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ҦQK�YLӉQ�WKiP�Yj�KӋ�WKӕQJ�WK{QJ�WLQ�ÿӏD�Oê�*,6�Wӯ�OkX�ÿm�Oj�PӝW�F{QJ�Fө�Kӛ�WUӧ�
ÿҳF�OӵF�FKR�FiF�QJKLrQ�FӭX�YӅ�WKҧP�WKӵF�YұW��'ӵD�WUrQ�QKӳQJ�FKӍ�Vӕ�WKӵF�YұW�ÿѭӧF�
WtQK�WRiQ�WK{QJ�TXD�FiF�NrQK�SKә�FӫD�ҧQK�YLӉQ�WKiP��Fy�WKӇ�[iF�ÿӏQK�ÿѭӧF�VӭF�NKӓH�
Fk\�WUӗQJ��Vӵ�әQ�ÿӏQK�FӫD�FiF�KӋ�VLQK�WKiL�UӯQJ�Pj�NK{QJ�Eӏ�ҧQK�KѭӣQJ�EӣL�FiF�\ӃX�
Wӕ�Wӵ�QKLrQ�QKѭ�ÿҩW�KD\�ÿӏD�KuQK�>�@��&iF�FKӍ�Vӕ�YӅ�WKҧP�WKӵF�YұW�Vӱ�GөQJ�FiF�GҧL�
TXDQJ�SKә�ÿѭӧF�ӭQJ�GөQJ�UӝQJ�UmL�ÿӇ�WKHR�G}L��SKkQ�WtFK�Yj�OұS�EҧQ�ÿӗ�FiF�ELӃQ�ÿәL�
NK{QJ�JLDQ�Yj� WKӡL�JLDQ��FKR�SKpS�JLiP�ViW�Yj�ÿiQK�JLi�QKӳQJ� WKD\�ÿәL� WURQJ�FҩX�
WU~F�WKҧP�WKӵF�YұW�FǊQJ�QKѭ�FiF�WK{QJ�Vӕ�Oê�VLQK�QKҩW�ÿӏQK��Vӵ�KҩS�WKө�QLWѫ��FKӍ�Vӕ�
GLӋS�OөF�Oi�KD\�GLӋQ�WtFK�Oi�>�@��ĈһF�ELӋW��ÿӕL�YӟL�WKӵF�YұW��QJRjL�FiF�NrQK�VyQJ�%OXH�
�%����������QP��*UHHQ��*����������QP��5HG��5����������QP�WK{QJ�WKѭӡQJ��NrQK�
VyQJ�FұQ�KӗQJ�QJRҥL��1HDU�LQIUDUHG��1,5����������QP��Fy�YDL�WUz�TXDQ�WUӑQJ�WURQJ�
WtQK�WRiQ�Yj�WKHR�G}L�KҫX�KӃW�FiF�FKӍ�Vӕ�WKӵF�YұW�>�@���

+LӋQ�QD\��YӟL�Vӵ�SKiW� WULӇQ�FӫD�NKRD�KӑF�F{QJ�QJKӋ�ÿѭӧF�WtFK�KӧS�WURQJ�FiF�
WKLӃW�Eӏ�ED\�NK{QJ�QJѭӡL� OiL� �8$9���YLӋF�SKkQ�WtFK�ÿiQK�JLi�Vӵ�SKiW� WULӇQ�FӫD�Fk\�
WUӗQJ�� WKҧP�WKӵF�YұW� UӯQJ�WUӣ�QrQ�GӉ�GjQJ�KѫQ�QKӡ�FiF�ѭX�ÿLӇP�YӅ�FKӫ�ÿӝQJ� WKӡL�
JLDQ�ED\�FKөS��ÿӝ�SKkQ�JLҧL�FDR��JLҧP�WKLӇX�QKӳQJ�WiF�ÿӝQJ�FӫD�ÿLӅX�NLӋQ�WKӡL�WLӃW�VR�
YӟL�ҧQK�YӋ�WLQK�>�@��6ӵ�SKiW�WULӇQ�FӫD�FiF�FҧP�ELӃQ�JҳQ�WUrQ�FiF�8$9��WURQJ�ÿy�Fy�
NrQK�VyQJ�FұQ�KӗQJ�QJRҥL�FKR�SKpS�[iF�ÿӏQK�ÿѭӧF�FiF�FKӍ�Vӕ�WKӵF�YұW�SKөF�Yө�WKHR�
G}L��JLiP�ViW�FҩX�WU~F�Yj�ÿiQK�JLi�ELӃQ�ÿӝQJ�FӫD�WKҧP�WKӵF�YұW��8$9�YӟL�FiF�FҧP�
ELӃQ�ÿD�SKә�ÿm�ÿѭӧF�Vӱ�GөQJ�NKi�QKLӅX�WUrQ�WKӃ�JLӟL�SKөF�Yө�ÿiQK�JLi�FKӍ�Vӕ�WKӵF�
YұW�1'9,�WҥL�&RVWD�5LFD�>�@��Vӵ�ELӃQ�ÿӝQJ�UӯQJ�QJұS�PһQ�WҥL�$R�0DKDFKDL�>�@��SKkQ�
ORҥL�WKӵF�YұW�GӵD�WUrQ�FiF�FKӍ�Vӕ�WKӵF�YұW�WUrQ�ÿҧR�*DODSDJRV�>�@�KD\�WtQK�WRiQ�ÿӝ�FKH�
SKӫ�>�@��1KӳQJ�NӃW�TXҧ�WUrQ�ÿm�FKR�WKҩ\�Vӵ�YѭӧW�WUӝL�FӫD�KuQK�ҧQK�WKX�ÿѭӧF�Wӯ�8$9�
WURQJ�SKkQ�WtFK�FҩX�WU~F�WKҧP�WKӵF�YұW�VR�YӟL�FiF�ORҥL�ҧQK�YLӉQ�WKiP�WK{QJ�WKѭӡQJ��
Fy�ÿӝ�SKkQ�JLҧL� WKҩS�Yj�WUXQJ�EuQK��&iF�QJKLrQ�FӭX�FKӍ� UD�UҵQJ�VR�YӟL�FiF� ORҥL�Gӳ�
OLӋX�ҧQK�YӋ�WLQK�WK{QJ�WKѭӡQJ��ҧQK�WKX�ÿѭӧF�Wӯ�8$9�Fy�ÿӝ�QKҥ\�FDR�KѫQ��WKӇ�KLӋQ�
QKLӅX�FKL�WLӃW�KѫQ�YӅ�FiF�ORҥL�ÿLӅX�NLӋQ�P{L�WUѭӡQJ�VӕQJ�>�@��'ӵD�WUrQ���GҧL�VyQJ�ÿѫQ�
VҳF�WKX�ÿѭӧF�Wӯ�Gӳ�OLӋX�8$9��Fy�WKӇ�WtQK�WRiQ�ÿѭӧF����ORҥL�FKӍ�Vӕ�WKӵF�YұW�NKiF�QKDX�
QKѭ�1'9,��*1'9,��6$9,��*&,��(9,�����>�@��

7ҥL�9LӋW�1DP��ӭQJ�GөQJ�8$9�WURQJ�QJKLrQ�FӭX��ÿiQK�JLi�FҩX�WU~F�WKҧP�WKӵF�
YұW�FzQ�NKi�KҥQ�FKӃ��7URQJ�ÿy��ҧQK�8$9�FKӫ�\ӃX�ÿѭӧF�Vӱ�GөQJ�WURQJ�ÿiQK�JLi�Vӵ�
ELӃQ�ÿӝQJ�GLӋQ�WtFK�Yj�FKҩW�OѭӧQJ�UӯQJ�QJұS�PһQ�>��@��[iF�ÿӏQK�PӝW�Vӕ�FKӍ�Vӕ�WKӵF�
YұW� �9$5,��7*,��SKөF�Yө�F{QJ� WiF�TXҧQ� Oê�Yj�EҧR� WӗQ�UӯQJ� WҥL�.KX�EҧR� WӗQ� WKLrQ�
QKLrQ� �.%771��1JӑF� /LQK� >��@��7X\�QKLrQ�� QKӳQJ� QJKLrQ� FӭX�Qj\�FzQ�JһS�SKҧL�
PӝW�Vӕ�KҥQ�FKӃ�NKL�ÿiQK�JLi�FiF�FKӍ�Vӕ�WKӵF�YұW��GR�NK{QJ�ÿӫ�ÿLӅX�NLӋQ�YӅ�GҧL�SKә�ÿL�
NqP��ÿһF�ELӋW�Oj�GҧL�SKә�FұQ�KӗQJ�QJRҥL���
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7URQJ�QJKLrQ�FӭX�Qj\��8$9�3KDQWRP���0XOWLVSHFWUDO�ÿm�ÿѭӧF�Vӱ�GөQJ�ÿӇ�ED\�
FKөS�Yj�[iF�ÿӏQK�PӝW�Vӕ�FKӍ�Vӕ�WKӵF�YұW�ÿһF�WUѭQJ�WҥL�NKX�YӵF�UӯQJ�NtQ�WKѭӡQJ�[DQK�
WKXӝF�.%771�.RQ�&Kѭ�5ăQJ��WӍQK�*LD�/DL��7LӃS�ÿy��FK~QJ�W{L�SKkQ�WtFK�PӕL�WѭѫQJ�
TXDQ�JLӳD�FiF�FKӍ�Vӕ�WKӵF�YұW�QKҵP�ÿӅ�[XҩW�YLӋF�Vӱ�GөQJ�FK~QJ�PӝW�FiFK�KLӋX�TXҧ��
9ӟL�ѭX�WKӃ�Fy�WKӇ�FXQJ�FҩS�KӋ�WKӕQJ�KuQK�ҧQK�ÿD�TXDQJ�SKә��SK��KӧS�FKR�ÿiQK�JLi�
FҩX�WU~F�WKҧP�WKӵF�YұW�UӯQJ�GӵD�WUrQ�FiF�FKӍ�Vӕ�WKӵF�YұW�ÿһF�WUѭQJ��NӃW�TXҧ�WKX�ÿѭӧF�
Fy�WKӇ�Vӱ�GөQJ�ÿӇ�VR�ViQK�Yj�NLӇP�WUD�NӃW�TXҧ�JLҧL�ÿRiQ�FiF�Wѭ�OLӋX�ҧQK�Fy�ÿӝ�SKӫ�
UӝQJ�KѫQ��

���ĈӔ,�7ѬӦ1*�9¬�3+ѬѪ1*�3+È3�1*+,Ç1�&Ӭ8�

�����.KX�YӵF�Yj�ÿӕL�WѭӧQJ�QJKLrQ�FӭX�

.KX�%771�.RQ�&Kѭ�5ăQJ�WKXӝF�NKX�Gӵ�WUӳ�6LQK�TX\ӇQ�&DR�QJX\rQ�.RQ�+j�
1ӯQJ��81(6&2����������Fy�GLӋQ�WtFK��������KD��WURQJ�ÿy�SKkQ�NKX�EҧR�YӋ�QJKLrP�
QJһW�������KD�Yj�SKkQ�NKX�SKөF�KӗL�VLQK�WKiL�������KD��+Ӌ�VLQK�WKiL�WKӵF�YұW�ӣ�ÿk\�
ÿһF�WUѭQJ�FKR�NKX�YӵF�7k\�1JX\rQ�YӟL�FKӫ�\ӃX�Oj�NLӇX�UӯQJ�NtQ�WKѭӡQJ�[DQK�PѭD�
ҭP�i�QKLӋW�ÿӟL�Q~L�WKҩS�Yj�Q~L�WUXQJ�EuQK��+Ӌ�WKӵF�YұW�ӣ�ÿk\�Fy�WtQK�ÿD�GҥQJ�VLQK�KӑF�
FDR��ÿѭӧF�[ӃS�ORҥL�$�WҫP�TXDQ�WUӑQJ�TXӕF�WӃ��YӟL�KjQJ�QJKuQ�ORjL��7URQJ�ÿy�Fy�QKLӅX�
ORjL� WKӵF�YұW�TXê�KLӃP��ÿѭӧF�ÿѭD�YjR�6iFK�Ĉӓ�9LӋW�1DP�Yj�7KӃ�JLӟL�QKѭ�VDR�KҧL�
QDP��WUҫP�KѭѫQJ��ODQ�NLP�WX\ӃQ��WUҳF��JLiQJ�KѭѫQJ«�

1JKLrQ�FӭX�Qj\�ÿm�OӵD�FKӑQ�Y�QJ�ED\�NKRҧQJ����KD�WKXӝF�.%771�.RQ�&Kѭ�
5ăQJ�ÿӇ�ED\�FKөS�EҵQJ�8$9�QKҵP�QJKLrQ�FӭX�PӝW�Vӕ�FKӍ�Vӕ�WKӵF�YұW�FӫD�NLӇX�UӯQJ�
NtQ�WKѭӡQJ�[DQK�Fy�WUӳ�OѭӧQJ�WUXQJ�EuQK��+uQK�����7ӑD�ÿӝ�NKX�YӵF�ED\�QKѭ�VDX���
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+uQK����.KX�YӵF�ED\�FKөS�EҵQJ�8$9�WҥL�.%771�.RQ�&Kѭ�5ăQJ
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�����3KѭѫQJ�SKiS�QJKLrQ�FӭX�

�������6͵�GͭQJ�WKL͇W�N͇�WX\͇Q�ED\�FKͭS�E̹QJ�8$9�

6ӱ�GөQJ�8$9�ED\�FKөS�Yj�SKkQ�WtFK�[ӱ�Oê�Vӕ�OLӋX�WҥL�.%771�.RQ�&Kѭ�5ăQJ�
ÿѭӧF�WLӃQ�KjQK�WKHR�FiF�EѭӟF�VDX��

��7KLӃW�NӃ�WX\ӃQ�ED\��FKөS�ҧQK�EҵQJ�SKҫQ�PӅP�'-,�*36�3UR�YӟL�FiF�WK{QJ�Vӕ�
Fѫ�EҧQ�VDX��GLӋQ�WtFK�Y�QJ�ED\�����KD���ÿӝ�SKӫ�ҧQK�8$9������[�������WUҫQ�ED\��ÿӝ�
FDR�VR�YӟL�ÿLӇP�FҩW�FiQK�����P���

��ĈLӅX�NLӋQ�WKӡL�WLӃW�OӵD�FKӑQ��NK{QJ�PѭD��JLy�QKҽ�FҩS��������

��7KӡL�JLDQ�ED\��FKөS��7ӯ��K�ÿӃQ���K�QJj\������������

�������;iF�ÿ͓QK�FiF�FK͑�V͙�WK͹F�Y̵W�Wͳ�Gͷ�OL͏X�̫QK�8$9�

9ӟL�FiF�ÿһF�WtQK�Nӻ�WKXұW�FӫD�8$9�ÿD�SKә�QKѭ�ÿm�WUuQK�Ej\�ӣ�WUrQ����FKӍ�Vӕ�
WKӵF� YұW� ÿѭӧF� [iF� ÿӏQK� Wӯ� Gӳ� OLӋX� ҧQK� FKөS� EҵQJ� 8$9� ÿD� SKә� 3KDQWRP� ��
0XWLOVSHFWUDO�>�@�EҵQJ�SKҫQ�PӅP�3L[�'�GӵD�WUrQ���GҧL�SKә��7URQJ�ÿy��%OXH��5E�������
QP������QP��*UHHQ��5J�������QP������QP��5HG��5U�������QP������QP��5HG�HGJH��5UH���
����QP������QP��1HDU�LQIUDUHG��5QLU�������QP������QP��JӗP��

�� &KӍ� Vӕ� WKӵF� YұW� NKiF� ELӋW� FKXҭQ� KyD� �1RUPDOL]HG� 'LIIHUHQFH� 9HJHWDWLRQ�
,QGH[���1'9,���Ĉk\�Oj�PӝW�FKӍ�Vӕ�TXDQ�WUӑQJ�WURQJ�FiF�QJKLrQ�FӭX�YӅ�VLQK�WKiL��Vӵ�
WăQJ�WUѭӣQJ��SKiW�WULӇQ�Yj�ELӃQ�ÿӝQJ�FӫD�OӟS�SKӫ�WKӵF�YұW��1JRjL�UD��FKӍ�Vӕ�Qj\�FǊQJ�
JyS�SKҫQ�FҧQK�EiR�YӅ�WuQK�WUҥQJ�GӏFK�EӋQK�Fk\�WUӗQJ��QăQJ�VXҩW�Yj�VҧQ�OѭӧQJ�P�D�Yө�
NKL�NӃW�KӧS�YӟL�FiF�FKӍ�Vӕ�NKiF��&KӍ�Vӕ�1'9,�ӭQJ�GөQJ�QKLӅX�WURQJ�Q{QJ�QJKLӋS�Yj�
OkP�QJKLӋS��ĈһF�ELӋW�FiF�ӭQJ�GөQJ�QKҵP�SKiW�KLӋQ�ELӃQ�ÿӝQJ�OӟS�SKӫ�WKӵF�YұW�JLӳD�
QKӳQJ� WKӡL� NǤ� NKiF� QKDX� WUrQ� �� SKҥP� YL� Fӕ� ÿӏQK��1JRjL� UD�� WURQJ� OƭQK� YӵF� Q{QJ�
QJKLӋS�FKӍ�Vӕ�1'9,�FǊQJ�JyS�SKҫQ�WURQJ�ÿiQK�JLi�Vӵ�SKiW� WULӇQ�FӫD�Fk\�WUӗQJ��Gӵ�
EiR�QăQJ�VXҩW��&KӍ�Vӕ�1'9,�ÿѭӧF�WtQK�WKHR�F{QJ�WKӭF�>��@��

������� ൌ
ୖ౤౟౨�Ǧ�ୖ౨

ୖ౤౟౨ା ୖ౨
�������������������������������������������������������������������ሺͳሻ

��&KӍ�Vӕ� WKӵF�YұW�NKiF�ELӋW�³[DQK´�FKXҭQ�KyD��*UHHQ�1RUPDOL]HG�'LIIHUHQFH�
9HJHWDWLRQ�,QGH[���*1'9,���7ѭѫQJ�Wӵ�QKѭ�1'9,��FKӍ�Vӕ�*1'9,�OjP�WăQJ�FѭӡQJ�
KѫQ�QӳD�WtQK�FKҩW�ELӃQ�WKLrQ�FӫD�GLӋS�OөF�WURQJ�Oi�Fk\��*1'9,�ÿѭӧF�WtQK�WKHR�F{QJ�
WKӭF�QKѭ�VDX�>�@��

ܫܸܦܰܩ ൌ
ܴ௡௜௥ �െ �ܴ௚

ܴ௡௜௥ ൅�ܴ௚
�������������������������������������������������������������ሺʹሻ

��&KӍ�Vӕ�WKӵF�YұW�Fy�KLӋX�FKӍQK�WKHR�P{L�WUѭӡQJ�ÿҩW��6RLO�$GMXVWHG�9HJHWDWLRQ�
,QGH[���6$9,���6$9,�JLҧP�EӟW�ҧQK�KѭӣQJ�FӫD�P{L�WUѭӡQJ�ÿҩW�SKtD�GѭӟL�OӟS�WKӵF�YұW�
WURQJ�FKӍ�Vӕ�1'9,��.KL�WtQK�6$9,�Wӯ�ҧQK�YӋ�WLQK�/DQGVDW�6XUIDFH�5HIOHFWDQFH��FiF�
FKX\rQ�JLD�WKrP�YjR�KӋ�Vӕ�³/� ����´�WURQJ�SKѭѫQJ�WUuQK�1'9,��Vӱ�GөQJ�KDL�NrQK�5�
Yj�1,5��QKѭ�PӝW�KӋ�Vӕ�FKXQJ�FKR�KҫX�KӃW�FiF�GҥQJ�WKҧP�WKӵF�YұW��1JѭӡL�G�QJ�FǊQJ�
Fy�WKӇ�ÿLӅX�FKӍQK�KӋ�Vӕ�³/´�WKHR�QKӳQJ�WtQK�WRiQ�ULrQJ�ELӋW��ĈӕL�YӟL�ҧQK�FKөS�EҵQJ�
8$9�3KDQWRP���0XOWLVSHFWUDO��FK~QJ�W{L�YүQ�VӁ�Vӱ�GөQJ�KӋ�Vӕ�/� ������&KӍ�Vӕ�6$9,�
ÿѭӧF�[iF�ÿӏQK�EҵQJ�F{QJ�WKӭF�>�@��
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���� ൌ ሺͳ ൅ Ͳǡͷሻ
ୖ౤౟౨ Ǧ ୖ౨

ୖ౤౟౨ା ୖ౨ା଴Ǥହ
�������������������������������������������������ሺ͵ሻ

��&KӍ�Vӕ�WKӵF�YұW�WăQJ�FѭӡQJ��(QKDQFHG�9HJHWDWLRQ�,QGH[���(9,��ÿѭӧF�ÿӅ�[XҩW�
EӣL�/LX�Yj�+XHWH�ÿӇ�KLӋX�FKӍQK�ÿӗQJ�WKӡL�JLi�WUӏ�FӫD�1'9,�WUѭӟF�ҧQK�KѭӣQJ�FӫD�NKt�
TX\ӇQ�Yj�SKҧQ�[ҥ�PһW�ÿҩW��ÿһF�ELӋW�ӣ�FiF�NKX�YӵF�Fy�WiQ�Fk\�UұP�UҥS��3KҥP�YL�JLi�WUӏ�
FӫD�(9,� Oj� ���ÿӃQ����ÿӕL�YӟL� WKҧP�WKӵF�YұW�NKӓH�PҥQK�� WUӏ� Vӕ�(9,�GDR�ÿӝQJ� WURQJ�
NKRҧQJ�����ÿӃQ������&{QJ�WKӭF�WtQK�FKӍ�Vӕ�(9,�QKѭ�VDX�>�@��

ܫܸܧ ൌ ʹǡͷ
ܴ௡௜௥ �െ �ܴ௥

ܴ௡௜௥ ൅ �͸ܴ௥ െ ͹Ǥͷܴ௕ ൅ Ͳǡͳ͸
��������������������������������������ሺͶሻ

��&KӍ�Vӕ�GLӋS�OөF�[DQK��*UHHQ�&KORURSK\OO�,QGH[���*&,���7URQJ�YLӉQ�WKiP��FKӍ�
Vӕ�GLӋS�OөF�[DQK�ÿѭӧF�Vӱ�GөQJ�ÿӇ�ѭӟF�WtQK�KjP�OѭӧQJ�FKҩW�GLӋS�OөF�WURQJ�FiF�ORjL�
WKӵF�YұW�NKiF�QKDX��+jP�OѭӧQJ�FKҩW�GLӋS�OөF�SKҧQ�iQK�WUҥQJ�WKiL�VLQK�Oê�FӫD�WKҧP�
WKӵF�YұW��Qy�JLҧP�ӣ�WKӵF�YұW�Eӏ�ӭF�FKӃ��VWUHVVHG��GR�ÿy�Fy�WKӇ�ÿѭӧF�Vӱ�GөQJ�QKѭ�PӝW�
SKpS�ÿR�VӭF�NKӓH�WKӵF�YұW��&KӍ�Vӕ�*&,�ÿѭӧF�WtQK�WKHR�F{QJ�WKӭF�>�@���

ܫܥܩ ൌ
ܴ௡௜௥

ܴ௚
െ ͳ������������������������������������������������������������ሺͷሻ

�������ĈiQK�JLi�WtQK�W˱˯QJ�TXDQ�FͯD�FiF�FK͑�V͙�WK͹F�Y̵W�

ĈӇ�ÿiQK�JLi�WtQK�WѭѫQJ�TXDQ�FӫD�FiF�FKӍ�Vӕ�WKӵF�YұW�ÿm�ÿѭӧF�OӵD�FKӑQ��QJKLrQ�
FӭX�ÿm�WLӃQ�KjQK�OӵD�FKӑQ����ÿLӇP�WURQJ�NKX�YӵF�ED\�FKөS�8$9�QKѭ�P{�Wҧ�WҥL�+uQK�����

+uQK����/ӵD�FKӑQ����ÿLӇP�VR�ViQK�FiF�FKӍ�Vӕ�WKӵF�YұW
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'ӵD�WUrQ�SKkQ�WtFK�JLi�WUӏ�FӫD����FKӍ�Vӕ�WKӵF�YұW�ÿm�OӵD�FKӑQ�WҥL����ÿLӇP�QJKLrQ�
FӭX�WUrQ��WLӃQ�KjQK�SKkQ�WtFK�WtQK�WѭѫQJ�TXDQ�FӫD�FiF�JLi�WUӏ�ÿy�EҵQJ�FiFK�VR�ViQK�FiF�
JLi�WUӏ�1'9,�YӟL�OҫQ�OѭӧW���JLi�WUӏ�FzQ�OҥL�EDR�JӗP��*1'9,��6$9,��(9,�Yj�*&,��

+Ӌ�Vӕ�WѭѫQJ�TXDQ�ÿѭӧF�WtQK�WKHR�F{QJ�WKӭF��

௫௬ߩ ൌ �
஼௢௩ሺ௫ǡ௬ሻ

ఙೣఙ೤
����������������������������������������������������������������

7URQJ�ÿy��௫௬ߩ���+Ӌ�Vӕ�WѭѫQJ�TXDQ�3HDUVRQ��

ǡݔሺݒ݋ܥ �ሻݕ�+LӋS�SKѭѫQJ�VDL�FӫD�ELӃQ�[�Yj�\��

�௫ߪ�Ĉӝ�OӋFK�FKXҭQ�FӫD�[��

�௬ߪ�Ĉӝ�OӋFK�FKXҭQ�FӫD�\��

7KHR�ÿy��

��+Ӌ�Vӕ�WѭѫQJ�TXDQ�Fy�JLi�WUӏ�Wӯ����ÿӃQ����.ӃW�TXҧ�ÿѭӧF�WtQK�UD�OӟQ�KѫQ���KRһF�
QKӓ�KѫQ����Fy�QJKƭD�Oj�Fy�OӛL�WURQJ�SKpS�ÿR�WѭѫQJ�TXDQ��

��+Ӌ�Vӕ�WѭѫQJ�TXDQ�Fy�JLi�WUӏ�kP�FKR�WKҩ\�KDL�ELӃQ�Fy�PӕL�TXDQ�KӋ�QJKӏFK�ELӃQ�
KRһF�WѭѫQJ�TXDQ�kP��QJKӏFK�ELӃQ�WX\ӋW�ÿӕL�NKL�JLi�WUӏ�EҵQJ������

��+Ӌ� Vӕ� WѭѫQJ� TXDQ� Fy� JLi� WUӏ� GѭѫQJ� FKR� WKҩ\�PӕL�TXDQ�KӋ�ÿӗQJ� ELӃQ� KRһF�
WѭѫQJ�TXDQ�GѭѫQJ��ÿӗQJ�ELӃQ�WX\ӋW�ÿӕL�NKL�JLi�WUӏ�EҵQJ�����

��7ѭѫQJ�TXDQ�EҵQJ���FKR�WKҩ\�KDL�ELӃQ�ÿӝF�OұS�YӟL�QKDX��

���.ӂ7�48Ҧ�9¬�7+Ҧ2�/8Ұ1�

�����3KkQ�WtFK�PӝW�Vӕ�FKӍ�Vӕ�WKӵF�YұW�NKX�YӵF�UӯQJ�NtQ�WKѭӡQJ�[DQK��

'ӵD�WUrQ�SKkQ�WtFK�FiF�Gӳ�OLӋX�ҧQK�WKX�ÿѭӧF�Wӯ�TXi�WUuQK�ED\�FKөS�EҵQJ�8$9��
ÿm� WKjQK� OұS�ÿѭӧF�FiF�EҧQ�ÿӗ����FKӍ� Vӕ� WKӵF�YұW� ÿһF� WUѭQJ�FKR�NKX�YӵF� UӯQJ�NtQ�
WKѭӡQJ�[DQK�Fy�WUӳ�OѭӧQJ�WUXQJ�EuQK�WKXӝF�.%771�.RQ�&Kѭ�5ăQJ��+uQK�����

7ҥL�NKX�YӵF�QJKLrQ�FӭX��JLi�WUӏ�1'9,�WKӵF�YұW�GӵD�WUrQ�Gӳ�OLӋX�Wӯ�8$9�GDR�
ÿӝQJ�WURQJ�NKRҧQJ�Wӯ������ÿӃQ����7KHR�%ҧQJ����JLi�WUӏ�Wӯ������ÿӃQ���FKӍ�WKӏ�FKR�FiF�
NKX�YӵF�NK{QJ�Fy�WKӵF�YұW�Fy�GLӋQ�WtFK�UҩW�QKӓ����������QҵP�WURQJ�NKX�YӵF�Fy�FiF�
NKRҧQJ�WUӕQJ�WiQ�UӯQJ��.KRҧQJ�JLi�WUӏ�1'9,�Wӯ�����ÿӃQ���Fy�Wӹ�OӋ�GLӋQ�WtFK�UҩW�OӟQ�
����������FKR�WKҩ\�WUҥQJ�WKiL�UӯQJ�NKX�YӵF�QJKLrQ�FӭX�Oj�UҩW�WӕW��Oj�QKӳQJ�NKX�YӵF�
Fy�ÿӝ�FKH�SKӫ�OӟQ��ĈӕL�YӟL�1'9,��JLi�WUӏ�QҵP�WURQJ�NKRҧQJ���������FKӍ�WKӏ�FKR�QKӳQJ�
WKҧP�WKӵF�YұW�SKiW� WULӇQ�WӕW��ÿӝ�FKH�SKӫ�FDR��&iF�NӃW�TXҧ�QJKLrQ�FӭX�Qj\�SK��KӧS�
YӟL�QKӳQJ�NӃW�TXҧ�Wӯ�FiF�QJKLrQ�FӭX�YӅ�1'9,�WKҧP�WKӵF�YұW�GӵD�WUrQ�Gӳ�OLӋX�ҧQK�YӋ�
WLQK�/DQGVDW�70�FӫD�FiF�QăP������������Yj������>��@��6R�ViQK�YӟL�NӃW�TXҧ�QJKLrQ�
FӭX�1'9,�FKR����NLӇX� WKҧP�WKӵF�YұW� UӯQJ�ӣ�FiF� WӍQK�ĈăN�/ăN�Yj�ĈăN�1{QJ�FKR�
WKҩ\��NӃW�TXҧ�1'9,�Qj\�WѭѫQJ�ÿӗQJ�YӟL�FiF�NLӇX�UӯQJ�Jӛ�Wӵ�QKLrQ�Q~L�ÿҩW� Oi�UӝQJ�
WKѭӡQJ�[DQK�JLjX�Yj�WUXQJ�EuQK�>��@��
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7ѭѫQJ�Wӵ��ÿӕL�YӟL�JLi�WUӏ�*1'9,�WҥL�NKX�YӵF�QJKLrQ�FӭX��NKRҧQJ�JLi�WUӏ�Wӯ�����
ÿӃQ�����Fy�Wӹ�OӋ�GLӋQ�WtFK�OӟQ�QKҩW�����������FKR�WKҩ\�Vӵ�SKiW�WULӇQ�PҥQK�PӁ�Yj�FҩX�
WU~F� WҫQJ� WiQ� әQ� ÿӏQK� FӫD� WKҧP� WKӵF� UӯQJ� NtQ� WKѭӡQJ� [DQK�� &iF� NKRҧQJ� JLi� WUӏ�
*1'9,� Wӯ���ÿӃQ����� Fy� Wӹ� OӋ�GLӋQ� WtFK�QKӓ� �������SKkQ�Eӕ�ӣ� FiF�NKX�YӵF� WѭѫQJ�
ÿӗQJ�Fy�JLi�WUӏ�1'9,�WKҩS�WURQJ�NKX�YӵF�QJKLrQ�FӭX���

+uQK����%ҧQ�ÿӗ�JLi�WUӏ�NrQK�1LU�Yj�FiF�FKӍ�Vӕ�WKӵF�YұW�GӵD�WUrQ�Wѭ�OLӋX�ҧQK�8$9�WҥL�
NKX�YӵF�UӯQJ�NtQ�WKѭӡQJ�[DQK�.%771�.RQ�&Kѭ�5ăQJ��QJj\�����������

&iF� NKRҧQJ�JLi� WUӏ�*&,� FKR� WKҩ\�NKX�YӵF�QJKLrQ� FӭX�Fy�SKҫQ� OӟQ�GLӋQ� WtFK�
QҵP�WURQJ�NKRҧQJ�GDR�ÿӝQJ�Wӯ���ÿӃQ�����Ĉk\�Oj�FiF�NKRҧQJ�JLi�WUӏ�FKR�WKҩ\�FKӍ�Vӕ�
GLӋS�OөF�WURQJ�Oi�FӫD�NKX�YӵF�FDR�>��@��FҩX�WU~F�WҫQJ�WiQ�әQ�ÿӏQK���
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%ҧQJ����7KӕQJ�Nr�NKRҧQJ�JLi�WUӏ�FiF�FKӍ�Vӕ�WKӵF�YұW

&KӍ�Vӕ�WKӵF�YұW� .KRҧQJ�JLi�WUӏ�

1'9,�
���GLӋQ�WtFK��

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

����� ����� ����� ������ ������

*1'9,��
���GLӋQ�WtFK��

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

����� ����� ����� ������ ������

6$9,�
���GLӋQ�WtFK��

���� �������� ���������� ���������� !�����

����� ����� ����� ������ ������

(9,�
���GLӋQ�WtFK��

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

����� ������ ����� ������ ������

*&,�
���GLӋQ�WtFK��

���� ������ ������� �������� !����

����� ������ ������ ����� �����

�����ĈiQK�JLi�WtQK�WѭѫQJ�TXDQ�FӫD�FiF�FKӍ�Vӕ�WKӵF�YұW�GӵD�WUrQ�Gӳ�OLӋX�ED\�
FKөS�EҵQJ�8$9�

'ӵD�WUrQ����ÿLӇP�QJүX�QKLrQ�ÿm�ÿѭӧF�OӵD�FKӑQ�WURQJ�NKX�YӵF�ED\�FKөS�EҵQJ�
8$9��WLӃQ�KjQK�VR�ViQK����FKӍ�Vӕ�WKӵF�YұW�EDR�JӗP��1'9,��*1'9,��6$9,��(9,�Yj�
*&,��.ӃW�TXҧ�ÿѭӧF�WKӇ�KLӋQ�WURQJ�%ҧQJ���Yj�+uQK����

+uQK����*Li�WUӏ�FiF�FKӍ�Vӕ�WKӵF�YұW�GӵD�WUrQ�ҧQK�Wӯ�8$9�

'ӵD�YjR�Wӹ�OӋ�FiF�NKRҧQJ�JLi�WUӏ�6$9,�WҥL�NKX�YӵF�QJKLrQ�FӭX��Fy�WKӇ�WKҩ\�Vӵ�
WѭѫQJ�ÿӗQJ�FӫD�JLi�WUӏ�6$9,�Yj�1'9,�WҥL�NKX�YӵF�QJKLrQ�FӭX��ĈӕL�YӟL�FiF�NKX�YӵF�
Fy�JLi� WUӏ�1'9,�FDR��JLi� WUӏ�6$9,�FǊQJ� UҩW� OӟQ�� WѭѫQJ�ÿӗQJ�Fҧ�YӅ�GLӋQ� WtFK�Yj� Vӵ�
SKkQ�Eӕ��6ӵ�WѭѫQJ�ÿӗQJ�JLӳD�JLi�WUӏ�1'9,�Yj�6$9,�FǊQJ�ÿm�ÿѭӧF�NKҷQJ�ÿӏQK�WURQJ�
QJKLrQ�FӭX�WҥL�TXұQ�)RULVK�8]EHNLVWDQ�>��@��
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ҦQK�8$9�Fy�ѭX�WKӃ�YӅ�JLҧP�WKLӇX�WiF�ÿӝQJ�FӫD�NKt�TX\ӇQ�VR�YӟL�FiF�ҧQK�YӋ�
WLQK�WK{QJ�WKѭӡQJ��Yu�WKӃ��JLi�WUӏ�(9,�WҥL�NKX�YӵF�QJKLrQ�FӭX�NKi�WѭѫQJ�ÿӗQJ�YӟL�JLi�
WUӏ�*1'9,��ÿӅX�NKҷQJ�ÿӏQK�ÿѭӧF�Vӵ�SKiW�WULӇQ�PҥQK�PӁ�FӫD�WKҧP�WKӵF�YұW�UӯQJ�NtQ�
WKѭӡQJ� [DQK� WҥL� ÿk\� �SKҫQ� OӟQ� ÿӅX� WUrQ� ����� >�@��1JRjL� UD�� JLi� WUӏ� (9,� FzQ� WѭѫQJ�
ÿӗQJ�YӟL�JLi�WUӏ�1'9,�WҥL�NKX�YӵF�QJKLrQ�FӭX��NKL�FiF�NKRҧQJ�JLi�WUӏ�ӣ�PӭF�FDR�ÿӅX�
SKkQ�Eӕ� WU�QJ� OһS�QKDX�� 7UrQ� WKӃ� JLӟL�� QKLӅX� QJKLrQ� FӭX�FǊQJ�ÿm� FKӍ� UD� Vӵ� WѭѫQJ�
ÿӗQJ���FһS�JLi�WUӏ�(9,��*1'9,�Yj�1'9,�>������@��

1KuQ�FKXQJ��KӋ�Vӕ�WѭѫQJ�TXDQ�JLӳD�FKӍ�Vӕ�WKӵF�YұW�1'9,�Yj���FKӍ�Vӕ�WKӵF�YұW�
FzQ�OҥL�ÿӅX�FDR�����������7URQJ�ÿy��KӋ�Vӕ�WѭѫQJ�TXDQ�JLӳD�FһS�JLi�WUӏ�1'9,�6$9,�Yj�
1'9,�(9,�FDR�QKҩW�WURQJ���FһS�JLi�WUӏ��ÿҥW�������+Ӌ�Vӕ�WѭѫQJ�TXDQ�JLӳD�FһS�JLi�WUӏ�
1'9,�Yj�*1'9,�ÿҥW�������&һS�JLi� WUӏ�1'9,�*&,�Fy�KӋ�Vӕ� WѭѫQJ�TXDQ� WKҩS�QKҩW�
WURQJ���FһS�JLi�WUӏ���������

%ҧQJ����0D�WUұQ�WѭѫQJ�TXDQ�FӫD���FKӍ�Vӕ�WKӵF�YұW

&KӍ�Vӕ�WKӵF�YұW 1'9, *1'9, 6$9, (9, *&,

1'9, � ����� ����� ����� �����

*1'9, ����� � ����� ����� �����

6$9, ����� ����� � ����� �����

(9, ����� ����� ����� � �����

*&, ����� ����� ����� ����� �

1KuQ�FKXQJ��ҧQK�Wӯ�8$9�Fy�QKӳQJ�ѭX�WKӃ�OӟQ�KѫQ�QKLӅX�VR�YӟL�FiF�ORҥL�ҧQK�YӋ�
WLQK�WK{QJ� WKѭӡQJ�GӵD�WUrQ�QKӳQJ�SKkQ�WtFK�YӅ�JLi� WUӏ�PӝW�Vӕ�FKӍ�Vӕ�WKӵF�YұW��ĈһF�
ELӋW��WҥL�FiF�NKX�YӵF�UӯQJ�NtQ��ÿӝ�FKH�SKӫ�FDR��JLi�WUӏ�FӫD�FiF�FKӍ�Vӕ�WKӵF�YұW�Fy�Vӵ�
WѭѫQJ�ÿӗQJ�NKi�OӟQ��'R�ÿy��ÿӕL�YӟL�Gӳ�OLӋX�ҧQK�Wӯ�8$9��NKL�QJKLrQ�FӭX�ӣ�QKӳQJ�
NKX�YӵF�UӯQJ�Fy�ÿӝ�FKH�SKӫ�FDR��FKӍ�FҫQ�Vӱ�GөQJ�FKӍ�Vӕ�1'9,�Oj�ÿӫ�ÿӇ�ÿiQK�JLi�VӭF�
NKӓH��FҩX�WU~F�FӫD�WKҧP�WKӵF�YұW�>��@��

���.ӂ7�/8Ұ1�

��ҦQK�ÿD�SKә� WKX�ÿѭӧF�Wӯ�WKLӃW�Eӏ� ED\�NK{QJ�QJѭӡL� OiL� �8$9�� Oj�PӝW�Gӳ� OLӋX�
TXDQ�WUӑQJ�ÿӇ�[iF�ÿӏQK�FiF�FKӍ�Vӕ�WKӵF�YұW�FӫD�WKҧP�WKӵF�YұW��SKөF�Yө�ÿiQK�JLi�FҩX�
WU~F��ELӃQ�ÿӝQJ�FӫD�WKҧP�WKӵF�YұW�ÿy�WKHR�FiF�JLDL�ÿRҥQ��FiF�WKӡL�NǤ�VLQK�WUѭӣQJ�Yj�
SKiW�WULӇQ��'ӵD�WUrQ�QKӳQJ�Gӳ�OLӋX�WKX�ÿѭӧF�Wӯ�YLӋF�ED\�FKөS�EҵQJ�8$9�WҥL�NKX�YӵF�
UӯQJ�NtQ�WKѭӡQJ�[DQK�WҥL�.%771�.RQ�&Kѭ�5ăQJ��ÿm�[iF�ÿӏQK�Yj�ÿiQK�JLi�FiF�NKRҧQJ�
JLi�WUӏ�FӫD���FKӍ�Vӕ�WKӵF�YұW�WҥL�ÿk\�EDR�JӗP��1'9,��*1'9,��6$9,��(9,�Yj�*&,��.ӃW�
TXҧ�FKӍ�UD�UҵQJ�FiF�NKRҧQJ�JLi�WUӏ�FӫD�WӯQJ�FKӍ�Vӕ�ÿӅX�ӣ�PӭF�FDR��WѭѫQJ�ÿѭѫQJ�YӟL�
NLӇX�UӯQJ�NtQ�Oi�UӝQJ�WKѭӡQJ�[DQK�JLjX�Yj�WUXQJ�EuQK�FӫD�NKX�YӵF�7k\�1JX\rQ��

��&iF�FKӍ�Vӕ�ÿm�ÿѭӧF�[iF�ÿӏQK�Fy�WtQK�WѭѫQJ�TXDQ�FDR�WҥL�WӯQJ�ÿӏD�ÿLӇP��KӋ�Vӕ�
WѭѫQJ�TXDQ�ÿҥW����������7KHR�ÿy��ÿӕL�YӟL�Gӳ�OLӋX�ҧQK�Wӯ�8$9�Fy�ÿӝ�SKkQ�JLҧL�FDR��NKL�
FҫQ�ÿiQK�JLi�VӭF�NKӓH�FӫD�WKҧP�WKӵF�YұW��FKӍ�FҫQ�Vӱ�GөQJ�FKӍ�Vӕ�1'9,�ÿӇ�[iF�ÿӏQK�Vӵ�
WăQJ�WUѭӣQJ�Yj�SKiW�WULӇQ�FӫD�WKҧP�WKӵF�YұW�Oj�ÿӫ��
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7¬,�/,ӊ8�7+$0�.+Ҧ2�

��� +XQW�-U��(���'RUDLVZDP\�3��&���0F0XUWUH\�-��(���'DXJKWU\�&��6��7���3HUU\�(��
0���$NKPHGRY�%���$�YLVLEOH�EDQG� LQGH[� IRU� UHPRWH�VHQVLQJ� OHDI�&KORURSK\OO�
FRQWHQW� DW� WKH� &DQRS\� 6FDOH�� ,QWHUQDWLRQDO� -RXUQDO� RI� $SSOLHG� (DUWK�
2EVHUYDWLRQ�DQG�*HRLQIRUPDWLRQ��������������������

��� &VLOOLN� 2��� .XPDU� 3��� $VQHU� *��� &KDOOHQJHV� LQ� HVWLPDWLQJ� WURSLFDO� IRUHVW�
FDQRS\�KHLJKW�IURP�SODQHW�GRYH�LPDJHU\��5HPRWH�6HQVLQJ�����������������

��� +XHWH�$���'LGDQ�.���0LXUD�7���5RGULJXH]�(���*DR�;���)HUUHLUD�/��*���2YHUYLHZ�
RI� WKH� UDGLRPHWULF� DQG� ELRSK\VLFDO� SHUIRUPDQFH� RI� WKH� 02',6� YHJHWDWLRQ�
LQGLFHV��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��������������������

��� 1JX\HQ� 'DQJ� +RL�� 1JR� 7UXQJ� 'XQJ�� 6HDVRQDO� G\QDPLFV� RI� WURSLFDO� IRUHVW�
YHJHWDWLRQ�LQ�1JRF�/LQK�1DWXUH�5HVHUYH��9LHWQDP�EDVHG�RQ�8$9�GDWD��)RUHVW�
DQG�6RFLHW\����������������������

��� <DQH\�.HOOHU� $��� 7RPLOOR� 3��� 0DUVKDOO� -��� 3DODGLQR� )��� 8VLQJ� 8QPDQQHG�
$HULDO� 6\VWHPV� �8$6�� WR� DVVD\� PDQJURYH� HVWXDULHV� RQ� WKH� 3DFLILF� FRDVW� RI�
&RVWD�5LFD��3/26�21(�����������H���������

��� *XSWD�6���6\HG�0G��$���+DVDQ�0G��0���)DURTXH�0��$O���-DQQDW�0���0XQLUD�6���
0HHP� 0�� 0��� 3RWHQWLDOV� RI� 8QPDQQHG� $HULDO� 9HKLFOH� �8$9�� LQ� PDQJURYH�
IRUHVW�PDQDJHPHQW��&RQIHUHQFH��7DLORU�0DGH�7UDLQLQJ��&DSDFLW\�%XLOGLQJ�IRU�
56� DQG�*,6�5HVHDUFKHUV� RQ� WKH� XVH� RI�8$9� LPDJHV� DQG� LWV� DSSOLFDWLRQV� LQ�
IRRG�VHFXULW\��PDQJURYH�DQG�IRUHVW���������

��� %DOODUL�'���2UHOODQD�'���$FRVWD�(���(VSLQR]D�0���0RURFKR�9���8$9�PRQLWRULQJ�
IRU� HQYLURPHQWDO� PDQDJHPHQW� LQ� *DODSDJRV� ,VODQGV�� ,6356� �� ,QWHUQDWLRQDO�
$UFKLYHV� RI� WKH� 3KRWRJUDPPHWU\�� 5HPRWH� 6HQVLQJ� DQG� 6SDWLDO� ,QIRUPDWLRQ�
6FLHQFHV��������;/,�%�������������

��� 7LDQ�-���:DQJ�/���/L�;���*RQJ�+���6KL�0���=KRQJ�5���/LX�;���&RPSDULVRQ�RI�
8$9� DQG� :RUOG9LHZ��� LPDJHU\� IRU� PDSSLQJ� OHDI� DUHD� LQGH[� RI� PDQJURYH�
IRUHVW�� ,QWHUQDWLRQDO� -RXUQDO� RI� $SSOLHG� (DUWK� 2EVHUYDWLRQ� DQG�
*HRLQIRUPDWLRQ������������������

��� /D]DUR� -�� 0��� 3DWULFN� $�� 1��� 5LFKDUG� '�� $��� +DP]D� .�� .��� &RPSDUDWLYH�
DVVHVVPHQW� RI� 8$9� DQG� 6HQWLQHO��� 1'9,� DQG� *1'9,� IRU� SUHOLPLQDU\�
GLDJQRVLV� RI� KDELWDW� FRQGLWLRQV� LQ� EXUXQJH� ZLOGOLIH� PDQDJHPHQW� $UHD��
7DQ]DQLD��(DUWK�������������������

���� 3KҥP�7LӃQ�'ǊQJ��1JX\ӉQ�+X\�+RjQJ��7UҫQ�7Kӏ�0DL�6HQ��1JX\ӉQ�7Kӏ�;XkQ�
7KҳQJ��ͰQJ�GͭQJ�F{QJ�QJK͏�ED\�NK{QJ�QJ˱ͥL�OiL�ÿ͋�TX̫Q�Oê�UͳQJ�QJ̵S�P̿Q��
QJKLrQ�FͱX�Fͭ� WK͋� W̩L�9˱ͥQ�4X͙F�JLD�;XkQ�7Kͯ\��1DP�Ĉ͓QK��������7ҥS�FKt�
.KRD�KӑF�Nӻ�WKXұW�7Kӫ\�OӧL�Yj�0{L�WUѭӡQJ����������������������

���� 'XQJ�1JR�7UXQJ��+RL�1JX\HQ�'DQJ��&XRQJ�'DQJ�+XQJ��6HUJH\�.ROHVQLNRY��
8$9� DSSOLFDWLRQ� IRU� DVVHVVLQJ� UDLQIRUHVW� VWUXFWXUH� LQ� 1JRF� /LQK� QDWXUH�
UHVHUYH��9LHWQDP��(�6�:HE�RI�&RQIHUHQFHV�������������������
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���� 7XFNHU� &�� -��� 5HG� DQG� SKRWRJUDSKLF� LQIUDUHG� OLQHDU� FRPELQDWLRQV� IRU�
PRQLWRULQJ�YHJHWDWLRQ��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW����������������������

���� g]\DYX]�0���%LOJLOL�&���6DOÕFÕ�$���'HWHUPLQDWLRQ�RI�YHJHWDWLRQ�FKDQJHV�ZLWK�1'9,�
PHWKRG��-RXUQDO�RI�(QYLURQPHQWDO�3URWHFWLRQ�DQG�(FRORJ\���������������������

���� 3K�QJ�9ăQ�.KRD��1JX\ӉQ�4XӕF�+LӋX��1JX\ӉQ�7Kӏ�7KDQK�$Q��3Kt�ĈăQJ�6ѫQ��
3KҥP�9ăQ�'XҭQ��6͵�GͭQJ�FK͑�V͙�WK͹F�Y̵W�NKiF�EL͏W�FKX̱Q�KyD��1'9,��ÿ͋�[iF�
ÿ͓QK�QKDQK�P͡W�V͙�WU̩QJ�WKiL�UͳQJ�ͧ�NKX�Y͹F�7k\�1JX\rQ��9L͏W�1DP��7ҥS�FKt�
.KRD�KӑF�Yj�&{QJ�QJKӋ�/kP�QJKLӋS������������������

���� $EGXO�/DWHHI� %DORJXQ�� 6KDPVXGHHQ� <HNHHQ�� %LVZDMHHW� 3UDGKDQ�� 2PDU� $O�
7KXZD\QHH��6SDWLR�7HPSRUDO�DQDO\VLV�RI�RLO�VSLOO�LPSDFW�DQG�UHFRYHU\�SDWWHUQ�
RI�FRDVWDO�YHJHWDWLRQ�DQG�ZHWODQG�XVLQJ�PXOWLVSHFWUDO�VDWHOOLWH� ODQGVDW���2/,�
LPDJHU\�DQG�PDFKLQH�OHDUQLQJ�PRGHOV��5HPRWH�6HQVLQJ�����������������

���� $EGXUDKPDQRY�,���$VVHVVPHQW�RI�1'9,�DQG�6$9,�YHJHWDWLRQ�LQGLFHV�SRWHQWLDO�
WR� PRQLWRU� JUD]LQJ� LPSDFW� LQ� D� UDQJHODQG� HFRV\VWHP�� *HRLQIRPDWLFV�
,QWHUQDWLRQDO������������������

���� 6DUL�1��0���5RNKPDWXORK��0DQHVVD�0��'��0���6HQWLQHO���LPDJH�EDVHG�DQDO\VLV�
RI� VSDWLRWHPSRUDO� YDULDWLRQ� RI� YHJHWDWLRQ� TXDOLW\� LQ� 0DMDOHQJND� UHJHQF\��
,QGRQHVLD�� ,23� &RQIHUHQFH� 6HULHV�� (DUWK� DQG� (QYLURQPHQWDO� 6FLHQFH�� ������
�������������

���� 6RX]D�%�� 6��� &DQWDOLFH�:�� /�� %�� &��� %UDJD�&��&��� 6LOYD�0�� 7��� 6LOYD� (��$���
5HVSRQVH�RI�WKH�(9,�YHJHWDWLRQ�LQGH[�WR�SUHFLSLWDWLRQ�DQRPDOLHV�LQ�WKH�VWDWH�RI�
3DUDtED� -RXUQDO� RI� +\SHUVSHFWUDO� UHPRWH� VHQVLQJ�� -RXUQDO� RI� +\SHUVSHFWUDO�
5HPRWH�6HQVLQJ�������������������

���� 9DQL� 9��� 0DQGOD� 9�� 5��� &RPSDUDWLYH� VWXG\� RI� 1'9,� DQG� 6$9,� YHJHWDWLRQ�
LQGLFHV� LQ� $QDQWDSXU� GLVWULFW� VHPL�DULG� DUHDV�� ,QWHUQDWLRQDO� -RXUQDO� RI� &LYLO�
(QJLQHHULQJ�DQG�7HFKQRORJ\�����������������������

6800$5<�

'(7(50,1$7,21�2)�620(�7<3(6�2)�9(*(7$7,21�,1',&$7256�)25�
)25(67�(&2/2*<�,1�.21�&+8�5$1*�1$785(�5(6(59(�

�%<�08/7,�63(&75$/�8$9�3+272�'$7$�

9HJHWDWLRQ� LQGLFDWRUV� EDVHG� RQ� UHPRWH� VHQVLQJ� LPDJLQJ� PDWHULDO� LV� DQ�
LPSRUWDQW�FULWHULRQ� LQ�DVVHVVLQJ� WKH�KHDOWK�� VWUXFWXUH�DQG� VWDELOLW\�RI�YHJHWDWLRQ�� ,Q�
UHPRWH� VHQVLQJ� LPDJHV�� LPDJHV� REWDLQHG� IURP� XQPDQQHG� DHULDO� YHKLFOHV� �8$9V��
KDYH� PDQ\� DGYDQWDJHV�� VXFK� DV� KLJK� UHVROXWLRQ�� SURDFWLYH� IOLJKW� WLPH�� DQG�
PLQLPL]LQJ� DWPRVSKHULF� LPSDFWV�� ZKLFK� DUH� LPSRUWDQW� VRXUFHV� RI� PDWHULDO� LQ�
DVVHVVLQJ�WKH�VWUXFWXUH�RI�IRUHVW�YHJHWDWLRQ��,Q�SDUWLFXODU��WKH�GHYHORSPHQW�RI�8$9�
PRXQWHG�FDPHUDV�LV�LPSURYLQJ��HQKDQFLQJ�WKH�VSHFWUDO�UDQJHV�VR�WKDW�UHVHDUFKHUV�FDQ�
LGHQWLI\� D� YDULHW\� RI� SODQW� LQGLFDWRUV�� ,Q� WKLV� VWXG\�� WKH� 3KDQWRP� �� 0XOWLVSHFWUDO�
8$9�ZDV�XVHG�ZLWK���LQGHSHQGHQW�FDPHUDV�DWWDFKHG��LQFOXGLQJ���PRQRFKURPH�ZDYH�
UDQJHV��LQFOXGLQJ�EOXH��5E����������QP��JUHHQ��5J����������QP��UHG��5U����������
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QP�� UHG� HGJH� �5UH��� ������� QP�� DQG� QHDU�LQIUDUHG� �5QLU��� ������� QP�� ZKLFK�
DOORZHG� XV� WR� LGHQWLI\� PRVW� YHJHWDWLRQ� LQGLFDWRUV� LQ� WKH� IRUHVW� DUHD�� 7KH� UHVXOWV�
DQDO\VHG���W\SHV�RI�YHJHWDWLRQ�LQGLFDWRUV��LQFOXGLQJ�1'9,��*1'9,��6$9,��(9,�DQG�
*&,��IRU�IRUHVWV�LQ�WKH�VWXG\�DUHD��,QGLFDWRUV�LQGLFDWH�WKDW�WKH�IRUHVW�YHJHWDWLRQ�KHUH�
LV� VWDEOH�� WKH� FDQRS\� OD\HU� KDV� KLJK� FRYHUDJH�� EHORQJV� WR�PHGLXP� DQG� ULFK� IRUHVW�
W\SHV� LQ� WKH� &HQWUDO� +LJKODQGV� UHJLRQ�� ,Q� DGGLWLRQ�� DQDO\VLV� RI� WKH� FRUUHODWLRQ�
EHWZHHQ� YHJHWDWLRQ� LQGH[� IRUPV� DW� ��� SRLQWV� LQ� WKH� VWXG\� DUHD� KDV� VKRZQ� WKDW� WKH�
LPDJH� REWDLQHG� IURP� WKH� 8$9� KDV� JUHDW� DGYDQWDJHV� ZKHQ� DSSOLHG� WR� WKH�
LGHQWLILFDWLRQ�RI�SODQW�LQGLFDWRUV��ZLWK�KLJK�VLPLODULW\��OLPLWLQJ�WKH�LQIOXHQFH�IURP�WKH�
DWPRVSKHUH� �WKH�FRUUHODWLRQ� FRHIILFLHQW� UHDFKHV����������7KLV� LV� DQ� LPSRUWDQW�EDVLV�
IRU�H[SDQGLQJ�WKH�DSSOLFDWLRQ�RI�8$9V�LQ�IRUHVW�HFRORJ\�UHVHDUFK��LGHQWLI\LQJ�WKHLU�
VWUXFWXUH� DQG� IOXFWXDWLRQV� RYHU� SHULRGV�� DV� WKH� EDVLV� IRU� WKH� SODQQLQJ� DQG�
FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�GHYHORSPHQW�RI�IRUHVW�UHVRXUFHV���

.H\ZRUGV��,QGH[�YHJHWDWLRQ��1'9,��8$9��1HDU�LQIUDUHG��1,5���3KDQWRP��0��
FK͑�V͙�WK͹F�Y̵W��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

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

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����9L͏Q�6LQK�WKiL�QKL͏W�ÿͣL��7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W���1JD�
����9L͏Q�ĈL͉X�WUD��4X\�KR̩FK�UͳQJ��%͡�1{QJ�QJKL͏S�Yj�3KiW�WUL͋Q�Q{QJ�WK{Q�
����.KRD�Ĉ͓D�Oê��7U˱ͥQJ�Ĉ̩L�K͕F�.KRD�K͕F�7͹�QKLrQ��Ĉ+4*�+j�1͡L�

/LrQ�K͏��1J{�7UXQJ�'ǊQJ

9LӋQ�6LQK�WKiL�QKLӋW�ÿӟL��7UXQJ�WkP�1KLӋW�ÿӟL�9LӋW���1JD�

���1JX\ӉQ�9ăQ�+X\rQ��1JKƭD�Ĉ{��&ҫX�*Lҩ\��+j�1ӝL�

ĈLӋQ�WKRҥL���������������(PDLO��QJRWUXQJGXQJ���#JPDLO�FRP


