZ� �NQO�� jZ\gZ� kmff_� NQO� bkoh^guo�

nbevljh\��J_amevlbjmxsbc�nbevlj�lZd`_�bf__l�ebg_c�

gmx�aZ\bkbfhklv�nZau�hl�qZklhlu��Ihkdhevdm�dZ`^uc�ba�

dZkdZ^gh�kh_^bg_gguo�ebg_cguo�nbevljh\�y\ey_lky�hi�

lbfZevguf��lh�j_amevlbjmxsbc�nbevlj�[m^_l��ih�djZc�

g_c� f_j_�� d\ZabhilbfZevguf�� Qbkeh� ihke_^h\Zl_evgh�

\dexq_gguo�dZkdZ^h\�fh`gh�m\_ebqb\Zlv��qlh�iha\hey_l�

^hihegbl_evgh�ih\ukblv�kl_i_gv�ih^Z\e_gby�kb]gZeZ�\�

ihehk_�aZ^_j`b\Zgby���

Hp_gbf� \ebygb_� dZkdZ^gh]h� kh_^bg_gby� hilbfZev�

guo� DBO�nbevljh\� h^bgZdh\h]h� ihjy^dZ� gZ� iZjZf_lju�

j_amevlbjmxs_]h�nbevljZ� >�@��Imklv�DBO�nbevlj�\ukh�

dh]h�ihjy^dZ� k�fZdkbfZevguf� hldehg_gb_f� hrb[db� Zi�

ijhdkbfZpbb� ���G �ihemq_g�iml_f�dZkdZ^gh]h�kh_^bg_gby�

^\mo�nbevljh\�lbiZ����h^gh]h�b�lh]h�`_�f_gvr_]h�ihjy^�
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dZ�k�fZdkbfZevgufb�hldehg_gbyfb�hrb[db�ZiijhdkbfZ�

pbb� ���G ��Ihkdhevdm�:QO� dZkdZ^gh�kh_^bg_gguo�nbevl�
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Ba�nhjfme� ���� b� ���� ke_^m_l�� qlh� ijb� ���G ��� ����ih�

]j_rghklv� ZiijhdkbfZpbb� \� ihehk_� aZ^_j`b\Zgby� kgb�

`Z_lky��Z�\�ihehk_�ijhimkdZgby�±�jZkl_l��H[_�ih]j_rgh�

klb� klZgh\ylky� g_kbff_ljbqgufb� hlghkbl_evgh� aZ^Zg�

ghc�:QO� � �[ Z � ����Hlghr_gb_� /i� �� /a�  � .� k^\b]Z_lky� \�

klhjhgm�[hevrbo�agZq_gbc��Kl_i_gv�ih^Z\e_gby�kb]gZeZ�

\�ihehk_�aZ^_j`b\Zgby�hlghkbl_evgh�ij_^r_kl\mxs_]h�

agZq_gby�.�^hihegbl_evgh�kgb`Z_lky�>�@��LZd�^ey� ���G � �

 ������������� �DBO�nbevlj� k� ihjy^dhf� ihebghfZ�

0� �����ijb�/i���/a� �.� ���fZdkbfZevgh_�hldehg_gb_�kh�

klZ\beh� \� ihehk_� aZ^_j`b\Zgby� \_ebqbgm�� jZ\gmx��

/���� ������������������ Ihemq_ggZy� f_lh^hf� IZdkZ�

FZdde_eeZgZ�hp_gdZ� agZq_gby�/����\�ihehk_� aZ^_j`b\Z�

gby�^ey�kemqZy�h^bgZdh\uo�agZq_gbc�/����\�ihehkZo�ijh�

imkdZgby�b� aZ^_j`b\Zgby�^ey�nbevljZ�ihjy^dZ�0�  � ���

jZ\gZ�/�� ������������������qlh�kms_kl\_ggh�[hevr_�/�����

�

Jbk������NbevljZpby�kb]gZeZ����±�bkoh^guc�kb]gZe���

��±�0DW/DE����±�dZkdZ^gh_�\dexq_gb_�

�

Jbk������NbevljZpby�[Zah\hc�ebgbb����±�bkoh^guc�kb]gZe���

��±�0DW/DE�����±�dZkdZ^gh_�\dexq_gb_�

<� p_ehf� fh`gh� hlf_lblv�� qlh� ba�aZ� ih]j_rghkl_c��

k\yaZgguo� k� ^bkdj_lbaZpb_c� b� d\Zglh\Zgb_f�� aZ^ZqZ�

\uqbke_gby�dhwnnbpb_glh\�nbevljZ�\ukhdh]h�ihjy^dZ��

lj_[m_l�g_ljb\bZevguo�fZl_fZlbq_kdbo�ijb_fh\�b�jZk�

q_lh\� >�@�� DZkdZ^gh_� \dexq_gb_� hilbfZevguo� DBO�

nbevljh\� iha\hey_l� kgbablv� lj_[h\Zgby� d� lhqghklb�

ij_^klZ\e_gby�^bkdj_lguo�hlkq_lh\�qZklhlu�b�Zfieblm�

^u�b��l_f�kZfuf��kms_kl\_ggh�khdjZlblv�ljm^ghklb�ih�

kljh_gby�DBO�nbevljh\�\ukhdh]h�ihjy^dZ�ijb�khojZg_�

gbb�k\hckl\�d\ZabhilbfZevghklb��

J_amevlZlu� kjZ\g_gby� jZ[hlu� d\ZabhilbfZevgh]h�

DBO�nbevljZ�b�hilbfZevgh]h�DBO�nbevljZ�gZ�ijbf_j_�

nbevljZpbb�kb]gZeZ�k�ojhfZlh]jZnZ�ihdZaZgu�gZ�jbk�����

<� dZq_kl\_� d\ZabhilbfZevgh]h� nbevljZ� \ayl� nbevlj��

ihemq_gguc� iml_f� dZkdZ^gh]h� \dexq_gby� ^\mo� DBO�

nbevljh\� ��� ihjy^dZ� �ihjy^hd� dZkdZ^gh]h� kh_^bg_gby�

^\mo� nbevljh\� ������ <� dZq_kl\_� hilbfZevgh]h� ±� DBO�

nbevlj� ���� ihjy^dZ�� jZkkqblZggh]h� k� ihfhsvx� ijh�

]jZffu� 0DW/DE�� >jm]hc� ijbf_j� nbevljZpbb� kb]gZeZ� k�

rmfhf�ihdZaZg�gZ�jbk�����<�lhf�b�^jm]hf�kemqZ_�aZ^_j`�

dZ� j_amevlbjmxs_]h� kb]gZeZ� gZ� \uoh^_� ^ey� h[hbo�

nbevljh\� h^bgZdh\Z��Bf_xlky� g_dhlhju_� jZkoh`^_gby�

ih� \_ebqbg_� Zfieblm^u� dhe_[Zgbc� \uoh^gh]h� kb]gZeZ��

dhlhju_�fh`gh� dhfi_gkbjh\Zlv�ijb�ihfhsb�fZkrlZ[b�

jh\Zgby���

GZ� jbk�� �� ij_^klZ\e_gu� j_amevlZlu� h[jZ[hldb� klm�

i_gqZlh]h�kb]gZeZ�dZkdZ^hf�nbevljh\�b�nbevljhf��jZk�

kqblZgguf�\�ijh]jZff_�0DW/DE��Ijb�nbevljZpbb�nbevl�

jhf� ���� ihjy^dZ�� jZkkqblZgguf� ijh]jZffhc� 0DW/DE��

gZ[ex^Z_lky�\u[jhk�gZ�njhgl_�b�kiZ^_�\uoh^gh]h�kb]�

gZeZ�� dhlhjuc� hlkmlkl\m_l� \� kb]gZe_�� ihemq_gghf� gZ�

\uoh^_�d\ZabhilbfZevguo�nbevljh\���

GZ� jbk�� �±�� ij_^klZ\e_gu� kb]gZeu�� aZibkZggu_� k�

ihfhsvx� ijh]jZffu� 1HW&KURP�� ij_^gZagZq_gghc� ^ey�

jZ[hlu�k�ojhfZlh]jZnhf��>ey�gZ]ey^ghklb�\k_�ojhfZlh�

]jZffu�ij_^klZ\e_gu�\�h^bgZdh\hf�^bZiZahg_��K� l_f��

qlh[u� hp_gblv� wnn_dlb\ghklv� nbevljh\� gZ� ijbf_j_�

h^gh]h�b�lh]h�`_�kb]gZeZ��gZ�ljb�\hafh`guo�dZgZeZ�^_�

l_dlhjh\�ih^Z\Zeb�kb]gZeu��bkoh^guc�b�hklZevgu_�^\Z��

ihemq_ggu_�ihke_�nbevljZpbb�bkoh^gh]h�kb]gZeZ�DBO�

nbevljZfb��Rmf� bkoh^gh]h� kb]gZeZ�� baf_j_gguc� ijh�

]jZffhc�1HW&KURP��jbk�����khklZ\be�����f<��rmf�ihke_�

nbevljZpbb�DBO�nbevljhf� ���ihjy^dZ� �jbk�� ��� ±� ������

f<� �kgb`_gb_�ih]j_rghklb�gZ� ���^;���Z�^ey� dZkdZ^Z�ba�

^\mo� DBO�nbevljh\� ��� ihjy^dZ� �jbk�� ��� rmf� khklZ\be�

�����f<��kgb`_gb_�ih]j_rghklb�gZ����^;���

<ebygb_� nbevljZpbb� gZ� j_amevlZlu� ZgZebaZ� � gZ�

ijbf_j_�klZg^Zjlghc�ih\_jhqghc�kf_kb�^h^_dZgZ�\�]_d�

kZg_� ihdZaZgh� gZ� jbk�� ������� Ibd� ^h^_dZgZ� \uoh^bl� k�

dhehgdb� gZ]j_lhc� ^h� ����K� ijb[ebabl_evgh� q_j_a� ����

fbgmlu� ihke_� \\h^Z� ijh[u� \� bkiZjbl_ev��Ih� hkb� Z[k�

pbkk� �o��hlkqblu\Z_lky�\j_fy��ih�hkb�hj^bgZl� �m��\_eb�

qbgZ�kb]gZeZ�\�f<��Bkoh^guc�b�h[jZ[hlZgguc�d\Zabhi�

lbfZevguf�nbevljhf�kb]gZeu�ijb\_^_gu�d�h^ghfm�fZk�

rlZ[m��

KjZ\gb\Zy�jZkq_lgu_�iZjZf_lju�kb]gZeZ�� lZdb_� dZd�

iehsZ^v��\ukhlZ��\j_fy�\uoh^Z�dhfihg_glZ�\b^gh��qlh�

hlkmlkl\m_l� bkdZ`_gb_� nhjfu� kb]gZeZ�� \j_f_ggZy� aZ�

^_j`dZ�fbgbfZevgZ��Hlghr_gb_�kb]gZe�rmf�^ey�bkoh^�

gh]h�ibdZ�khklZ\bl����������Z�^ey�h[jZ[hlZggh]h�dZkdZ�

^hf� DBO�nbevljh\� ���� ihjy^dZ� ±� �������� l�_�� ihqlb� \�

\hk_fv�jZa�emqr_��
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�

Jbk�����Bkoh^guc�kb]gZe��rmf�������f<�

�

Jbk�����DBO�nbevlj����ihjy^dZ��rmf���������f<�

�

Jbk������DZkdZ^�ba�^\mo�DBO�nbevljh\����ihjy^dZ��rmf��������f<�

�

Jbk������Bkoh^guc�kb]gZe�

�

Jbk������JZ[hlZ�dZkdZ^Z�ba���DBO�nbevljh\����ihjy^dZ�

Ebl_jZlmjZ�

���KZdh^ugkdbc�D�B���;jZ`gbdh\�<�<���<hedh\�K�:��:gZeblb�

q_kdZy�ojhfZlh]jZnby��±�F���Obfby���������

���JZ[bg_j�E���=hme^�;��L_hjby�b�ijbf_g_gb_�pbnjh\hc�h[�

jZ[hldb�kb]gZeh\��±�F���Fbj��������±�����K���

���Hkgh\u�pbnjh\hc�h[jZ[hldb�kb]gZeh\��Dmjk�e_dpbc���:\lhju�

:�B�KhehgbgZ��>�:��MeZoh\bq��K�F��:j[mah\��?�;��Kheh\v_\Z��Ba^��

��_�bki��b�i_j_jZ[����KI[���;O<��±�I_l_j[mj]������������K����

���Dmijbygh\�F�K���FZlxrdbg�;�>��Pbnjh\Zy�h[jZ[hldZ�kb]�

gZeh\�� ijhp_kkhju�� Ze]hjblfu�� kj_^kl\Z� ijh_dlbjh\Zgby���

��_�ba^��i_j_jZ[��b�^hi��±�KI[��Ihebl_ogbdZ��������������k��

���Hii_g]_cf�:���RZn_j�J��Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\��±�

F��L_oghkn_jZ��������±����k��

���K_j]b_gdh� :�;�� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� Mq_[gbd�

^ey�\mah\����_�ba^����KI[��©Ibl_jª��������±�����k��

���Kbah\Z�G�H��� =blebg� <�;��Ijh_dlbjh\Zgb_� hilbfZevgh]h�

nbevljZ�^ey�h[jZ[hldb�kb]gZeZ�ojhfZlh]jZnZ� ��BgnhjfZpbhg�

gu_�kbkl_fu�\�gZmd_��ijhfure_gghklb�b�h[jZah\Zgbb���B`_\kd��

Ba^Zl_evkl\h�B`=LM�������

���Kbah\Z� G�H��� =blebg� <�;�� <u[hj� iZjZf_ljh\�nbevljZ� ^ey�

wnn_dlb\gh]h� ih^Z\e_gby�rmfh\� ojhfZlh]jZnZ� ��BgnhjfZpbhg�

gu_�l_ogheh]bb�\�gZmd_��ijhfure_gghklb�b�h[jZah\Zgbb��K[hjgbd�

ljm^h\� gZmqgh�l_ogbq_kdhc� dhgn_j_gpbb� nZdmevl_lZ� ©BgnhjfZ�

lbdZ�b�\uqbkebl_evgZy�l_ogbdZª�����Zij_ey�����]�����k���������

&$6&$'(�&211(&7,21�237,0$/�

/,1($5�3+$6(�),5�),/7(56�

9]GXOHYD�1�2���*LWOLQ�9�%��

,W� LV� VKRZQ� WKDW� WR� LQFUHDVH� WKH� VHQVLWLYLW\� RI� WKH� FKURPD�

WRJUDSKLF� DQDO\VLV� LV� QHFHVVDU\� WR� ILOWHU� WKH� VLJQDO� IURP� WKH� FKUR�

PDWRJUDSK� XVLQJ�),5� ILOWHUV�ZLWK� OLQHDU�SKDVH�,W�EHFDPH�FOHDU��IURP�

WKH�DQDO\VLV� RI� WKH� VLJQDO� FKDUDFWHULVWLFV� WKDW� WKH� RUGHU� RI� WKH� ),5�

ILOWHU�� LQFOXGLQJ�RSWLPDO�),5�ILOWHU�KDV�D�UDWKHU�KLJK�YDOXH��FDOFXODWLRQ�

PHWKRGV� UHTXLUH� VSHFLDO� ILOWHUV��7KH� DXWKRU� VXJJHVWV�WKH�PHWKRG� RI�

FRQVWUXFWLRQ� RI� TXDVL�RSWLPDO� ),5� ILOWHUV� XVLQJ� KLJK�RUGHU� DOJRULWKP�

3DNUVD���0F&OHOODQ�E\�FDVFDGLQJ�),5�ILOWHUV�RI� ORZHU�RUGHU��7KH�DX�

WKRU�FDUULHG�RXW�WKH�&RPSDULVRQV�RI�WKH�SURSRVHG�PHWKRGV�ZLWK�WKH�

UHVXOWV� RI� FDOFXODWLRQ� RSWLPXP� ILOWHU� E\� V\VWHP� 0DW/DE�� 8VLQJ� WKH�

H[DPSOH�RI�VLJQDO�SURFHVVLQJ�FKURPDWRJUDSK\�WKDW�WKH�UHVXOWV�RI�WKH�

WZR� PHWKRGV� RI� FDOFXODWLRQ� DUH� SUDFWLFDOO\� WKH� VDPH� DW� D� PXFK�

VPDOOHU� QXPEHU� RI�FRPSXWDWLRQV� RI� WKH� SURSRVHG�PHWKRG��7KH� XVH�

RI� D� FDVFDGH� FRQQHFWLRQ� RI� WZR�),5� ILOWHUV� DUH� DOORZHG� WR� LQFUHDVH�

WKH� VLJQDO� �� QRLVH� UDWLR� RI� WKH� VLJQDO� REWDLQHG� DW� WKH� RXWSXW� RI� WKH�

FKURPDWRJUDSK��DERXW�HLJKW�WLPHV��
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�
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KlZlvy� ihk\ys_gZ� j_r_gbx� aZ^Zqb� hilbfZevgh]h� ijh_dlb�

jh\Zgby� fgh]hdZgZevgh]h� Z^Zilb\gh]h� nbevljZ� k� jZ\ghf_jguf�

jZa[b_gb_f� ih� qZklhl_�� \� dhlhjhf� ^ey� gZkljhcdb� Z^Zilb\guo�

y^_j� bkihevam_lky� Ze]hjblf� gZbf_gvr_]h�kj_^g_d\Z^jZlbq_kdh�

]h� hldehg_gby�� <u\h^ylky� ZgZeblbq_kdb_� aZ\bkbfhklb�� iha\h�

eyxsb_� hp_gblv� gZbemqrb_� iZjZf_lju� gZkljhcdb� kljmdlmju��

qbkeh� dZgZeh\�� dhwnnbpb_gl� ^_pbfZpbb� b� ihjy^db� pbnjh\uo� g_�

j_dmjkb\guo�nbevljh\��Ijb\h^ylky� j_amevlZlu� dhfivxl_jgh]h�

fh^_ebjh\Zgby�� ih^l\_j`^Zxsb_� dhjj_dlghklv� ihemq_gguo�

j_amevlZlh\��

M>D������������

HILBFBA:PBY�FGH=HKDHJHKLGH=H�:>:ILB<GH=H�NBEVLJ:��
K�J:<GHF?JGUF�J:A;B?GB?F�IH�Q:KLHL?�IJB�BKIHEVAH<:GBB��
:E=HJBLF:�G:BF?GVR?=H�KJ?>G?D<:>J:LBQ?KDH=H�HLDEHG?GBY�

Ebgh\bq�:�X���d�l�g���^hp_gl��klZjrbc�gZmqguc�khljm^gbd�JyaZgkdh]h�]hkm^Zjkl\_ggh]h��
jZ^bhl_ogbq_kdh]h�mgb\_jkbl_lZ��H�PDLO��UVUWX#\DQGH[�UX�

�

Dexq_\u_� keh\Z�� fgh]hkdhjhklghc� Z^Zi�
lb\guc� nbevlj�� hilbfbaZpby� kljmdlmju�� Ze]h�

jblf� gZbf_gvr_]h� kj_^g_d\Z^jZlbq_kdh]h� hld�

ehg_gby��ih^kbkl_fZ�ZgZebaZ�kbgl_aZ��

<\_^_gb_�

Fgh]hkdhjhklghc�Z^Zilb\guc�nbevlj��F:N��

ij_^klZ\ey_l�kh[hc�fgh]hdZgZevgmx�kljmdlmjm��

\gmljb� dhlhjhc� \� dZ`^hf� ba� dZgZeh\� \uihe�

gy_lky� Z^Zilb\gZy� h[jZ[hldZ� hl^_evghc� madhc�

ihehku��\u^_e_gghc�ba�ki_dljZ�\oh^gh]h�kb]gZ�

eZ��MijhszggZy�ko_fZ�F:N�ijb\_^_gZ�gZ�jbk�����

�

Jbk�����KljmdlmjgZy�ko_fZ�F:N�

A^_kv�$�� b�$�� ±� ih^kbkl_fu� ZgZebaZ�� jZks_ieyx�

sb_�\oh^ghc�kb]gZe�[�Q��b�h[mqZxsbc�kb]gZe�G�Q��gZ�0�

ki_dljZevguo� ihehk�� dhlhjuf� khhl\_lkl\mxl� kb]gZeu�

[��N��� [��N���«�� [0���N�� b� G��N��� G��N���«�� G0���N���JZ\gh�

f_jgh_� jZa[b_gb_� ih� qZklhl_� ij_^iheZ]Z_l� jZ\_gkl\h�

\k_o� ki_dljZevguo� ihehk� ih� rbjbg_� b� jZ\ghf_jgh_�

jZkij_^_e_gb_� bo� p_gljZevguo� qZklhl� k�rZ]hf� Id\���0�

ih� qZklhl_�� ]^_� Id\� ±� qZklhlZ� ^bkdj_lbaZpbb� \oh^gh]h�

kb]gZeZ��6��±�ih^kbkl_fZ�kbgl_aZ��\uihegyxsZy�h[t_�

^bg_gb_� \uoh^guo� kb]gZeh\� \��N��� \��N��� «�� \0���N�� hl�

^_evguo�Z^Zilb\guo�y^_j�Z��N���Z��N���«��Z0���N��\�j_�

amevlbjmxsbc�\uoh^ghc�kb]gZe�\�Q���Ihkdhevdm�rbjbgZ�

dZ`^hc� ba� h[jZah\Zgguo� ki_dljZevguo� ihehk� f_gvr_�

rbjbgu�ki_dljZ�\oh^gh]h�b�h[mqZxs_]h�kb]gZeZ��\�ih^�

kbkl_fZo� ZgZebaZ� \uihegy_lky� i_j_oh^�gZ�[he__� gba�

dmx� qZklhlm� ^bkdj_lbaZpbb�� Z� \� ^Zevg_cr_f� i_j\hgZ�

qZevgh_�agZq_gb_�qZklhlu�^bkdj_lbaZpbb�\hkklZgZ\eb�

\Z_lky�\�ih^kbkl_f_�kbgl_aZ��>ey�m^h[kl\Z�jZaebq_gby�

^bkdj_lguo� kb]gZeh\�� hij_^_ezgguo� gZ� \ukhdhc� b� gZ�

ihgb`_gghc� qZklhlZo�^bkdj_lbaZpbb�� gZ� jbk�� ��ijb�gm�

f_jZpbb� hlkqzlh\� bkihevamxlky� jZagu_� bg^_dku� \j_�

f_gb��Q�b�N��

>ey�mki_rgh]h�nmgdpbhgbjh\Zgby�F:N�ih^kbkl_fu�

$��b�$��ih�k\hbf�k\hckl\Zf�^he`gu�[ulv�kljh]h�h^bgZ�

dh\ufb��Z�ih^kbkl_fZ�6��^he`gZ�[ulv�gZ^e_`Zsbf�h[�

jZahf� hilbfbabjh\ZgZ�� qlh[u� khhl\_lkl\h\Zlv� ih^kbk�

l_fZf�$��b�$���Fh`gh�]h\hjblv��qlh�ih^kbkl_fu�$���$��b�

6��h[jZamxl�_^bgmx�ih^kbkl_fm�ZgZebaZ�kbgl_aZ��I:K���

;he__�ih^jh[gh�ijbgpbiu�ihkljh_gby�I:K�jZkkfhlj_�

gu�\�>�@��:e]hjblf�jZkqzlZ�ih^kbkl_f�ZgZebaZ�kbgl_aZ�k�

i_j_^bkdj_lbaZpb_c�hibkZg�\�>����@��

Ke_^m_l� aZf_lblv��qlh�\�gZklhys__�\j_fy�ba\_klgh�

fgh]h�\ZjbZglh\�hj]ZgbaZpbb�F:N� >����@��GZ�jbk����jZk�

kfhlj_g� ebrv� h^bg� ba� gbo�� ihemqb\rbc� gZb[hevrmx�

ba\_klghklv� >�@�� OZjZdl_jgufb� q_jlZfb� jZkkfZljb\Z_�

fhc�gZfb�kljmdlmju�F:N�y\eyxlky��\h�i_j\uo��g_aZ\b�

kbfhklv�gZkljhcdb� Z^Zilb\guo� y^_j� \� dZ`^hf� ba� dZgZ�

eh\��\h�\lhjuo��jZ\ghf_jghklv�jZa[b_gby�\oh^gh]h�kb]�

gZeZ�ih�qZklhl_�b��\�lj_lvbo��bkihevah\Zgb_�lhevdh�g_�

j_dmjkb\guo�pbnjh\uo�nbevljh\��

G_aZ\bkbfZy� gZkljhcdZ� Z^Zilb\guo� y^_j� iha\hey_l�

^hklbqv� gZb[hevr_c� wdhghfbb� ih� \uqbkebl_evguf� aZ�

ljZlZf��qlh�bf__l�j_rZxs__�agZq_gb_�ijb�j_ZebaZpbb�

F:N�\�j_Zevghf�\j_f_gb��GZkljhcdZ�dZ`^h]h�ba�Z^Zi�

lb\guo� y^_j� \uihegy_lky� gZ� hkgh\_� Ze]hjblfZ� gZb�

f_gvr_]h�kj_^g_d\Z^jZlbq_kdh]h�hldehg_gby��GKD
�
��>�@��

Wlhl� Ze]hjblf� ihemqbe� \� gZklhys__� \j_fy� rbjhdmx�

ba\_klghklv�� [eZ]h^Zjy� ijhklhl_�fZl_fZlbq_kdh]h� hib�

kZgby� b� ijh]jZffghc� j_ZebaZpbb�� Z� lZd`_� [eZ]h^Zjy�

hlghkbl_evgh� g_\ukhdbf� lj_[h\Zgbyf� d� \uqbkebl_ev�

guf� aZljZlZf�� <h� fgh]bo� gZmqguo� jZ[hlZo� Ze]hjblf�

GKD� kem`bl� hjb_glbjhf� ^ey� kjZ\g_gby� ijb� ZgZeba_�

wnn_dlb\ghklb�^jm]bo�Ze]hjblfh\��

���������������������������������������������������

�

�
�� <� Zg]ehyauqghc� ebl_jZlmj_� wlhl� Ze]hjblf� ihemqbe� gZb�
[hevrmx�ba\_klghklv�kj_^b�Ze]hjblfh\�Z^Zilb\ghc�nbevljZ�
pbb� b� ghkbl� gZa\Zgb_� ©/HDVW�PHDQ� VTXDUH� �/06�� DOJRULWKPª�

>����@��
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JZ\ghf_jgh_�jZa[b_gb_�ih�qZklhl_��dZd�m`_�mihfb�

gZehkv�\ur_��ih^jZamf_\Z_l�jZa^_e_gb_�\oh^gh]h�kb]�

gZeZ�ih^kbkl_fhc�ZgZebaZ�gZ�jy^�ki_dljZevguo�ihehk�

jZ\ghc�rbjbgu��jZaf_szgguo�k�ihklhygguf�rZ]hf�ih�

qZklhl_��jbk������JZ\ghf_jgu_�I:K�kljhylky�gZ�hkgh\_�

gZ[hjZ� dhfie_dkguo� pbnjh\uo�nbevljh\�� ihemq_gguo�

mfgh`_gb_f�bfimevkghc�oZjZdl_jbklbdb�gbadhqZklhlgh�

]h�nbevljZ�ijhlhlbiZ� gZ� dhfie_dkgu_� wdkihg_glu� kh�

hl\_lkl\mxsbo�qZklhl��H[S���M�P�����Q�0���]^_�M�±�fgb�

fZy� _^bgbpZ�� Z� P� ±� ihjy^dh\uc� ghf_j� dZgZeZ� F:N��

GbadhqZklhlguc�nbevlj�ijhlhlbi�bf__l�\_s_kl\_ggu_�

\_kh\u_� dhwnnbpb_glu�� ijb� wlhf� Zfieblm^gh�

qZklhlgZy� oZjZdl_jbklbdZ� �:QO�� ^Zggh]h� nbevljZ�

_+GQ�H
M&�_�kbff_ljbqgZ�hlghkbl_evgh�hkb�hj^bgZl��

�

Jbk�����:QO�nbevljh\�ZgZebaZ�ijb�jZ\ghf_jghf�jZa[b_gbb��

ih�qZklhl_��\k_�0�nbevljh\�ZgZebaZ�ihemq_gu�hl�h^gh]h��

b�lh]h�`_�gbadhqZklhlgh]h�nbevljZ�ijhlhlbiZ�

G_j_dmjkb\gu_� pbnjh\u_� nbevlju�� gZau\Z_fu_�

lZd`_�nbevljZfb�k�dhg_qghc�iZfylvx�beb�nbevljZfb�k�

dhg_qghc� bfimevkghc� oZjZdl_jbklbdhc� �DBO��� fZl_fZ�

lbq_kdb� fh]ml� [ulv� hibkZgu� hi_jZpb_c� ^bkdj_lghc�

k\zjldb� \_dlhjZ� \_kh\uo� dhwnnbpb_glh\� nbevljZ� b�

\_dlhjZ�� we_f_glZfb� dhlhjh]h� y\eyxlky� hlkqzlu�^bkd�

j_lgh]h�\oh^gh]h�kb]gZeZ��Ijbf_g_gb_�ebg_cghc�k\zjl�

db�iha\hey_l�ihemqblv�nbevlj�kh�kljh]h�ebg_cghc�nZ��

ahqZklhlghc� oZjZdl_jbklbdhc�� >jm]bf� ij_bfms_kl\hf�

DBO�nbevljh\�i_j_^�j_dmjkb\gufb�nbevljZfb�y\ey_l�

ky� bo� ]ZjZglbjh\ZggZy� mklhcqb\hklv�� h[mkeh\e_ggZy�

hlkmlkl\b_f�h[jZlguo�k\ya_c��

H[jZ[hldZ� kb]gZeh\� \� Z^Zilb\guo� y^jZo� lh`_� hkm�

s_kl\ey_lky� f_lh^hf� ebg_cghc� k\zjldb�� H^gZdh� ijb�

kmlkl\b_�h[jZlghc�k\yab�\�kZfhf�Z^Zilb\ghf�Ze]hjbl�

f_�� \uihegyxs_f� gZkljhcdm� \_kh\uo� dhwnnbpb_glh\��

fh`_l� \u\h^blv� Z^Zilb\gu_� y^jZ� aZ� ]jZgbpm� mklhcqb�

\hklb�� <hijhku� mklhcqb\hklb� Z^Zilb\guo� Ze]hjblfh\�

jZkkfhlj_gu� \� >��� ��� �@�� \uiheg_gb_� jy^Z� mkeh\bc�ih�

a\hey_l�[_a�hkh[uo�ljm^ghkl_c�h[_ki_qblv�mklhcqb\mx�

jZ[hlm�Ze]hjblfZ�GKD��

IhklZgh\dZ� aZ^Zqb� hilbfZevgh]h� ijh_dlbjh\Zgby��
ijbf_gbl_evgh�d�F:N�gZ�hkgh\_�Ze]hjblfZ�GKD�

<� >��@� h[km`^Zeky� \hijhk� wd\b\Ze_glghklb� jZaebq�

guo�kljmdlmj�F:N�ih� lhqghklb�gZkljhcdb�\�mklZgh\b\�

r_fky� j_`bf_�� Ihgb`_gb_� qZklhlu� ^bkdj_lbaZpbb�

\oh^gh]h�kb]gZeZ�\���jZa�iha\hey_l�ijhj_^blv�bfimevk�

gmx�oZjZdl_jbklbdm�Z^Zilb\gh]h�nbevljZ��:N��lZd`_�\���

jZa��?keb�i_jbh^�^bkdj_lbaZpbb�ihgb`Z_lky�\���jZa��lh�

_klv� dh]^Z� Id\��  � Id\������ �7��  � 7������ lh� ijb� khojZg_gbb�
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gu_�aZljZlu��<h�\lhjuo��ijb�fZehf�qbke_�dZgZeh\� �f_�

g__�����ke_^m_l�mqblu\Zlv�^bkdj_lghklv�iZjZf_ljh\�0�b�

���dhlhju_�fh]ml�ijbgbfZlv�lhevdh�p_ehqbke_ggu_�agZ�

q_gby�� <� hdj_klghklyo� l_hj_lbq_kdb� gZc^_ggh]h� j_r_�

gby� aZ^Zqb� hilbfbaZpbb� ke_^m_l� \u[bjZlv� lZdmx� iZjm�

p_euo� qbk_e�0hil� b� �hil�� ^ey� dhlhjhc� mkeh\b_� ����� kh�

[ex^Z_lky�k�gZbf_gvr_c�ih]j_rghklvx��

Ebl_jZlmjZ�

���<blya_\�<�<��Pbnjh\Zy�qZklhlgZy�k_e_dpby�kb]gZ�

eh\��±�F���JZ^bh�b�k\yav��������±�����k��

���'DYLGVRQ�7�1��(QULFKLQJ�WKH�DUW�RI�),5�ILOWHU�GHVLJQ�YLD�

FRQYH[� RSWLPL]DWLRQ� ��� ,(((� VLJQDO� SURFHVVLQJ� PDJD]LQH��

������±������±�SS����������

���:LOEXU�0�5���'DYLGVRQ�7�1���5HLOO\�-�3��(IILFLHQW�GHVLJQ�

RI�RYHUVDPSOHG�135�*')7�ILOWHU�EDQNV����,(((�WUDQVDFWLRQV�

RQ�VLJQDO�SURFHVVLQJ��������±������±�SS�������������

���Ebgh\bq� :�X�� :^Zilb\gu_� nbevlju� k� pbnjh\hc�

qZklhlghc� k_e_dpb_c� kb]gZeh\� [_a� ^hihegbl_evghc� aZ�

^_j`db� b� gZeh`_gbc� ki_dljZ� ���Nmg^Zf_glZevgu_� ijh�

[e_fu� jZ^bhwe_dljhggh]h� ijb[hjhkljh_gby� ��FZl_jbZ�

eu�F_`^mgZjh^ghc�gZmqgh� ±� l_ogbq_kdhc� dhgn_j_gpbb�

©,17(50$7,&±����ª���±��^_dZ[jy������]���Fhkd\Z����Ih^�

j_^��ZdZ^_fbdZ�J:G�:�K��Kb]h\Z��±�F���F=LM�FBJW:�±�

BJW�J:G��������qZklv����±�����k��K���������

���Ebgh\bq� :�X�� :^Zilb\gu_� nbevlju� k� pbnjh\hc�

qZklhlghc�k_e_dpb_c�kb]gZeh\�\�kbkl_fZo�rbjhdhihehk�

ghc� k\yab� ���Nmg^Zf_glZevgu_� ijh[e_fu� jZ^bhwe_dljhg�

gh]h�ijb[hjhkljh_gby� ��FZl_jbZeu�F_`^mgZjh^ghc�gZ�

mqgh� ±� l_ogbq_kdhc� dhgn_j_gpbb� ©,17(50$7,&±����ª��

����^_dZ[jy� ����� ]���Fhkd\Z�� ��Ih^�j_^��ZdZ^_fbdZ�J:G�

:�K��Kb]h\Z��±�F���F=LM�FBJW:�±�BJW�J:G��������qZklv����±�

����k��K������±������

���+D\NLQ�6��$GDSWLYH�)LOWHU�7KHRU\��±�/RQGRQ��3HDUVRQ��

�WK�HG���������±�����SS��
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���Mb^jhm� ;�� b� ^j�� Dhfie_dkgZy� nhjfZ� Ze]hjblfZ�

GKDH����LBBWJ��������±������±�K�����±�����

���'LQL]� 3�� $GDSWLYH� )LOWHULQJ�� $OJRULWKPV� DQG� 3UDFWLFDO�

,PSOHPHQWDWLRQ��±�/H[LQJWRQ��.<��86$���6SULQJHU���UG�HG���

������±�����SS��

���Mb^jhm�;���Klbjga�K��:^Zilb\gZy�h[jZ[hldZ�kb]gZ�

eh\���I_j�k�Zg]e��±�F���JZ^bh�b�k\yav��������±�����k��

����Ebgh\bq� :�X�� Ijbf_g_gb_� f_lh^h\� qZklhlgh�

\j_f_gghc�^_dhfihabpbb�ijb�j_r_gbb�aZ^Zqb�h[jZlgh�

]h� fh^_ebjh\Zgby� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\��

������±������±�K���������

����:HLVV� 6��� 6WHZDUW� 5�:�� 2Q� $GDSWLYH� )LOWHULQJ� LQ�

2YHUVDPSOHG�6XEEDQGV��±�$DFKHQ��*HUPDQ\���6KDNHU�9HU�

ODJ��������

����JZ[bg_j�E���=hme^�;��L_hjby�b�ijbf_g_gb_�pbn�

jh\hc�h[jZ[hldb�kb]gZeh\��±�F���Fbj��������±�����k��

����%HOODQJHU�0�*��7UDLWHPHQW�1XPHULTXH�'X�6LJQDO��±�

3DULV��0DVVRQ��������±�����SS��

����Dhjg�=���Dhjg�L��KijZ\hqgbd�ih�fZl_fZlbd_�^ey�gZ�

mqguo�jZ[hlgbdh\�b�bg`_g_jh\��±�F���GZmdZ��=eZ\gZy�j_�

^Zdpby�nbabdh�fZl_fZlbq_kdhc�ebl_jZlmju��������±�����k��

����Ibkdmgh\� G�K�� >bnn_j_gpbZevgh_� b� bgl_]jZev�

gh_�bkqbke_gb_�^ey�\lmah\��±�F���NbafZl]ba��������±�����k��

237,0,=$7,21�2)�7+(�08/7,5$7(�

$'$37,9(�),/7(5�:,7+��

/($67�0($1�648$5(�$/*25,7+0��

,1�(48$/�:,'7+�68%%$1'6�

/LQRYLFK�$�<X��

7KH�PDLQ�VXEMHFW� LV�VROYLQJ�RI� WKH�RSWLPL]DWLRQ�SUREOHP�

IRU�WKH�PXOWLUDWH�DGDSWLYH�ILOWHU�ZLWK�OHDVW�PHDQ�VTXDUH�DOJR�

ULWKP�LQ�HTXDO�ZLGWK�VXEEDQGV��$QDO\WLFDO�HVWLPDWLRQV�IRU�WKH�

EHVW�YDOXHV�RI�WKH�PDLQ�SDUDPHWHUV�RI�WKH�PXOWLUDWH�DGDSWLYH�

ILOWHU� DUH� GHULYHG�� 7KH� UHVXOWV� RI� WKH� FRPSXWHU� VLPXODWLRQ�

ZKLFK�FRQILUP�WKH�WKHRUHWLFDO�VWXG\�DUH�VXSSOLHG��

7KH�DQDO\VLV�RI�WKH�WKHRU\�DQG�H[SHULPHQWV�UHVXOWV�LQ�WKH�

QH[W� GHFLVLRQV�� )LUVW�� ZKLOH� WKH� RSWLPDO� UDWLR� EHWZHHQ� WKH�

GHFLPDWLRQ� UDWLR� DQG�TXDQWLW\� RI� FKDQQHOV� KROGV� WUXH�� ODUJH�

FKDQJHV� RI� WKH� TXDQWLW\� RI� FKDQQHOV� WHQGV� WR� LQVLJQLILFDQW�

LQFUHDVH� LQ� WKH�FRPSXWDWLRQDO�FRPSOH[LW\��6R� WKLV� UDWLR�PD\�

EH�FRQVLGHUHG�DV� WKH�PDLQ�FRQGLWLRQ�RI�RSWLPDOLW\��6HFRQG��

IRU� WKH� OLWWOH� TXDQWLW\� RI� FKDQQHOV� WKH� GLVFUHWHQHVV� RI� WKH�

TXDQWLW\� RI� FKDQQHOV� DQG� GHFLPDWLRQ� UDWLR� VKRXOG� EH� WDNHQ�

LQWR�DFFRXQW��7KDW� LV�� LQ�WKH�QHLJKERUKRRG�RI�WKH�WKHRUHWLFDO�

PLQLPXP� SRLQW� LW� LV� QHFHVVDU\� WR� FKRRVH� WKRVH� FRXSOHV� RI�

QXPEHUV�ZKLFK�DUH�FORVHU�WR�WKH�RSWLPDO�UDWLR��

M\Z`Z_fu_�dhee_]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�kljZ�

gbpZo��<� 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��mk�

em]��k�mdZaZgb_f�`_eZ_fh]h�_z�f_klhjZkiheh`_gby��h[eh`dZ����y����y�beb���y�klj����p\_lgZy�\gml�

j_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�b�<uklZ\dZo�� ©([SR(OHFWURQLFDª�� ©K\yavWdkihdhffª�� ©WE?DLJHGBD:��dhfihg_glu��

h[hjm^h\Zgb_��l_ogheh]bbª��]��Fhkd\Z��b�^j��

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��

����±�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��

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

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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K�bkihevah\Zgb_f�ki_dljZevghc�l_hjbb��f_lh^h\�klZlbklb�

q_kdhc� jZ^bhl_ogbdb� b� bfblZpbhggh]h� fh^_ebjh\Zgby� � ijh\_^_g�

ZgZeba�oZjZdl_jbklbd�pbnjh\uo�mkljhckl\�aZibkb�b�\hkijhba\_�

^_gby� jZ^bhkb]gZeh\� ijb� \hkklZgh\e_gbb� qZklhlu� \� fgh]hkb]�

gZevghf� j_`bf_�� MdZaZgu� mkeh\by� \hagbdgh\_gby� hrb[hd� \hkklZ�

gh\e_gby�qZklhlu�b�ijb\_^_gu�hp_gdb�bo�agZq_gbc��

M>D���������

HKH;?GGHKLB�B�O:J:DL?JBKLBDB�<HKKL:GH<E?GBY�Q:KLHLU�
PBNJH<UFB�NMGDPBHG:EVGUFB�MKLJHCKL<:FB�A:IBKB��
B�<HKIJHBA<?>?GBY�J:>BHKB=G:EH<�<�FGH=HKB=G:EVGHF�J?@BF?�

Dhaeh\�K�<���^�l�g���aZf_klbl_ev�gZqZevgbdZ�dZn_^ju�jZ^bhl_ogbdb�b�Zgl_ggh�nb^_jguo�mkljhckl\��
<h_ggh�\ha^mrghc�ZdZ^_fbb�bf��ijhn_kkhjZ�G�?��@mdh\kdh]h�b�X�:��=Z]ZjbgZ��]��<hjhg_`���H�PDLO��NRUYLQ��#EN�UX�

FZabeh\�K�E���d�l�g���klZjrbc�ij_ih^Z\Zl_ev�dZn_^ju�jZ^bhl_ogbdb�b�Zgl_ggh�nb^_jguo�mkljhckl\��
<h_ggh�\ha^mrghc�ZdZ^_fbb�bf��ijhn_kkhjZ�G�?��@mdh\kdh]h�b�X�:��=Z]ZjbgZ��H�PDLO��PD]LORY��#PDLO�UX�

Mkdh\�:�<���Z^txgdl�dZn_^ju�jZ^bhl_ogbdb�b�Zgl_ggh�nb^_jguo�mkljhckl\�<h_ggh�\ha^mrghc�ZdZ^_fbb��
bf��ijhn_kkhjZ�G�?��@mdh\kdh]h�b�X�:��=Z]ZjbgZ��H�PDLO��VF��#PDLO�UX�

�

Dexq_\u_� keh\Z�� pbnjh\h_� nmgdpbhgZev�
gh_� mkljhckl\h�� aZibkv� b� \hkijhba\_^_gb_� jZ�

^bhkb]gZeh\�� \hkklZgh\e_gb_� qZklhlu�� fgh]h�

kb]gZevguc�j_`bf��[b]Zjfhgbq_kdbc�kb]gZe���

<\_^_gb_�

<� jy^_� aZ^Zq� jZ^bhgZ\b]Zpbb�� jZ^bhehdZpbb� b�

jZ^bhih^Z\e_gby� j_rZ_lky� aZ^ZqZ� \hkklZgh\e_gby�

�\hkijhba\_^_gby�� qZklhlu� gZ� hkgh\_� gZ[ex^_gby� jZ�

^bhkb]gZeh\�gZ�h]jZgbq_gghf�bgl_j\Ze_�\j_f_gb��>ey�

j_r_gby�wlhc� aZ^Zqb�fh]ml�[ulv�bkihevah\Zgu�eZfiu�

[_]ms_c� \hegu� �E;<��� ZgZeh]h\u_� j_pbjdmeylhju� gZ�

hkgh\_�\hegh\h^h\�b�dhZdkbZevguo�dZ[_e_c�>�@��mkljhc�

kl\Z� aZihfbgZgby� qZklhlu� gZ� ih\_joghklgh�Zdlb\guo�

\hegZo� �I:<��� \hehdhggh�hilbq_kdb_� j_pbjdmeylhju� b�

pbnjh\u_�mkljhckl\Z�aZibkb�b�\hkijhba\_^_gby�jZ^bh�

kb]gZeh\� �PMA<��� Ihke_^gb_� mkljhckl\Z� y\eyxlky� hk�

gh\hc�^ey�ihkljh_gby�kbkl_f�hij_^_e_gby�b�\hkijhba�

\_^_gby� qZklhlu� �KH<Q�� b� \� gZklhys__� \j_fy� klZeb�

klZg^Zjlhf�©^_�nZdlhª�^ey�kj_^kl\�b�kbkl_f�jZ^bhih�

^Z\e_gby�>����@���

DZd� hlf_q_gh� \� >�@��pbnjh\u_� mkljhckl\Z� aZibkb� b�

\hkijhba\_^_gby� jZ^bhkb]gZeh\� qm\kl\bl_evgu� d�fgh�

]hqZklhlguf� ihf_oZf�� <� ba\_klghc� ebl_jZlmj_� hkgh\�

gu_�aZdhghf_jghklb�b�dhebq_kl\_ggu_�hp_gdb�\ebygby�

fgh]hqZklhlgh]h� j_`bfZ� b� ihf_o� gZ� dZq_kl\h� \hkklZ�

gh\e_gby�g_kmsbo�qZklhl�jZ^bhkb]gZeh\�k�bkihevah\Z�

gb_f�PMA<�g_�ijb\_^_gu���

P_ev� bkke_^h\Zgbc� ±� \uy\e_gb_� hkgh\guo� aZdhgh�

f_jghkl_c�\ebygby�fgh]hqZklhlgh]h�j_`bfZ�jZ[hlu�gZ�

wnn_dlb\ghklv� nmgdpbhgbjh\Zgby� PMA<� ijb� \hkklZ�

gh\e_gbb�qZklhlu�jZ^bhkb]gZeh\��

<uy\e_gb_� hkgh\guo� aZdhghf_jghkl_c� nmgdpbhgb�

jh\Zgby� PMA<� \� fgh]hkb]gZevghf� j_`bf_� ijh\_^_f�

ijbf_gbl_evgh� d� oZjZdl_jghc� ^ey� jZ^bhih^Z\e_gby�

aZ^Zq_� \hkklZgh\e_gby� ]Zjfhgbq_kdbo� dhe_[Zgbc� ba�

dhjhldhc� �^heb�_^bgbpu� fdk�� \u[hjdb� ijbgbfZ_fuo�

kb]gZeh\� jZ^bhwe_dljhgguo� kj_^kl\�� ki_dlju� dhlhjuo�

gZoh^ylky�\�ij_^_eZo�ihehku�ijhimkdZgby� )' �\oh^gh�

]h�ihehkh\h]h�nbevljZ�PMA<��Ba�\hkklZgh\e_gguo�]Zj�

fhgbq_kdbo�dhe_[Zgbc�iml_f�khhl\_lkl\mxs_c�fh^mey�

pbb�fh]ml�[ulv�knhjfbjh\Zgu�jZaebqgu_�\b^u�ihf_o��

©^hie_jh\kdbc�rmfª��m\h^ysb_�ih�kdhjhklb��m\h^ysb_�

ih�kdhjhklb�b�^Zevghklb�b�l�^��>�@��

F_lh^�\hkklZgh\e_gby�]Zjfhgbq_kdh]h�dhe_[Zgby��

Ih� ZgZeh]bb� k� ZgZeh]h\ufb� pbjdmeylhjZfb� k� ih^�
kljhcdhc�nZau� j_ljZgkebjh\Zggh]h� dhe_[Zgby� >�@��nhj�
fbjh\Zgb_� \� PMA<� ]Zjfhgbq_kdh]h� dhe_[Zgby� ba� aZib�

kZgghc� dhjhldhc� \u[hjdb� ^ebl_evghklvx� a7 = W ' �� ]^_�

W' � ±�i_jbh^�^bkdj_lbaZpbb��khklhys_c�ba� ��] = � dhf�

ie_dkguo� hlkq_lh\� 6 $ M%] ] ] �� � aZibkZgghc� dhibb� jZ�

^bhkb]gZeZ�k�hp_gdZfb�nZa�hlkq_lh\�
%]DUFWJ]
$]

M  ��fh�

`_l�hkms_kl\eylvky�f_lh^hf� ©krb\db�nZaª��Kmlv�wlh]h�
f_lh^Z�ihykgy_l�jbk�����

�

Jbk������OZjZdl_jgu_�ijhp_kku�

ijb�\hkklZgh\e_gbb�qZklhlu�jZ^bhkb]gZeZ�

F_lh^� \hkklZgh\e_gby� ]Zjfhgbq_kdh]h� dhe_[Zgby�

\dexqZ_l�ke_^mxsb_�hi_jZpbb��

±�\u^_e_gb_� dhjhldh]h� mqZkldZ� ±� bgl_j\ZeZ� ZgZebaZ�

ba� i_j\uo� ��L 1 �� hlkq_lh\� � �1 =� � ^ebl_evghklvx�

D7 1 W ' ��



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\����������

�

�
���

±�ihbkd� kj_^b� �N - - 0 � � hlkq_lh\� dhibb� jZ^bh�

kb]gZeZ� gZqbgZy� k� - �]h�� ijb� �- 1t � �� 1 0d ��

- 0 1 =� � d � ]jmiiu� ba� PLQ PLQ PLQ� ������L L L 1� � � hl�

kq_lh\��hp_gdb�nZa�dhlhjuo�bf_xl�fbgbfZevguc�kj_^�
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jZkkm`^_gbyo� hgb� hkgh\u\Zxlky� gZ� lhf�� qlh� jZaghklv�

f_`^m� \uoh^Zfb� gbadhqZklhlgh]h� b� \ukhdhqZklhlgh]h�

nbevljh\�^he`gZ�[ulv�gZbf_gvr_c��:e]hjblf�k�bkihev�

ah\Zgb_f� \_c\e_l�ij_h[jZah\Zgby� ^Zzl� \ub]jur� ih�

\j_f_gb�ijb[ebabl_evgh�\���jZaZ�ih�kjZ\g_gbx�k�Ze]h�

jblfhf�gZ�hkgh\_�[ukljh]h�ij_h[jZah\Zgby�Nmjv_��\�lh�

\j_fy�dZd�wnn_dlb\ghklv�jZkihagZ\Zgby�khojZgy_lky��<�

k\hzf� ljm^_�hgb� oZjZdl_jbamxl� l_hjbx�\_c\e_lh\� ©dZd�

gh\uc� ZgZeblbq_kdbc� bgkljmf_gl� b�nhjfZevgu_� jZfdb�

dZd�\�fZl_fZlbd_��lZd�b�\�bgnhjfZlbd_ª��

AZdexq_gb_�

<�^Zgghc�jZ[hl_�ij_^klZ\e_g�h[ahj�f_lh^h\�jZkih�

agZ\Zgby�pbnjh\hc�fh^meypbb��gZ�hkgh\_� dhlhjuo�[ue�

\u^_e_g� jy^� aZ^Zq�� klhysbo� \�gZklhys__� \j_fy� i_j_^�

jZajZ[hlqbdZfb�Ze]hjblfh\�jZkihagZ\Zgby�\b^h\�fh^m�

eypbb��

���JZkrbj_gb_�b�^_lZevgZy�ijhjZ[hldZ�fZl_fZlbq_�

kdbo� hkgh\� jy^Z� Ze]hjblfh\� b� wfibjbq_kdZy� ijh\_jdZ�

ihemq_gguo�gZ�hkgh\_�ZgZebaZ�\u\h^h\��

���<dexq_gb_� gh\uo� \b^h\� fh^meypbb� \� fgh`_kl\h�

jZkihagZ\Z_fuo�fh^meypbc��

���Memqr_gb_� oZjZdl_jbklbd� Ze]hjblfh\� jZkihagZ\Z�

gby� �lZdbo�� dZd� m\_ebq_gb_� ijhp_glZ� ijZ\bevghc� deZk�

kbnbdZpbb�� mf_gvr_gb_� ijb_fe_fh]h� ^ey� jZkihagZ\Z�

gby� hlghr_gby� kb]gZe�rmf�� hilbfbaZpby� kdhjhklb� \u�

iheg_gby�Ze]hjblfZ�b�l�^����

Hl^_evgh� \u^_e_gu� f_lh^u� gZ� hkgh\_� \_ce_l�

ij_h[jZah\Zgby�� dZd� gZb[he__� i_jki_dlb\gu_�� L_hjby�

\_c\e_lh\�� hnhjfb\rZyky� dZd� bgkljmf_gl�^ey� ZgZebaZ�

kb]gZeh\�� y\ey_lky� � ^bgZfbqgh� jZa\b\Zxsbfky� jZa^_�

ehf� ZgZebaZ�� kihkh[guf� ]_g_jbjh\Zlv� gh\u_� l_ogheh�

]bb�jZkihagZ\Zgby�\oh^ysbo�\�h[boh^� deZkkh\�fh^mey�

pbb��LZdbf�h[jZahf��jZkihagZ\Zgb_�fh^meypbb�gZ�hkgh�

\_� \_c\e_l�ij_h[jZah\Zgby� y\ey_lky� ZdlmZevguf� gZ�

ijZ\e_gb_f� ^Zevg_crbo� l_hj_lbq_kdbo� b� ijbdeZ^guo�

bkke_^h\Zgbc���

Ebl_jZlmjZ�

���$EGL�$���'REUH�2�$���&KRXGKU\�5���%DU�1HVV�<���6X�:��

0RGXODWLRQ� FODVVLILFDWLRQ� LQ� IDGLQJ� FKDQQHOV� XVLQJ� DQWHQQD�

DUUD\V����LQ�3URF��,(((�0,/&20��������3�����������

���%HLGDV� %�)���:HEHU� &�/�� *HQHUDO� IUDPHZRUN� IRU� WKH�

KLJK�RUGHU� FRUUHODWLRQ� GRPDLQ� ��� LQ� 3URF�� ,(((� 0,/&20��

������3�����������

��� %HLGDV� %�)��� :HEHU� &�/�� +LJKHU�RUGHU� FRUUHODWLRQ�

EDVHG�DSSURDFK� WR�PRGXODWLRQ� FODVVLILFDWLRQ� RI� GLJLWDOO\� IUH�

TXHQF\�PRGXODWHG�VLJQDOV� ��� ,(((�-RXUQDO�RQ�6HO��$UHDV� LQ�

&RPPXQ�������������3�����������

���%RLWHDX�'���0DUWUHW�&�/H��$�JHQHUDOL]HG�PD[LPXP�OLNH�

OLKRRG� IUDPHZRUN� IRU� PRGXODWLRQ� FODVVLILFDWLRQ� ��� LQ� 3URF��

,&$663��������3�������������

���&KXJJ�.�0���/RQJ�&�6���3RO\GRURV�$��&RPELQHG�OLNHOL�

KRRG�SRZHU� HVWLPDWLRQ� DQG�PXOWLSOH� K\SRWKHVLV�PRGXODWLRQ�

FODVVLILFDWLRQ����LQ�3URF��$6,/20$5��������3�������������

���'REUH�2�$���$EGL�$���%DU�1HVV�<���6X�:��$�VXUYH\�RI�

DXWRPDWLF�PRGXODWLRQ� FODVVLILFDWLRQ� WHFKQLTXHV� ��� ,(7�&RP�

PXQLFDWLRQV������������3�����������

���'REUH�2��$���+DPHHG�)��/LNHOLKRRG�EDVHG�DOJRULWKPV�

IRU�OLQHDU�GLJLWDO�PRGXODWLRQ�FODVVLILFDWLRQ�LQ�IDGLQJ�FKDQQHOV�

���LQ�3URF��,(((�&&(&(��������2WWDZD��&DQDGD��

���+RQJ�/���+R�.�&��$Q�DQWHQQD�DUUD\�OLNHOLKRRG�PRGXOD�

WLRQ�FODVVLILHU� IRU�%36.�DQG�436.�VLJQDOV� ��� LQ�3URF�� ,(((�

0,/&20��������3�����������

��� +RQJ� /��� +R� .�&�� ,GHQWLILFDWLRQ� RI� GLJLWDO�PRGXODWLRQ�

W\SHV� XVLQJ� ZDYHOHW� WUDQVIRUP� ��� ,(((� 0,/&20�� �������

3�����������

���� +XDQJ� &�<��� 3RO\GRURV� $�� /LNHOLKRRG� PHWKRGV� IRU�

036.� PRGXODWLRQ� FODVVLILFDWLRQ� ��� ,(((� 7UDQV�� &RPPXQ��

�����������3�������������

����+XPDG\�$�-��.���&KDLHO�+�.��&ODVVLILFDWLRQ�RI�GLJLWDO�

PRGXODWLRQ� XVLQJ� ZDYHOHW� WUDQVIRUP� ��� ,UDTL� -�� $SSO�� 3K\V��

����������3���������

����.LP�.���3RO\GRURV�$��'LJLWDO�PRGXODWLRQ�FODVVLILFDWLRQ��

WKH� %36.� YHUVXV� 436.� FDVH� ��� LQ� 3URF�� ,(((� 0,/&20��

������3�����������

���� .XEDQNRYD� $��� .XEDQHN� '�� $OJRULWKPV� RI� GLJLWDO�

PRGXODWLRQ� FODVVLILFDWLRQ� DQG� WKHLU� YHULILFDWLRQ� ��� :VHDV�

WUDQVDFWLRQV�RQ�FRPPXQLFDWLRQV������������3������������

����/DUGLHV�-���*RXWWHEUR]H�6��,GHQWLILFDWLRQ�RI�PRGDO�SD�

UDPHWHUV�XVLQJ�WKH�ZDYHOHW�WUDQVIRUP����,QWHUQDWLRQDO�MRXUQDO�

RI�PHFKDQLFDO�VFLHQFHV�������������3�������������

����/D\�1���3RO\GRURV�$��0RGXODWLRQ�FODVVLILFDWLRQ�RI�VLJ�

QDOV�LQ�XQNQRZQ�,6,�HQYLURQPHQWV����LQ�3URF��,(((�0,/&20��

������3�����������

���� /D\� 1��� 3RO\GRURV� $�� 3HU�VXUYLYRU� SURFHVVLQJ� IRU�

FKDQQHO� DFTXLVLWLRQ�� GDWD� GHWHFWLRQ�DQG�PRGXODWLRQ� FODVVLIL�

FDWLRQ����LQ�3URF��$6,/20$5��������3�����������

����/L�+���'REUH�2�$���%DU�1HVV�<���6X�:��4XDVL�K\EULG�

OLNHOLKRRG� PRGXODWLRQ� FODVVLILFDWLRQ� ZLWK� QRQOLQHDU� FDUULHU�

IUHTXHQF\�RIIVHWV�HVWLPDWLRQ�XVLQJ�DQWHQQD�DUUD\V����LQ�3URF��

,(((�0,/&20��������3�������
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����/RQJ�&���&KXJJ�.���DQG�3RO\GRURV�$��)XUWKHU�UHVXOWV�

LQ� OLNHOLKRRG� FODVVLILFDWLRQ� RI� 4$0� VLJQDOV� ��� LQ� 3URF�� ,(((�

0,/&20��������3���������

���� 3DQDJLRWRX� 3�� $QDVWDVRXSRXORV� $��� 3RO\GRURV� $��

/LNHOLKRRG�UDWLR�WHVWV�IRU�PRGXODWLRQ�FODVVLILFDWLRQ����LQ�3URF��

,(((�0,/&20��������3������������

����3UDNDVDP�3���0DGKHVZDUDQ�0��0RGXODWLRQ�LGHQWLILFD�

WLRQ�DOJRULWKP�IRU�DGDSWLYH�GHPRGXODWRU� LQ�VRIWZDUH�GHILQHG�

5DGLRV� XVLQJ� ZDYHOHW� WUDQVIRUP� ��� ,QWHUQDWLRQDO� MRXUQDO��

RI� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQ� HQJLQHHULQJ�� ����������

3���������

���� 3UDNDVDP� 3��� 0DGKHVZDUDQ� 0�� 0�DU\� VKLIW� NH\LQJ�

PRGXODWLRQ� VFKHPH� LGHQWLILFDWLRQ� DOJRULWKP� XVLQJ� ZDYHOHW�

WUDQVIRUP� DQG� KLJKHU� RUGHU� VWDWLVWLFDO� PRPHQW� ��� -RUQDO� RI�

DSSOLHG�VFLHQFHV������������3�����������

���� 3DYOLN� 5�� %LQDU\� 36.�� &3)6.� DQG�06.� EDQGSDVV�

PRGXODWLRQ�LGHQWLILHU�EDVHG�RQ�WKH�FRPSOH[�VKDQQRQ�ZDYHOHW�

WUDQVIRUP� ��� -RXUQDO� RI� HOHFWULFDO� HQJLQHHULQJ�� �������� �����

3���������

���� 6DGNKDQ� 6�%��� $EEDV� 1�$�� 3URSRVHG� 6LPXODWLRQ� RI�

0RGXODWLRQ� ,GHQWLILFDWLRQ� %DVHG� 2Q� :DYHOHW� 7UDQVIRUP� ���

,QWHUQDWLRQDO�MRXUQDO�RI�DGYDQFHPHQWV�LQ�FRPSXWLQJ�WHFKQRO�

RJ\������������3���������

����6ZDPL�$���6DGOHU�%��+LHUDUFKLFDO�GLJLWDO�FODVVLILFDWLRQ�

XVLQJ� FXPXODQWV� ��� ,(((� 7UDQV�� &RPPXQ�� ��������� �������

3������������

����<DQJ�<���&KDQJ�-���/LX�-���/LX�&��$OJRULWKPV�IRU�4$0�

VLJQDO� FODVVLILFDWLRQ� XVLQJ� PD[LPXP� OLNHOLKRRG� DSSURDFK�

EDVHG�RQ�WKH�MRLQW�SUREDELOLW\�GHQVLWLHV�RI�SKDVHV�DQG�DPSOL�

WXGHV����-RXUQDO�RI�&�&�,�7�����������������

���� +�/�� 9DQ� 7UHHV�� 'HWHFWLRQ�� (VWLPDWLRQ� DQG�0RGXOD�

WLRQ�7KHRU\��3DUW�,��1HZ�<RUN��:LOH\��������

����:^`_fh\�K�K���Klh]h\�:�:���L_j_rhghd�F�<���Qb�

jh\�>�K���B\Zgdh\bq�F�<��:e]hjblf�jZkihagZ\Zgby�\b^Z��

pbnjh\hc� fh^meypbb� kb]gZeZ� ih� nhjf_� nZah\h]h� kh�

a\_a^by� k� bkihevah\Zgb_f� kZfhhj]Zgbamxsboky� dZjl�

Dhohg_gZ� ��� 7�&200�� L_e_dhffmgbdZpbb� b� ljZgkihjl��

�����������K�������

���� ;_ey_\Z� F�;�� JZkihagZ\Zgb_� fh^meypbb�� qlh�

fh`gh�magZlv��_keb�aZjZg__�gbq_]h�g_�ba\_klgh� ���Pbn�

jh\Zy�h[jZ[hldZ�kb]gZeh\������������K����������

����@mdh\�D�=��JZkihagZ\Zgb_�lbiZ�fh^meypbb�kb]gZ�

eh\�pbnjh\uo�ebgbc�k\yab����Bg`_g_jguc�\_klgbd�>hgZ��

We_dljhgguc� `mjgZe�� ������ ���� J_`bf� ^hklmiZ��

KWWS���LYGRQ�UX�PDJD]LQH�DUFKLYH�Q�\����������

����IZgl_e__\�K�<���Khjhdbg�:�<��JZkihagZ\Zgb_�lb�

iZ� fh^meypbb� pbnjh\uo� jZ^bhkb]gZeh\� g_cjhggufb�

k_lyfb� k�nbdkbjh\Zgghc� kljmdlmjhc� k� bkihevah\Zgb_f�

iZd_lZ�ijbdeZ^guo�ijh]jZff�1(85$/�1(7:25.�722/�

%2;� kbkl_fu� 0$7/$%� ��� >hdeZ^u� ��c�F_`^mgZjh^ghc�

Dhgn_j_gpbb�'63$�������Lhf�����

����Kl_iZgh\�:�<���FZl\__\�K�:��F_lh^u�dhfivxl_j�

ghc�h[jZ[hldb�kb]gZeh\�kbkl_f�jZ^bhk\yab��F���KHEHG�

Ij_kk������������k���

����Klh]h\�:�:���L_j_rhghd�F�<���Qbjh\�>�K��JZkih�

agZ\Zgb_� \b^h\� fh^meypbb� jZ^bhkb]gZeh\� k� bkihevah�

\Zgb_f� fhf_glh\� \ukhdh]h� ihjy^dZ� ��� 7�&200�� L_e_�

dhffmgbdZpbb�b�ljZgkihjl������������K������������

0(7+2'6�2)�02'8/$7,21�

5(&2*1,7,21�

0DNDURY�.�6��

7KLV�DUWLFOH�LV�DQ�RYHUYLHZ�RI�WKH�PHWKRGV�RI�GLJLWDO�PRGXOD�

WLRQ� UHFRJQLWLRQ� GHYHORSHG� RYHU� WKH� ODVW� GHFDGH� E\� GRPHVWLF�

DQG� IRUHLJQ� UHVHDUFKHUV�� 3DUWLFXODU� DWWHQWLRQ� LV� SDLG� WR� DOJR�

ULWKPV�EDVHG�RQ�ZDYHOHW�WUDQVIRUP��$UH�PDUNHG�PHULWV�RI�YDUL�

RXV�PHWKRGV��DUH�KLJKOLJKWHG�SURPLVLQJ�DUHDV�RI�UHVHDUFK��

GH<U?�DGB=B�

KhehgbgZ�:�B���Debgkdbc�>�F����

F_jdmq_\Z�L�<���I_jh\�K�G��

Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\�b�0$7/$%�

KI[���;O<�I_l_j[mj]��������±�����k���

�Mq_[gZy�ebl_jZlmjZ�^ey�\mah\��

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�^bk�

dj_lgu_�kb]gZeu��ebg_cgu_�^bkdj_lgu_�kbkl_fu��^bkdj_lgh_�ij_h[jZah�
\Zgb_�Nmjv_�k�bkihevah\Zgb_f�Ze]hjblfh\�;IN��kbgl_a�b�ZgZeba�DBO��b�

;BO�nbevljh\��\�lhf�qbke_�k�nbdkbjh\Zgghc�lhqdhc��ki_dljZevguc�ZgZ�

eba�kb]gZeh\��fgh]hkdhjhklgZy�h[jZ[hldZ�kb]gZeh\�b�Z^Zilb\gZy�pbnjh�

\Zy�nbevljZpby���

L_ogheh]by� h[mq_gby� \�ijhp_kk_� dhfivxl_jgh]h�fh^_ebjh\Zgby�gZ�

hkgh\_� kha^Zgguo� Z\lhjZfb� ijh]jZff� beb� ]jZnbq_kdh]h� bgl_jn_ckZ�

ihevah\Zl_ey� 0$7/$%� jZkrbjy_l� l_hj_lbq_kdb_� agZgby� b� iha\hey_l�

ihgylv�fgh]b_� \Z`gu_�ijh[e_fu�b� Zki_dlu�ijZdlbq_kdh]h�ijbf_g_gby�

f_lh^h\�b�Ze]hjblfh\�PHK��GZ�ijbeZ]Z_fhf�d�dgb]_�&'�ojZgylky�h[m�

qZxsb_�ijh]jZffu�b�lZ[ebpu�bkoh^guo�^Zgguo��

Ij_^gZagZq_gZ�^ey�klm^_glh\��ZkibjZglh\�b�ij_ih^Z\Zl_e_c�\mah\��Z�lZd`_�ki_pbZebklh\�\�h[eZklb�pbnjh\hc�
h[jZ[hldb�kb]gZeh\���
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Ij_^eh`_g�f_lh^�ZgZebaZ�[bhf_^bpbgkdbo�kb]gZeh\�gZ�ijbf_j_�

WW=��hkgh\Zgguc�gZ�hp_gd_�kljmdlmj��h[jZah\Zgguo�\�j_amevlZl_�

©\aZbfh^_ckl\byª�p_ihq_d�ehdZevguo�fZdkbfmfh\�±�PEF�b�p_ihq_d�

ehdZevguo� fbgbfmfh\� ±� PEFbg� \� ijhkljZgkl\_� ©fZkrlZ[� \_c\�

e_l�ij_h[jZah\Zgby� ±� \j_fyª��JZajZ[hlZgu� Ze]hjblfu� ^_l_dlb�

jh\Zgby� lZdbo� kljmdlmj�� gZa\Zgguo� ©h[eZklyfb� k[eb`_gby� wdk�

lj_fmfh\ª� ±�HKW��Ijh\_^_ggu_�\uqbkebl_evgu_� wdki_jbf_glu�k�

jZaebqgufb�lbiZfb�fh^_evguo�kb]gZeh\��fhghqZklhlgu_�]Zjfhgb�

db�� kmffu� g_kdhevdbo� ]Zjfhgbq_kdbo� kb]gZeh\�� Zfieblm^gh�

fh^mebjh\Zggu_�]Zjfhgbdb��[_eu_�b�p\_lgu_�rmfu��ihdZaZeb��qlh�

nhjfbjh\Zgb_� HKW� l_kgh� k\yaZgh� k� n_ghf_ghf� ^j_cnZ� PEF� b�

PEFbg� \� qZklhlghf� ijhkljZgkl\_��Ijh^_fhgkljbjh\Zg� ih^oh^� d�

h[jZ[hld_� j_amevlZlh\� bkke_^h\Zgby� ^ey� ajbl_evguo� \ua\Zgguo�

ihl_gpbZeh\�]heh\gh]h�fha]Z��Z�lZd`_�hij_^_e_g�kihkh[�deZkkbnb�

dZpbb�\uy\e_gguo�n_ghf_gh\�WW=��

M>D�������

F?LH>�HP?GDB�<A:BFH>?CKL<BY�EHD:EVGUO�WDKLJ?FMFH<��
>EY�F:LJBP�DHWNNBPB?GLH<�G?IJ?JU<GH=H��
<?C<E?L�IJ?H;J:AH<:GBY�KB=G:EH<�WW=�

Lmjh\kdbc�Y�:���d�f�g���^hp_gl��aZ\_^mxsbc�eZ[hjZlhjb_c�bgnhjfZpbhgguo�l_ogheh]bc�\�f_^bpbg_�
<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��H�PDLO��\DURVODYBWXURYVN#PDLO�UX��

Dmj]Zebg�K�>���^�n�f�g���aZ\_^mxsbc�dZn_^jhc�pbnjh\uo�l_ogheh]bc�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�
mgb\_jkbl_lZ��H�PDLO��NXUJDOLQ#EN�UX��

K_fzgh\�:�=���fZ]bkljZgl�dZn_^ju�pbnjh\uo�l_ogheh]bc�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��
H�PDLO��VPDOOFVI#JPDLO�FRP�

�

Dexq_\u_� keh\Z�� we_dljhwgp_nZeh]jZf�
fZ�� g_ij_ju\guc� \_c\e_l�ZgZeba�� ehdZevguc�

ki_dlj��p_ihqdZ�ehdZevguo�fZdkbfmfh\��

<\_^_gb_�

Ijbf_g_gb_� \_c\e_l�ij_h[jZah\Zgbc� ^ey�

ZgZebaZ� [bhf_^bpbgkdbo� kb]gZeh\� iha\hebeh�

jZkrbjblv�h[tzf�ihe_aghc�bgnhjfZpbb��ihem�

qZ_fhc�ijb�h[jZ[hld_�^Zgguo��j_]bkljbjm_fuo�

k� q_eh\_dZ� beb� `b\hlguo� \� oh^_� debgbq_kdbo�

beb�nbabheh]bq_kdbo�bkke_^h\Zgbc��L_f�g_�f_�

g__��bkihevam_fu_�\�gZklhys__�\j_fy�f_lh^u��

hkgh\Zggu_� gZ� g_ij_ju\ghf� \_c\_l�ij_h[jZ�

ah\Zgbb��\�[hevrbgkl\_�kemqZ_\�g_�bkihevamxl�

ih^oh^u�� hkgh\Zggu_� gZ�^bgZfbq_kdhc� hp_gd_�

ki_dljZevguo� oZjZdl_jbklbd� \j_f_ggh]h� jy^Z�

bkke_^m_fuo�^Zgguo��Ke_^h\Zl_evgh�� ZdlmZevguf�y\ey�

_lky�kha^Zgb_�lZdbo�f_lh^h\��\�dhlhjuo�mqblu\Z_lky��qlh�

[bhf_^bpbgkdb_�kb]gZeu��\�bo�qbke_�b�we_dljhwgp_nZeh�

]jZffu� �WW=��� ij_^klZ\eyxl� kh[hc� j_amevlZl� keh`gh]h�

g_ebg_cgh]h�\aZbfh^_ckl\by�[hevrh]h�qbkeZ�hkpbeeylh�

jh\��nhjfbjmxsbo�we_dljbq_kdb_�kb]gZeu�hl�bamqZ_fuo�

hj]Zgh\�b�kbkl_f��GZ�ihemqZ_fu_�^Zggu_�lZd`_�\ebyxl�b�

hkh[_gghklb� hj]Zgh\� b� ldZg_c�� q_j_a� dhlhju_� ijhoh^bl�

kb]gZe��ij_`^_�q_f�hg�^hklb]g_l�^ZlqbdZ��Ihwlhfm�gm`_g�

ih^oh^��gZijZ\e_gguc�gZ�fgh]hklhjhggbc�ZgZeba�[bhf_�

^bpbgkdbo�kb]gZeh\��\dexqZy�^Zggu_�WW=��hkgh\Zgguc�gZ�

g_ij_ju\ghf� \_c\e_l�ij_h[jZah\Zgbb�� qlh� ihfh`_l� \u�

y\blv�hkh[_gghklb�jZa\hjZqb\Zxsboky�\h�\j_f_gb�ijh�

p_kkh\�\�bamqZ_fuo�hj]ZgZo�b�kbkl_fZo��Wlb�hkh[_gghklb��

dZd�m`_�hlf_qZehkv�\�>���@��gZoh^yl�k\hz�hljZ`_gb_�\�\b�

^_� ki_pbnbq_kdhc�^bgZfbdb�ih\_^_gby�p_ihq_d�ehdZev�

guo�fZdkbfmfh\� �PEF��beb�fbgbfmfh\� �PEFbg��fZljbp�

d\Z^jZlh\� dhwnnbpb_glh\� g_ij_ju\gh]h� \_c\e_l±

ij_h[jZah\Zgby���

P_evx� ^Zgghc� jZ[hlu� y\ey_lky� jZajZ[hldZ� f_lh^Z�

bkke_^h\Zgby� ^bgZfbdb� ih\_^_gby� ehdZevguo� wdklj_�

fmfh\�fZljbp� d\Z^jZlh\� dhwnnbpb_glh\�g_ij_ju\gh]h�

\_c\e_l�ij_h[jZah\Zgby�kb]gZeh\�WW=�^ey�hij_^_e_gby�

h[eZkl_c��\�dhlhjuo�gZ[ex^Z_lky�\ukhdZy�dhgp_gljZpby�

p_ihq_d� ehdZevguo� fZdkbfmfh\� b� fbgbfmfh\�� :gZeba�

lZdbo� h[eZkl_c� iha\hebl� ^Zlv� hp_gdm� oZjZdl_jbklbdZf�

ijhp_kkh\�� ijhbkoh^ysbo� \� ihjh`^Zxsbo� wlb� kb]gZeu�

hj]ZgZo�b�kbkl_fZo��

Hkgh\gu_�ih^oh^u�d�ZgZebam�p_ihq_d�ehdZevguo�
fbgbfmfh\�^ey�fZljbp�d\Z^jZlh\�dhwnnbpb_glh\�
g_ij_ju\gh]h�\_c\e_l�ij_h[jZah\Zgby�

<� j_amevlZl_� g_ij_ju\gh]h� \_c\e_l�ij_h[jZah\Zgby�

hij_^_e_ggh]h� kb]gZeZ� �\� l�q��[bhf_^bpbgkdh]h��ihemqZ�

_lky�fZljbpZ�dhwnnbpb_glh\�:�D�E���DZ`^uc�ba�dhwnnb�

pb_glh\�:�D�E��g_kzl�\�k_[_�bgnhjfZpbx�h[�Zfieblm^_�

kb]gZeZ� \� ^Zgguc� fhf_gl� \j_f_gb� E� gZ� qZklhl_� �beb�

fZkrlZ[_��Z��<ha\_^y�dhwnnbpb_glu�:�D�E��\�d\Z^jZl�b�

ihkljhb\� gZ[hj� ehdZevguo� ki_dljh\� �kd_ceh]jZff�� eh�

dZevguo� wg_j]_lbq_kdbo� ki_dljh\�� >�@�� fh`gh� ihemqblv�

bgnhjfZpbx� h� ehdZevguo� wdklj_fmfZo� kd_ceh]jZff� \�

dZ`^uc�fhf_gl� \j_f_gb�� Z�� ke_^h\Zl_evgh�� h� gZb[he__�

beb�gZbf_g__�\ujZ`_gguo�qZklhlguo�dhfihg_glZo�\�bk�

ke_^m_fhf�kb]gZe_�\�hij_^_e_gguc�fhf_gl�>�@���

DZd�[ueh�ihdZaZgh�\�jZ[hlZo� >���@��ehdZevgu_�fZdkb�

fmfu�fh]ml�jZkiheZ]Zlvky�lZd��qlh�fh`gh�kqblZlv��qlh�hgb�

©h[t_^bgyxlkyª� \� hkh[u_� kljmdlmju� ±� p_ihqdb� ehdZev�

guo�fZdkbfmfh\� ±�PEF��Hgb�h[eZ^Zxl� \ukhdhc�bgnhj�

fZlb\ghklvx� ijb� hp_gd_� n_ghf_gh\� WW=� b� \ua\Zgguo�

ihl_gpbZeh\� ]heh\gh]h� fha]Z�� k\yaZgguo� k� jZaebqgufb�

\b^Zfb�nmgdpbhgZevguo�gZ]jmahd�q_eh\_dZ�>���@���

<\_^_f�q_luj_�ijZ\beZ�^ey�p_ihq_d�ehdZevguo�fb�

gbfmfh\�PEFbg��� qlh�� gZjy^m� k� � ZgZeh]bqgufb� ijZ\b�

eZfb�^ey�p_ihq_d�ehdZevguo�fZdkbfmfh\� >�@��g_h[oh^b�

fh�^ey�ihkljh_gby�iheghc�dZjlbgu�^bgZfbdb�ih\_^_gby�

ehdZevguo�wdklj_fmfh\�kb]gZeh\�\h�\j_f_gb��
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���IjZ\beh� \u^_e_gby� PEFbg�� N�ûE:��� ]^_� ûE� ±�

jZaghklv�ghf_jh\�hlkqzlh\�hdhgqZgby�b�gZqZeZ�PEFbg�

^ey�ehdZevguo� ki_dljh\��N� ±�qbkeh� \oh^ysbo� \�PEFbg�

lhq_d��Kmlv�wlh]h�ijZ\beZ�\� lhf��qlh�hgh�^Zzl�\hafh`�

ghklv��k�h^ghc�klhjhgu��\u^_eblv�dhgdj_lgmx�PEFbg��b�

k�^jm]hc�� ba[_`Zlv� g_ijZ\hf_jgh]h� h[t_^bg_gby� lZdbo�

PEFbg� \� [he__� ^ebggmx� p_ihqdm�� ijb� dhlhjhf� f_`^m�

gbfb�bf_xlky�qZklhlgh�\j_f_ggu_�h[eZklb�[_a�ehdZev�

guo�fbgbfmfh\��

���IjZ\beh� deZkkbnbdZpbb� gZ� iylv� hkgh\guo� lbih\�

PEFbg�ih�qZklhlghfm�^j_cnm��l�_��ih�baf_g_gbx�qZklh�

lu�� gZ� dhlhjhc� nbdkbjmxlky� we_f_glu�� khklZ\eyxsb_�

p_ihqdm���\hajZklZxsbc��m[u\Zxsbc��g_�baf_gyxsbcky��

m[u\Zxsbc��i_j_oh^ysbc�\�jZklmsbc��jZklmsbc��i_j_�

oh^ysbc�\�m[u\Zxsbc��

���IjZ\beh� deZkkbnbdZpbb� gZ� iylv� hkgh\guo� lbih\�

PEFbg� ih� baf_g_gbx� wg_j]_lbq_kdbo� oZjZdl_jbklbd�

:��D�E�� p_ihqdb�� \hajZklZxsbc�� m[u\Zxsbc�� g_� baf_�

gyxsbcky�� m[u\Zxsbc�� i_j_oh^ysbc� \� jZklmsbc�� jZk�

lmsbc��i_j_oh^ysbc�\�m[u\Zxsbc��

���IjZ\beh� nhjfbjh\Zgby� djhkk�lbih\�� dh]^Z� h^gZ�

p_ihqdZ� hibku\Z_lky� b� wg_j]_lbq_kdhc�� b�qZklhlghc� _z�

khklZ\eyxsbfb��

DZd� mdZau\Zehkv� \ur_�� ih^oh^�� hkgh\Zgguc� gZ� bk�

ihevah\Zgbb�PEF�b�PEFbg��iha\hey_l�kms_kl\_ggh�ih�

\ukblv� bgnhjfZlb\ghklv� ZgZebaZ� [bhf_^bpbgkdbo� kb]�

gZeh\��H^gZdh�hg�bf__l�b�jy^�g_^hklZldh\��k\yaZgguo��\�

i_j\mx�hq_j_^v��k�l_f��qlh�ijhp_kk�baf_g_gby�kljmdlm�

ju� ehdZevguo� ki_dljh\� \h� \j_f_gb� mqblu\Z_lky� \� bk�

ke_^h\Zgbyo� g_� iheghklvx�� Wlh� h[tykgy_lky� \� gZb�

[hevr_c� kl_i_gb� l_f�� qlh�fbgbfmfu� b�fZdkbfmfu�eh�

dZevguo�ki_dljh\��jZ\gh�dZd�b�nhjfbjm_fu_�bfb�p_ihq�

db��ZgZebabjmxlky�ih�hl^_evghklb��[_a�mq_lZ�bo�\aZbfh�

k\ya_c�b�\aZbfhjZkiheh`_gby���

Ykgh��qlh�h[eZklb�\�ijhkljZgkl\_� �D��E��� ]^_�p_ihqdb�

ehdZevguo�fZdkbfmfh\�b�fbgbfmfh\�jZkiheh`_gu�^hk�

lZlhqgh�[ebadh�^jm]�d�^jm]m��bkoh^y�ba�\u[jZgghc�f_ju�

hp_gdb� jZkklhygby� f_`^m� gbfb��� b]jZxl� \Z`gmx� jhev�

ijb� ZgZeba_� nmgdpbhgbjh\Zgby� bkke_^m_fuo� hj]Zgh\�

beb� kbkl_f�� lZd� dZd� hgb� oZjZdl_jbamxl� baf_g_gb_�

k\hckl\� bamqZ_fh]h� kb]gZeZ� b�� ke_^h\Zl_evgh�� ij_^�

klZ\eyxl� ijbgpbibZevgh� gh\mx� bgnhjfZpbx� h� jZ[hl_�

hj]Zgh\�b�kbkl_f��\�qZklghklb��]heh\gh]h�fha]Z��

JZkkfhljbf�^ey�ijbf_jZ�\_c\e_l�^bZ]jZffm�kb]gZeZ�

WW=�k�hlf_q_ggufb�gZ�g_c�h[eZklyfb��\�dhlhjuo�p_ihqdb�

ehdZevguo�fZdkbfmfh\�b�fbgbfmfh\�jZkiheh`_gu�[ebadh�

^jm]�d�^jm]m��jbk������DZd�ohjhrh�\b^gh�ba�jbkmgdZ��PEF�b�

PEFbg�nhjfbjmxl� h[eZklb� �qZklv� ba� gbo� hlf_q_gZ� hd�

jm`ghklyfb��� \� dhlhjuo� jZkklhygb_� f_`^m� gbfb� fbgb�

fZevgh�� b�� ih^qZk�� ehdZevguc� fbgbfmf�fbgbfmfu� beb�

ehdZevguc�fZdkbfmf�fZdkbfmfu�khhl\_lkl\mxl�khk_^gbf�

�[eb`Zcrbf��dhwnnbpb_glZf�\�fZljbp_�:��D�E����

LZdb_� mqZkldb� ijhkljZgkl\Z� �Z��E��� \� dhlhjuo�PEF� b�

PEFbg� jZkiheh`_gu� ^hklZlhqgh� [ebadh� ^jm]� d� ^jm]m��

gZah\zf�©h[eZklyfb�k[eb`_gby�wdklj_fmfh\ª��HKW����

Hq_\b^gh��qlh�\�wlhf�kemqZ_�f_jhc�[ebahklb�PEF�b�

PEFbg�[m^_l�fbgbfZevgh�\hafh`gh_�jZkklhygb_�f_`^m�

nhjfbjmxsbfb�bo�wdklj_fmfZfb��\�ijhkljZgkl\_��D��E���

JZkkfhljbf� j_amevlZlu� \uqbkebl_evguo� wdki_jb�

f_glh\�^ey�\uy\e_gby�\hafh`guo�HKW��ijh\_^zgguo�k�

bkihevah\Zgb_f� fh^_evguo� kb]gZeh\� ]Zjfhgbq_kdh]h�

lbiZ�b�©[_eh]hª�b�©p\_lgh]hª�rmfh\��

Blh]hf�ijh\_^_gguo�\uqbkebl_evguo�wdki_jbf_glh\�

k�fh^_evgufb� kb]gZeZfb�� j_amevlZlu� ^\mo� ba� dhlhjuo�

ij_^klZ\e_gu�gZ�jbk����b����y\ey_lky�\u\h^�h�lhf��qlh�

gZebqb_� HKW� y\ey_lky� oZjZdl_jguf� ijbagZdhf� kb]gZ�

eh\�� y\eyxsboky� kf_kvx� [hevrh]h� dhebq_kl\Z� dhfih�

g_gl�k�jZagufb�qZklhlZfb��

IjZ\beZ�\u^_e_gby�h[eZkl_c��
k[eb`_gby�wdklj_fmfh\��

<Z`guf� fhf_glhf� \� ZgZeba_� h[eZkl_c� k[eb`_gby�

wdklj_fmfh\�lZd�`_��dZd�b�ijb�ZgZeba_�p_ihq_d�ehdZev�

guo�fZdkbfmfh\� �beb�fbgbfmfh\���y\ey_lky�mklZgh\e_�

gb_�ijZ\be�\u^_e_gby�mqZkldh\�ijhkljZgkl\Z� �D��E���dh�

lhju_�fh`gh�b^_glbnbpbjh\Zlv�dZd�HKW��

JZkkfhljbf� l_hj_lbq_kdb_� iheh`_gby�� k� ihfhsvx�

dhlhjuo�[m^ml�knhjfmebjh\Zgu�wlb�ijZ\beZ��

Imklv� kms_kl\m_l�fgh`_kl\h� `^ M0 PD D �� y\eyx�

s__ky�dhg_qguf�mihjy^hq_gguf�gZ[hjhf�we_f_glh\�PM
.�
±�

ehdZevguo�fZdkbfmfh\�� ]^_� M� ±�ihjy^dh\uc�ghf_j�we_�

f_glZ� \h�fgh`_kl\_�F.
�� M�  ��������T��� T�� ±� h[s__� qbkeh�

ehdZevguo� fZdkbfmfh\� \� fZljbp_� :��D�E��� gZebqb_�

\_jog_]h� bg^_dkZ� ©.ª� h[hagZqZ_l� ijbgZ^e_`ghklv� dh�

fgh`_kl\m�ehdZevguo�fZdkbfmfh\���

Ih� ZgZeh]bb�� imklv� kms_kl\m_l� fgh`_kl\h�

`^ M0 PJ J �� y\eyxs__ky� dhg_qguf� mihjy^hq_gguf�

gZ[hjhf�we_f_glh\�PM�
��
±�ehdZevguo�fbgbfmfh\��]^_�M�±�

ihjy^dh\uc�ghf_j�we_f_glZ�\�fgh`_kl\_�F�
��M� ��������T����

T�� ±� h[s__� qbkeh� ehdZevguo� fbgbfmfh\� \� fZljbp_�

:��D�E���\_jogbc�bg^_dk�©�ª�h[hagZqZ_l�ijbgZ^e_`ghklv�
dh�fgh`_kl\m�ehdZevguo�fbgbfmfh\��

DZ`^uc�we_f_gl�fgh`_kl\�0.
�beb�F�

��l�_��ehdZevguc�

wdklj_fmf�PM�� oZjZdl_jbam_lky� dhhj^bgZlZfb� \� qZklhl�

ghf� ijhkljZgkl\_� ZM�� \h� \j_f_gghf� ijhkljZgkl\_� EM��

�E�±�wlh�\j_fy��ihjy^dh\uc�ghf_j�hlkqzlZ�\�kb]gZe_�beb�

ihjy^dh\uc� ghf_j� kd_ceh]jZffu�� b� \� wg_j]_lbq_kdhf�

ijhkljZgkl\_��:��D��E�����

GZ�hkgh\_�ij_^u^msbo�bkke_^h\Zgbc�[ueh�ihemq_gh�

>���@��qlh�ehdZevgu_�fZdkbfmfu�b�fbgbfmfu�nhjfbjm�

xl�� khhl\_lkl\_ggh�� p_ihqdb� ehdZevguo� fZdkbfmfh\� b�

fbgbfmfh\���

Hlf_lbf��qlh�dZ`^Zy�PEF�ij_^klZ\ey_l�kh[hc�ih^�

fgh`_kl\h�0.
ï�fgh`_kl\Z�0.
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]^_�Q��±�h[s__�qbkeh�ehdZevguo�fZdkbfmfh\�\�hij_^_�

e_gghc�PEF���

:gZeh]bqgh��dZ`^Zy�PEFbg�ij_^klZ\ey_l�kh[hc�ih^�

fgh`_kl\h�0�
ï�fgh`_kl\Z�0�
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]^_�Q��±� �h[s__�qbkeh�ehdZevguo�fbgbfmfh\�\�hij_^_�

e_gghc�PEFbg��

Ke_^m_l�h[jZlblv�\gbfZgb_�gZ�lh��qlh�we_f_glu�p_�

ihqdb� �ehdZevgu_�fZdkbfmfu� beb�fbgbfmfu�� jZkiheh�

`_gu�\�g_c�lZdbf�h[jZahf��qlh�qbkeh�khk_^_c�^ey�dZ`�

^h]h� we_f_glZ� jZ\gh� ^\mf� ^ey� \k_o� we_f_glh\�� djhf_�

l_o��dhlhju_�khhl\_lkl\mxl�gZqZem�beb�dhgpm�p_ihqdb���
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�
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GZ[ex^Z_lky�n_ghf_g�nhjfbjh\Zgby�h[eZklb�k[eb`_gby�wdklj_fmfh\��HKW��
Ih� j_amevlZlZf� ijh\_^_gguo� bkke_^h\Zgbc� gZ� fh�

^_evguo� b� wdki_jbf_glZevguo� kb]gZeZo� [ueh� ij_^eh�

`_gh� ijZ\beh� nhjfbjh\Zgby� PEF� b�beb� PEFbg�� Hgh�

hij_^_ey_lky�agZq_gb_f�eh]bq_kdhc�nmgdpbb�I�DL�EM���
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]^_� DL��� ±� fZkrlZ[� ehdZevgh]h� fZdkbfmfZ� dhgp_\hc�

lhqdb�PEF�� [eb`Zcr_c� ih� \_ebqbg_�fZkrlZ[Z� d� ij_^�

iheZ]Z_fhfm�^ey� \dexq_gby� \�PEF�ehdZevghfm�fZdkb�

fmfm�� EM��� ±� \j_fy� �beb� ghf_j� hlkqzlZ�� ghf_j� kd_ceh�

]jZffu�� dhgp_\hc� lhqdb� PEF�� [eb`Zcr_c� ih� \j_f_gb�

�ghf_jm�hlkqzlZ��ghf_jm�kd_ceh]jZffu��d�ZgZeh]bqghfm�

agZq_gbx� ij_^iheZ]Z_fh]h� ^ey� \dexq_gby� \� PEF� eh�

dZevgh]h� fZdkbfmfZ�� DV� ±� agZq_gb_� fZkrlZ[Z� i_j\hc�

lhqdb�nhjfbjmxs_cky�PEF��DhgklZglu�X�b�Y�ihemq_gu�

ijb�bkihevah\Zgbb�ijZ\beZ�N�ûE:��b�ijb�gZb[hevrbo�

^ey� ^Zggh]h� ^bZiZahgZ� fZkrlZ[h\� agZq_gbc� N� �qbkeZ�

lhq_d� \�PEF��� >ey� \_c\e_lh\� 0RUOHW� b� :$9(� wdki_jb�

f_glZevgh�[ueb�ihemq_gu�agZq_gby�X ��b�Y �����>�@��

?keb�nmgdpby�I�DL�EM������jZ\gZ�_^bgbp_��©bklbgZª���lh�

gh\uc� ehdZevguc� fZdkbfmf� \dexqZ_lky� \� dhgdj_lgmx�

PEF�beb�PEFbg��Z�_keb�hgZ�jZ\gZ�gmex��©eh`vª���lh�g_�

\dexqZ_lky��

<Z`gh�hlf_lblv��qlh�wlh�ijZ\beh�^_ckl\m_l� dZd�ijb�

ihkljh_gbb�p_ihq_d� \^hev� hkb� \j_f_gb� �EV�EQ�� ]^_� EV�±�

dhhj^bgZlZ� i_j\h]h� ehdZevgh]h� wdklj_fmfZ� p_ihqdb�� Z�

EQ�±�ihke_^g_]h��� lZd� b�ijb�ihkljh_gbb�p_ihqdb�ijhlb\�

gZijZ\e_gby� hkb� \j_f_gb��Ijb� wlhf� j_amevlZlu� \u^_�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\����������
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e_gby� PEF� b� PEFbg� hdZau\Zxlky� lh`^_kl\_ggufb� ±�

hgb�^Zxl�h^bg�b�lhl�`_�wnn_dl���

H[jZsZ_l�gZ�k_[y�\gbfZgb_��qlh�ijb�j_ZebaZpbb�Ze�

]hjblfZ�gZ�hkgh\_�khhlghr_gby������PEF��\u^_e_ggu_�\�

oh^_�ZgZebaZ�WW=��ijZdlbq_kdb��\k_]^Z�jZkiheZ]Zxlky�\�

ijhkljZgkl\_��D�E��bahebjh\Zggh��g_�i_j_k_dZykv�^jm]�k�

^jm]hf��Bgufb�keh\Zfb��\uihegy_lky�eh]bq_kdh_�mkeh�

\b_���
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]^_���b���±�ihjy^dh\u_�ghf_jZ�ehdZevguo�fZdkbfmfh\�\�

^\mo�jZaguo�PEF��Q�b�R�±�kmffZjgh_�qbkeh�ehdZevguo�

fZdkbfmfh\�\�dZ`^hc�ba�wlbo�^\mo�PEF�� � 
0
D

�b� � 
0
D

�±�

^\Z� ih^fgh`_kl\Z� ehdZevguo� fZdkbfmfh\�� nhjfbjmx�

sbo�i_j\mx�b�\lhjmx�PEF�� � � �Q RD D D DP O P O� � ±�fZkrlZ�

[u�khhl\_lkl\mxsbo�ehdZevguo�fZdkbfmfh\���

<�lh`_�\j_fy�\hafh`gZ�kblmZpby��dh]^Z�N�ûE����l�_��

qbkeh�lhq_d�_^bgbqghc�PEF�f_gvr_��q_f�qbkeh�ehdZev�

guo�ki_dljh\�f_`^m�dhhj^bgZlZfb�E�gZqZevghc�b�dhg_q�

ghc� lhqdb�p_ihqdb��Wlh�hagZqZ_l��qlh�ohly�[u�h^bg�eh�

dZevguc�fZdkbfmf�k�dhhj^bgZlZfb��ZP� ��EP��bf__l�\�dZ�

q_kl\_� ohly� [u� h^gh]h� khk_^Z� \� ehdZevghf� ki_dlj_� k�

ihjy^dh\uf�ghf_jhf�EP���ehdZevguc�ki_dlj�[_a�fZdkb�

fmfZ�\�hdj_klghklyo�fZkrlZ[Z�DP��>Zggh_�khklhygb_�fu�

[m^_f� jZkkfZljb\Zlv� dZd� ©jZaju\�PEF� \h� \j_f_gghf�

ijhkljZgkl\_ª���

LZdbf� h[jZahf�� l_i_jv� fu� fh`_f� knhjfmebjh\Zlv�

i_j\h_� ijZ\beh� \u^_e_gby� HKW�� ©HKW� [m^ml� gZoh�
^blvky�eb[h�m�h^gh]h��eb[h�m�h[hbo�dhgph\�PEF��eb[h�\�

h[eZklb� jZaju\Z� PEF� \h� \j_f_gghf� ijhkljZgkl\_ª��

AgZqbl��\�ehdZebaZpbb�HKW�^he`gu�ijbgbfZlv�mqZklb_�

gZqZevgu_� b� dhg_qgu_� ehdZevgu_� fZdkbfmfu� PEF� b�

ehdZevgu_� fZdkbfmfu�� h]jZgbqb\Zxsb_� jZaju\�� dhlh�

ju_�fu�[m^_f�gZau\Zlv�©hihjgufbª���

<�lh`_�\j_fy��ZgZeba�ehdZevguo�fbgbfmfh\�ihdZau�

\Z_l��qlh�HKW�fh]ml�gZoh^blvky�\�ex[hc�lhqd_�PEFbg��Z�

g_� lhevdh� ehdZebah\Zlvky� m� djZcgbo� �i_j\uo� beb� ih�

ke_^gbo��we_f_glh\�p_ihqdb���

Ke_^h\Zl_evgh�� fh`gh� knhjfmebjh\Zlv� b� \lhjh_�
ijZ\beh� \u^_e_gby� HKW�� ©Qlh[u� knhjfbjh\ZeZkv�
HKW�� d� hihjghc� lhqd_� PEF� we_f_glu� PEFbg� ^he`gu�

ijb[ebablvky�gZ�jZkklhygb_��f_gvr__�g_dhlhjh]h�ihjh�

]h\h]h� agZq_gby�� Ijb� wlhf� ehdZevgu_� wdklj_fmfu� �\�

^Zgghf� kemqZ_� ±� fbgbfmfu�� ^he`gu� hlghkblvky�� ohly�

[u� d� h^ghc� PEFbgª�� Bgufb� keh\Zfb�� \ay\� [hevrhc�

\j_f_gghc�^bZiZahg�ûW��beb�ûE��^ey�ihl_gpbZevgh�nhj�

fbjmxs_cky� HKW� b� ihkl_i_ggh� _]h� mf_gvrZy�� fh`gh�

^h[blvky�lZdh]h�agZq_gby�ûW��ûE���ijb�dhlhjhf�gZ�fbgb�

fZevguc� hlj_ahd� \j_f_gb� [m^_l� ijboh^blvky� lhevdh�

h^bg�wdklj_fmf�ehdZevgh]h�ki_dljZ��Ijb�wlhf�\_ebqbgZ�

ûW�N�[m^_l� klj_fblvky� d� k\h_fm�fZdkbfmfm��ûW�N�:PD[�

�beb�ûE�N�:PD[���]^_�ûW�±�\j_f_gghc�^bZiZahg�jZkkfZl�

jb\Z_fhc� h[eZklb� ijhkljZgkl\Z� �D�E�� \� hdj_klghklyo�

wdklj_fmfh\�PEF�� \u[jZgguo� \� dZq_kl\_� hihjguo� ^ey�

ihkljh_gby�HKW�ih�i_j\hfm�ijZ\bem��N�±�qbkeh�dZd�eh�

dZevguo�fbgbfmfh\��lZd�b�ehdZevguo�fZdkbfmfh\���

LZdbf�h[jZahf��j_amevlZl�\u^_e_gby�HKW�^ey�kem�

qZy� h^ghc� PEF� b� h^ghc� PEFbg� \� ijhkljZgkl\_� �Z�E��

fh`gh�ij_^klZ\blv�\�\b^_�eh]bq_kdhc�nmgdpbb���
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]^_� �� ±� ihjy^dh\u_� ghf_jZ� ehdZevguo� fbgbfmfh\� \�

PEFbg��Q��±� �qbkeh�ehdZevguo�fZdkbfmfh\��nhjfbjmx�

sbo� PEF�� Q�� ±� qbkeh� ehdZevguo� fbgbfmfh\�� nhjfb�

jmxsbo�PEFbg��

LZdbf� h[jZahf�� gZ� i_j\hf� wlZi_� ihbkdZ�HKW� g_h[�

oh^bfh� \uiheg_gb_� mkeh\by� kms_kl\h\Zgby� ohly� [u�

h^ghc�PEF�b�h^ghc�PEFbg���

Kms_kl\h\Zgb_�PEF� Z\lhfZlbq_kdb� hagZqZ_l� gZeb�

qb_� i_j\h]h� b� ihke_^g_]h� ehdZevgh]h� fZdkbfmfZ� wlhc�

p_ihqdb�gZ�hkb�\j_f_gb���

GZ�\lhjhf�wlZi_�ihbkdZ�b�ihkljh_gby�HKW�ijh\_jy�

_lky�gZebqb_�jZaju\h\�m�PEF�\h�\j_f_gghc�h[eZklb��

<\_^_f� eh]bq_kdmx�nmgdpbx�� hij_^_eyxsmx� kms_�

kl\h\Zgb_�m�PEF�jZaju\h\�\h�\j_f_gghc�h[eZklb����
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WlZ�nmgdpby�gm`gZ�^ey�hij_^_e_gby� lh]h��[m^ml�eb�

\dexq_gu� \� qbkeh� hihjguo� lhq_d� lhevdh� gZqZevgu_� b�

dhg_qgu_�lhqdb�_^bgbqghc�PEF�beb�[m^ml�bkihevah\Zgu�

b� lhqdb�� h]jZgbqb\Zxsb_� jZaju\� \h� \j_f_gghf� ijh�

kljZgkl\_��

Lj_lvbf�b�aZ\_jrZxsbf�mkeh\b_f�ihkljh_gby�HKW�
[m^_l� gZebqb_� \[ebab� hihjghc� lhqdb� lhq_d� ehdZevguo�

fbgbfmfh\� b�beb� ^jm]bo� fZdkbfmfh\�� nhjfbjmxsbo�

bgu_� �ex[u_� ^jm]b_�� PEF� b�beb� PEFbg�� <� dZq_kl\_�

hihjghc� lhqdb�[m^_l� \uklmiZlv�� kh]eZkgh� i_j\hfm� ijZ�

\bem� ihkljh_gby�HKW�� eb[h� gZqZevgZy� b�beb� dhg_qgZy�

lhqdZ�PEF��eb[h�h^gZ�ba�lhq_d��h]jZgbqb\Zxsbo�jZaju\�

p_ihqdb�\h�\j_f_gghc�h[eZklb��

<\_^_f�eh]bq_kdmx�nmgdpbx� � � � � �S L LI D E D E
D D J J

K K �� hl�

jZ`Zxsmx�j_amevlZl�ijbgylby�j_r_gby�h�lhf��gZoh^bl�

ky�eb�^ZggZy��lhqdZ�ijhkljZgkl\Z��Z�E��^hklZlhqgh�[eba�

dh� d� � hihjghc� lhqd_� ihl_gpbZevghc� HKW�� <� dZq_kl\_�

ijbf_j� jZkkfhljbf� lhqdm� PEFbg� k� dhhj^bgZlZfb�

�D���E
�
����Z�\�dZq_kl\_�hihjghc�lhqdb�±�gZqZevgmx��D

.
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.

L��

lhqdm�PEF���
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]^_�\_jogbc�bg^_dk�©.ª�hagZqZ_l�ijbgZ^e_`ghklv�i_j_�

f_gghc�d�ehdZevguf�fZdkbfmfZf��bg^_dk�©�ª�±�ijbgZ^�

e_`ghklv�i_j_f_gghc�d�ehdZevguf�fbgbfmfZf��Z�b�E�±�
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dhhj^bgZlu�khhl\_lkl\mxsbo�we_f_glh\�P��b�P.���

AgZq_gb_� nmgdpbb� � �� � � � � � �S L LI D E D E Q Q
D D J J

K K �� jZ\gh_�

©�ª�beb�©bklbgZª��[m^_l�hagZqZlv��qlh�lhqdZ�fh`_l�[ulv�

\dexq_gZ� \� � h[eZklv� ijhkljZgkl\Z� HKW�� Z� ©�ª� beb�

©eh`vª�±�qlh�wlZ�lhqdZ�g_�fh`_l�[ulv�\dexq_gZ��

<� blh]_��eh]bq_kdZy�nmgdpby� I� UHV� ijbgylby� j_r_gby�

h[� hlg_k_gbb� mqZkldZ� ijhkljZgkl\Z� �D�E�� d�HKW� [m^_l�

\ujZ`Zlvky�dZd��
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Ijb�wlhf��_keb� � 
�UI 0
D  �� �kf������� lh�jZkkfZljb\Z�

xlky�lhevdh�gZqZevgZy�b�dhg_qgZy�lhqdZ�PEF�dZd�ihl_g�

pbZevgu_�h[eZklb�HKW��_keb�`_� � 
�UI 0
D  ��� lh�ijbgb�

fZxlky�\h�\gbfZgb_�gZqZevgu_�b�dhg_qgu_�lhqdb�PEF��
Z� lZd`_� b� lhqdb�� h]jZgbqb\Zxsb_� mqZklhd� jZaju\Z� p_�
ihqdb�\h�\j_f_gghc�h[eZklb��

Lbiheh]baZpby�h[eZkl_c�k[eb`_gby�wdklj_fmfh\�

JZkkfhljbf�ijZ\beZ�lbiheh]baZpbb�HKW���

DZd�ihdZau\Z_l� hiul�� \hafh`ghklv� jZa^_eblv� \u^_�

e_ggu_�HKW�gZ�hij_^_ezggu_�lbiu�iha\hey_l�ih\ukblv�

qm\kl\bl_evghklv� b� ki_pbnbqghklv�f_lh^h\� hp_gdb� kh�

klhygbb�bkiulm_fh]h�ih�^Zgguf�WW=��\�kjZ\g_gbb�k�bk�

ihevah\Zgb_f� lhevdh�gZlb\guo�^Zgguo��Z� lZd`_�ijbf_�

gylv�f_lh^u�deZkkbnbdZpbb�b�'DWD�0LQLQJ�>�@�^ey�\uy\�

e_gby�g_�ba\_klguo�jZg__�aZdhghf_jghkl_c�\�bamqZ_fuo�

kbkl_fZo��g_j\ghc��k_j^_qgh�khkm^bklhc�b�^j��

���Ih�oZjZdl_jm�jZa\blby�PEF�b�PEFbg�\h�\j_f_gb�

HKW�fh`gh�jZa^_eblv�gZ�ljb�]jmiiu��

Z��blh]h\u_�� >Zgguc� lbi�HKW� oZjZdl_jbam_lky� l_f��

qlh� \� h[eZklb� ijhkljZgkl\Z� �D�E��HKW� aZ\_jrZxlky� b�

PEF��b�PEFbg��jbk�����klj_edZ�:���

[��gZqZevgu_��>Zgguc�lbi�HKW�oZjZdl_jbam_lky�l_f��

qlh� \� h[eZklb� ijhkljZgkl\Z� �D�E�� HKW� gZqbgZxlky� b�

PEF��b�PEFbg��jbk�����klj_edZ�;���

\��ijhf_`mlhqgu_�� >ey� ^Zggh]h� lbiZ� oZjZdl_jgh�

©ijhoh`^_gb_ª� q_j_a� HKW� PEFbg�� ijb� lhf�� qlh� PEF�

fh]ml�dZd�gZqbgZlvky��lZd�b�aZdZgqb\Zlvky�\�^Zgghc�h[�

eZklb�ijhkljZgkl\Z��D��E���jbk�����klj_edZ�<���

���Ih�qbkem�PEF�b�PEFbg��nhjfbjmxsbo�HKW��G_�

ljm^gh� aZf_lblv�� qlh� wlZ� deZkkbnbdZpby� ^Zzl� \_kvfZ�

[hevrh_�dhebq_kl\h�\ZjbZglh\��ihkdhevdm�dZd�PEF��lZd�

b�PEFbg�fh]ml�\�agZqbl_evguo�dhebq_kl\Zo� �^h�����p_�

ihq_d��nhjfbjh\Zlv�HKW��jbk�����klj_edZ�>���

���Ih� hlghr_gbx� qbkeZ� \oh^ysbo� b� \uoh^ysbo� ba�

h[eZklb�HKW�PEF�b�PEFbg��DZd�b�\�ij_^u^ms_f�djbl_�

jbb� deZkkbnbdZpbb� \� kbem� keh`ghc� qZklhlghc� dZjlbgu�

kb]gZeZ�WW=�\hafh`_g�\_kvfZ�rbjhdbc�^bZiZahg�bf_x�

sboky�ihdZaZl_e_c��hl���^h�������hljZ`Zxsbo�dZd�qbkeh�

\oh^ysbo�\�^Zggh_�HKW�PEF�b�PEFbg��lZd�b�qbkeh�PEF�

b� PEFbg�� ihdb^Zxsbo� ^Zggmx� h[eZklv� �kfhlj_lv�� gZ�

ijbf_j��jbk�����klj_edb�=�b�?����

���Ih� lbim�PEF� b�PEFbg��nhjfbjmxsbo�HKW�� Ih�

kdhevdm�dZd�^ey�PEF��lZd�b�^ey�PEFbg�\uy\e_gh���qZk�

lhlguo�b���wg_j]_lbq_kdbo�lbih\�^bgZfbdb�ih\_^_gby�\h�

\j_f_gb�� lh� fh`gh� bkihevah\Zlv� wlb� ihdZaZl_eb� ^ey�

deZkkbnbdZpbb�nhjfbjm_fhc�HKW��

���Ih� lbim�khk_^gbo�HKW��>_ckl\bl_evgh��ihkdhevdm�

h^gbf�ba�g_hlt_fe_fuo�we_f_glh\�HKW�y\ey_lky�i_j�

\uc�beb�ihke_^gbc�we_f_gl�PEF��lh��\hafh`gh��qlh�h^�

gZ�PEF�fh`_l�mqZkl\h\Zlv�\�nhjfbjh\Zgbb�^\mo�HKW��

h^bg�ba� dhlhjuo�ihy\beky�\�[he__�jZggbc�i_jbh^�\j_�

f_gb�� :gZeh]bqgh��PEFbg��nhjfbjmxsZy�HKW�� fh`_l�

©ijhoh^blvª�q_j_a�g_kdhevdh�lZdbo�h[eZkl_c��Ijb�wlhf�

PEF� fh`_l� ijh^he`Zlvky� \� h^gm� khk_^gxx� HKW�� Z�

PEFbg�±�\�^jm]mx��nhjfbjmy�lZdbf�h[jZahf�k_lv�HKW��

LZdbf� h[jZahf�� \� j_amevlZl_� ijbf_g_gby� wlbo� ijZ�

\be�lbiheh]baZpbb�fh`_l�[ulv�deZkkbnbpbjh\ZgZ�[hev�

rZy�qZklv� jZaghh[jZaguo�n_ghf_gh\�� k\yaZgguo� k� \u�

^_e_gguf�wnn_dlhf�HKW��qlh�iha\hey_l�knhjfbjh\Zlv�

rbjhdbc�ki_dlj�\oh^guo�iZjZf_ljh\�^ey�klZlbklbq_kdhc�

h[jZ[hldb�bkke_^m_fuo�[bhf_^bpbgkdbo�kb]gZeh\��

Hp_gdZ�oZjZdl_jbklbd�ijhp_kkh\��ijhbkoh^ysbo��
\�hj]ZgZo�b�kbkl_fZo�q_eh\_dZ��gZ�hkgh\_�ZgZebaZ�
h[eZkl_c�k[eb`_gby�wdklj_fmfh\�

JZkkfhljbf�ijbf_j�ihemq_gby�qZklhl�\klj_qZ_fhklb�

jZaguo�lbih\�PEF�b�PEFbg�ijb�hp_gd_�HKW���

H[t_dlhf� bkke_^h\Zgby� [ueb� ajbl_evgu_� \ua\Zggu_�

ihl_gpbZeu��A<I��]heh\gh]h�fha]Z��dhlhju_�j_]bkljbjh\Z�

ebkv�\�oh^_�nhlhklbfmeypbb��Wdki_jbf_glu�ijh\h^bebkv�

k����f�bkiulm_fuf�h[h_]h�iheZ�\�\hajZkl_�hl����^h����e_l��

A<I�[ueb�ihemq_gu�ijb�qZklhl_�nhlhklbfmeypbb� ����=p��

klbfmebjmxsbc�nhlh^bh^�jZkiheZ]Zeky�gZ�jZkklhygbb���f�

hl� ]eZa� bkiulm_fuo�� J_]bkljZpby� A<I� hkms_kl\eyeZkv�

we_dljhwgp_nZeh]jZnhf�©G_cjhg�Ki_dlj���<Iª�\�hl\_^_�

gbb�2=�k�qZklhlhc�^bkdj_lbaZpbb���d=p��

<ua\Zgguc� ihl_gpbZe� hij_^_eyeky� imlzf� dh]_j_gl�

gh]h� gZdhie_gby� kb]gZeZ� ijb� g_�f_g__� q_f� ����nhlh�

klbfmeypbyo��J_amevlZlu�\u^_e_gby�A<I�b�dhgljhevgh�

]h� wdki_jbf_glZ� ih^\_j]Zebkv� g_ij_ju\ghfm� \_c\e_l�

ij_h[jZah�\Zgbx� k� bkihevah\Zgb_f� \_c\e_lh\� 0RUOHW�b�

ih� gbf� [ueb� ihemq_gu� agZq_gby� we_f_glh\� fZljbpu�

d\Z^jZlh\�\_c\e_l�dhwnnbpb_glh\���

GZ� jbk� ��� ij_^klZ\e_gu� oZjZdl_jgu_� j_amevlZlu�

kjZ\g_gby� qZklhl� \klj_qZ_fhklb� jZaguo� lbih\� PEF� b�

PEFbg�� nhjfbjmxsbo� HKW� ^ey� A<I� b� dhgljhevghc�

]jmiiu�� Ihemq_ggu_� j_amevlZlu� ijh^_fhgkljbjh\Zeb�

agZqbfh_� jZaebqb_� ih� wg_j]_lbq_kdbf� khklZ\eyxsbf�

dZd�^ey�p_ihq_d�ehdZevguo�fbgbfmfh\�� lZd� b�fZdkbfm�

fh\��Z�^ey�i_j\uo�±�_sz�b�agZqbfh_�jZaebqb_�\�kljmdlm�

j_�qZklhlguo� lbih\� �^ey� djbl_jby�$���j��������ijb�h[�

s_f�qbke_�ijhZgZebabjh\Zgguo�p_ihq_d� ±�[he__� �� lu�

kyq�k�h^gh]h�bkiulm_fh]h���

AZdexq_gb_�

LZdbf�h[jZahf��\�gZklhys_c�jZ[hl_�ij_^eh`_g�f_�

lh^�ZgZebaZ�[bhf_^bpbgkdbo�kb]gZeh\�gZ�ijbf_j_�WW=��

hkgh\Zgguc�gZ�hp_gd_�kljmdlmj��h[jZah\Zgguo�\�j_amev�

lZl_� ©\aZbfh^_ckl\byª�p_ihq_d�ehdZevguo�fZdkbfmfh\�

±�PEF�b�p_ihq_d�ehdZevguo�fbgbfmfh\�±�PEFbg�\�ijh�

kljZgkl\_� �Z��E�� ©fZkrlZ[� \_c\e_l�ij_h[jZah\Zgby� ±�

\j_fyª�� JZajZ[hlZgu� Ze]hjblfu� ^_l_dlbjh\Zgby� lZdbo�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\����������
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kljmdlmj�� gZa\Zgguo� ©h[eZklyfb� k[eb`_gby� wdklj_fm�

fh\ª� ±� HKW�� Ijh\_^_ggu_� \uqbkebl_evgu_� wdki_jb�

f_glu�k�jZaebqgufb�lbiZfb�fh^_evguo�kb]gZeh\��fhgh�

qZklhlgu_� ]Zjfhgbdb�� kmffu� g_kdhevdbo� ]Zjfhgbq_kdbo�

kb]gZeh\��Zfieblm^gh�fh^mebjh\Zggu_� ]Zjfhgbdb�� ©[_�

eu_ª�b�©p\_lgu_ª�rmfu��ijh^_fhgkljbjh\Zeb��qlh�nhj�

fbjh\Zgb_�HKW� k\yaZgh� k�n_ghf_ghf� ^j_cnZ�PEF� b�

PEFbg� \� qZklhlghf� ijhkljZgkl\_�� Ijh^_fhgkljbjh\Zg�

jy^�ih^oh^h\�^ey�h[jZ[hldb�j_amevlZlh\�bkke_^h\Zgby�

gZ�ijbf_j_�A<I��Z�lZd`_�hij_^_e_g�ih^oh^�d�deZkkbnb�

dZpbb�\uy\e_gguo�n_ghf_gh\�WW=���

Ihemq_gguc� f_lh^� fh`_l� [ulv� \� ^Zevg_cr_f� ijb�

f_gzg�^ey�bamq_gby�rbjhdh]h�ki_dljZ�kb]gZeh\�f_^bdh�

[bheh]bq_kdhc�ijbjh^u��Wlh�iha\hebl�kms_kl\_ggh�jZk�

rbjblv�ghf_gdeZlmjm�\uy\ey_fuo�n_ghf_gh\�ijb�ZgZ�

eba_�[bhf_^bpbgkdbo�kb]gZeh\�b��\�dhg_qghf�blh]_��ih^�

gylv� h[smx� bgnhjfZlb\ghklv� debgbdh�nbabheh]bq_k�

dbo�bkke_^h\Zgbc��

�

Z��

�

[��

Jbk�����Lbibqgu_�j_amevlZlu�ih�qZklhlZf�\klj_qZ_fhklb�

PEF�jZaebqguo�wg_j]_lbq_kdbo�lbih\��Z�±�aZ������ijbgylu�

h[sb_�qbkeZ�PEF�hl^_evgh�^ey�dhgljhey�b�hl^_evgh��

^ey�]jmiiu�A<I��[�±�aZ������ijbgylu�h[sb_�qbkeZ�PEF��

hl^_evgh�^ey�dhgljhey�b�hl^_evgh�^ey�]jmiiu�A<I�������

hl�h[s_]h�qbkeZ�PEFbg�ijboh^blky�gZ�^hex�g_�mdZaZgguo��

gZ�]jZnbd_�PEFbg��khklhysbo�lhevdh�ba�h^gh]h�fbgbfmfZ�

Ebl_jZlmjZ�

���Lmjh\kdbc�Y�:��Ijh]jZffZ�3LN:DYH������AZj_]bkl�

jbjh\ZgZ�\�Jhkkbckdhf�Z]_glkl\_�ih�iZl_glZf�b� lh\Zj�

guf�agZdZf��j_]bkljZpbhgguc����������������

���Lmjh\kdbc�Y�:���K_fzgh\�:�=��� Dbk_e_\Z�?�<���Oh�

jhrbo�G�<��Ijh]jZffZ�:DYHPD[������AZj_]bkljbjh\ZgZ�

\�Jhkkbckdhf�Z]_glkl\_�ih�iZl_glZf�b�lh\Zjguf�agZdZf��

j_]bkljZpbhgguc�����������������

���Lmjh\kdbc�Y�:���Dmj]Zebg�K�>���<Zolbg�:�:��H[jZ�

[hldZ�kb]gZeZ�we_dljhwggp_nZeh]jZffu�gZ�hkgh\_�ZgZ�

ebaZ�qZklhlguo�aZ\bkbfhkl_c�b�\_c\e_l�ij_h[jZah\Zgby�

���;bhf_^bpbgkdZy�jZ^bhwe_dljhgbdZ��±�������±�������±�

K���������

���Lmjh\kdbc� Y�:��� ±� ������ ±� <_klgbd� <hjhg_`kdh]h�

]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_j��Kbkl_fguc�ZgZeba�

b�bgnhjfZpbhggu_�l_ogheh]bb��±�������±�����±�K���������

���Lmjh\kdbc�Y�:���Dmj]Zebg�K�>���FZdkbfh\�:�<��Fh�

^_ebjh\Zgb_�ijhp_kkZ�\u^_e_gby�qZklhlguo�ehdZevguo�

fbgbfmfh\� \� kb]gZeZo� we_dljhwgp_nZeh]jZff� ��� <_kl�

gbd�LZf[h\kdh]h�]hkm^Zjkl\_ggh]h�l_ogbq_kdh]h�mgb\_j�

kbl_lZ��±�������±�L�����������±�K�����������

���Lmjh\kdbc�Y�:���Dmj]Zebg�K�>���K_fzgh\�:�=��:gZ�

eba� wgp_nZeh]jZff� gZ� hkgh\_� bkke_^h\Zgby� p_ihq_d�

ehdZevguo�fZdkbfmfh\�kd_ceh]jZff� ���Pbnjh\Zy�h[jZ�

[hldZ�kb]gZeh\��±�������±�����±�K����������

���Lmjh\kdbc�Y�:���Dmj]Zebg�K�>���K_fzgh\�:�=��>bgZ�

fbdZ� wg_j]_lbq_kdbo� ihdZaZl_e_c� p_ihq_d� ehdZevguo�

fZdkbfmfh\� \_c\e_l�dhwnnbpb_glh\� [bhf_^bpbgkdbo�

kb]gZeh\� ��� � Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� ±� ������ ±�

����±�K����������

���:klZnv_\Z� G�F�� <_c\e_l�ZgZeba�� hkgh\u� l_hjbb� b�

ijbf_ju�ijbf_g_gby����Mki_ob�nbabq_kdbo�gZmd��±�������±�

L�������������±�K�������������

���Qm[mdh\Z�B��:��'DWD�0LQLQJ��mq_[gh_�ihkh[b_��±�F���

Bgl_jg_l�mgb\_jkbl_l� bgnhjfZpbhgguo� l_ogheh]bc��

;BGHF��EZ[hjZlhjby�agZgbc��������±�����k��

(67,0$7,21�0(7+2'�)25�/2&$/�
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,1�&217,18286�:$9(/(7�
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7XURYVN\�<�$���.XUJDOLQ�6�'����

6HP\RQRY�:�*��

7KLV�SDSHU�RIIHUV�DQ�DQDO\VLV�PHWKRG�IRU�ELRPHGLFDO�VLJ�

QDOV��GHPRQVWUDWHG�RQ� WKH�H[DPSOH�RI�((*��DQG�EDVHG�RQ�

HVWLPDWLRQV�RI�VWUXFWXUHV��ZKLFK�ZHUH�VKDSHG�DV�D�UHVXOW�RI�

©LQWHUDFWLRQª� EHWZHHQ� ORFDO� PD[LPXPV� FKDLQV� �/0&�� DQG�

ORFDO�PLQLPXPVª�GLPHQVLRQ��7KHUH�DUH�GHWHFWLQJ�DOJRULWKPV�

RI�VXFK�VWUXFWXUHV��FDOOHG�©DUHDV�RI�H[WUHPHV¶�FRQYHUJHQFHª�

�$(&��� ZRUNHG� RXW�� 7KH� FRPSXWLQJ� H[SHULPHQWV� DFFRP�

SOLVKHG�ZLWK�GLIIHUHQW�W\SHV�RI�PRGHO�VLJQDOV��PRQRIUHTXHQF\�

KDUPRQLFV��VXPV�RI�KDUPRQLF�VLJQDOV��DPSOLWXGH�PRGXODWHG�

KDUPRQLFV��ZKLWH�DQG�FRORUHG�QRLVHV��VKRZHG� WKDW�VKDSLQJ�

RI� $(&� LV� FORVHO\� UHODWHG� WR� D� SKHQRPHQRQ� RI� /0&� DQG�

/0LQ&�GULIW� LQ� IUHTXHQF\� GRPDLQ��:H�GHPRQVWUDWHG� DQ� DS�

SURDFK� WR� WKH� SURFHVVLQJ� RI� WKH� VXUYH\� UHVXOWV� IRU� YLVXDO�

HYRNHG�SRWHQWLDOV�RI�WKH�EUDLQ��DQG�GHILQHG�D�ZD\�WR�FODVVLI\�

WKH�LGHQWLILHG�((*�SKHQRPHQD��
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Pbnjh\u_� ihemlhgh\u_� bah[jZ`_gby� �PIB��� ij_^klZ\e_ggu_�

J�jZajy^gufb�^\hbqgufb�qbkeZfb��qZklh�bf_xl�[hevrmx�klZlb�

klbq_kdmx�ba[ulhqghklv�� dhlhjZy�fh`_l� kem`blv� j_a_j\hf�ih�

\ur_gby�ihf_ohmklhcqb\hklb�ijb_fZ�PIB��<�^Zgghc�jZ[hl_�ij_^�

eh`_gu� Ze]hjblfu� g_ebg_cghc�nbevljZpbb�PIB� gZ� hkgh\_� p_i_c�

FZjdh\Z�k�g_kdhevdbfb�khklhygbyfb��iha\heyxsb_�khdjZlblv�\j_�

fy� i_j_^Zqb� bah[jZ`_gby�� Ijh\_^_gu� bkke_^h\Zgby� Ze]hjblfh\�

nbevljZpbb� PIB� ijb� gZebqbb� [_eh]h� ]Zmkkh\kdh]h� rmfZ�� j_amev�

lZlu�dhlhjuo�ih^l\_j`^Zxl�l_hj_lbq_kdb_�ij_^ihkuedb�h�\ha�

fh`ghklb� ih\ur_gby� dZq_kl\Z� ijb_fZ�PIB� [_a� m\_ebq_gby� wg_j�

]_lbq_kdbo�j_kmjkh\�gZ�i_j_^Zxs_c�klhjhg_�dZgZeZ�k\yab��

M>D�����������

NBEVLJ:PBY�PBNJH<UO�IHEMLHGH<UO�BAH;J:@?GBC��
G:�HKGH<?�P?I?C�F:JDH<:�K�G?KDHEVDBFB�KHKLHYGBYFB�

I_ljh\�?�I���^�l�g���ijhn_kkhj��aZ\_^mxsbc�dZn_^jhc�jZ^bhwe_dljhgguo�kj_^kl\�<ylkdh]h�]hkm^Zjkl\_ggh]h�
mgb\_jkbl_lZ��H�PDLO��HSSHWURY#PDLO�UX�

OZjbgZ�G�E���d�l�g���^hp_gl�dZn_^ju�jZ^bhwe_dljhgguo�kj_^kl\�<ylkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��H�
PDLO��1DWDOBUHV#PDLO�UX�

J`Zgbdh\Z�?�>���fZ]bkljZgl�dZn_^ju�jZ^bhwe_dljhgguo�kj_^kl\�<ylkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��
H�PDLO��ODYURYDBHOHQD#EN�UX���

�

Dexq_\u_� keh\Z�� ihemlhgh\u_� bah[jZ`_�
gby�� g_ebg_cgZy� nbevljZpby�� p_ib� FZjdh\Z��

ihf_ohmklhcqb\hklv� ijb_fZ�� wg_j]_lbq_kdb_�

j_kmjku��

<\_^_gb_�

<� gZklhys__� \j_fy� jZklml� lj_[h\Zgby� d�

h[t_fm��dZq_kl\m�b�kdhjhklb�i_j_^Z\Z_fhc�bg�

nhjfZpbb��GZb[he__�_fdbf�ghkbl_e_f�bgnhj�

fZpbb� y\eyxlky� p\_lgu_� bah[jZ`_gby�� qZklh�

khklhysb_�ba�gZ[hjZ�fhghojhfZlbq_kdbo�ihem�

lhgh\uo�bah[jZ`_gbc��dhlhju_�ijb�bo�ij_^klZ\�

e_gbb�^\hbqgufb�J�jZajy^gufb�qbkeZfb�\�[hevrbgkl�

\_� kemqZ_\� i_j_^Zxlky� [bgZjgufb� bfimevkgufb� kb]�

gZeZfb��Ijb�wlhf�qbkeh�]jZ^Zpbc�yjdhklb�\�fhghojhfZ�

lbq_kdbo� ihemlhgh\uo� bah[jZ`_gbyo� jZ\gh� �
J

4  ��

I_j_oh^� d�ij_^klZ\e_gbx�pbnjh\uo�ihemlhgh\uo�bah�

[jZ`_gbc��PIB��^\hbqgufb�qbkeZfb�k�\hk_fvx�b�[he__�

jZajy^Zfb� iha\hebe� m\_ebqblv� dZq_kl\h� bah[jZ`_gbc��

i_j_^Z\Z_fuo� ih� dZgZeZf� k\yab��H^gZdh�� q_f�[hevr_�

jZajy^ghklv�PIB�� l_f�[hevr_�\j_f_gb� lj_[m_lky�^ey�

_]h� i_j_^Zqb�� Ihwlhfm� aZ^ZqZ� khdjZs_gby� \j_f_gb�

i_j_^Zqb�PIB� ijb� khojZg_gbb� _]h� dZq_kl\Z� y\ey_lky�

ZdlmZevghc�b�fh`_l�[ulv�j_r_gZ�i_j_oh^hf�hl�fgh]h�

]jZ^Zpbhggh]h� J�jZajy^gh]h�ij_^klZ\e_gby�PIB� d�fZ�

eh]jZ^Zpbhgghfm� bah[jZ`_gbx� �F=B�� gZ� i_j_^Zxs_c�

klhjhg_� b� h[jZlgh� d� J�jZajy^ghfm� PIB� gZ� ijb_fghc�

klhjhg_�dZgZeZ�k\yab��

I_j_oh^�hl�J�jZajy^gh]h�PIB�d�F=B�iha\hey_l�fZd�

kbfZevgh� bkihevah\Zlv� klZlbklbq_kdmx� ba[ulhqghklv�

PIB�� Ke_^m_l� hlf_lblv�� qlh� ij_^klZ\e_gb_� J�jZajy^�

gh]h� PIB� gZ[hjhf� g_aZ\bkbfuo� jZajy^guo� ^\hbqguo�

bah[jZ`_gbc��J>B���ijbgylh_�\�>�@��g_�\k_]^Z�dhjj_dlgh��

hkh[_ggh� ^ey� klZjrbo� J>B� qZklh� dhjj_eypby� f_`^m�

khk_^gbfb�J>B�ijbkmlkl\m_l�b�fh`_l�[ulv�kms_kl\_g�

ghc�� <� PIB� gZb[he__� dhjj_ebjh\Zggu_� klZjrbc� b�

kj_^gbc�J�b� �J����J>B�b�agZqbl_evgh�f_g__�hklZevgu_�

iZju�J>B��GZ� jbk�� ��ij_^klZ\e_gu� agZq_gby� dhjj_ey�

pbb�f_`^m�iZjZfb�J>B�\���jZajy^guo�PIB�k�djmigufb�

h[t_dlZfb� kp_g�� m� dhlhjuo� ijbkmlkl\m_l� gZb[hevrZy�

dhjj_eypby� f_`^m� khk_^gbfb� J>B�� Hlkx^Z� ke_^m_l��

qlh� klZlbklbq_kdZy� ba[ulhqghklv�� kh^_j`ZsZyky� \� bk�

oh^ghf�PIB� ijb� __� j_ZebaZpbb�fh`_l�[ulv� j_a_j\hf�

^ey�ih\ur_gby�dZq_kl\Z�PIB��Z�i_j_oh^�d�F=B��iha\h�

ey_l�khdjZlblv�\j_fy�i_j_^Zqb�\� J 1 jZa��]^_�1�±�qbk�

eh�]jmii�J>B�\�F=B��J�±�jZajy^ghklv�PIB��

�

Jbk�����Dhwnnbpb_gl�dhjj_eypbb�f_`^m��

khk_^gbfb�iZjZfb�J>B�\���jZajy^ghf�PIB�

IhklZgh\dZ�aZ^Zqb�

Lj_[m_lky� kbgl_abjh\Zlv� Ze]hjblfu� nbevljZpbb�
fZeh]jZ^Zpbhgguo� bah[jZ`_gbc� gZ� hkgh\_�p_i_c�FZj�

dh\Z� k� g_kdhevdbfb� khklhygbyfb� � �1 ! �� ijb� gZebqbb�

[_eh]h�]Zmkkh\kdh]h�rmfZ�;=R� � �Q W �k�gme_\uf�kj_^gbf�

b�^bki_jkb_c�
�
QV ��

Imklv�J�jZajy^gh_�PIB�ij_^klZ\e_gh�gZ[hjhf�ba�J�
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KijZ\db�ih�l_e_nhgZf������������������������������

NZdk��������������������(�PDLO��UQWRUHV#PDLO�UX�
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Ij_^eZ]Z_lky�ko_fZ�k`Zlby�bah[jZ`_gbc��hkgh\ZggZy�gZ�Z^Zi�

lb\ghc�[ehqghc�^_dhfihabpbb�\�h[eZklb�\_c\e_l�ij_h[jZah\Zgby��

dhlhjZy� bkihevam_l� h]jZgbq_gguc� deZkk� [Zabkh\�� ih^kljZb\Z_�

fuo�ih^�ehdZevgu_�ijhkljZgkl\_ggu_�hkh[_gghklb�bah[jZ`_gby��

>ey� k`Zlby� \_c\e_l�ki_dljZ� bkihevam_lky� fgh]hfh^_evgh_�

Zjbnf_lbq_kdh_�dh^bjh\Zgb_��]^_�\u[hj�klZlbklbq_kdhc�fh^_eb�

dhgl_dklgh� hkms_kl\ey_lky� ih� m`_� aZdh^bjh\Zgguf� \_c\e_l�

dhwnnbpb_glZf�� Ijh\_^zggu_� wdki_jbf_glu� ihdZau\Zxl�� qlh�

ij_^eh`_gguc� Ze]hjblf� ihdZau\Z_l� j_amevlZlu� ih� 3615� g_�

om`_��q_f�-3(*������Ijb�wlhf�gZ�g_dhlhjuo�bah[jZ`_gbyo�\ub]�

jur�\�3615�^hoh^bl�^h��������^;��

M>D������������������

K@:LB?�BAH;J:@?GBC�G:�HKGH<?�;EHQGHC�>?DHFIHABPBB��
<�H;E:KLB�I:D?LGH=H�<?C<E?L�IJ?H;J:AH<:GBY�

Mfgyrdbg�K�<���^��n��f��g���ijhn_kkhj�GZpbhgZevgh]h�bkke_^h\Zl_evkdh]h�mgb\_jkbl_lZ�©FBWLª���
]��Fhkd\Z��H�PDLO��YULQI#PLHH�UX��

=baylmeebg�J�J���ZkibjZgl�dZn_^ju�<F���GZpbhgZevgh]h�bkke_^h\Zl_evkdh]h�mgb\_jkbl_lZ�©FBWLª���
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�

Dexq_\u_� keh\Z�� k`Zlb_� bah[jZ`_gbc��
[ehqgZy� ^_dhfihabpby�� \_c\e_l�ij_h[jZah\Z�

gb_��Z^Zilb\gZy�^_dhfihabpby��klZlbklbq_kdZy�

fh^_ev��

Ij_^\Zjbl_evgu_�k\_^_gby�

:e]hjblfu� k`Zlby� bah[jZ`_gbc�� hkgh\Zg�

gu_� gZ� ^bkdj_lghf� \_c\e_l�ij_h[jZah\Zgbb�

�><I���ihdZau\Zxl�\ukhdb_�oZjZdl_jbklbdb�ijb�

k`Zlbb�nhlh]jZnbq_kdbo�bah[jZ`_gbc��H^gZdh�

ijhkljZgkl\_ggh�qZklhlgh_� jZa[b_gb_� ki_dljZ�

><I� nbdkbjh\Zgh� b� g_� fh`_l� ih^kljZb\Zlvky�

ih^� ehdZevgu_� oZjZdl_jbklbdb� bah[jZ`_gby�� >ZggZy�

ijh[e_fZ�fh`_l�[ulv�j_r_gZ�aZ�kqzl�Z^Zilb\gh]h�\u�

[hjZ� [ZabkZ�� LZd�� ijb� bkihevah\Zgbb� ^bkdj_lgh]h� iZ�

d_lgh]h�\_c\e_l�ij_h[jZah\Zgby� �>I<I��\ukhdhqZklhl�

gu_� kZ[[wg^u�fh]ml� ih^\_j]Zlvky� ^Zevg_cr_c� ^_dhf�

ihabpbb� k� p_evx� ihemq_gby� hilbfZevgh]h� [ZabkZ� ^ey�

dhgdj_lgh]h�kb]gZeZ�>�@��

G_fZeh�jZ[hl�ihk\ys_gh�memqr_gbx�oZjZdl_jbklbd�

k`Zlby�gZ�hkgh\_�\_c\e_l�ij_h[jZah\Zgby��LZd��gZijb�

f_j��\�jZ[hl_� >�@�ijh\_^_gZ�Z^ZilZpby�\_c\e_l�jZaeh�

`_gby�d�jZaebqguf�qZklhlguf�gZijZ\e_gbyf�bkoh^gh]h�

kb]gZeZ��<� jZ[hl_� >�@� klZ\dZ�k^_eZgZ� gZ� \u[hj� gZb[h�

e__� ih^oh^ys_]h� kihkh[Z� dh^bjh\Zgby� ih^fgh`_kl\�

dhwnnbpb_glh\� \_c\e_l�ki_dljZ��<� jZ[hl_� >�@� ij_^eZ�

]Z_lky�bkihevah\Zlv�\� dZq_kl\_�^_dhjj_ebjmxs_]h�[b�

gZjgh_� \_c\e_l�ij_h[jZah\Zgb_�� <� hkgh\_� gZb[he__�

rbjhdh�bkihevam_fuo�dh^_dh\�gZ�hkgh\_�><I�ihdZ�e_�

`bl�[Zabk��ijb�ihkljh_gbb� dhlhjh]h�<Q�b�GQ�^_dhfih�

abpbb�kgZqZeZ�ih^\_j]Z_lky�\kz�bah[jZ`_gb_��Z� aZl_f�

^ZggZy�ijhp_^mjZ�fh`_l�[ulv�ih\lhj_gZ�gZ^�gbadhqZk�

lhlghc� qZklvx� dhwnnbpb_glh\� ki_dljZ�� khhl\_lkl\mx�

s_c� dhwnnbpb_glZf� ijb� fZkrlZ[bjmxsbo� nmgdpbyo��

LZdh_� jZaeh`_gb_� y\ey_lky� ©deZkkbq_kdbfª�� Qbkeh�

mjh\g_c� ^_dhfihabpbb� gZau\Zxl� lZd`_� ]em[bghc� ij_�

h[jZah\Zgby��

Dhwnnbpb_glu�\_c\e_l�ki_dljZ�fh`gh�mihjy^hqblv�

\�\b^_�]jZnZ�^_j_\Z��Ijb�wlhf�nmgdpbb�ihlhfdb�bf_xl�

ghkbl_ev��g_�\uoh^ysbc�aZ�h[eZklv�ghkbl_ey�nmgdpbb�

jh^bl_ey��Dhwnnbpb_glu��e_`Zsb_�\�kZfhf�gbadhqZk�

lhlghf�//�kZ[[wg^_��//��gZ�jbk������khhl\_lkl\mxl�fZk�

rlZ[bjmxsbf� nmgdpbyf�� ij_^klZ\eyxl� kh[hc� gZqZeh�

^_j_\Z� b� bf_xl� ljzo� ihlhfdh\� ±� dhwnnbpb_glh\� ijb�

nmgdpbyo�\_c\e_lh\��bf_xsbo�lm�`_�ijhkljZgkl\_ggmx�

ehdZebaZpbx�\�h[eZklb�bah[jZ`_gby��qlh�b�fZkrlZ[b�

jmxsZy� nmgdpby�jh^bl_ev�� HklZevgu_� dhwnnbpb_glu�

\� ki_dlj_� khhl\_lkl\mxl� lhevdh� \_c\e_l�nmgdpbyf� b�

bf_xl�ih� ��ihlhfdZ��ijbq_f�\_c\e_lu�ihlhfdb�ihemqZ�

xlky� ba� \_c\e_lh\�jh^bl_e_c� imlzf� k`Zlby� b� k^\b]Z��

Ijb�wlhf�nmgdpbb�ihlhfdb�bf_xl�\�h[eZklb�bah[jZ`_�

gby�ghkbl_ev��g_�\uoh^ysbc�aZ�h[eZklv�ghkbl_ey�nmgd�

pbb�jh^bl_ey��KdZaZggh_�beexkljbjm_l�jbk�����gZ� dhlh�

jhf�bah[jZ`_gZ�kljmdlmjZ�k\ya_c�jh^bl_e_c�b�ihlhfdh\��

Ijhoh^�hl�kZfh]h�gbadhqZklhlgh]h�//�kZ[[wg^Z�\�klhjh�

gm� [he__� \ukhdhqZklhlguo� kZ[[wg^h\� �gZijZ\e_gb_� ih�

klj_edZf� gZ� jbk�� ���[m^_l� khhl\_lkl\h\Zlv� ih\ur_gbx�

ijhkljZgkl\_ggh]h� jZaj_r_gby� [Zabkguo� nmgdpbc� \�

h[eZklb�bah[jZ`_gby��Ijb�wlhf�dhwnnbpb_glu�ki_dljZ��

e_`Zsb_�\�ljzo�kZfuo�\ukhdhqZklhlguo�kZ[[wg^Zo�++���

+/��b�/+���ihlhfdh\�g_�bf_xl��

�

Jbk�����Ko_fZ�h[hagZq_gbc�kZ[[wg^h\��
ijb���o�mjh\g_\hc�^_dhfihabpbb�

>ey� bah[jZ`_gbc�� bf_xsbo� keh`gmx� kljmdlmjm�� eh�

dZebaZpby� jZkij_^_e_gby� wg_j]bb� ih� dhwnnbpb_glZf�

\_c\e_l�ki_dljZ� fh`_l� [ulv� ih\ur_gZ� \� j_amevlZl_�

Z^ZilZpbb� [ZabkZ� ih^� kljmdlmjm� bah[jZ`_gby�� Dhebq_�

kl\_ggh� dhgljhebjh\Zlv� ©dZq_kl\hª� ehdZebaZpbb� wg_j�

]bb�fh`gh�q_j_a�wgljhibx�kb]gZeZ�hlghkbl_evgh�[ZabkZ�

\_c\e_l�iZd_lh\�>�@��
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]^_� N\ � ±� agZq_gby�dhwnnbpb_glh\�iZd_lgh]h�\_c\e_l�

ki_dljZ�� Ijb� wlhf� ij_^iheZ]Z_lky�� qlh� bkihevam_fuc�

[Zabk�y\ey_lky�hjlh]hgZevguf��FbgbfbaZpby�wgljhibb�

[ZabkZ� ����bkihevam_lky�\�ij_^eZ]Z_fhf�dh^_d_��ko_fZ�

dhlhjh]h�ijb\_^_gZ�gZ�jbk�����

�

Jbk�����KljmdlmjZ�k\ya_c�©jh^bl_ev�ihlhfdbª�f_`^m��

[Zabkgufb�nmgdpbyfb�\_c\e_l�ki_dljZ��
gZ�ijbf_j_ljzomjh\g_\h]h�ij_h[jZah\Zgby�

�

Jbk�����Ko_fZ�dh^_dZ�

HibkZgb_�Ze]hjblfZ�

JZkkfhljbf�ih^jh[g__�dZ`^uc�wlZi�jZ[hlu�ij_^eZ�

]Z_fh]h�dh^_dZ��GZ�i_j\hf�wlZi_�\uihegy_lky�q_lujzo�

mjh\g_\h_�\_c\e_l�ij_h[jZah\Zgb_��<u[hj���o�mjh\g_�

\h]h�ij_h[jZah\Zgby�iha\hey_l�ihemqblv�\�kZfhf�gba�

dhqZklhlghf� //�� kZ[[wg^_� ihqlb� g_dhjj_ebjh\Zggu_�

dhwnnbpb_glu�� >ey� [he__� dhjj_dlgh]h� ihke_^mxs_]h�

kjZ\g_gby� ij_^eZ]Z_fh]h� dh^_dZ� kh� klZg^Zjlguf�

-3(*�����\�dZq_kl\_�\_c\e_l�[ZabkZ�\u[_j_f�[bhjlh�

]hgZevguc�\_c\e_l�&')������bkihevam_fuc�\�khhl\_lkl�

\mxs_f�f_lh^_�k`Zlby�bah[jZ`_gbc� >�@��<hafh`gh�bk�

ihevah\Zgb_�b�^jm]bo�\_c\e_l�[Zabkh\��ijb�wlhf�fh`_l�

ihlj_[h\Zlvky� g_dhlhjZy� dhjj_dlbjh\dZ� wfibjbq_kdb�

gZc^_gguo� qbkeh\uo� iZjZf_ljh\� ij_^eZ]Z_fh]h� Ze]h�

jblfZ�k`Zlby��
GZ� ke_^mxs_f� wlZi_� ijhba\h^blky� Z^Zilb\gh_�

memqr_gb_� ghkbl_e_c� [Zabkguo� nmgdpbc� ^\mo� kZfuo�

\ukhdhqZklhlguo�mjh\g_c�><I� ^/+���++���+/���/+���++���

+/�`��kf��jbk�����>ey�wlh]h�\�bkoh^ghf�bah[jZ`_gbb�\u�

^_eyxlky�[ehdb�jZaf_jhf Q Qu ��qlh�khhl\_lkl\m_l�jZa�

[b_gbx�dhwnnbpb_glh\�\_c\e_l�ki_dljZ�gZ�fgh`_kl\Z��

[Zabkgu_�nmgdpbb� dhlhjuo� ehdZebah\Zgu� \� mdZaZgguo�

h[eZklyo�hjb]bgZevgh]h�bah[jZ`_gby��kf��jbk������

�

Jbk�����JZa[b_gb_�hjb]bgZevgh]h�bah[jZ`_gby��
b�khhl\_lkl\b_�dhwnnbpb_glh\�ki_dljZ�\u^_e_gghc��

h[eZklb�gZ�bah[jZ`_gbb�

H[hagZqbf� khhl\_lkl\mxsb_� dZ`^hfm� L�fm� [ehdm�

ibdk_e_c�hjb]bgZevgh]h�bah[jZ`_gby�[ehdb�dhwnnbpb�

_glh\� ki_dljZ� ^\mo� kZfuo� \ukhdhqZklhlguo� mjh\g_c�

><I� �i_j\uc� beb� \lhjhc� mjh\_gv�� kf�� jbk�� ���� � �� L 76 � b�

� �� L 76 �� ]^_� L� ±� bg^_dk� [ehdZ� \� bkoh^ghf� bah[jZ`_gbb��

�� ��� �7 7 �±�lbi�\_c\e_l�kZ[[wg^h\�� � � �� � ^+/ �++ �/+ `7 � ��

� � �� � ^+/ �++ �/+ `7 � �� Ihke_� \uiheg_gby� ijhp_^mju�

ihbkdZ��hilbfZevgh]h��ih�djbl_jbx������[ZabkZ��^ey��hq_��

j_^gh]h�[ehdZ�hjb]bgZevgh]h�bah[jZ`_gby�nhjfbjmxl�

ky�ljb�dexqZ��hij_^_eyxsb_�kihkh[�nbevljZpbb�[ehdh\�

dhwnnbpb_glh\� \� i_j\uo� ^\mo� mjh\gyo� ><I� ki_dljZ��

;m^_f�h[hagZqZlv�wlb�dexqb�^N++��N+/��N/+`��NbevljZpby�

[ehdh\� ijb� wlhf� hkms_kl\ey_lky� iZjhc� nbevljh\� ^_�

dhfihabpbb� ih� ljzf� \hafh`guf�rZ[ehgZf� ^_dhfihab�

pbb��hij_^_ey_fuf�jbk�����Ij_^eZ]Z_fu_�rZ[ehgu�ih�

a\heyxl�iheghklvx� ba[_`Zlv� ©dhgnebdlZ� jh^bl_evkdbo�

b� ^hq_jgbo� dhwnnbpb_glh\ª� �SDUHQWLQJFRQIOLFW�� >�@� �wlhl�

dhgnebdl� \hagbdZ_l� lh]^Z�� dh]^Z� h[eZklv� ghkbl_ey�

nmgdpbb�ihlhfdZ� ij_\urZ_l� b� \uoh^bl� aZ� h[eZklv� gh�

kbl_ey�nmgdpbb�jh^bl_ey���

<hafh`ghklv�\u[hjZ�[ZabkZ�\e_qzl�^hihegbl_evgu_�

[blh\u_� aZljZlu� gZ� dh^bjh\Zgb_� lbiZ� _]h� kljmdlmju��

<u[hj� lhevdh� ljzo� rZ[ehgh\� [ehqghc� ^_dhfihabpbb�

khdjZsZ_l�h[t_f�^hihegbl_evguo�\uqbke_gbc��g_h[oh�

^bfuo�^ey�hp_gdb�wnn_dlb\ghklb��ih�djbl_jbx�����ZgZ�

ebabjm_fh]h� [ZabkZ�� Z� lZd`_� \e_qzl�f_gvrb_� [blh\u_�

aZljZlu�gZ�dh^bjh\Zgb_�lbiZ�\u[jZggh]h�blh]h\h]h�[Z�

abkZ��K� p_evx� mf_gvr_gby� aZljZl� gZ� dh^bjh\Zgb_� ^h�

ihegbl_evghc� bgnhjfZpbb� h� lbi_� bkihevam_fh]h�[Zab�

kZljb� dexqZ�^N++�� N+/�� N/+`�� dhlhju_�hdZau\Zxlky�^hk�

lZlhqgh� kbevgh� dhjj_ebjh\Zggufb�� h[t_^bgyxlky� \�

h^bg� kbf\he� ZenZ\blZ� . N++N+/N/+�� dhlhjuc� aZl_f�

k`bfZ_lky� Z^Zilb\guf� Zjbnf_lbq_kdbf� dh^_jhf�� Kh�

hl\_lkl\mxsbc�ZenZ\bl�kbf\heh\�khklhbl�ba��u�u� ���
kbf\heh\��

LZdbf� h[jZahf�� ^ey� dZ`^h]h� [ehdZ� bah[jZ`_gby� \�

h[eZklb� \_c\e_l�ij_h[jZah\Zgby� ij_^eZ]Z_lky� bkihev�

ah\Zlv����lbih\�[Zabkh\��

>ey�j_ZebaZpbb�Ze]hjblfZ�dhfij_kkbb�bah[jZ`_gby�

g_h[oh^bfh� hij_^_eblvky� k� jZaf_jhf�njZ]f_glZ� bah�

[jZ`_gby�� khhl\_lkl\mxs_]h� jZa[b_gbx� \� h[eZklb�

\_c\e_l�ki_dljZ��ko_fZ�dhlhjh]h�ijb\_^_gZ�gZ�jbk�����GZ�

\u[hj�jZaf_jZ�[ehdZ�h[jZ[hldb�hdZau\Zxl�\ebygb_�^\Z�

gZoh^ysboky�\�ijhlb\hj_qbb�nZdlhjZ��K�h^ghc�klhjhgu��

^ey� mqzlZ�ehdZevguo� hkh[_gghkl_c� bah[jZ`_gby�[ehdb�

^he`gu�[ulv�dZd�fh`gh�f_gvr_]h�jZaf_jZ��qlh[u�bf_lv�

\hafh`ghklv� [he__� lhqghc� Z^ZilZpbb� d� ehdZevguf�

kljmdlmjguf� hkh[_gghklyf� bah[jZ`_gby��K�^jm]hc� klh�

jhgu��mf_gvr_gb_�jZaf_jZ�[ehdZ�ijb\h^bl�d�jhklm�^h�

ihegbl_evguo� [blh\uo� aZljZl� gZ� dh^bjh\Zgb_� [Zabkh\�

[hevr_]h� qbkeZ� [ehdh\� bah[jZ`_gby�� Ihwlhfm� gm`_g�

g_dhlhjuc� dhfijhfbkk� f_`^m� ]_hf_ljbq_kdbfb� jZaf_�

jZfb�[ehdh\�b�h[tzfhf�^hihegbl_evghc�bgnhjfZpbb��<�

gZrbo� wdki_jbf_glZo� bkihevah\Zebkv� d\Z^jZlgu_� [eh�

db�� khhl\_lkl\mxsb_� h[eZklb� ��î���ibdk_ey� \� h[eZklb�

hjb]bgZevgh]h�bah[jZ`_gby��
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Jbk�����Ko_fZ�ljzo�rZ[ehgh\�[ehqghc�^_dhfihabpbb�b�kljmdlmjZ�k\ya_c�jh^bl_ev�ihlhfdb�\gmljb�[ehdh\���

]^_�[ehd�� � � �7� ^+/ �++ �/+ `�� � ^ `� � �7� +/ �++ �/+ �� � � �7� ^+/ �++ �/+ `� �

Ke_^mxsbf� rZ]hf� jZkkfZljb\Z_fh]h� Ze]hjblfZ�

y\ey_lky�d\Zglh\Zgb_��<�dZq_kl\_�ijhp_^mju�d\Zglh\Z�

gby�[ueZ�\u[jZgZ�lZ�`_�ko_fZ�kdZeyjgh]h�d\Zglh\Zgby�

k�fzjl\hc� ahghc� >�@�� dhlhjZy�ijbf_gy_lky�\� -3(*�����

>�@��;_amkeh\guf�iexkhf�lZdhc�ko_fu�y\ey_lky�ijhklh�

lZ� __� \uqbkebl_evghc� j_ZebaZpbb� �[he__� wnn_dlb\�

guf��k�lhqdb�aj_gby�^hklb]Z_fh]h�mjh\gy�k`Zlby��fh`_l�

klZlv� bkihevah\Zgb_� \uqbkebl_evgh� [he__� keh`guo�

kihkh[h\� d\Zglh\Zgby�k�mqzlhf�klZlbklbq_kdbo� aZ\bkb�

fhkl_c� \gmljb� kZ[[wg^Z���<� jZ[hl_� >�@�[ueh�ihdZaZgh��

qlh� nmgdpby� aZ\bkbfhklb� dZq_kl\Z� \hkklZgh\e_ggh]h�

bah[jZ`_gby�hl�rbjbgu�fzjl\hc�ahgu�bf__l�wdklj_fmf�

ijb�rbjbg_� ahgu��jZ\ghc� ����\_ebqbgu�^bkdj_lZ� d\Zg�

lh\Zgby�T��Ihqlb�lZdhc�`_�j_amevlZl�ihdZau\Z_l�rbjb�

gZ�fzjl\hc�ahgu��jZ\gZy�����T��K�lhqdb�aj_gby�ZiiZjZl�
ghc� b� ijh]jZffghc� j_ZebaZpbb� bkihevah\Zgb_� p_eh�

qbke_ggh]h� agZq_gby� rbjbgu� fzjl\hc� ahgu� [he__�

ij_^ihqlbl_evgh�� l_f� [he__� qlh� ijhb]jur� \� dZq_kl\_�

\hkklZgh\e_ggh]h� bah[jZ`_gby� ijb� wlhf� fbgbfZe_g��

Ihwlhfm� \� ij_^eZ]Z_fhc� ko_f_� dhfij_kkbb� rbjbgZ�

fzjl\hc� ahgu�[ueZ�\u[jZgZ�jZ\ghc� �T��Ihke_� d\Zglh�

\Zgby�^ey�k`Zlby�ihemq_gguo�dhwnnbpb_glh\�\_c\e_l�

ki_dljZ� bkihevam_lky� fgh]hfh^_evgh_� Z^Zilb\gh_�

Zjbnf_lbq_kdh_� dh^bjh\Zgb_�� Ohjhrh� ba\_kl_g� lhl�

nZdl��qlh�GQ�kZ[[wg^u�bf_xl�[hevrmx�^bki_jkbx�agZ�

q_gbc�\_c\e_l�dhwnnbpb_glh\��Z�<Q�kZ[[wg^u�±�f_gv�

rmx�^bki_jkbx� >�@��>ey�jZa^_e_gby�klZlbklbd�dhwnnb�

pb_glh\�\�jZajZ[hlZgghf�dh^_d_�bkihevam_lky�g_kdhev�

dh� �q_luj_�� klZlbklbq_kdbo� fh^_eb�]bklh]jZffu� ^ey�

dh^bjh\Zgby� dhwnnbpb_glh\�ljZgknhjfZgl�� h^gZ� fh�

^_ev�±�^ey�k`Zlby�kZfh]h�gbadhqZklhlgh]h�//��kZ[[wg^Z�

b�ljb�^jm]bo�±�^ey�dh^bjh\Zgby�hklZevghc�qZklb�dhwn�

nbpb_glh\� \_c\e_l�ki_dljZ�� <k_� fh^_eb� y\eyxlky�

Z^Zilb\gufb�� l�_��ih^kljZb\Zxl�bkihevam_fmx�ijb� dh�

^bjh\Zgbb� ]bklh]jZffm� jZkij_^_e_gby� \_jhylghkl_c�

kbf\heh\� \� khhl\_lkl\bb� k� qZklhlZfb� bo� ihy\e_gby� \�

h[jZ[hlZgguo�^Zgguo��Fh^_ev�k�ghf_jhf�0 ��bkihev�

am_lky�^ey�dh^bjh\Zgby�dhwnnbpb_glh\�ijb�fZkrlZ[b�

jmxsbo�nmgdpbyo��e_`Zsbo�\�kZ[[wg^_�//���Dh^bjh\Z�

gbx�ijb�wlhf�ih^\_j]Z_lky�\_ebqbgZ�9��jZ\gZy�jZagh�

klb� l_dms_]h� h[jZ[Zlu\Z_fh]h� dhwnnbpb_glZ� ;� b�

\a\_r_gghc�kmffu�_]h�q_lujzo�khk_^_c�

� ��

% '
9 ; $ &

� � � � ��� ����

]^_�$�� %�� &��'� ±� khk_^gb_�� m`_� aZdh^bjh\Zggu_� dhwn�

nbpb_glu��jZkiheh`_gb_�dhlhjuo�ihdZaZgh�gZ�jbk�����

>jm]b_�ljb�klZlbklbq_kdbo�fh^_eb�bkihevamxlky�^ey�

dh^bjh\Zgby�kZ[[wg^h\�������jbk������Ihjy^hd�h[jZ[hldb�

kZ[[wg^h\�khhl\_lkl\m_l�bo�gmf_jZpbb�gZ�jbk�����KgZqZ�

eZ� dh^bjh\Zgbx� ih^\_j]Zxlky� dhwnnbpb_glu�� ijbgZ^�

e_`Zsb_� kZ[[wg^m� //���>Ze__� k`Zlbx� ihke_^h\Zl_evgh�

ih^\_j]Zxlky�kZ[[wg^u�\_c\e_l�dhwnnbpb_glh\�������

�

Jbk�����Dhgl_dkl�^ey�dh^bjh\Zgby��
dhwnnbpb_glh\�fZkrlZ[bjmxsbo�nmgdpbc�

Ijb� dh^bjh\Zgbb� l_dmsbc� kZ[[wg^� h[jZ[Zlu\Z_lky�

ih[ehqgh�� [ehd� \_c\e_l�dhwnnbpb_glh\� khhl\_lkl\m_l�

[ehdm�\u[jZgghc�jZaf_jghklb���î���ibdk_ey�\�bah[jZ�

`_gbb��kf��jbk�� ���<gmljb�[ehdZ�\�kZ[[wg^_� dhwnnbpb�

_glu� h[jZ[Zlu\Zxlky� ihkljhqgh�� Ihjy^hd� h[jZ[hldb�

dhwnnbpb_glh\�kZ[[wg^Z��khhl\_lkl\mxsbc�ihkljhqgh�

fm� kdZgbjh\Zgbx� \gmljb� [ehdZ� b� ihke_^h\Zl_evghfm�

i_j_[hjm�[ehdh\��hljZ`_g�gZ�jbk����gZ�ijbf_j_�kZ[[wg�

^Z�+/��kiehrghc�ehfZghc�ebgb_c��

�

Jbk�����Ihjy^hd�h[jZ[hldb�kZ[[wg^h\��
ijb�k`Zlbb�\_c\e_l�ki_dljZ�

>ey�dh^bjh\Zgby�kZ[[wg^h\�����bkihevam_lky�fh^_ev�

k�ghf_jhf�0 ���Ijb�dh^bjh\Zgbb�kZ[[wg^h\������fh`_l�

[ulv� bkihevah\ZgZ� ex[Zy� ba�fh^_e_c�0 �������<u[hj�

fh^_eb�0�^�����`� ^ey� dh^bjh\Zgby� ijhd\Zglh\Zggh]h�

dhwnnbpb_glZ�
M

: ba�kZ[[wg^h\������hkms_kl\ey_lky�gZ�

hkgh\Zgbb�ijh]ghaghc�\_ebqbgu�6M��ihkljh_gghc�ih�wf�

ibjbq_kdhc�nhjfme_�ba�jZ[hlu�>�@��

���� ����� ��� �
[ \ GM L M M M6 3 : : : � � � �� ����

]^_�
[M

: � ±� m`_� aZdh^bjh\Zgguc� ]hjbahglZevguc� khk_^��

\M
: � ±� \_jlbdZevguc� khk_^��

GM
: � ±� ^bZ]hgZevguc� �gZ�

jbk����h[jZ[Zlu\Z_fuc�dhwnnbpb_gl�h[hagZq_g�qzjguf�

p\_lhf��Z�ljb�bkihevam_fuo�\�����khk_^gbo�dhwnnbpb_g�

lZ� ±� k_juf�� L3 � ±� ijh]ghaguc� \deZ^� jh^bl_evkdh]h� dh�

wnnbpb_glZ�
L: �b�_]h�khk_^_c��e_`Zsbo�\� lhf�`_�kZ[�

[wg^_�>�@��
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JZkiheh`_gb_� dhwnnbpb_glh\� P: � ihdZaZgh� gZ��

jbk�� ���Hlf_lbf�� qlh� \g_� aZ\bkbfhklb� hl� kihkh[Z� bk�

ihevam_fhc� gmf_jZpbb� \_c\e_l�dhwnnbpb_glh\� \� kZ[�

[wg^Zo�bg^_dk�L�m`_�h[jZ[hlZggh]h�jZg__�jh^bl_evkdh�

]h�dhwnnbpb_glZ� L
: �h^ghagZqgh�hij_^_ey_lky�ih�agZ�

q_gbx� bg^_dkZ� M� l_dms_]h� h[jZ[Zlu\Z_fh]h� \_c\e_l�

dhwnnbpb_glZ�
M

: �ko_fZfb�k\ya_c�©jh^bl_ev�ihlhfdbª��

hljZ`_gghc�gZ�jbk�����

�

Jbk�����JZkiheh`_gb_�dhwnnbpb_glh\��

^ey�ihkljh_gby�ijh]ghaZ�3L�

Ih�agZq_gbx�ijh]ghaghc�\_ebqbgu� ����ghf_j�klZlb�

klbq_kdhc�fh^_eb�0�^�����`�^ey�dh^bjh\Zgby�ijhd\Zg�

lh\Zgguo� \_c\e_l�dhwnnbpb_glh\� ^ `M: � ba� kZ[[wg^h\�

������jbk�����hij_^_ey_lky�ih�ke_^mxs_fm�ijZ\bem��

�

� �

�

�� � �

�� �

�� �

M

M

M

6 7

0 7 6 7
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° d¯

� �

IZjZf_lju� �7 �b� �7 �[ueb�hij_^_e_gu�wfibjbq_kdb�

ijb�l_klbjh\Zgbb�Ze]hjblfZ�k�p_evx�fbgbfbaZpbb�[b�

lh\uo� aZljZl�ijb�jZaebqguo� agZq_gbyo�iZjZf_ljZ�kdZ�

eyjgh]h�d\Zglh\Zl_ey�T�gZ�jZaebqguo�l_klh\uo�bah[jZ�

`_gbyo��

J_amevlZlu�wdki_jbf_glh\�

>ey�hp_gdb�oZjZdl_jbklbd�ij_^eh`_gghc�ko_fu�dhf�

ij_kkbb��jbk�����bkihevah\Zebkv�h[s_ijbgylu_�ihdZaZ�

l_eb��Hp_gdZ� dZq_kl\Z� \hkklZgh\e_ggh]h� bah[jZ`_gby�

ijh\h^beZkv�ijb�ihfhsb�ibdh\h]h�khhlghr_gby�kb]gZe�

rmf��3615��

�
���

��OJ3615
06(

 >^;@�� ����

]^_� kj_^gbc� d\Z^jZl� hrb[db� �06(�� 0HDQ6TXDUH(UURU��

\uqbkey_lky�ih�nhjfme_�

�

� �

�

�
� �

L M L M

L M

06( [ \
01

 �¦ �� ����

<�nhjfme_������0�b�1���jZaf_ju�bah[jZ`_gby�\�ibd�

k_eyo��ih�]hjbahglZeb�b�\_jlbdZeb���
�L M
[ �±�agZq_gb_�yj�

dhklb� ibdk_ey� bkoh^gh]h� bah[jZ`_gby�
�L M

\ � ±� agZq_gb_�

yjdhklb� ibdk_ey� \hkklZgh\e_ggh]h� bah[jZ`_gby��Baf_�

gyy� agZq_gby� ^bkdj_lu� d\Zglh\Zgby� \_c\e_l�dhwnnb�

pb_glh\� T�� fh`gh� ihemqblv� aZ\bkbfhklv� dZq_kl\Z� \hk�

klZgh\e_ggh]h� bah[jZ`_gby� hl� [blh\uo� aZljZl� gZ� _]h�

dh^bjh\Zgb_��;blh\u_�aZljZlu�\ujZabf�\�[blZo�gZ�ibd�

k_ev��ESS��ELWVSHUSL[HO��

6
ESS

01
 �� ����

]^_�6�±�h[s__�qbkeh�[bl��g_h[oh^bfh_�gZ�dh^bjh\Zgb_�

bah[jZ`_gby��

<�dZq_kl\_�dh^_dZ��k�dhlhjuf�ijhba\h^behkv�kjZ\g_�

gb_�� \uklmiZeZ� j_ZebaZpby� Ze]hjblfZ� -3(*����� ijh�

]jZffgh]h�iZd_lZ�$&'6HH�������;blh\u_�aZljZlu�dh^_dZ�

-3(*����� hp_gb\Zebkv� aZ� \uq_lhf� jZaf_jZ� aZ]heh\dZ�

MSHJ�nZceZ��Hp_gdZ� [blh\uo� aZljZl� ij_^eh`_ggh]h� dh�

^_dZ� mqblu\ZeZ� dZd� k`Zlb_� kh[kl\_ggh� dhwnnbpb_glh\�

\_c\e_l�ki_dljZ�� lZd� b� dh^bjh\Zgb_� lbiZ� \u[jZggh]h�

[ZabkZ�[ehdh\��LZd`_�[ueh�ijh\_^_gh� kjZ\g_gb_� k� \Z�

jbZglhf�dh^_dZ�k�hldexq_gguf�[ehdhf�\u[hjZ�Z^Zilb\�

gh]h�[ZabkZ��deZkkbq_kdbc�[Zabk��gZ�jbk��������khhl\_l�

kl\mxsZy� djb\Zy� ihf_q_gZ� dZd� FODVVLF��� L_klbjh\Zgb_�

ijh\h^behkv� gZ� klZg^Zjlguo� bah[jZ`_gbyo�� lZdbo� dZd�

/HQD��%DUEDUD�b�*ROGKLOO��GZ�\k_o�l_klh\uo�bah[jZ`_gbyo�

oZjZdl_jbklbdb�[ueb�koh`b�beb�\ur_�m�ij_^eh`_ggh]h�

dh^_dZ��LZd�� gZ� bah[jZ`_gbb� %DUEDUD� \ub]jur� \� 3615�

^hklb]� �������^;��GZ�jbk�� ��ihdZaZgu�ihemq_ggu_�\Zjb�

Zglu�iZd_lguo�[Zabkh\�^ey�g_dhlhjuo�l_klh\uo�bah[jZ�

`_gbc��Jbk���������b����hlh[jZ`Zxl�ihemq_ggu_�oZjZd�

l_jbklbdb� k`Zlby�� Djb\u_�� ihf_q_ggu_� dZd� DGDSWLYH��

khhl\_lkl\mxl�ij_^eh`_gghfm�iZd_lghfm�dh^_dm��

�

Jbk�����<b^�[ZabkZ��ihemq_ggh]h�Z^Zilb\gufdh^_dhf�ijb�k`Zlbb�bah[jZ`_gbc���
Ke_\Z�gZijZ\h��/HQD��*ROGKLOO��%DUEDUD�
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Jbk������=jZnbd�kjZ\g_gby�ibdh\h]h�khhlghr_gby��
kb]gZe�rmf��

ijb�k`Zlbb�bah[jZ`_gby�*ROGKLOO�

�

Jbk������=jZnbd�kjZ\g_gby�ibdh\h]h�khhlghr_gby��
kb]gZe�rmf��

ijb�k`Zlbb�bah[jZ`_gby�/HQD�

�

Jbk������=jZnbd�kjZ\g_gby�ibdh\h]h�khhlghr_gby��
kb]gZe�rmf��

ijb�k`Zlbb�bah[jZ`_gby�%DUEDUD�

<u\h^u�b�gZijZ\e_gby�^Zevg_crbo�bkke_^h\Zgbc�

HibkZggZy� ko_fZ� dhfij_kkbb� ihdZau\Z_l� \ukhdb_�

j_amevlZlu�b�g_�mklmiZ_l��Z�gZ�g_dhlhjuo�bah[jZ`_gbyo��

ihdZau\Z_l� ^h� ��� emqr__� k`Zlb_� ijb� h^bgZdh\hf� �ih�

3615�� dZq_kl\_� \hkklZgh\e_ggh]h� bah[jZ`_gby�� ih�

kjZ\g_gbx� k� dh^_dhf� -3(*����� ijh]jZffgh]h� iZd_lZ�

$&'6HH�������Ij_^eh`_ggZy�ko_fZ� dhfij_kkbb�y\ey_l�

ky� mgb\_jkZevghc� b� gZp_e_gZ� gZ� k`Zlb_� ex[uo�nhlh�

]jZnbq_kdbo�bah[jZ`_gbc��>Z`_�\�g_hilbfbabjh\Zgghc�

l_klh\hc� ijh]jZffghc� j_ZebaZpbb� \j_fy� k`Zlby� bah�

[jZ`_gby� ���o���� ibdk_e_c� gZ� dhfivxl_j_� k� ^\my^_j�

guf�ijhp_kkhjhf�,QWHO&RUH���'XR�����==p�aZgbfZ_l�hdheh�

���� fbeebk_dmg^�� qlh� iha\hey_l� bkihevah\Zlv� ^Zgguc�

dh^_d� ^ey� k`Zlby� \� j_Zevghf� \j_f_gb�� <� qZklghklb��

ij_^eh`_gguc�dh^_d�ihl_gpbZevgh�fh`_l�[ulv�bkihev�

ah\Zg� ^ey� k`Zlby� \b^_hihke_^h\Zl_evghkl_c� gZ� wlZi_�

\gmljbdZ^jh\h]h� dh^bjh\Zgby� hihjguo� b� jZaghklguo�

dZ^jh\��

<�^Zevg_cr_f�g_h[oh^bfh�mlhqgblv� agZq_gby�\_kh�

\uo� dhwnnbpb_glh\� ijh]ghaZ� ����� l�d�� \� jZ[hl_� >�@� hgb�

[ueb� ihemq_gu� ^ey� deZkkbq_kdhc� ko_fu� \_c\e_l�

jZaeh`_gby�b�gm`^Zxlky�\�mlhqg_gbb�^ey�ij_^eh`_gguo�

\ZjbZglh\�[Zabkh\��LZd`_�ieZgbjm_lky�bamqblv�\hafh`�

ghklv� m\_ebq_gby�qbkeZ�rZ[ehgh\�[ehqghc�^_dhfihab�

pbb��Djhf_� lh]h��ieZgbjm_lky� bkke_^h\Zlv� b� Z^Zilbjh�

\Zlv� ^ey� ij_^eh`_gghc� ko_fu� dhfij_kkbb� jZa^_evgh_�

dh^bjh\Zgb_� agZdZ� b�fh^mey� >��@� dhwnnbpb_glh\� \_c\�

e_l�ki_dljZ��

Ij_^klZ\ey_l�lZd`_�bgl_j_k�bamq_gb_�\hafh`ghkl_c�

bkihevah\Zgby� [Zgdh\� fgh]hihehkguo� b�� \� qZklghklb��

lj_oihehkguo�DBO�nbevljh\� >��@�^ey�k`Zlby�bah[jZ`_�

gbc��>ey� wlh]h�� ij_`^_� \k_]h�� g_h[oh^bf� i_j_kfhlj� b�

h[h[s_gb_� dhgp_ipbb� mihjy^hqb\Zgby� \_c\e_l�kljmd�

lmj�\� ©^_j_\vyª� �kf��jbk�����k�ihke_^mxsbf�__�jZkrb�

j_gb_f�gZ�iZd_lgu_�ij_h[jZah\Zgby��

Ebl_jZlmjZ�

���&RLIPDQ� 5�5���:LFNHUKDXVHU� 0�9�� (QWURS\�EDVHG� DO�

JRULWKPV�IRU�EHVW�EDVLV�VHOHFWLRQ����,(((�7UDQV��,QIRUP��7KH�

RU\��6SHFLDO�,VVXH�RQ�:DYHOHW�7UDQVIRUPV�DQG�0XOWLUHV��6LJ�

QDO�$QDO����9RO������0DU����������SS�����������

���*XRMLQ�/LX��;LDRSLQJ�=HQJ��)HQJFKXQ7LDQ��.DGUL&KDL�

ERX�� =DQ=KHQJ�� $� QRYHO� GLUHFWLRQ�DGDSWLYH� ZDYHOHW� EDVHG�

LPDJH� FRPSUHVVLRQ� ��� ,QWHUQDWLRQDO� -RXUQDO� RI� (OHFWURQLFV�

DQG�&RPPXQLFDWLRQV�±�9RO������LVVXH����������

���6X�&��.���+VLQ�+��&���/LQ�6��)��:DYHOHW�WUHH�FODVVLILFD�

WLRQ�DQG�K\EULG�FRGLQJ�IRU�LPDJH�FRPSUHVVLRQ����,(((�3URF��

9LVLRQ� ,PDJH� DQG� 6LJQDO� 3URFHVVLQJ� ±� 9RO�� ����� LVVXH� ���

��������S�������

���+RQJ� 3DQ�� /L�=XR�� ;LDR�+XL� <XDQ�� 6L�<X� ;LD�� /LDQJ�

=KHQJ� ;LD�� &RQWH[W�EDVHG� HPEHGGHG� LPDJH� FRPSUHVVLRQ�

XVLQJ�ELQDU\�ZDYHOHW�WUDQVIRUP����,PDJH�DQG�9LVLRQ�&RPSXW�

LQJ�±�9RO������LVVXH����������±SS�����������

���5DMSRRU�0���:LOVRQ�*���0D\HU�*���&RLIPDQ5��$GDSWLYH�

ZDYHOHW�SDFNHW�EDVLV�VHOHFWLRQ�IRU�]HURWUHH� ,PDJH�FRGLQJ� ���

,(((� 7UDQV�� ,PDJH� 3URF�� ±� 9RO�� ���� � 'HFHPEHU� ������ ±�

SS������������

���6WURP� -�� 'HDG� =RQH� 4XDQWL]DWLRQ� LQ�:DYHOHW� ,PDJH�

&RPSUHVVLRQ����0LQL�SURMHFW�LQ�(&(����D��������

���7DXEPDQ�'���0DUFHOOLQ�0�:��-3(*�����,PDJH�&RP�

SUHVVLRQ� )XQGDPHQWDOV�� 6WDQGDUG� DQG� 3UDFWLFH�� �� .OXYHU�

$FDGHPLF�3XEOLVKHUV��������
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���=RX�;���3HUHOPDQ�:�$�/DSSHG�2UWKRJRQDO�7UDQVIRUP�

&RGLQJ� E\�$PSOLWXGH�DQG�*URXS�3DUWLWLRQLQJ� ���$SSOLFDWLRQ�

RI� 'LJLWDO� ,PDJH� 3URFHVVLQJ� ;;,,�� 3URFHHGLQJV� RI� 63,(� ±�

9RO��������������SS����������

���Mfgyrdbg� &�<�� Dhfij_kkby� pbnjh\uo� bah[jZ`_�

gbc�gZ�hkgh\_�dh^bjh\Zgby�^j_\h\b^guo�kljmdlmj�\_c\�

e_l�dhwnnbpb_glh\� k� ijh]ghabjh\Zgb_f� klZlbq_kdbo�

fh^_e_c����Ba\_klby�\mah\��We_dljhgbdZ��������±�������±�

F���������

����'HHYHU$���+HPDPL�6��:KDW¶V�\RXU�VLJQ"����3URF��2I�

'DWD�&RPSUHVVLRQ�&RQIHUHQFH��������±�SS�����������

����>\hjdh\bq� <�I��� >\hjdh\bq� :�<�� JZkqzl� [Zgdh\�

nbevljh\� ^bkdj_lgh]h� \_c\e_l�ij_h[jZah\Zgby� b� ZgZ�

eba�bo�oZjZdl_jbklbd����Pbnjh\Zy�h[jZ[hldZ�kb]gZeh\��±�

�����±�������

,0$*(�&2035(66,21�%$6('�21�

%/2&.�'(&20326,7,21�,1�7+(�

:$9(/(7�3$&.(76�'20$,1�

8PQ\DVKNLQ�6�9���*L]\DWXOOLQ�5�5��

$Q� DOJRULWKP� RI� VWLOO� LPDJH� FRPSUHVVLRQ� LV� SURSRVHG��
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i_j_oh^guo� ijhp_kkh\� iha\hey_l� ^hklbqv� [hevr_]h�

agZq_gby�dhwnnbpb_glZ�N��

H^gZdh� hihjgu_� ]_g_jZlhju� qZklhlu� )&/.� g_� b^_�

Zevgu�b�bf_xl�k\hc�kh[kl\_gguc� dhwnnbpb_gl�hldeh�

g_gby��LZd�gZijbf_j��]_g_jZlhj�)7;���dhfiZgbb�)URQWHU�

bf__l�hldehg_gb_�qZklhlu����=p��qlh�khhl\_lkl\m_l�agZ�

q_gbx�N�  � �������������LZdh_�hldehg_gb_� agZqbl_evgh�

f_gvr_�N�f_lh^h\����������qlh�g_�\eby_l�gZ�ijhp_kk�k_�

e_dpbb��

Ba�lZ[e����\b^gh��qlh�\k_�f_lh^u�djhf_�Z��kihkh[gu�

h[_ki_qblv�klZ[bevgmx�dZ^jh\mx�k_e_dpbx�\�j_Zevguo�

mkeh\byo�k�ijbf_g_gb_f�]_g_jZlhjZ�gZ���F=p���=p��

<�khhl\_lkl\b_�k�f_lh^Zfb�dZ^jh\hc�k_e_dpbb�ijb�

\h^ylky�njZ]f_glu�YHULORJ�hibkZgby�dZ^jh\h]h�k_e_dlh�

jZ�^ey�IEBK�>�@��

F_lh^���

UHJ�>����@6����k^\b]h\ucj_]bklj�

DOZD\V�#�SRVHGJH�&/.��EHJLQ�6�� �^6>����@�'LQ`��HQG�

ijh^he`blv�

F_lh^���

UHJ�>�����@6����k^\b]h\ucj_]bklj�

DOZD\V�#�SRVHGJH�&/.��EHJLQ�6�� �^6�>�����@�'LQ`��HQG�

UHJ�>���@&/.G��UHJ�6WDUW��UHJ�>���@F/6��

LQLWLDO�6WDUW� �����LQLWLDO�/6 ���DOZD\V�#�QHJHGJH�&/.��

E_JLQ�LI��6  ���
E���������������������������������

�����������������������������������������������

�����������������������������������������������

���EHJLQ�6WDUW� ��HQG��

LI�6  ���
E��������������������������������������

�����������������������������������������������

�������������������������������������������� 	�

6WDUW�� ���EHJLQ�F/6� F/6����HQG�HQG�

F_lh^���

ZLUH&6�����DK�FjZ\g_gby�^ey�dZ^jZ�

DVVLJQ&6 �a6>�@_a6>�@_a6>�@_a6>�@�	�a6>�@_a6>�@_a6>�@_a6>�@�	

«�	�a6>��@_a6>��@_a6>��@_a6>��@�	�

�6>��@_6>��@_6>��@_6>��@�	�6>��@_6>��@_6>��@_6>��@�	«	�6>�

�@_6>��@_6>��@_6>��@�	�

�a6>��@_a6>��@_a6>��@_a6>��@�	�a6>��@_a6>��@_a6>��@_a6>��@

�	«	�a6>��@_a6>��@_a6>��@_a6>��@�	�

�6>��@_6>��@_6>��@_6>��@�	�6>���@_6>���@_6>���@_6>���@�	«	

�6>���@_6>���@_6>���@_6>���@���

G_^hklZldb�±�\ukhdZ�\_jhylghklv�aZo\ZlZ�^Zgguo�hl�

ibdk_e_c�\�ihlhd_�

F_lh^� �� �`bjguf� rjbnlhf� hlf_q_gu� i_j_oh^gu_�

ijhp_kku�\�dZ^jh\hf�b�kljhqghf�kbgojhkb]gZe_��

ZLUH&6��DVVLJQ����DK�FjZ\g_gby�^ey�dZ^jZ��

&6 �a6>�@_a6>�@�	a6>�@	a6>�@	«	a6>��@	�a6>��@_a�

6>��@�	�6>��@_6>��@�	6>��@	6>��@	«	6>��@	�6>��@_6>��@�	�

�a6>��@_a6>��@�	a6>��@	a6>��@	a6>��@	a6>��@	«	a6>��@

	�a6>��@_a6>��@�	�6>��@_6>��@�	6>��@	6>��@	«	6>���@��

ZLUH� /6�� DVVLJQ� ��� DK� FjZ\g_gby� ^ey� kljhdb�

/6 �a6>�@_a6>�@�	a6>�@	a6>�@	«	a6>��@	�a6>��@_a6>��@�

	�6>��@_6>��@�	6>��@	�«	6>���@��

<j_f_ggu_�^bZ]jZffu� k_e_dpbb� dZ^jZ�^ey�ij_^eh�

`_gguo� f_lh^h\�� ihemq_ggu_� \� kj_^_� fh^_ebjh\Zgby�

4XDUWXV,,��ij_^klZ\e_gu�gZ�jbk�����

Ba�\j_f_gguo�^bZ]jZff�\b^gh��qlh�f_lh^���h[_ki_�

qb\Z_l�k_e_dpbx�dZ^jh\uo�b�kljhqguo�kbgojhbfimevkh\�

k� qZklufb� eh`gufb� kjZ[Zlu\Zgbyfb�� LZdh_� j_r_gb_�

y\ey_lky� g_^himklbfuf�^ey�i_j_^Zqb� \b^_hihlhdZ�^Z�

`_�gbadh]h�dZq_kl\Z��

F_lh^� ��\�ijbgpbi_�iha\hey_l�hkms_kl\eylv�k_e_d�

pbx�kbgojhbfimevkh\��gh�bf__lky�\ukhdZy�\_jhylghklv�

hlkmlkl\by� k_e_dpbb� ijb� g_kh\iZ^_gbb� nZa� lZdlh\h]h�

kb]gZeZ�&/.�b�\oh^guo�^Zgguo�'LQ��

F_lh^� �� bf__l� [hevrh_� dhebq_kl\h� eh`guo� kjZ[Z�

lu\Zgbc�ba�aZ�\ukhdhc�\_jhylghklb�dhjj_eypbb�^Zgguo�

k�wlZehghf�kbgojhbfimevkh\��

�

Jbk�����J_amevlZlu�fh^_ebjh\Zgby�



Pbnjh\Zy�H[jZ[hldZ�Kb]gZeh\����������

�

�
���

F_lh^� �� bkdexqZ_l� g_^hklZldb� f_lh^h\� ��� ��� �� ih�

kj_^kl\Zf�hlke_`b\Zgby�i_j_oh^guo�ijhp_kkh\�\�kbg�

ojhbfimevkZo�b�h[_ki_qb\Z_l�gZb[hevrmx�\_jhylghklv�

k_e_dpbb��

LZdbf�h[jZahf��k_e_dpby�dZ^jZ�gZ�qZklhl_��Q�f_gv�

r_c�qZklhlu�ihlhdZ�k�]b[dhc�ijb\yadhc�d�wlZehgm�bf__l�

gZb[hevr__� hldehg_gb_� qZklhlu�� LZdhc� dZ^jh\uc� k_�

e_dlhj�j_Zebah\Zg�gZ�IEBK�)/(;��.�dhfiZgbb�$OWHUD�b�

mki_rgh�kijZ\ey_lky�k� aZ^ZqZfb� dZ^jh\hc�b�kljhqghc�

k_e_dpbc� ijb� i_j_^Zq_� g_k`Zlh]h� \b^_h� nhjfZlhf�

���o�����

Ebl_jZlmjZ�

���:fbg_\�>�:���M\Zckh\�K�M�:gZeba�ijhlhdheh\�^ey�

i_j_^Zqb� \ukhdhkdhjhklguo� ihlhdh\� ^Zgguo� \�f_`fh�

^mevguo� k_l_\uo� kh_^bg_gbyo���� <� dg��� BgnhjfZpbhg�

gu_� b� dhffmgbdZpbhggu_� l_ogheh]bb� \� h[jZah\Zgbb��

gZmd_�b�ijhba\h^kl\_��Ljm^u9,�F_`^mgZjh^ghc�gZmqgh�

ijZdlbq_kdhc�dhgn_j_gpbb��<� ��o�qZklyo��Q�� ,,�� ]��Ijhl�

\bgh��������K�����������

���$OWHUD�6HULDO�'LJLWDO� ,QWHUIDFH� �6',��0HJD&RUH�)XQF�

WLRQ�KWWS���ZZZ�DOWHUD�FRP�OLWHUDWXUH�XJ�XJBVGL�SGI�

���6SHFLILFDWLRQV�RI�WKH�&DPHUD�/LQN�,QWHUIDFH�6WDQGDUG�

IRU�'LJLWDO�&DPHUDV�DQG�)UDPH�*UDEEHUV��9HUVLRQ�����$XWR�

PDWHG� ,PDJLQJ� $VVRFLDWLRQ�� -DQ� ����KWWS���ZZZ�IDVWYL�

GHR�UX�LQIR�FDPHUDOLQN�&DPHUD/LQN2IILFLDO�SGI�

���:fbg_\�>�:���KhjhdZ�?�A��Mgb\_jkZevgh_� mkljhc�

kl\h� \\h^Z� h^ghiheyjguo� b� ^bnn_j_gpbZevguo� pbn�

jh\uo� kb]gZeh\� ��� IZl_gl� JN� gZ� bah[j_l_gb_��

�� ��������� ����������]��� ijbhjbl_l� bah[j_l_gby� hl�

�����������]��

���:fbg_\�>�:���M\Zckh\�K�M���Dhg^jZrh\�:�<��:gZeba�

l_ogbq_kdbo��^hklb`_gbc��\��j_r_gbb��ijh[e_fu��j_]b��

kljZpbb� bgnhjfZpbhgguo� ihlhdh\�� ��� Ljm^u� f_`^mgZ�

jh^ghc� dhgn_j_gpbb� ©Ijh[e_fu� hojZgu� b� aZsblu� bg�

l_ee_dlmZevghc� kh[kl\_gghklb� \� jZaebqguo� hljZkeyo�

ijhfure_gghklb��gZmdb��h[jZah\Zgby�b�f_^bpbgu�\�mk�

eh\byo�\klmie_gby�Jhkkbb�\�<LHª��±�]��Lhevyllb��������

���:fbg_\�>�:���Dhg^jZrh\�:�<��:gZeba�b�deZkkbnb�

dZpby�f_lh^h\�ij_h[jZah\Zgby�ihlhdh\�pbnjh\uo�^Zg�

guo� ^ey� \ukhdhkdhjhklguo� kbkl_f� h[jZ[hldb� b� j_]bkl�

jZpbb� ���Kbkl_fu� b� kj_^kl\Z� k\yab�� l_e_\b^_gby� b� jZ�

^bh\_sZgby���������������K���������

���:fbg_\�>��:���Dhg^jZrh\�:��<��=ZjfhgbaZpby�jhk�

kbckdbo�klZg^Zjlh\�i_j_^Zqb�\ukhdhkdhjhklguo�bgnhj�

fZpbhgguo� ihlhdh\� ��� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\��

�����������K���������

���:fbg_\�>��:�J_ZebaZpby� kbkl_fu�\kljZb\Zgby�^h�

ihegbl_evghc� bgnhjfZpbb� ijb� dh^bjh\Zgbb� \b^_hih�

lhdZ�03(*���k�bkihevah\Zgb_f�IEBK����L_ogbdZ�kj_^kl\�

k\yab��K_jby��L_ogbdZ�l_e_\b^_gby�������������K����������

0(7+2'6�2)�6(/(&7,21��

2)�3(56211(/�6<1&�38/6(�,1387��

,1�81&2035(66('�9,'(2�675($0�

)520�$�81,',5(&7,21$/��

6,1*/(�%,7�',*,7$/�/,1(6�$1'�

7+(,5�,03/(0(17$7,21�21�)3*$�

$PLQHY�'���)RNLQ�$��

7KH�SUREOHPV�RI�SHUVRQQHO�VHOHFWLRQ�LQ�WKH�WUDQVPLVVLRQ�

RI�GDWD�IORZV�LQ�WKH�LQWHU�PRGXOH�FRQQHFWLRQV�LV�VWXGLHG��'H�

ULYHG� IRUPXODV� IRU� FDOFXODWLQJ� WKH� UDWLRV� RI� UHFHLYLQJ� DQG�

WUDQVPLWWLQJ� IUHTXHQFLHV� DQG� RWKHUV� VHOHFWRU� VHWWLQJV�� 7KH�

PHWKRGV�RI�SHUVRQQHO�VHOHFWLRQ�DQG�WKHLU�RSWLRQV� IRU� LPSOH�

PHQWDWLRQ� RQ� )3*$�� )UDJPHQWV� RI� WKH� GHVFULSWLRQV� RQ� WKH�

9HULORJ�ODQJXDJH�VHOHFWRU�DQG�WLPLQJ�GLDJUDPV��

GH<U?�DGB=B�

>`b]Zg�<�B��

:^Zilb\gZy�nbevljZpby�kb]gZeh\��l_hjby�b�f_lh^u�

Fhkd\Z��L_oghkn_jZ��������±�����k��

JZkkfZljb\Zxlky�hkgh\gu_�jZagh\b^ghklb�Z^Zilb\guo�nbevljh\�b�bo�ijb�

f_g_gb_�\�jZ^bhl_ogbq_kdbo�kbkl_fZo�b�kbkl_fZo�k\yab��>Z_lky�ij_^klZ\e_gb_�h�
fZl_fZlbq_kdbo�h[t_dlZo�b�f_lh^Zo��bkihevam_fuo�\�l_hjbb�Z^Zilb\ghc�nbevl�

jZpbb�kb]gZeh\��JZkkfZljb\Zxlky�ijb_fu�ihemq_gby�\uqbkebl_evguo�ijhp_^mj��

kZfb�ijhp_^mju�b�k\hckl\Z�lZdbo�Ze]hjblfh\�Z^Zilb\ghc�nbevljZpbb��dZd�Ze]h�

jblfu�GvxlhgZ�b�gZbkdhj_cr_]h�kimkdZ��Ze]hjblfu�ih�djbl_jbx�ih�djbl_jbx�

gZbf_gvrbo�d\Z^jZlh\��j_dmjkb\gu_�Ze]hjblfu�ih�djbl_jbx�gZbf_gvrbo�d\Z^�

jZlh\� b� bo� [uklju_� �\uqbkebl_evgh� wnn_dlb\gu_�� \_jkbb�j_dmjkb\gu_� Ze]h�

jblfu�^ey�fgh]hdZgZevguo�nbevljh\�b�bo�\_jkbb�^ey�h[��jZ[hldb�g_klZpbhgZj�

guo� kb]gZeh\��Z� lZd`_�fgh]hdZgZevgu_� Ze]hjblfu�Znnbgguo�ijh_dpbc��>Zgh�

hibkZgb_� klZg^Zjlguo�b�g_klZg^Zjlguo�ijbeh`_gbc�^ey�fh^_ebjh\Zgby�Z^Zi�

lb\guo� nbevljh\� gZ� kh\j_f_gguo� yaudZo� ijh]jZffbjh\Zgby� 0$7/$%��

/DE9,(:�b�6\VWHP9XH��Z�lZd`_�j_ZebaZpbc�Z^Zilb\guo�nbevljh\�gZ�kh\j_f_g�

guo�pbnjh\uo�kb]gZevguo�ijhp_kkhjZo��
Hkh[_gghklvx�dgb]b�y\ey_lky�baeh`_gb_�l_hj_lbq_kdbo�fZl_jbZeh\�^ey�gZb[he__�h[s_]h�kemqZy�±�Z^Zilb\�

guo� nbevljh\� k� dhfie_dkgufb� \_kh\ufb� dhwnnbpb_glZfb�� gZebqb_� jZa^_eh\� ih� fgh]hdZgZevguf� Z^Zilb\guf�

nbevljZf�b�Ze]hjblfZf�Z^Zilb\ghc�nbevljZpbb�g_klZpbhgZjguo�kb]gZeh\��

Dgb]Z�y\ey_lky�i_j\uf�kbkl_fZlbq_kdbf�baeh`_gb_f�l_hjbb�Z^Zilb\ghc�nbevljZpbb�gZ�jmkkdhf�yaud_��

Ij_^gZagZq_gZ� ^ey� gZmqguo� jZ[hlgbdh\�� bg`_g_jh\�� ZkibjZglh\� b� klm^_glh\� jZ^bhl_ogbq_kdbo� b� k\yaguo�

ki_pbZevghkl_c��bamqZxsbo�b�bkihevamxsbo�gZ�ijZdlbd_�pbnjh\mx�h[jZ[hldm�kb]gZeh\��
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Ij_^klZ\e_g� Ze]hjblf� jZkq_lZ� nmgdpbb� g_hij_^_e_gghklb�

gZ�hkgh\_�IEBK�b�]jZnbq_kdh]h�ijhp_kkhjZ��jZkkfhlj_gu�h]jZgb�

q_gby� gZ� ijbf_g_gb_� ^Zggh]h� Ze]hjblfZ�� ijb\h^ylky� ijbf_ju�

jZkq_lZ� ^ey� jZaebqguo� kb]gZeh\�� hp_gb\Zxlky� ijZdlbq_kdb_� aZ�

ljZlu�gZ�j_ZebaZpbx��

M>D��������������������

<UQBKE?GB?�NMGDPBB�G?HIJ?>?E?GGHKLB�>EY�I:KKB<GHC�EHD:PBB��
G:�IEBK�B�=J:NBQ?KDHF�IJHP?KKHJ?�

IZgdjZlh\�<�=���d�l�g���H:H�©EZglZgª��]��Fhkd\Z��

DZjbo�:�:���H:H�©EZglZgª��

IZgnbeh\�<�G���H:H�©EZglZgª��

=mjh\�:�>���H:H�©EZglZgª��

�

Dexq_\u_� keh\Z�� nmgdpby� g_hij_^_e_g�
ghklb�� iZkkb\gZy�ehdZpby��IEBK�� ]jZnbq_kdbc�

ijhp_kkhj�� Ze]hjblf� \uqbke_gby�� kjZ\gbl_ev�

gZy�hp_gdZ��

<\_^_gb_�

IZkkb\guc�ehdZlhj�ij_^gZagZq_g�^ey�hij_^_e_gby�

dhhj^bgZl�h[t_dlZ�ih�_]h�kh[kl\_gghfm�baemq_gbx�beb�

ih� hljZ`_gguf� kb]gZeZf� ijb� h[emq_gbb� _]h� \g_rgbf�

bklhqgbdhf�� gZijbf_j�� kb]gZehf� hl�fhsgh]h� L<� i_j_�

^ZlqbdZ�beb�baemqZl_ey�©ih^k\_lZª��Hkgh\gZy�h[jZ[hl�

dZ� aZdexqZ_lky� \� hij_^_e_gbb� dhjj_eypbhgghc� nmgd�

pbb�b�^hie_jh\kdhc�nbevljZpbb��l�_��\�ihemq_gbb�nmgd�

pbb� g_hij_^_e_gghklb� �^Ze__� ±�NG��� Ijb� j_ZebaZpbb�

NG�\hagbdZ_l�ljm^ghklv��k\yaZggZy�k�[hevrbf�h[t_fhf�

\uqbke_gbc� b�^\mof_jghklvx� aZ^Zqb�ijb� wlhf� bgnhj�

fZpby� ^he`gZ� h[jZ[Zlu\Zlvky� \� j_Zevghf� fZkrlZ[_�

\j_f_gb��

<� gZklhys__� \j_fy� ihy\bebkv�fhsgu_� \uqbkebl_�

eb��h[eZ^Zxsb_�\ukhdhc�ijhba\h^bl_evghklvx��LZdbfb�

mkljhckl\Zfb� y\eyxlky� ijh]jZffbjm_fZy� eh]bq_kdZy�

bgl_]jZevgZy�ko_fZ��^Ze__�±�)3*$��b�]jZnbq_kdbc�ijh�

p_kkhj��^Ze__�±�*38���H^gZdh�^Z`_�bkihevah\Zgb_�wlbo�

mkljhckl\�gZijyfmx�g_�iha\hey_l�j_rblv�aZ^Zqm�k�iZ�

jZf_ljZfb�� ijb_fe_fufb�^ey�ijZdlbq_kdh]h� ijbf_g_�

gby��<� klZlv_� ij_^eh`_g�f_lh^� j_r_gby� aZ^Zqb� k� ih�

fhsvx�dhf[bgZpbb�)3*$�b�*38���

:e]hjblf�\uqbke_gby�NG�

Kh]eZkgh�>�@��>�@�nmgdpby�\aZbfghc�g_hij_^_e_gghklb�

$�W�-��bf__l�\b^��
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]^_��W�±�\j_fy��W�±�\j_fy�aZ^_j`db��I�±�qZklhlZ��-�±�^hi�

e_jh\kdbc�k^\b]�qZklhlu��X�W��±�ijyfhc�kb]gZe��hihjguc���

Y�W�� ±� hljZ`_gguc� hl� h[t_dlZ� kb]gZe�� �M  � �� 8�I�� ±�

ki_dlj�\oh^gh]h�kb]gZeZ��9�I��±�ki_dlj�kb]gZeZ�hljZ`_g�

gh]h�hl�h[t_dlZ���±�agZd�dhfie_dkgh]h�khijy`_gby��

Nmgdpbx�g_hij_^_e_gghklb�$�[m^_f�\uqbkeylv�gZ�bg�

l_j\Ze_� 7$� �WQ«WQ�7$��� H[hagZq_gby� ihykgyxlky� gZ��

jbk�� ���JZah[v_f� wlhl� bgl_j\Ze� gZ� hlj_adb� b� \uqbkebf�

dhjj_eypbhggmx� nmgdpbx� 5Q� gZ� dZ`^hf� bgl_j\Ze_�

�WQ�NuWU��WQ�NuWU�7U���dZd�ihdZaZgh�gZ�jbk������

�
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Ijb� jZkq_l_�NG� ih� deZkkbq_kdhc�nhjfme_� ijhba\h�

^bl_evghklv� \uqbkebl_ey�^he`gZ�[ulv� ijbf_jgh� \� ����

jZa� [hevr_� ijhba\h^bl_evghklb� \uqbkebl_ey�� bkihev�

amxs_]h� ij_^eh`_gguc� Ze]hjblf� �hp_gdZ� ijh\h^beZkv�

hlghkbl_evgh� qbkeZ� dhfie_dkguo� mfgh`_gbc��� Wlh� k\y�

aZgh�k�bkihevah\Zgb_f�\�ij_^eh`_gghf�Ze]hjblf_�[he__�

wnn_dlb\ghc�kljmdlmju�\uqbke_gbc��Z�bf_ggh��^ey�f_^�

e_gguo�ijhp_kkh\��^hie_jh\kdhc�nbevljZpbb��bkihevam�

_lky� gbadZy� qZklhlZ� lZdlbjh\Zgby� b� mkljZgy_lky� ba[u�

lhqghklv� ih� qbkem� hi_jZpbc�� FZdkbfZevgZy� ^hie_jh\�

kdZy�qZklhlZ�fgh]h�f_gvr_�ihehku�qZklhl�kb]gZeZ�b�ih�

wlhfm� \ub]jur� hij_^_ey_lky� nZdlbq_kdb� hlghr_gb_f�

ihehku� qZklhl� kb]gZeZ� b� fZdkbfZevghc� ^hie_jh\kdhc�

qZklhlhc�� IhehkZ� kb]gZeZ� fh`_l� jZ\gylvky� ^_kyldZf�

f_]Z]_jp��FZdkbfZevguc�^hie_jh\kdbc�k^\b]�^h� ��� d=p��

<ub]jur�� ijbf_jgh�� ��
��
jZa�� Djhf_� wlh]h� g_h[oh^bfh�

mq_klv��qlh�m\_ebq_gb_�jZaf_jZ�\u[hjdb�ijb\h^bl�d�[he__�

[ukljhfm��q_f�ebg_cgh_�m\_ebq_gbx�qbkeZ�hi_jZpbc��
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<u[hj�we_f_glghc�[Zau�^ey�j_ZebaZpbb�Ze]hjblfZ��

Ijb� l_ogbq_kdhc�j_ZebaZpbb�\klZ_l�\hijhk�\u[hjZ�

we_f_glghc�[Zau�� gZ� dhlhjhc�fh`gh� j_Zebah\Zlv� wlhl�

Ze]hjblf��Kms_kl\mxl�hkgh\gu_�lbiu�we_f_glghc�[Zau�

^ey�h[jZ[hldb�kb]gZeh\��mgb\_jkZevguc�ijhp_kkhj��^Z�

e__� ±� &38��� kb]gZevguc� ijhp_kkhj� �^Ze__� ±� '63���

)3*$�b�*38����

&38� ij_^gZagZq_gu� ^ey� j_r_gby� keh`guo� \uqbk�

ebl_evguo� aZ^Zq� \� gZmqguo�� bg`_g_jguo�� wdhghfbq_�

kdbo�h[eZklyo�b�l�^���dZd�ijZ\beh��g_�\�j_Zevghf�\j_f_�

gb� b� fZeh� ijbkihkh[e_gu� ^ey� kdhjhklghc� h[jZ[hldb�

jZ^bhkb]gZeh\���

&38� kh^_j`bl� fgh]hy^_jgu_� ijhp_kkhju�� \uihe�

gyxsbo� ihke_^h\Zl_evgh� \h� \j_f_gb� dhfZg^u� gZ^�

\oh^gufb� ihlhdZfb� ^Zgguo�� Ijhba\h^bl_evghklv� &38�

h]jZgbq_gZ�__�Zjobl_dlmjhc��GZijbf_j��&38� lbiZ� ,QWHO�

KRUH�L�����������==p����y^jZ�bf__l�ijhba\h^bl_evghklv�

hdheh����=Nehi���

=eZ\gZy�hlebqbl_evgZy�q_jlZ�'63� ±�fZdkbfZevgZy�

ijbkihkh[e_gghklv� d� j_r_gbx� aZ^Zq� pbnjh\hc� h[jZ�

[hldb� kb]gZeh\�� Wlh� bf_ggh� ©ki_pbZebabjh\Zggu_ª�

dhgljhee_ju�� ki_pbZebaZpby� dhlhjuo� aZdexqZ_lky� \�

lZdhc�Zjobl_dlmj_�b�kbkl_f_�dhfZg^��dhlhju_�iha\hey�

eb�[u�hilbfZevgh�\uihegylv�hi_jZpbb�ij_h[jZah\Zgby�

b�nbevljZpbb� kb]gZeh\� \� j_`bf_� j_Zevgh]h� \j_f_gb��

DZd� ijZ\beh��fgh]b_� k_f_ckl\Z� '63�ijhp_kkhjh\� hjb�

_glbjh\Zgu�\�hkgh\ghf�gZ�dhgdj_lgu_�ijbeh`_gby��Ijb�

\uqbke_gbb�� bf� oZjZdl_j_g� h^bg�ihlhd�^Zgguo� b� h^bg�

ihlhd� dhfZg^�� ihke_^h\Zl_evgh� \uihegy_fuo� y^jhf�

'63���

Emqrb_� kh\j_f_ggu_� '63� bf_xl� ijhba\h^bl_ev�

ghklv� ihjy^dZ� g_kdhevdbo� =Nehi� b� lZdlh\mx� qZklhlm�

hdheh���==p��

Ijb� gZjZsb\Zgbb� ijhba\h^bl_evghklb� lj_[m_lky�

hj]ZgbaZpbb�keh`ghc�fgh]hwlZighc�h[jZ[hldb�b�kha^Z�

gby�kbkl_fu�ba�g_kdhevdbo�'63��

)3*$� ij_^klZ\ey_l� kh[hc� [hevrmx� bgl_]jZevgmx�

fbdjhko_fm�fZljbqgh]h� lbiZ��iha\heyxsxx�ijh]jZff�

guf� kihkh[hf� j_Zebah\Zlv� eh]bq_kdb_�nmgdpbb� [hev�

rhc�keh`ghklb��Nbabq_kdh_�h]jZgbq_gb_�ih�[ukljh^_c�

kl\bx�ijbkms__�\k_f�ljZ^bpbhgguf�Zjobl_dlmjZf�ijh�

p_kkhjh\� y\ey_lky� ihke_^h\Zl_evgh_� \uiheg_gb_� dh�

fZg^��:jobl_dlmjZ�)3*$�^Z_l�\hafh`ghklv�ZiiZjZlgh]h�

jZkiZjZee_eb\Zgby� \uqbke_gbc�� Ijh]jZffu� jZ[hlu�

)3*$� ij_^klZ\eyxl�nZdlbq_kdb� kljmdlmjm� k� jZ[hlZx�

sbfb� g_ij_ju\gh� [ehdZfb�� koh^gmx� k� we_dljbq_kdhc�

ko_fhc�mkljhckl\Z��\uihegyxs_]h�h[jZ[hldm�kb]gZeZ�\�

j_Zevghf�\j_f_gb��<uqbke_gby�\uihegyxlky�\�dhg\_c�

_jghf�j_`bf_��

Ij_bfms_kl\Zfb�)3*$�\�kj_^kl\Zo�h[jZ[hldb�kb]gZ�

eh\� y\eyxlky�� \ukhdh_� [ukljh^_ckl\b_�� \hafh`ghklv�

j_ZebaZpbb�keh`guo�iZjZee_evguo�Ze]hjblfh\��gZebqb_�

kj_^kl\� K:IJ�� iha\heyxsbo� ijh\_klb� ihegh_� fh^_eb�

jh\Zgb_� b� kbfmebjh\Zgb_� kbkl_fu�� gZebqb_� [b[ebhl_d�

f_]Znmgdpbc�� hibku\Zxsbo� keh`gu_� Ze]hjblfu�� Zjob�

l_dlmjgu_�hkh[_gghklb� )3*$�dZd�g_evay�emqr_�ijbkih�

kh[e_gu�^ey� dhg\_c_jghc� j_ZebaZpbb� lZdbo� jZaguo� ih�

lbim� hi_jZpbc�� dZd�nbevljZpby�� ij_h[jZah\Zgb_� kb]gZ�

eh\�ih�qZklhl_��^_pbfZpby��aZ^_j`dZ��k\_jldZ�b�l�i��

G_^hklZldhf� )3*$�fh`gh�kqblZlv� ljm^ghklb�k\yaZg�

gu_� k� h[jZ[hldhc� [hevrbo� fZkkb\h\� bgnhjfZpbb�� lj_�

[mxs_c�[hevr_]h�dhebq_kl\Z�we_f_glh\�)3*$��l�_�h]jZ�

gbq_ggh_�dhebq_kl\h�\oh^guo�ihlhdh\�^Zgguo��

*38�ij_^gZagZq_gZ�^ey�kdhjhklghc�b�iZjZee_evghc�

h[jZ[hldb�fZkkb\h\�bgnhjfZpbb��*38�ijhp_kkhj�mkljh�

_g� bgZq_�� q_f� &38��<� gbo� dZq_kl\h� aZf_g_gh� dhebq_kl�

\hf�� \f_klh� ^\mo�q_luj_o� y^_j� ]jZnbq_kdb_� qbiu� bk�

ihevamxl�p_eu_� deZkl_ju�ba�fgh`_kl\Z�ihlhdh\uo�ijh�

p_kkhjh\�� GZijbf_j�� \� \b^_hqbiZo� 19,',$� hkgh\ghc��

[ehd�±�wlh�fmevlbijhp_kkhj�k�\hk_fvx�^_kylvx�y^jZfb�

b�khlgyfb�$/8�\�p_ehf��g_kdhevdbfb�lukyqZfb�j_]bkljh\�

b� g_[hevrbf� dhebq_kl\hf� jZa^_ey_fhc� iZfylb�� ?keb�

&38� bkihegy_l� ����ihlhdZ� \uqbke_gbc� gZ�h^gh�ijhp_k�

khjgh_�y^jh�� lh�*38�fh]ml�ih^^_j`b\Zlv�[he__� lukyqb�

ihlhdh\�gZ�dZ`^uc�fmevlbijhp_kkhj��dhlhjuo�\�ijhp_k�

khj_�g_kdhevdh���

*38� ijhp_kkhju� bkihevamxl� h[s_^hklmigmx� l_ogh�

eh]bx� &8'$�� dhlhjZy� iha\hey_l� ijh]jZffbjh\Zlv� gZ�

yaud_�K���b�kh^_j`bl�[b[ebhl_db�^ey�\uiheg_gby�\_d�

lhjgh�fZljbqguo� b� ;IN� hi_jZpbc�� Ijb� kh\j_f_gguo�

h[t_fZo�iZfylb�gZ�*38�fh`gh�mfgh`Zlv�fZljbpu�jZa�

f_jhf�\�fbeebhgu�we_f_glh\��b�\k_�^Zggu_�[m^ml�jZa�

f_s_gu�\�]eh[Zevghc�iZfylb��J_Zevgh�^hklb]gmlZy�ijh�

ba\h^bl_evghklv�ijb�wlhf�[m^_l�^hklZlhqgh�\ukhdZ��gZ�

ijbf_j�*38�19,',$�*H)RUFH�*7;�����bf__l�ijhba\h^b�

l_evghklv������=Nehi��Ke_^m_l�aZf_lblv��qlh�lZdZy�ijh�

ba\h^bl_evghklv� ^hklb]Z_lky� aZ� kq_l� bkihevah\Zgby�

[ehqguo�Ze]hjblfh\�mfgh`_gby�fZljbp��Z� deZkkbq_kdb_�

ijyfu_�j_ZebaZpbb�hdZau\Zxlky�gZ�ihjy^hd�f_^e_gg__���

Ij_h[jZah\Zgb_�Nmjv_�gZ�*38�\uihegyxlky�aZ�\j_�

fy��ijhihjpbhgZevgh_� ORJ��

1
1 � >�@�� ]^_�1�±�qbkeh�lh�

q_d�;IN��:e]hjblf� j_Zebamxlky� ijb�ihfhsb�fgh]hijh�

oh^ghc�ko_fu��]^_�gZ�dZ`^hf�ijhoh^_�ijbf_gy_lky�deZk�

kbq_kdh_� y^jh� lbiZ� ©[Z[hqdZª�� B� ohly� \uqbkebl_evgZy�

keh`ghklv�ih^h[gh]h�y^jZ�hlghkbl_evgh�g_\ukhdZ��*38�

m^Z_lky� ^hklbqv� gZ� g_f� g_iehobo� j_amevlZlh\��GZ� i_j�

\uo�wlZiZo�h[jZ[hldb�\_kv�fZkkb\�mf_sZ_lky�\�klZlbq_�

kdmx�iZfylv��qlh�iha\hey_l�kh[jZlv�bo�\�h^bg�ijhoh^�b�

ihemqblv�ihjy^dZ����=Nehi�gZ�*38�lbiZ�19,',$�*H)RUFH�

����*7;��<�lh�`_�\j_fy�*38�ijhb]ju\Z_l�lZf��]^_�g_h[�

oh^bfZ� ihke_^h\Zl_evgZy� h[jZ[hldZ� h^gh]h� ihlhdZ� bg�

nhjfZpbb��

D� kh`Ze_gbx�� j_rblv� aZ^Zqm� jZkq_lZ� NG� gZ� h^ghf�

\uqbkebl_e_�^h\hevgh�ljm^gh���

H^bg�ba�\ZjbZglh\�j_ZebaZpbb�ij_^eZ]Z_lky�Z\lhjZ�

fb�klZlvb��bkihevah\Zlv�dhf[bgZpby�)3*$�^ey�h[jZ[hl�

db� kb]gZeh\�� *38� ^ey� \uiheg_gby� \_dlhjgh�fZljbqguo�

hi_jZpbc�b�&38�^ey�hlh[jZ`_gby�b�mijZ\e_gby��

L_ogbq_kdZy� j_ZebaZpby� \uiheg_gZ� k� ijbf_g_gb_f�

hleZ^hqghc� ieZlu� 'HYHORSPHQW� .LW��� nbjfu� 1DOODWHFK�

�ZZZ�QDOODWHFK�FRP��gZ�hkgh\_� )3*$�k_jbb�9LUWH[��� lbiZ�

[F�YV[���\�dhg\_c_jghf�j_`bf_�k�iZjZf_ljZfb���

±�\u[hjdb�q_j_a�������fk����

±�lZdlh\Zy�qZklhlZ�����F=p����

±�dhwnnbpb_gl�^_pbfZpbb�����

±�kdhjhklv�i_j_^Zqb�bgnhjfZpbb��������F[bl�k��

<uqbke_gb_�NG�ijhba\h^behkv�k�bkihevah\Zgb_f�\b�

^_hdZjlu�lbiZ�19,',$�*H)RUFH�����*7�k�iZjZf_ljZfb���
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±�\j_fy��aZljZq_ggh_�gZ�\uqbke_gb_�ijhba\_^_gby�dhf�

ie_dkguo�fZljbp��>����u���@�u�>���u���@� >����u���@�±���fk���
±�\j_fy�� aZljZq_ggh_� gZ� \uqbke_gb_� fh^mey� we_�

f_glh\�fZljbpu������fdk���

±�i_j_kuedZ�bgnhjfZpbb����fk��

Ijbf_ju�\uqbke_gby�nmgdpbb�g_hij_^_e_gghklb�

<u[hjdb� dhjj_eypbhgghc� nmgdpbb�� ihemq_ggu_� \�

)3*$�^ey�j_Zevghc�b�fgbfhc�qZkl_c�kb]gZeZ�lbiZ�[_�

euc� rmf�� ij_^klZ\e_gu� gZ� jbk�� ��� <u[hjdb� kb]gZeZ�

\iehlgmx�ijbfudZxl�^jm]�d�^jm]m�b�gZ]ey^gh�\b^gZ�fh�

^meypby�Zfieblm^u�dhjj_eypbhggh]h�ibdZ�k�^hie_jh\�

kdhc�qZklhlhc��Qbkeh�hlkq_lh\�±�������

J_amevlZlu� \uqbke_gbc�NG� ij_^eh`_gguf�f_lh^hf�

ij_^klZ\e_gu�gZ�jbk�������

<ub]jur�\�hlghr_gbb�kb]gZe�rmf�

<ub]jur� \� hlghr_gbb� kb]gZe�rmf� ijhihjpbhgZe_g�

1G � \u[hjhd� b� jZaj_r_gbx� ih�^hie_jh\kdhc� qZklhl_�

ih� hlghr_gbx� d� ijhklhfm� dhjj_eylhjm�� l�d�� m\_ebq_gb_�

jZaj_r_gby�ih�^hie_jh\kdhc�qZklhl_�k\yaZgh�k�m\_ebq_�

gb_f�\j_f_gb�ZgZebaZ�beb�gZdhie_gby��ke_^h\Zl_evgh��k�

m\_ebq_gb_f� wg_j]bb� kb]gZeZ�� GZ� jbk�� ��� ijb\h^ylky�

k_q_gby�NG�ijb�nbdkbjh\Zgghc�aZ^_j`d_�^ey�jZaebqgh]h�

qbkeZ� ^hie_jh\kdbo� qZklhl� EQF� kb]gZeZ�� Hlghr_gb_�

kb]gZe�rmf�gZ�\oh^_�mkljhckl\Z�§� ����^;��^ebl_evghklv�

kb]gZeZ�����hlkq_lh\��

�

Jbk�����<u[hjdb�dhjj_eypbhgguo�nmgdpbc�gZ�\uoh^_�ieZlu�pbnjh\hc�h[jZ[hldb��

����� �

Jbk�����Fh^mev�NG�g_fh^mebjh\Zggh]h�bfimevkZ� Jbk�����Fh^mev�NG�EQF�bfimevkZ�

����� �

� Jbk�����Fh^mev�NG��rmfh\h]h�kb]gZeZ� �Jbk�����Fh^mev�NG�EQF�kb]gZeZ�

�

Jbk������K_q_gb_�NG�ih�^hie_jh\kdhc�qZklhl_�ijb�nbdkbjh\Zgghc�aZ^_j`d_�bfimevkh\�
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>ey�ijhklh]h�dhjj_eylhjZ�[_a�^hie_jh\kdhc�nbevl�

jZpbb� k� qbkehf� hlkq_lh\� ����� \ub]jur� \� hlghr_gbb�

kb]gZe�rmf�khklZ\be�[u�lhevdh����^;��Z�k�^hie_jh\kdhc�

nbevljZpbb�g_�f_g__���«���^;��

AZdexq_gb_�

Bkihevah\Zgb_� ijb\_^_ggh]h� Ze]hjblfZ� \uqbke_gby�

NG�iha\hey_l�kms_kl\_ggh�ih\ukblv�dZq_kl\h�h[jZ[hldb��

memqrblv� hlghr_gb_� kb]gZe�rmf� b� ijb� wlhf� \uihegblv�

h[jZ[hldm� \� j_Zevghf� \j_f_gb� ijb� fbgbfZevguo� ZiiZ�

jZlguo�aZljZlZo�aZ�kq_l�jZpbhgZevgh]h�Ze]hjblfZ��bkdex�

qZxs_]h�ba[ulhqgu_�fZl_fZlbq_kdb_�hi_jZpbb��

Ebl_jZlmjZ�

���Kdhegbd�F��Hkgh\u�jZ^bhehdZpbb��L�����±�F���Kh\��

JZ^bh���������

���=hghjh\kdbc�B�K��JZ^bhl_ogbq_kdb_�p_ib�b�kb]gZ�

eu��F���JZ^bh�b�k\yav���������

���RbjfZg�Y�>���FZg`hk�Y�>��L_hjby� b� l_ogbdZ� h[�

jZ[hldb� jZ^bhehdZpbhgghc� bgnhjfZpbb� gZ� nhg_� ih�

f_o��F���JZ^bh�b�k\yav��������

���EZchgk� J�� Pbnjh\Zy� h[jZ[hldZ� kb]gZeh\�� F���

;BGHF��������

72�&$/&8/$7(�2)�)81&7,21�2)�

81&(57$,17<�)25�$�3$66,9(�

/2&$725�21�)3*$�$1'�7+(�*38�

3DQNUDWRY�9���.DULK�$����

3DQILORY�9���*\URY�$��

$UWLFOH� LV� GHYRWHG� FDOFXODWH� RI� IXQFWLRQ� RI� XQFHUWDLQW\� IRU�

SUREOHPV� RI� D� SDVVLYH� UDGDU� E\�PHDQV� RI� WKH� QHZHVW� HOH�

PHQWV� ±�)3*$�DQG� WKH�*38��7KH�EDVLF� TXHVWLRQV� DQG�SURE�

OHPV��DERXW�ZKLFK�LW�LV�WROG�LQ�DUWLFOH���

D�� UHFHSWLRQ� RI� IXQFWLRQ� RI� XQFHUWDLQW\� LV� RQH� RI� WKH� PDLQ�

WDVNV�LQ�D�SDVVLYH�UDGDU��

E��WKH�EDVLF�SUREOHP�DW�UHFHSWLRQ�RI�IXQFWLRQ�RI�XQFHUWDLQW\�LQ�

UHDO� WLPH� LV� JUHDW� YROXPH� RI� FDOFXODWLRQV�� WR� UHDOLVH� ZKLFK� EH�

FDPH�SRVVLEOH�RQO\�ZLWK�DSSOLFDWLRQ�RI�WKH�QHZHVW�HOHPHQWV���

F�� KDUGZDUH� UHDOLVDWLRQ� KDV� EHHQ�PDGH�RQ� WKH�)3*$�DQG�

WKH�*38��

�

�

6$0681*�(/(&7521,&6�ýþöñùî�îó��ûî�þîïü���
ýþüñþîúúöÿ�üð��úî�óúî�öøüð��öûôóûóþüð�
�
6DPVXQJ�(OHFWURQLFV�&R���/WG��±�fbjh\hc�eb^_j�\�jZajZ[hld_�pbnjh\h]h��l_e_dhffmgbdZpbhggh]h�b�ih�
emijh\h^gbdh\h]h�h[hjm^h\Zgby�±�ijb]eZrZ_l�gZ�jZ[hlm�jZajZ[hlqbdh\��ijh]jZffbklh\�b�bg`_g_jh\�\�
bkke_^h\Zl_evkdb_�p_glju�dhfiZgbb�\�J_kim[ebd_�Dhj_y��X`gZy�Dhj_y���
�
Hkh[uc�bgl_j_k�ij_^klZ\eyxl�ki_pbZebklu�ke_^mxsbo�gZijZ\e_gbc��
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