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%ӑ�ÿX{L� EұW� �&ROOHPEROD�� Oj� QKӳQJ� VLQK� YұW� ÿҩW� Fy� KuQK� WKiL� ÿD� GҥQJ� Yj� UҩW�
QKҥ\�FҧP�YӟL�QKӳQJ�WKD\�ÿәL�WURQJ�P{L�WUѭӡQJ�ÿҩW��9ӟL�PұW�ÿӝ�Fy�WKӇ�ÿҥW�WӟL�KjQJ�
WUăP�QJKuQ�Fi�WKӇ�WUrQ�PӝW�PpW�YX{QJ��FK~QJ�WKDP�JLD�WtFK�FӵF�YjR�FiF�KRҥW�ÿӝQJ�
VӕQJ�FӫD�FiF�TXҫQ�[m�ӣ�ÿҩW�Yj�Oj�QKyP�ÿӝQJ�YұW�WLrQ�SKRQJ�WURQJ�TXi�WUuQK�WҥR�ÿҩW�
>�@�� 7UѭӟF� NLD�� ÿӇ� ÿiQK� JLi� QKӳQJ� WKD\� ÿәL� WURQJ� FҩX� WU~F� TXҫQ� [m�&ROOHPEROD� ӣ�
QKӳQJ�P{L�WUѭӡQJ�ÿҩW�NKiF�QKDX�QJѭӡL�WD�WKѭӡQJ�GӵD�WUrQ�FiF�FKӍ�Vӕ�FҩX�WU~F�TXҫQ�
[m� QKѭ� WKjQK� SKҫQ� ORjL�� Vӕ� OѭӧQJ� ORjL�� FiF� FKӍ� Vӕ� ÿD� GҥQJ� �5LFKQHVV�� 6LPSVRQ��
6KDQQRQ��«� Yj� FKӫ� \ӃX� GӵD� WUrQ� FiF� NӃW� TXҧ� QJKLrQ� FӭX� YӅ� SKkQ� ORҥL� KӑF�� 7X\�
QKLrQ�� FiF� WjL� OLӋX� SKkQ� ORҥL� NK{QJ�SKҧL� O~F� QjR� FǊQJ� Fy� VҹQ� Yj� WKLӃX� FKX\rQ� JLD�
SKkQ�ORҥL�KӑF�Oj�QKӳQJ�WUӣ�QJҥL�WURQJ�QJKLrQ�FӭX�&ROOHPEROD��ĈӇ�NKҳF�SKөF�QKӳQJ�
ÿLӅX�Qj\��QKӳQJ�QăP�JҫQ�ÿk\�PӝW�SKѭѫQJ�SKiS�WLӃS�FұQ�PӟL�ÿӅ�[XҩW�EӣL�3DULVL�>�@�
YӟL� NKiL� QLӋP� ³*Li� WUӏ� KuQK� WKiL� VLQK� WKiL´� YLӃW� WҳW� Oj� (09� �(FR�0RUSKRORJLFDO�
9DOXH��ÿm�ÿѭӧF�WLӃQ�KjQK�UӝQJ�UmL�Yj�NӃW�TXҧ�FӫD�SKѭѫQJ�SKiS�Qj\�ÿm�JyS�SKҫQ�Gӵ�
ÿRiQ�FKӭF�QăQJ�KӋ�VLQK�WKiL�ÿҩW��ÿiQK�JLi�FKҩW�OѭӧQJ�ÿҩW��JLҧP�WKӡL�JLDQ�SKkQ�WtFK�
WURQJ�SKzQJ�WKt�QJKLӋP���

.KX�EҧR� WӗQ� WKLrQ�QKLrQ�&KҥP�&KX� �.KX�%771�&KҥP�&KX���7X\rQ�4XDQJ�
YӕQ�Oj�QѫL�ÿD�GҥQJ�FiF�ORjL�ÿӝQJ�WKӵF�YұW��QKѭQJ�KLӋQ�QD\�GLӋQ�WtFK�ÿҩW�UӯQJ�ÿDQJ�
QJj\�FjQJ�Eӏ�WKX�KҽS��ÿѭӧF�FKX\ӇQ�ÿәL�PөF�ÿtFK�Vӱ�GөQJ�ÿӇ�SKөF�Yө�Q{QJ�QJKLӋS��
GX� OӏFK�� ÿ{� WKӏ� KyD«�7KӵF� WӃ� QJKLrQ� FӭX� FKR� WKҩ\�� GR� QKX� FҫX� YӅ� VҧQ� [XҩW� Q{QJ�
QJKLӋS��PӝW�Vӕ�ÿҩW�UӯQJ�QѫL�ÿk\�ÿm�ÿѭӧF�FKX\ӇQ�ÿәL�PөF�ÿtFK�Vӱ�GөQJ��KuQK�WKjQK�
FiF�NKX�YӵF�WUӗQJ�FKX\rQ�FDQK�Fk\�ăQ�TXҧ��NqP�WKHR�ÿy�Oj�YLӋF�Vӱ�GөQJ�WUjQ�ODQ�KyD�
FKҩW�EҧR�YӋ�WKӵF�YұW�QKҵP�QkQJ�FDR�QăQJ�VXҩW�Fk\�WUӗQJ��ĈLӅX�Qj\�Fy�WKӇ�GүQ�ÿӃQ�Vӵ�
VX\�JLҧP�YӅ�ÿD�GҥQJ�VLQK�KӑF�FӫD�Y�QJ��OjP�{�QKLӉP�P{L�WUѭӡQJ�ÿҩW��QѭӟF�Yj�NK{QJ�
NKt� [XQJ� TXDQK�� 1KӳQJ� QJKLrQ� FӭX� JҫQ� ÿk\� FKR� WKҩ\� &ROOHPEROD� SKҧQ� ӭQJ� YӟL�
QKӳQJ� WKD\�ÿәL�FӫD�P{L� WUѭӡQJ�ÿҩW�NKiF�QKDX� >����@��9LӋF�iS�GөQJ�FiF�ELӋQ�SKiS�
FDQK�WiF�WURQJ�Q{QJ�QJKLӋS�QKҵP�WăQJ�QăQJ�VXҩW�Fy�WKӇ�Jk\�WiF�ÿӝQJ�NK{QJ�WӕW�ÿӃQ�
YL�VLQK�YұW�Yj�ÿӝQJ�YұW�WURQJ�ÿҩW��WURQJ�ÿy�Fy�&ROOHPEROD��7ӯ�WUѭӟF�ÿӃQ�QD\��ÿӇ�ÿiQK�
JLi�FKҩW�OѭӧQJ�P{L�WUѭӡQJ�ÿҩW�QJѭӡL�WD�WKѭӡQJ�GӵD�WUrQ�FiF�WK{QJ�Vӕ�YӅ�Oê�KRi�ÿҩW��
FiF�ÿiQK�JLi�GӵD�WUrQ�FiF�FKӍ�Vӕ�VLQK�KӑF�tW�ÿѭӧF�Vӱ�GөQJ�GR�YLӋF�ÿiQK�JLi�FKӫ�\ӃX�
GӵD�YjR�SKkQ�ORҥL�KӑF�FiF�ORjL��ÿLӅX�Qj\�WKѭӡQJ�JһS�QKӳQJ�KҥQ�FKӃ�QKҩW�ÿӏQK�QKѭ�
WKLӃX�FiF�WjL�OLӋX�SKkQ�ORҥL�KӑF��NLӃQ�WKӭF�SKkQ�ORҥL�Yj�WKӡL�JLDQ�ÿӏQK�ORҥL�WKѭӡQJ�NKi�
GjL��+LӋQ�QD\��ÿm�Fy�PӝW�Vӕ�QJKLrQ�FӭX�ÿiQK�JLi�FKҩW�OѭӧQJ�ÿҩW�GӵD�WUrQ�FiF�WK{QJ�
Vӕ�YӅ�Vӵ�SKkQ�Eӕ�FӫD�FiF�QKyP�KuQK�WKiL�VLQK�WKiL�QKyP�GҥQJ�VӕQJ�FӫD�&ROOHPEROD�
ӣ�ÿҩW� >��� ��� �� �� �@��3KѭѫQJ�SKiS�Qj\� JL~S� FKR�YLӋF�ÿiQK� JLi�FKҩW� OѭӧQJ�ÿҩW�ÿѭӧF�
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QKDQK�KѫQ�Pj�NK{QJ� FҫQ� ÿӏQK� ORҥL� ÿӃQ� ORjL�&ROOHPEROD�� ÿLӅX� Qj\� JL~S� JLҧP� WKӡL�
JLDQ� SKkQ� WtFK� WURQJ� SKzQJ� WKt� QJKLӋP� Yj� Fy� WKӇ� OjP� U}� PӕL� TXDQ� KӋ� JLӳD�
&ROOHPEROD�YӟL�P{L�WUѭӡQJ�ÿҩW�QѫL�ÿy��Wӯ�ÿy�FKӍ�UD�KuQK�WKӭF�Vӱ�GөQJ�ÿҩW�QjR�FҫQ�
ÿѭӧF�EҧR�WӗQ��WURQJ�ÿy�ÿҧP�EҧR�Vӵ�VLQK�WUѭӣQJ�SKiW�WULӇQ�FӫD�NKX�KӋ�ÿӝQJ�YұW�WURQJ�
ÿҩW��Ӣ�9LӋW�1DP��FKѭD�Fy�F{QJ� WUuQK�QjR�QJKLrQ�FӭX�NKҧ�QăQJ�Vӱ�GөQJ�FiF�QKyP�
KuQK�WKiL�VLQK�WKiL�QKѭ�\ӃX�Wӕ�FKӍ�WKӏ�YӅ�WiF�ÿӝQJ�FӫD�YLӋF�Vӱ�GөQJ�ÿҩW��9LӋF�QJKLrQ�
FӭX� FҩX� WU~F� TXҫQ� [m� &ROOHPEROD�� PұW� ÿӝ�� ÿӝ� JLjX� FiF� QKyP� KuQK� WKiL� VLQK�
WKiL�QKyP�GҥQJ�VӕQJ��ÿӝ�SKRQJ�SK~�FiF�GҥQJ�KuQK�WKiL��Vӱ�GөQJ�JLi�WUӏ�KuQK�WKiL�VLQK�
WKiL��QKyP�GҥQJ�VӕQJ�FӫD�&ROOHPEROD�QKѭ�QKӳQJ�\ӃX� Wӕ�FKӍ� WKӏ� WLӅP�QăQJ�VӁ�JyS�
SKҫQ�ÿiQK�JLi�FKҩW�OѭӧQJ�ÿҩW�ӣ�NKX�%771�&KҥP�&KX��7X\rQ�4XDQJ��

�� 9Ұ7�/,ӊ8�9¬�3+ѬѪ1*�3+È3�1*+,Ç1�&Ӭ8�

.KX�%771�&KҥP�&KX� WKXӝF� ÿӏD� SKұQ� KX\ӋQ�+jP�<rQ�� WӍQK� 7X\rQ�4XDQJ�
WURQJ�ÿy�Fy�SKkQ�NKX�EҧR�YӋ�QJKLrP�QJһW�1ұP�1ѭѫQJ�WKXӝF�[m�3K��/ѭX�ÿѭӧF�FKӑQ�
Oj�QѫL�QJKLrQ�FӭX��1JRjL�GLӋQ�WtFK�UӯQJ�Wӵ�QKLrQ��WtQK�ÿӃQ�QăP�������[m�3K��/ѭX�Fy�
GLӋQ�WtFK�WUӗQJ�FDP�OӟQ�FӫD�KX\ӋQ�YӟL�KѫQ������KD�>��@��&DP�Oj�Fk\�WUX\ӅQ�WKӕQJ�Yj�
FǊQJ�FKtQK�Oj�Fk\�WUӗQJ�PǊL�QKӑQ�SKiW�WULӇQ�NLQK�WӃ�FӫD�ÿӏD�SKѭѫQJ�Wӯ�QKӳQJ�QăP�
������%ѭӟF�ÿҫX�FKӑQ���VLQK�FҧQK�SKә�ELӃQ�ÿӇ�QJKLrQ�FӭX�JӗP��VLQK�FҧQK�ÿҩW�UӯQJ�
Wӵ�QKLrQ��571����Oj�UӯQJ�WKѭD�WUrQ�Q~L�ÿi�Y{L��UӯQJ�WURQJ�WKXQJ�OǊQJ«�Yj�VLQK�FҧQK�
ÿҩW�WUӗQJ�FKX\rQ�FDQK�FDP��'&&����Oj�VLQK�FҧQK�UӯQJ�ÿm�ÿѭӧF�QJѭӡL�GkQ�FKX\ӇQ�ÿәL�
PөF�ÿtFK�Vӱ�GөQJ�VDQJ�WUӗQJ�FDP�QKҵP�SKiW�WULӇQ�NLQK�WӃ��WKRiW�QJKqR��

6ӱ�GөQJ�SKѭѫQJ�SKiS�Oҩ\�Yj�SKkQ�WtFK�PүX�WKHR�TX\�FKXҭQ�WURQJ�QJKLrQ�FӭX�
ÿӝQJ�YұW�NK{QJ�[ѭѫQJ� VӕQJ�ӣ�ÿҩW� WKHR�*yUQ\�Yj�*U�P� >��@�ÿӇ�ÿLӅX� WUD�� WKX�PүX�
ÿӝQJ�YұW�ӣ�WKӵF�ÿӏD�Yj�WURQJ�SKzQJ�WKt�QJKLӋP�WURQJ�WKӡL�JLDQ�Wӯ�WKiQJ��������ÿӃQ�
WKiQJ� ��������0ӛL� VLQK� FҧQK� WKX� FiF�PүX�ÿҩW� ÿӏQK� OѭӧQJ�NtFK� WKѭӟF� �[�[��� FP��
0үX�ÿҩW�ÿѭӧF�WiFK�OӑF�ÿӝQJ�YұW�QKӡ�SKӉX�OӑF�³%HUOHVH�7XOOJUHQ´�WURQJ�WKӡL�JLDQ���
QJj\�ÿrP�Yj�ÿѭӧF�ÿӏQK�KuQK�WURQJ�FӗQ������VDX�ÿy�WtQK�ÿӃP�Vӕ�OѭӧQJ�Yj�[iF�ÿӏQK�
FiF�GҥQJ�KuQK�WKiL�VLQK�WKiL�GѭӟL�NtQK�O~S�VRL�QәL�1LNRQ�&�/('6���

ĈӇ�ÿiQK�JLi�PӭF�ÿӝ�WKtFK�QJKL�FӫD�PӛL�ORjL�&ROOHPEROD�YӟL�P{L�WUѭӡQJ�ÿҩW�WKHR�
9DQGHZDOOH�HW�DO��>�@��FiF�PүX�&ROOHPEROD�WKX�ÿѭӧF�VӁ�ÿѭӧF�[ӃS�WKHR�FiF�QKyP�KuQK�
WKiL�VLQK�WKiL��(0��YӟL�FiF�ÿһF�ÿLӇP�EDR�JӗP��PҳW�Fy�KRһF�NK{QJ��FKLӅX�GjL�UkX��ÿӝ�
GjL�FӫD�FKҥF�QKҧ\��Fy�KD\�NK{QJ�Fy�O{QJ�KRһF�Yҧ\�WUrQ�WKkQ��VҳF�Wӕ�Fѫ�WKӇ��%ҧQJ������

9ӟL�PӛL�Fi�WKӇ��FiF�ÿһF�ÿLӇP�VӁ�QKұQ�PӝW�JLi�WUӏ�KuQK�WKiL�VLQK�WKiL��*Li�WUӏ�KuQK�
WKiL�VLQK�WKiL�FXӕL�F�QJ�VӁ�Oj�WәQJ�JLi�WUӏ�FӫD�FiF�ÿһF�ÿLӇP�FӫD�WӯQJ�Fi�WKӇ�ORjL��&iF�
GҥQJ�KuQK�WKiL�VLQK�WKiL�ÿѭӧF�SKkQ�FKLD�WKHR���QKyP�GҥQJ�VӕQJ��QKyP�VӕQJ�KRjQ�WRjQ�
WURQJ�ÿҩW�KD\�JӑL� Oj�QKyP�ÿҩW��QKyP�VӕQJ�WUrQ�PһW�ÿҩW�Yj�GѭӟL� OӟS�WKҧP�KD\�JӑL� Oj�
QKyP�WKҧP���ÿҩW�Yj�QKyP�Fѭ�WU~�WURQJ�Yj�WUrQ�EӅ�PһW�OӟS�WKҧP�KD\�JӑL�Oj�QKyP�WKҧP��
&iF�JLi�WUӏ�(0�VӁ�GDR�ÿӝQJ�Wӯ���ÿӃQ�����WURQJ�ÿy��QKyP�ÿҩW�Fy�JLi�WUӏ�KuQK�WKiL�VLQK�
WKiL�(0� ��������QKyP�WKҧP���ÿҩW�Fy�JLi�WUӏ�KuQK�WKiL�VLQK�WKiL�(0� �������QKyP�WKҧP�
Fy�JLi�WUӏ�KuQK�WKiL�VLQK�WKiL�(0� ������%ҧQJ����>�@���
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%ҧQJ����&iF�ÿһF�ÿLӇP�Vӱ�GөQJ�ÿӇ�WtQK�WRiQ�JLi�WUӏ�KuQK�WKiL�VLQK�WKiL��(09��
FӫD�&ROOHPEROD

ĈһF�ÿLӇP� *Li�WUӏ�(0�

0ҳW�
&y� ��

.K{QJ�Fy� ��

&KLӅX�GjL�UkX�

&KLӅX�GjL�UkX�OӟQ�KѫQ�FKLӅX�GjL�Fѫ�WKӇ� ��

&KLӅX�GjL�UkX�GjL�KѫQ�QӱD�FKLӅX�GjL�Fѫ�WKӇ� ��

&KLӅX�GjL�UkX�QJҳQ�KѫQ�QӱD�FKLӅX�GjL�Fѫ�WKӇ� ��

&KҥF�QKҧ\�

5ҩW�SKiW�WULӇQ� ��

7LrX�JLҧP��1JҳQ� ��

.K{QJ�Fy� ��

/{QJ��9ҧ\�
&y� ��

.K{QJ�Fy� ��

6ҳF�Wӕ�

&y�VҳF�Wӕ�Yj�Fy�KӑD�WLӃW� ��

&y�VҳF�Wӕ�QKѭQJ�NK{QJ�ÿӗQJ�QKҩW� ��

.K{QJ�Fy��PjX�WUҳQJ�KRһF�WURQJ�VXӕW�� ��

6ӱ�GөQJ�SKҫQ�PӅP�3DVW������ÿӇ�SKkQ�WtFK�$129$�VR�ViQK�Vӕ�OLӋX�YӅ�PұW�ÿӝ��
ÿӝ� JLjX� ORjL� FӫD� &ROOHPEROD� JLӳD� KDL� VLQK� FҧQK� QJKLrQ� FӭX� �KDL� SKѭѫQJ� WKӭF� Vӱ�
GөQJ�ÿҩW���6R�ViQK�JLi�WUӏ� WUXQJ�EuQK�PүX�WK{QJ�TXD�7XNH\¶V�+'6�WHVW��S����������
*Li�WUӏ�WtQK�WRiQ�FiF�QKyP�GҥQJ�VӕQJ��ÿѭӧF�FKX\ӇQ�VDQJ�ORJDULW�Wӵ�QKLrQ�KD\�JӑL�Oj�
/Q��[ӃS�WKHR�WUұW�Wӵ�JLҧP�GҫQ�Yj�Vӱ�GөQJ�SKҫQ�PӅP�3ULPHU���ÿӇ�[HP�Vӵ�NKiF�QKDX�
FӫD�QKyP�KuQK� WKiL� VLQK� WKiL�KD\�QKyP�GҥQJ�VӕQJ�JLӳD�KDL� VLQK�FҧQK�QJKLrQ�FӭX��
;iF�ÿӏQK�Vӵ�NKiF�ELӋW�JLӳD�KDL�VLQK�FҧQK�WK{QJ�TXD�SKkQ�WtFK�$126,0�Yj�ÿiQK�JLi�
YDL�WUz�ÿyQJ�JyS�FӫD�FiF�GҥQJ�KuQK�WKiL�ÿӕL�YӟL�Vӵ�NKiF�QKDX�JLӳD�KDL�SKѭѫQJ�WKӭF�
Vӱ�GөQJ�ÿҩW�EҵQJ�SKkQ�WtFK�6,03(5��

&iF�PүX�YұW�ÿѭӧF�EҧR�TXҧQ�WURQJ�FӗQ�����KD\�IRUPDOLQ����Yj�ÿѭӧF�JKL�QKmQ�
ÿҫ\�ÿӫ��7RjQ�Eӝ�PүX�YұW�ÿѭӧF�EҧR�TXҧQ�WҥL�SKzQJ�6LQK�WKiL�0{L�WUѭӡQJ�ÿҩW��9LӋQ�
6LQK�WKiL�Yj�7jL�QJX\rQ�VLQK�YұW��9LӋQ�+jQ�OkP�.KRD�KӑF�Yj�&{QJ�QJKӋ�9LӋW�1DP�

�� .ӂ7�48Ҧ�9¬�7+Ҧ2�/8Ұ1�

�����&ҩX�WU~F�TXҫQ�[m�&ROOHPEROD�

.ӃW�TXҧ�QJKLrQ�FӭX�ӣ�KDL�VLQK�FҧQK�571�Yj�'&&�FKR�WKҩ\�FiF�JLi�WUӏ�FKӍ�Vӕ�
FҩX�WU~F�TXҫQ�[m�&ROOHPEROD�Fy�Vӵ�NKiF�QKDX�Fҧ�YӅ�WKjQK�SKҫQ�FiF�QKyP�KuQK�WKiL�
VLQK�WKiL��QKyP�GҥQJ�VӕQJ��PұW�ÿӝ�Yj�ÿӝ�JLjX�ORjL��+uQK������

Ӣ�VLQK�FҧQK�571��FiF�QKyP�KuQK�WKiL�VLQK�WKiL��QKyP�GҥQJ�VӕQJ�SKkQ�Eӕ�NKi�
ÿӅX��WURQJ�NKL�ӣ�VLQK�FҧQK�'&&�WKu�QKyP�ÿҩW�Yj�QKyP�WKҧP���ÿҩW�FKLӃP�ѭX�WKӃ�KѫQ��



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�
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0ұW�ÿӝ�&ROOHPEROD�ӣ�Fҧ�KDL�VLQK�FҧQK�JKL�QKұQ�NKiF�QKDX���������Fi�WKӇ�P��ӣ�
VLQK�FҧQK�571�Yj������Fi�WKӇ�P��ӣ�VLQK�FҧQK�'&&���+uQK��$���0ұW�ÿӝ�FiF�QKyP�
GҥQJ�VӕQJ�FǊQJ�NKiF�QKDX�U}�UӋW��&ө�WKӇ��QKyP�WKҧP�������Fi�WKӇ�P��ӣ�VLQK�FҧQK�
571�Yj������Fi�WKӇ�P��ӣ�VLQK�FҧQK�'&&���QKyP�WKҧP���ÿҩW�������Fi�WKӇ�P��ӣ�VLQK�
FҧQK�571�Yj������Fi�WKӇ�P��ӣ�VLQK�FҧQK�'&&���QKyP�ÿҩW�������Fi�WKӇ�P��ӣ�VLQK�
FҧQK�571�Yj�����Fi�WKӇ�P��ӣ�VLQK�FҧQK�'&&���1JKLrQ�FӭX�FǊQJ�SK��KӧS�YӟL�NӃW�
TXҧ�QJKLrQ�FӭX�FӫD�6RXVD�HW�DO��>��@��2OLYHLUD�HW�DO��>��@��5HLV�HW�DO��>�@��6DQWRV�HW�DO�
>�@��0DFKDGRO�HW� DO�� >�@�� FKӍ� UD�PұW� ÿӝ� FӫD�&ROOHPEROD� WKD\� ÿәL� JLӳD� FiF� SKѭѫQJ�
WKӭF�Vӱ�GөQJ�ÿҩW�NKiF�QKDX��+uQK��%���&���'���ĈLӅX�Qj\�FKR�WKҩ\�JLi�WUӏ�PұW�ÿӝ�FӫD�
FiF�QKyP�GҥQJ�VӕQJ�EѭӟF�ÿҫX�FKӍ�UD�QKӳQJ�WKD\�ÿәL�FӫD�P{L�WUѭӡQJ�ÿҩW���

+uQK����0ұW�ÿӝ�Yj�FiF�QKyP�KuQK�WKiL�VLQK�WKiL�QKyP�GҥQJ�VӕQJ�&ROOHPEROD�
ӣ�VLQK�FҧQK�571�Yj�'&&

7UөF�;��VLQK�FҧQK��WUөF�<��PұW�ÿӝ��Fi�WKӇ�P����$��0ұW�ÿӝ�&ROOHPEROD��%��0ұW�
ÿӝ�QKyP�ÿҩW��&��0ұW�ÿӝ�QKyP�WKҧP���ÿҩW��'��0ұW�ÿӝ�QKyP�WKҧP��&Kӳ�FiL�NKiF�QKDX�
�D��E��FKӍ�Vӵ�VDL�NKiF�Fy�ê�QJKƭD��7XNH\�+6'�WHVW��S�������
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9LӋF� SKkQ� WtFK� ÿӝ� JLjX� FiF� QKyP� KuQK� WKiL� VLQK� WKiL�QKyP� GҥQJ� VӕQJ� FӫD�
&ROOHPEROD�ÿyQJ�YDL�WUz�TXDQ�WUӑQJ�WURQJ�QJKLrQ�FӭX�Vӵ�SKkQ�Eӕ�FӫD�FK~QJ�Yj�ÿiQK�
JLi�FKҩW�OѭӧQJ�VLQK�KӑF�FӫD�ÿҩW��7UrQ�WKӵF�WӃ��SKkQ�WtFK�$126,0�FKR�WKҩ\�FiF�QKyP�
GҥQJ�VӕQJ�NKiF�QKDX�JLӳD�KDL�VLQK�FҧQK�QJKLrQ�FӭX��5� �������S�������Yj�SKkQ�WtFK�
6,03(5�FKӍ�UD�QKyP�WKҧP���ÿҩW�Yj�QKyP�WKҧP�QKҥ\�FҧP�KѫQ�Yu�FK~QJ�Oj�QJX\rQ�
QKkQ� Jk\� UD� Vӵ� NKiF� ELӋW� OӟQ� JLӳD� KDL� VLQK� FҧQK� QJKLrQ� FӭX�� WURQJ� ÿy� ÿyQJ� JyS�
�������WKXӝF�YӅ�QKyP�WKҧP���ÿҩW�Yj��������Oj�QKyP�WKҧP��

+uQK����Ĉӝ�JLjX�FiF�QKyP�KuQK�WKiL�VLQK�WKiL�QKyP�GҥQJ�VӕQJ�&ROOHPEROD�
ӣ�VLQK�FҧQK�571�Yj�'&&

7UөF�;�� VLQK� FҧQK�� WUөF�<��ÿӝ�JLjX� FiF�GҥQJ�KuQK� WKiL��(��Ĉӝ�JLjX� FiF�GҥQJ�
KuQK�WKiL�&ROOHPEROD��)��Ĉӝ�JLjX�FiF�GҥQJ�KuQK�WKiL�QKyP�ÿҩW��*��Ĉӝ�JLjX�FiF�GҥQJ�
KuQK�WKiL�QKyP�WKҧP���ÿҩW��+��Ĉӝ�JLjX�FiF�GҥQJ�KuQK�WKiL�QKyP�WKҧP��&Kӳ�FiL�NKiF�
QKDX��D��E��FKӍ�Vӵ�VDL�NKiF�Fy�ê�QJKƭD��7XNH\�+6'�WHVW��S�������
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*Li� WUӏ� ÿӝ� JLjX� FiF� QKyP�KuQK� WKiL� VLQK� WKiL�QKyP�GҥQJ� VӕQJ�&ROOHPEROD� ӣ�
VLQK�FҧQK�571��������FDR�KѫQ�ӣ�VLQK�FҧQK�'&&�WUrQ�QӅQ�ÿҩW�UӯQJ���������+uQK���(���
7ѭѫQJ�Wӵ�FǊQJ�Oj�NӃW�TXҧ�JKL�QKұQ�ÿѭӧF�ӣ�QKyP�ÿҩW����ӣ�VLQK�FҧQK�571�Yj������ӣ�
'&&��� ӣ� QKyP� WKҧP� �� ÿҩW� ������ ӣ� VLQK� FҧQK�571� Yj� ����� ӣ� VLQK� FҧQK�'&&�� Yj�
QKyP�WKҧP�������ӣ�VLQK�FҧQK�UӯQJ�Wӵ�QKLrQ�Yj�����ӣ�VLQK�FҧQK�ÿҩW�WUӗQJ�FKX\rQ�FDQK�
FDP��+uQK����)��*��+��

�����;ӃS�KҥQJ�PӭF�ÿӝ�SKRQJ�SK~�FӫD�FiF�GҥQJ�KuQK�WKiL�&ROOHPEROD�

;pW� YӅ� ÿӝ� SKRQJ� SK~� FiF� GҥQJ� KuQK� WKiL�� WURQJ� WәQJ� Vӕ� ��� GҥQJ� KuQK� WKiL�
&ROOHPEROD�ÿѭӧF�JKL�QKұQ�WURQJ�QJKLrQ�FӭX�Qj\��Fy���GҥQJ�WKXӝF�YӅ�QKyP�GҥQJ�VӕQJ�
ӣ�ÿҩW����GҥQJ�WKXӝF�QKyP�WKҧP���ÿҩW�Yj���GҥQJ�WKXӝF�YӅ�QKyP�WKҧP��%ҧQJ�����+uQK���
FKR�WKҩ\�Vӕ�GҥQJ�KuQK�WKiL�WURQJ�PӛL�QKyP�Yj�ÿyQJ�JyS�FӫD�FK~QJ�ӣ�PӛL�VLQK�FҧQK��
&ҧ�KDL�VLQK�FҧQK�QJKLrQ�FӭX�ÿӅX�Fy�Vӕ�GҥQJ�KuQK�WKiL�Yj�WKjQK�SKҫQ�NKiF�QKDX��Ӣ�VLQK�
FҧQK�571�FKR�WKҩ\�Vӕ�FiF�GҥQJ�KuQK�WKiL�FDR�QKҩW�ӣ�Fҧ���QKyP�KuQK�WKiL���

%ҧQJ��� 'DQK�PөF�QKyP�KuQK�WKiL�VLQK�WKiL�&ROOHPEROD�JKL�QKұQ�WURQJ�QJKLrQ�FӭX

0ҳW
&KLӅX�
GjL�UkX

&KҥF�
QKҧ\�

/{QJ��
Yҧ\�

6ҳF�
Wӕ�

*Li�
WUӏ�
(0

1KyP�(0
1KyP�(0�

��� ������ ������ ���� ����� 'ҥQJ�KuQK�WKiL *KL�QKұQ

�� �� �� �� �� ��� ĈҩW� ĈҩW��� [�

�� �� �� �� �� ��� ĈҩW� ĈҩW��� [�

�� �� �� �� �� ��� ĈҩW� ĈҩW��� [�

�� �� �� �� �� ��� ĈҩW� ĈҩW���� [�

�� �� �� �� �� ��� 7KҧP���ĈҩW 7KҧP���ĈҩW��� [�

�� �� �� �� �� ��� 7KҧP���ĈҩW 7KҧP���ĈҩW��� [�

�� �� �� �� �� ��� 7KҧP���ĈҩW 7KҧP���ĈҩW��� [�

�� �� �� �� �� ��� 7KҧP���ĈҩW 7KҧP���ĈҩW��� [�

�� �� �� �� �� �� 7KҧP���ĈҩW 7KҧP���ĈҩW��� [�

�� �� �� �� �� �� 7KҧP���ĈҩW 7KҧP���ĈҩW��� [�

�� �� �� �� �� �� 7KҧP� 7KҧP��� [�

�� �� �� �� �� �� 7KҧP� 7KҧP���� [�

�� �� �� �� �� �� 7KҧP� 7KҧP���� [�

�� �� �� �� �� �� 7KҧP� 7KҧP���� [�

�� �� �� �� �� �� 7KҧP� 7KҧP���� [�
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Ӣ�QKyP�ÿҩW��GҥQJ�KuQK�WKiL���Yj����FKLӃP�ѭX�WKӃ�WURQJ�Fҧ�KDL�VLQK�FҧQK��YӟL�
ÿӝ� SKRQJ� SK~� WѭѫQJ� Wӵ�� 3KkQ� WtFK� 6,03(5� FKR� WKҩ\� GҥQJ� KuQK� WKiL� �� ������� Yj�
GҥQJ�KuQK�WKiL������������ÿyQJ�JyS�FDR�QKҩW�FKR�Vӵ�NKiF�ELӋW�JLӳD�KDL�VLQK�FҧQK��
WLӃS�WKHR�Oj�GҥQJ�KuQK�WKiL������������GҥQJ�KuQK�WKiL������������WURQJ�NKL�GҥQJ�KuQK�
WKiL���FKӍ�JKL�QKұQ�ӣ�VLQK�FҧQK�571��

+uQK����Ĉӝ�SKRQJ�SK~�FiF�QKyP�KuQK�WKiL�VLQK�WKiL�&ROOHPEROD

1KyP�(0�ӣ�VLQK�FҧQK�571
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9ӟL�QKyP�WKҧP���ÿҩW��VLQK�FҧQK�571�FKR�WKҩ\�FiF�GҥQJ�KuQK�WKiL�QKLӅX�KѫQ���
OҫQ�VR�YӟL�VLQK�FҧQK�'&&��&iF�GҥQJ�KuQK�WKiL����Yj����Fy�PһW�ӣ�Fҧ�KDL�VLQK�FҧQK��
.ӃW� TXҧ� SKkQ� WtFK� 6,03(5� FKR� WKҩ\�� QKӳQJ� ÿyQJ� JyS� FKtQK� FKR� Vӵ� NKiF� ELӋW� Oj�
GҥQJ� KuQK� WKiL� ��� ���������Yj� GҥQJ� KuQK� WKiL� ��� ���������� WLӃS� WKHR� Oj� FiF� GҥQJ�
KuQK�WKiL�FKӍ�Fy�JKL�QKұQ�ӣ�VLQK�FҧQK�571��ÿy�Oj�GҥQJ�KuQK�WKiL���YӟL��������GҥQJ�
KuQK�WKiL�����GҥQJ�KuQK�WKiL����Yj�GҥQJ�KuQK�WKiL����YӟL�ÿyQJ�JyS�WѭѫQJ�ӭQJ�������
������Yj���������

Ӣ�QKyP�WKҧP�WKjQK�SKҫQ�Yj�Vӕ�OѭӧQJ�FiF�GҥQJ�KuQK�WKiL�ӣ�VLQK�FҧQK�571�JKL�QKұQ�
QKLӅX�KѫQ��WURQJ�ÿy�GҥQJ�KuQK�WKiL����FKӍ�Fy�PһW�ӣ�ÿҩW�571��.ӃW�TXҧ�SKkQ�WtFK�6,03(5�
FKR�WKҩ\�FiF�NLӇX�KuQK�WKiL�JyS�SKҫQ�OӟQ�QKҩW�YjR�Vӵ�NKiF�ELӋW�WURQJ�KDL�VLQK�FҧQK�Oj�GҥQJ�
KuQK�WKiL�������������GҥQJ�KuQK�WKiL�������������GҥQJ�KuQK�WKiL�������������

4XD�SKkQ�WtFK�6,03(5��Vӵ�Fy�PһW�FӫD�FiF�GҥQJ�KuQK�WKiL�FKtQK��GҥQJ�WKҧP���
ÿҩW�����GҥQJ�WKҧP���ÿҩW�����Fy�WKӇ�ÿѭӧF�FRL�Oj�FiF�GҥQJ�TXDQ�WUӑQJ�QKҩW�WҥR�QrQ�Vӵ�
NKiF�ELӋW�ӣ�KDL�VLQK�FҧQK�QJKLrQ�FӭX��YӟL�Wӹ�OӋ�ÿyQJ�JyS�FKR�Vӵ�NKiF�ELӋW�JLӳD�KDL�
VLQK�FҧQK�Wӯ��������ÿӃQ����������

�� .ӂ7�/8Ұ1�

1KӳQJ�WKD\�ÿәL� WURQJ�QӝL� WҥL�TXҫQ�[m�&ROOHPEROD�FKR�WKҩ\�Vӵ�NKiF�ELӋW�JLӳD�
FiF� ORҥL� ÿҩW� NKiF� QKDX�� 6ӵ� WKD\� ÿәL� GҥQJ� KuQK� WKiL� VLQK� WKiL� FӫD�&ROOHPEROD� OLrQ�
TXDQ�FKһW�FKӁ�ÿӃQ�WUҥQJ�WKiL�WKҧP�WKӵF�YұW��ĈҩW�ӣ�VLQK�FҧQK�571�Fy�EӅ�PһW�FҩX�WU~F�
�OӟS�WKҧP�YөQ�WKӵF�YұW��WӕW�KѫQ��QrQ�FiF�JLi�WUӏ�PұW�ÿӝ��ÿӝ�JLjX�FiF�QKyP�KuQK�WKiL�
VLQK�WKiL��ÿӝ�SKRQJ�SK~�FӫD�FiF�GҥQJ�KuQK�WKiL�VLQK�WKiL�ÿӅX�FDR�Yj�SKRQJ�SK~�KѫQ�
VR� YӟL� F�QJ� QӅQ� ÿҩW� UӯQJ� NKL� WKD\� ÿәL� SKѭѫQJ� WKӭF� Vӱ� GөQJ� ÿҩW� VDQJ� WUӗQJ� FDP��
'ҥQJ�KuQK�WKiL�WKҧP���ÿҩW����Yj����Oj�KDL�GҥQJ�KuQK�WKiL�TXDQ�WUӑQJ�QKҩW�WURQJ�KDL�
VLQK�FҧQK�QJKLrQ�FӭX��Ӣ�P{L�WUѭӡQJ�NK{QJ�Eӏ�WiF�ÿӝQJ��FiF�QKyP�GҥQJ�VӕQJ��GҥQJ�
KuQK� WKiL�VLQK� WKiL�&ROOHPEROD�NK{QJ�Eӏ�ҧQK�KѭӣQJ�EӣL�FiF�ÿһF� WtQK�YұW� Oê�Yj�KRi�
KӑF�FӫD�ÿҩW��9u�Yұ\��NKL�Fy�Vӵ�WKD\�ÿәL�FiF�JLi�WUӏ�PұW�ÿӝ��ÿӝ�JLjX�FiF�QKyP�KuQK�WKiL�
VLQK�WKiL��QKyP�GҥQJ�VӕQJ��ÿӝ�SKRQJ�SK~�FiF�GҥQJ�KuQK�WKiL�VӁ�QKѭ�PӝW�F{QJ�Fө�FKӍ�
UD�Vӵ�NKiF�ELӋW�JLӳD�FiF�P{L�WUѭӡQJ�ÿҩW��Oj�\ӃX�Wӕ�FKӍ�WKӏ�WӕW�FKR�FiF�KRҥW�ÿӝQJ�FӫD�KӋ�
VLQK�WKiL�ÿҩW��

/ҫQ�ÿҫX�WLrQ�NӃW�TXҧ�QJKLrQ�FӭX�ÿiQK�JLi�Vӵ�NKiF�QKDX�JLӳD�FiF�SKѭѫQJ�WKӭF�
Vӱ�GөQJ�ÿҩW�Pj�NK{QJ�FҫQ�ÿӏQK�ORҥL�ÿӃQ�ORjL�&ROOHPEROD��ÿLӅX�Qj\�JL~S�JLҧP�WKӡL�
JLDQ� SKkQ� WtFK� WURQJ� SKzQJ� WKt� QJKLӋP� Yj� Fy� WKӇ� OjP� U}� PӕL� TXDQ� KӋ� JLӳD�
&ROOHPEROD�YӟL�P{L�WUѭӡQJ�ÿҩW�QѫL�ÿy��

/ͥL�F̫P�˯Q��1JKLrQ�FͱX�ÿ˱ͫF�K͟�WUͫ�NLQK�SKt�Wͳ�QKL͏P�Yͭ�19&&�������������

7¬,�/,ӊ8�7+$0�.+Ҧ2�

��� 2OLYHLUD�)LOKR�/��&���2VPDU�.ODXEHUJ�)LOKR��'LOPDU�%DUHWWD��&\QWKLD�$NHPL�
6KLQR]DNL�7DQDND�DQG�-RVp�3DXOR�6RXVD��&ROOHPEROD FRPPXQLW\�VWUXFWXUH�DV�D�
WRRO� WR�DVVHVV� ODQG�XVH�HIIHFWV�RQ� VRLO� TXDOLW\��5HY��%UDV��&LHQF��6ROR�� ������
���������

��� 3DULVL� $��� 7KH� ELRORJLFDO� VRLO� TXDOLW\�� D� PHWKRG� EDVHG� RQ� PLFURDUWKURSRGV��
$FWD��1DW��/¶�$WHQHR�3DUP�������������������
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��� %UXQD� 5DTXHO� :LQFN�� (QLOVRQ� /XL]� 6DFFRO� GH� 6i�� 9LWRU� 0DWHXU� 5LJRWWL��
0DWWKLHX� &KDXYDW�� 5HODWLRQVKLS� EHWZHHQ� ODQG�XVH� W\SHV� DQG� IXQFWLRQDO�
GLYHUVLW\� RI� HSLJHLF� &ROOHPEROD� LQ� 6RXWKHUQ� %UD]LO�� $SSOLHG� 6RLO� (FRORJ\��
�����������������

��� 9DQ� 6WUDDOHQ� 1�� 0��� (YDOXDWLRQ� RI� ELRLQGLFDWRU� V\VWHPV� GHULYHG� IURP� VRLO�
DUWKURSRG�FRPPXQLWLHV��$SSOLHG�6RLO�(FRORJ\������������������

��� 0DFKDGRO� -�� 6��� 2OLYHLUD� ,XxHV� 2OLYHLUD� )LOKR�� -XOLR� &HVDU� 3LUHV� 6DQWRV��
$OH[DQGUH� 7DGHX� 3DXOLQR� 	� 'LOPDU� %DUHWWD�� 0RUSKRORJLFDO� GLYHUVLW\� RI�
VSULQJWDLOV� �+H[DSRGD��&ROOHPEROD��DV� VRLO�TXDOLW\�ELRLQGLFDWRUV� LQ� ODQG�XVH�
V\VWHPV��%LRWD�1HRWURSLFD��������������������

���� 3DULVL� $��� 0HQWD� &��� *DUGL� &��� -DFRPLQL� &��� 0R]]DQLFD� (��� 0LFURDUWKRSR�
FRPPXQLWLHV�DV�D�WRRO�WR�DVVHVV�VRLO�TXDOLW\�DQG�ELRGLYHUVLW\��$�QHZ�DSSURDFK�
LQ�,WDO\��$JULF��(FRV\W��(QYLURQ����������������������

���� 5HLV�)���&DUYDOKR�)���6LOYD�3��0���0HQGHV�6���6DQWRV�6��$��3���6RXVD�-��3���7KH�
XVH�RI�D� IXQFWLRQDO�DSSURDFK�DV� VXUURJDWH�RI�&ROOHPEROD�VSHFLHV� ULFKQHVV� LQ�
(XURSHDQ�SHUHQQLDO�FURSV�DQG�IRUHVWV��(FRO��,QGLF���������������������

���� 6DQWRV� 0�� $�� %��� /XtV� &DUORV� ,XxHV� GH� 2OLYHLUD� )LOKR�� 3kPHOD� 1LHGHUDXHU�
3RPSHR��'DQLHOOH�&ULVWLQD�2UWL]��ÈOYDUR�/XL]�0DIUD��2VPDU�.ODXEHUJ� )LOKR�
DQG� 'LOPDU� %DUHWWD�� 0RUSKRORJLFDO� 'LYHUVLW\� RI� 6SULQJWDLOV� LQ� /DQG� 8VH�
6\VWHPV��5HY��%UDV��&LHQF��6ROR������������������

���� 9DQGHZDOOH�0���%HOOR�)���%HUJ�0��3���%ROJHU�7���'ROpGHF�6���'XEV�)���)HOG�&��
.��� +DUULQJWRQ� 5��� +DUULVRQ� 3�� $��� /DYRUHO� 6��� 6LOYD� 3�� 0��� 0RUHWWL� 0���
1LHPHOD�-���6DQWRV�3���6DWWOHU�7���6RXVD�-��3���6\NHV�0��7���9DQEHUJHQ�$��-���
:RRGFRFN�%��$���)XQFWLRQDO� WUDLWV� DV� LQGLFDWRUV� RI� ELRGLYHUVLW\� UHVSRQVH� WR�
ODQG� XVH� FKDQJHV� DFURVV� HFRV\VWHPV� DQG� RUJDQLVPV�� %LRGLYHUV� &RQVHUY���
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&ROOHPEROD� FRPPXQLWLHV� DUH� GLIIHUHQWO\� DIIHFWHG� E\� ODQG� XVH� SUDFWLFHV�� 7KLV�
VWXG\�UHOLHV�RQ�WKH�UHODWLRQVKLSV�EHWZHHQ�&ROOHPEROD�FRPPXQLW\�VWUXFWXUHV�DQG�ODQG�
XVH�V\VWHPV�DV�D�SUR[\�IRU�FKDUDFWHUL]LQJ�FKDQJHV�LQ�VRLO�TXDOLW\��7KXV��&ROOHPEROD�
FRPPXQLW\� VWUXFWXUH� �GHQVLW\�� ULFKQHVV� RI� &ROOHPEROD� PRUSKRW\SHV�� HFR�
PRUSKRORJLFDO�JURXSV���HGDSKLF��KHPLHGDSKLF�DQG�HSLJHLF��ZHUH�H[DPLQHG�LQ�DJUR�
IRUHVWU\� HFRV\VWHPV� WR� HYDOXDWH� WKH� GLVFULPLQDWLYH� SRZHU� RI� WKH� &ROOHPEROD�
FRPPXQLW\� VWUXFWXUH�� )LIWHHQ� PRUSKRW\SHV� RI� &ROOHPEROD� ZHUH� UHFRUGHG� LQ� WKLV�
VWXG\����EHORQJLQJ� WR� WKH�HGDSKLF� HFR�PRUSKRORJLFDO�JURXS����KHPLHGDSKLF�� DQG���
HSLJHLF�� 7KH� KHPLHGDSKLF� DQG� HSLJHLF� JURXSV�� LQ� DJULFXOWXUDO� V\VWHP�� ZHUH� PRUH�
LQIOXHQFHG� E\� FKDQJHV� LQ� ODQG� XVHV� WKDQ� WKH� JURXSV� LQ� QDWXUDO� IRUHVW� V\VWHP��
&ROOHPEROD� HFR�PRUSKRORJLFDO� JURXSV� DQG� GHQVLW\� ZHUH� EHWWHU� SUHGLFWRUV� IRU�
HFRV\VWHP�IXQFWLRQLQJ�DQG�FDQ�EH�XVHG�WR�GLVWLQJXLVK�GLIIHUHQFHV�EHWZHHQ�VRLO�XVHV��
UHGXFLQJ�ODERUDWRU\�DQDO\VLV�WLPH��

.H\ZRUGV�� %LRLQGLFDWRU�� &ROOHPEROD�� HFR�PRUSKRORJLFDO� JURXS�� VRLO�� FK͑� WK͓�
VLQK�K͕F��QKyP�KuQK�WKiL�VLQK�WKiL��FK̭W�O˱ͫQJ�ÿ̭W�

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ���QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ���QăP������

���� 9L͏Q� 6LQK� WKiL� Yj�7jL� QJX\rQ� VLQK� Y̵W��9L͏Q�+jQ� OkP�.KRD�K͕F� Yj�&{QJ�
QJK͏�9L͏W�1DP
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9LӋQ�6LQK� WKiL�Yj�7jL�QJX\rQ� VLQK�YұW��9LӋQ�+jQ� OkP�.KRD�KӑF�Yj�
&{QJ�QJKӋ�9LӋW�1DP�
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