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+Ӌ VLQK�WKiL�UӯQJ�EDR�SKӫ NKRҧQJ�����GLӋQ�WtFK�ÿҩW�QәL�WUrQ�WKӃ JLӟL��YӟL�WәQJ�
GLӋQ�WtFK�[ҩS�[Ӎ ��Wӹ KD�>�@��3KiW�WULӇQ�Yj�TXҧQ�Oê�EӅQ�YӳQJ�WjL�QJX\rQ�UӯQJ�ÿzL�KӓL�
Vӵ SKiW�WULӇQ�NK{QJ�FKӍ ÿiS�ӭQJ�QKX�FҫX�FӫD�FiF�WKӃ KӋ KLӋQ�WҥL�Pj�FzQ�FKR�WKӃ KӋ
WѭѫQJ�ODL��ĈӇ ÿiS�ӭQJ�QKӳQJ�QKX�FҫX�ÿy��ÿzL�KӓL�Vӵ SKӕL�KӧS�FKһW�FKӁ��KjL�KzD�JLӳD�
WăQJ� WUѭӣQJ�NLQK� WӃ��EҧR�ÿҧP�WLӃQ�Eӝ [m�KӝL�Yj�EҧR�YӋ P{L� WUѭӡQJ�>�@��&{QJ�QJKӋ
YLӉQ� WKiP�Yj�*,6�ÿѭӧF� FRL� Oj� F{QJ� Fө KLӋX�TXҧ WURQJ�TXҧQ� Oê�� EҧR�YӋ WjL� QJX\rQ�
UӯQJ��*,6�Oj�PӝW�KӋ WKӕQJ�Kӛ WUӧ ÿӇ WKX�WKұS��OѭX�WUӳ��WUX\�[XҩW��SKkQ�WtFK�Yj�KLӇQ�WKӏ
Gӳ OLӋX�NK{QJ�JLDQ�Yj�SKL�NK{QJ�JLDQ�>�@��9LӋF�iS�GөQJ�F{QJ�QJKӋ *,6�ÿӇ TXҧQ�Oê�
UӯQJ�ÿѭӧF�EҳW�ÿҫX�YjR�ÿҫX�QKӳQJ�QăP������>�@��&KR�ÿӃQ�QD\��ӭQJ�GөQJ�YLӉQ�WKiP�
Yj�*,6�WURQJ�TXҧQ�Oê��EҧR�YӋ WjL�QJX\rQ�UӯQJ�ÿѭӧF�Vӱ GөQJ�WҥL�KҫX�KӃW�FiF�TXӕF�JLD��
Wӯ &KkX�ÆX�ÿӃQ�&KkX�È��&KkX�0ӻ ÿӃQ�&KkX�3KL�>���@�

7ҥL�9LӋW�1DP��ҧQK�YLӉQ�WKiP�ÿm�ÿѭӧF�Vӱ GөQJ�WURQJ�SKkQ�ORҥL�UӯQJ�Yj�Oj�PӝW�
WURQJ�QKӳQJ�QKLӋP�Yө ѭX�WLrQ��ÿѭӧF�WLӃQ�KjQK�WKѭӡQJ�[X\rQ�� WK{QJ�TXD�FiF�Gӵ iQ�
FӫD�&KtQK�SKӫ KD\�FiF�FKѭѫQJ�WUuQK��ÿӅ iQ�NKiF�QKDX��ÿӏD�SKѭѫQJ�NKiF�QKDX��WURQJ�
ÿy�Fy�WӍQK�.RQ�7XP�>�@��7KXӝF�NKX�YӵF�7k\�1JX\rQ��.RQ�7XP�Fy�FiF�KӋ VLQK�WKiL�
UӯQJ�ÿһF�WUѭQJ�FKR�NKX�YӵF�Y�QJ�Q~L�Yj�FDR�QJX\rQ�QKLӋW�ÿӟL�JLy�P�D�>��@��7ҥL�.RQ�
7XP��EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�ÿm�ÿѭӧF�[k\�GӵQJ�WURQJ�NKX{Q�NKә FiF�FKѭѫQJ�WUuQK��
Gӵ iQ�NLӇP�Nr�UӯQJ�Vӱ GөQJ�ҧQK�YӋ WLQK�6327�FӫD�&KtQK�SKӫ 9LӋW�1DP�>��@��%rQ�
FҥQK�ÿy��FKѭѫQJ�WUuQK�³ĈLӅX�WUD��ÿiQK�JLi�Yj�JLiP�ViW�WjL�QJX\rQ�UӯQJ�TXӕF�JLD�JLDL�
ÿRҥQ������� ����´�YӟL�Vӵ FKӫ WUu�FӫD�%ӝ 1{QJ�QJKLӋS�Yj�3KiW�WULӇQ�Q{QJ�WK{Q�ÿm�Vӱ
GөQJ�ҧQK�YӋ WLQK�6HQWLQHO���YӟL�ÿӝ SKkQ�JLҧL� WUXQJ�EuQK�ÿӇ [k\�GӵQJ�EҧQ�ÿӗ KLӋQ�
WUҥQJ�UӯQJ�

;iF�ÿӏQK�WUҥQJ�WKiL�UӯQJ�EҵQJ�SKѭѫQJ�SKiS�YLӉQ�WKiP�SKө WKXӝF�UҩW�QKLӅX�YjR�
NKyD�JLҧL�ÿRiQ�ҧQK��.KRi�JLҧL�ÿRiQ�ҧQK�Oj�NKiL�QLӋP�WKӇ KLӋQ�Vӵ VҳS�[ӃS�FӫD�FiF�\ӃX�
Wӕ ҧQK��FiF�ÿһF�ÿLӇP�FKL�WLӃW�FӫD�ÿӕL�WѭӧQJ�WҥR�WKjQK�PӝW�WәQJ�WKӇ WURQJ�NK{QJ�JLDQ�
Yƭ�P{�>������@��Ĉӝ SKkQ�JLҧL�ҧQK�Fy�YDL�WUz�TXDQ�WUӑQJ�WURQJ�[k\�GӵQJ�EҧQ�ÿӗ UӯQJ��
GR�FK~QJ�TX\�ÿӏQK�ÿӝ FKL�WLӃW�FӫD�FiF�NKyD�JLҧL�ÿRiQ�ҧQK�ÿm�ÿѭӧF�OӵD�FKӑQ��ҦQK�YӋ
WLQK�3ODQHW�Oj�ҧQK�Fy�ÿӝ SKkQ�JLҧL�NK{QJ�JLDQ�WUXQJ�EuQK����� P��QKѭQJ�Fy�ÿӝ SKkQ�
JLҧL�WKӡL�JLDQ�WKXӝF�ORҥL�FDR�GR�FKX�NǤ FKөS�WKHR�WӯQJ�QJj\��FXQJ�FҩS�PLӉQ�SKt�FKR�
ÿӕL� WѭӧQJ�QJѭӡL�G�QJ�SKөF�Yө KӑF� WұS�Yj�QJKLrQ�FӭX�>��@��9ӟL�FiF� WK{QJ�Vӕ WUrQ��
ҧQK�YӋ WLQK�3ODQHW�ÿHP�OҥL�JLi�WUӏ YѭӧW�WUӝL�VR�YӟL�FiF�ҧQK�YӋ WLQK�SKL�WKѭѫQJ�PҥL�SKә
ELӃQ�WKѭӡQJ�G�QJ�SKөF�Yө [k\�GӵQJ�EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�QKѭ�ҧQK�YӋ WLQK�/DQGVDW�
���ÿӝ SKkQ�JLҧL�NK{QJ�JLDQ����P��FKX�Nu�ED\�FKөS����QJj\��KD\�ҧQK�YӋ WLQK�6HWLQHO���
�ÿӝ SKkQ�JLҧL� NK{QJ� JLDQ� ���P�� FKX�Nu� ED\� FKөS��� QJj\���7URQJ�QJKLrQ� FӭX�Qj\��
FK~QJ� W{L� Vӱ GөQJ� ҧQK� YӋ WLQK� 3ODQHW� [k\� GӵQJ� EҧQ� ÿӗ KLӋQ� WUҥQJ� UӯQJ� WӍQK�.RQ�
7XP��WUrQ�Fѫ�Vӣ ÿy��VR�ViQK�ѭX�QKѭӧF�ÿLӇP�FӫD�ҧQK�3ODQHW�VR�YӟL�FiF�ORҥL�ҧQK�6327�
KD\�6HWLQHO�WURQJ�[k\�GӵQJ�EҧQ�ÿӗ UӯQJ��
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�����.KX�YӵF�QJKLrQ�FӭX

.RQ�7XP� Oj� WӍQK�QҵP�
ӣ SKtD� %ҳF� 7k\� 1JX\rQ�
WLӃS�JLiS�YӟL���QѭӟF�/jR�Yj�
&DPSXFKLD� �+uQK� ���� .KX�
YӵF� QJKLrQ� FӭX� WKXӝF� SKtD�
7k\�Yj�%ҳF�Gm\�7UѭӡQJ�6ѫQ�
1DP�� FKӫ \ӃX� Oj� ÿӏD� KuQK�
Q~L�Yj�FDR�QJX\rQ��UҩW�WKXұQ�
OӧL� FKR�SKiW� WULӇQ�Q{QJ� OkP�
QJKLӋS�� ĈӏD� KuQK� ÿӗL�� Q~L�
FKLӃP� NKRҧQJ� ���� GLӋQ� WtFK�
WRjQ�WӍQK��EDR�JӗP�FiF�NKӕL��
GҧL� Q~L� Fy� ÿӝ� GӕF� SKә ELӃQ�
WUrQ ��R�� &iF� Q~L� ӣ� .RQ�
7XP�FҩX�WҥR�Wӯ ÿi�ELӃQ�FKҩW�
Fә� Fy� GҥQJ� NKӕL� QKѭ� NKӕL�
1JӑF�/LQK� �YӟL�ÿӍQK�1JӑF�/LQK�FDR������P�� � QѫL�EҳW�QJXӗQ�FӫD�QKLӅX�FRQ�V{QJ�
FKҧ\�YӅ�4XҧQJ�1DP��Ĉj�1ҹQJ�QKѭ�V{QJ�7KX�%ӗQ�Yj�V{QJ�9Ǌ�*LD��FKҧ\�YӅ�4XҧQJ�
1JmL� QKѭ� V{QJ�7Uj�.K~F�� /mQK� WKә QJKLrQ� FӭX� Fy� NKt� KұX�QKLӋW� ÿӟL� FDR� QJX\rQ��
SKkQ�KyD���P�D�U}�UӋW��0�D�PѭD�EҳW�ÿҫX�Wӯ WKiQJ���ÿӃQ�WKiQJ�����P�D�NK{�Wӯ WKiQJ�
���ÿӃQ� WKiQJ���QăP�VDX��/ѭӧQJ�PѭD� WUXQJ�EuQK�QăP�Wӯ ��������� PP��1KLӋW�ÿӝ�
WUXQJ�EuQK�QăP�GDR�ÿӝQJ� WURQJ�NKRҧQJ������R&��ELrQ�ÿӝ�QKLӋW� WUXQJ�EuQK�QJj\���
�R&��Ĉk\� FzQ� Oj� QѫL� EҳW� QJXӗQ� FӫD� FiF� KӋ WKӕQJ� V{QJ� OӟQ� QKѭ� V{QJ�6r�6DQ� �KӧS�
WKjQK�Wӯ ��FRQ�V{QJ�3{�.{�Yj�ĈăN�%OD���V{QJ�6D�7Kҫ\��V{QJ�ĈҳN�5{QJ��6ӵ SKkQ�KyD�
FӫD�ÿLӅX�NLӋQ�Wӵ QKLrQ�ÿm�KuQK�WKjQK�QrQ�KӋ WKӕQJ�WKә QKѭӥQJ�NKi�ÿD�GҥQJ��WURQJ�ÿy�
ÿһF� WUѭQJ� Oj� ÿҩW� QkX� ÿӓ WUrQ� ÿi� PDFPD� ED]ѫ� Yj� WUXQJ� WtQK�� ÿҩW� ÿӓ YjQJ� WUrQ� ÿi�
PDFPD�D[LW�Yj�ÿҩW�[iP�WUrQ�ÿi�PDFPD�D[LW�>��@��7UrQ�QӅQ�NKt�KұX�� WKә QKѭӥQJ�ÿm�
KuQK� WKjQK�FiF�KӋ VLQK� WKiL� UӯQJ�ÿһF� WUѭQJ�FKR�NKX�YӵF�FDR�QJX\rQ�QKѭ� UӯQJ�NtQ�
WKѭӡQJ�[DQK�Fk\�Oi�UӝQJ��UӯQJ�KӛQ�JLDR�Oi�UӝQJ�Oi�NLP��UӯQJ�Oi�NLP��UӯQJ�WUH�QӭD�«

'kQ�Vӕ .RQ�7XP��������QJѭӡL���������PұW�ÿӝ ���QJѭӡL�NP���%rQ�FҥQK�QJѭӡL�
.LQK���������QJѭӡL���.RQ�7XP�Oj�ÿӏD�EjQ�Fѭ�WU~�FӫD�QKLӅX�WӝF�QJѭӡL�WKLӇX�Vӕ QKѭ�
%D�1D��Ç�Ĉr��;r�ĈăQJ��*Lҿ 7ULrQJ��*LD�5DL«�YӟL�QKӳQJ� WұS�TXiQ�FDQK� WiF�Q{QJ�
QJKLӋS�NKiF�QKDX�� JyS�SKҫQ� WҥR�QrQ� Vӵ ÿD�GҥQJ� WURQJ�YăQ�KyD� FǊQJ�QKѭ�FiF� ORҥL�
KuQK�FDQK�WiF�Q{QJ�OkP�QJKLӋS�>��@��%rQ�FҥQK�ÿy��Vӵ SKiW�WULӇQ�FӫD�FiF�OkP�WUѭӡQJ��
FiF�F{QJ�W\�OkP�QJKLӋS�WUrQ�ÿӏD�EjQ�WӍQK�FǊQJ�WҥR�QrQ�Vӵ ÿD�GҥQJ�WURQJ�FiF�ORҥL�KuQK�
TXҧQ�Oê��NKDL�WKiF�OkP�QJKLӋS�FKR�WӍQK�.RQ�7XP��

�����'ӳ OLӋX�Vӱ GөQJ

ĈӇ [k\�GӵQJ�EҧQ�ÿӗ KLӋQ� WUҥQJ� UӯQJ� WӍQK�.RQ�7XP��ÿm�Vӱ GөQJ�ҧQK�YӋ WLQK�
3ODQHW� FKөS� WKiQJ� ��� QăP� ����� �KWWSV���ZZZ�SODQHW�FRP�SURGXFWV�EDVHPDS��� ÿm�
ÿѭӧF�KLӋX FKӍQK�KuQK�KӑF�YӟL�FiF�WK{QJ�Vӕ ÿѭӧF�WKӇ KLӋQ�WҥL�EҧQJ���

+uQK����6ѫ�ÿӗ�Yӏ�WUt�WӍQK�.RQ�7XP��9LӋW�1DP
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%ҧQJ��� 7K{QJ�Vӕ ҧQK�YӋ WLQK�3ODQHW�FKөS�WKiQJ����QăP������NKX�YӵF�WӍQK�.RQ�7XP

7K{QJ�Vӕ ҧQK 0{�Wҧ
%DQG�ҧQK ��GҧL�PjX�Wӵ QKLrQ��5HG��%OXH��*UHHQ�
Ĉӝ SKkQ�JLҧL�ҧQK ����P�[�����P��ӣ ÿӝF�FDR�WKDP�FKLӃX�����NP�
.tFK�WKѭӟF�3L[HO� ������P
Ĉӝ VkX�ҧQK ��ELW
+LӋX�FKӍQK�KuQK�
KӑF

&iF�KLӋX�ӭQJ�OLrQ�TXDQ�ÿӃQ�FҧP�ELӃQ�ÿѭӧF�VӱD�EҵQJ�FiFK�Vӱ
GөQJ�ÿR� Wӯ [D�FҧP�ELӃQ�Yj�PӝW�P{�KuQK� FҧP�ELӃQ��FiF�GҧL�
ÿѭӧF� ÿӗQJ� ÿăQJ� Nê� Yj� FiF� KLӋX�ӭQJ� OLrQ� TXDQ� ÿӃQ� YӋ WLQK�
ÿѭӧF�VӱD�EҵQJ�FiFK�Vӱ GөQJ�SKpS�ÿR�Wӯ [D�Yj�Gӳ OLӋX�WKLrQ�
YăQ� WӕW� QKҩW� KLӋQ� Fy�� ĈѭӧF� KLӋX� FKӍQK� EҵQJ� FiFK� Vӱ GөQJ�
*&3�Yj�'(0�WӕW�����P�ÿӃQ����P�ÿăQJ��ÿӃQ�ÿӝ FKtQK�[iF�Yӏ
WUt�����P�506(�

Ĉӝ FKtQK�[iF 'ѭӟL����P�506(�
&ҧL�WLӃQ�PjX�VҳF ĈѭӧF� FҧL� WLӃQ�ÿӇ Vӱ GөQJ� WUӵF�TXDQ�Yj� KLӋX� FKӍQK� FKR�JyF�

PһW�WUӡL
7ӑD�ÿӝ ҧQK :*6�����P~L���1

�����3KѭѫQJ�SKiS

�������+͏ WK͙QJ�SKkQ�OR̩L�UͳQJ

1Jj\� ��� WKiQJ� �� QăP� ����� 7Kӫ WѭӟQJ� FKtQK� SKӫ EDQ� KjQK� 4X\ӃW� ÿӏQK� Vӕ
����4Ĉ�77J�SKr�GX\ӋW�Gӵ iQ�³7әQJ�ÿLӅX�WUD��NLӇP�Nr�UӯQJ�WRjQ�TXӕF�JLDL�ÿRҥQ������
����´��NӃW�TXҧ FӫD�'ӵ iQ�Oj�Fѫ�Vӣ ÿӇ WKӵF�KLӋQ�WKHR�G}L�GLӉQ�ELӃQ�UӯQJ�Yj�ÿҩW�UӯQJ�
KjQJ�QăP��OұS�TX\�KRҥFK��NӃ KRҥFK�EҧR�YӋ Yj�SKiW�WULӇQ�UӯQJ�Wӯ 7UXQJ�ѭѫQJ�ÿӃQ�ÿӏD�
SKѭѫQJ��Oj�WK{QJ�WLQ�SKөF�Yө FKR�F{QJ�WiF�JLDR�UӯQJ�JҳQ�YӟL�JLDR�ÿҩW�OkP�QJKLӋS�Yj�
OjP�FăQ�Fӭ WKӵF�KLӋQ�FKtQK�ViFK�FKL� WUҧ GӏFK�Yө P{L�WUѭӡQJ�UӯQJ�TX\�ÿӏQK�WҥL�1JKӏ
ÿӏQK�Vӕ ��������1Ĉ�&3�FӫD�&KtQK�SKӫ��7KHR�ÿy��ÿm�WKjQK�OұS�KӋ WKӕQJ�SKkQ�ORҥL�JӗP�
���ORҥL�UӯQJ��Ĉk\�Oj�Fѫ�Vӣ ÿӇ [k\�GӵQJ�KӋ WKӕQJ�SKkQ�ORҥL�UӯQJ�FKR�WӍQK�.RQ�7XP�
SKөF�Yө OұS�EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�GӵD�WUrQ�JLҧL�ÿRiQ�ҧQK�YӋ WLQK�3ODQHW�

�������4X\�WUuQK�Yj�SK˱˯QJ�SKiS�[k\�GQJ�E̫Q�ÿ͛ KL͏Q�WU̩QJ�UͳQJ

D��3K̯Q�P͉P�V͵ GͭQJ

6ӱ GөQJ�SKҫQ�PӅP�H&RJQLWLRQ�'HYHORSHU�Y����� WKHR�-DOEXHQD������� >��@ ÿӇ
SKkQ�ÿRҥQ�Yj�JLҧL�ÿRiQ�ҧQK��%LrQ�WұS�Yj�[k\�GӵQJ�EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�WUrQ�SKҫQ�
PӅP�Pm�QJXӗQ�Pӣ 4*,6��SKҫQ�PӅP�$UF*LV�'HVNWRS�������Ĉk\�Oj���WURQJ�Vӕ FiF�
SKҫQ�PӅP�*,6� WӕL�ѭX�KLӋQ�QD\ WURQJ�YLӋF�ELrQ� WұS�Yj�[k\� GӵQJ� FiF�GҥQJ�EҧQ�ÿӗ
FKX\rQ�ÿӅ�

6ӱ GөQJ�SKҫQ�PӅP�&ROOHFW�(DUWK�Pm�QJXӗQ�Pӣ Yj�PLӉQ�SKt��Vӱ GөQJ�*RRJOH�
(DUWK�Yj�%LQJ�0DSV�Kӛ WUӧ WKX�WKұS�Gӳ OLӋX�PһW�ÿҩW�WURQJ�SKzQJ�Wӯ ҧQK�YӋ WLQK�ÿӝ
SKkQ�JLҧL�FDR�SKөF�Yө FKR�YLӋF�SKkQ�ORҥL��ÿiQK�JLi�ÿӝ WLQ�Fұ\�Yj�ÿӝ FKtQK�[iF�FӫD�
NӃW�TXҧ JLҧL�ÿRiQ�>��@��
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E� 4X\�WUuQK�JL̫L�ÿRiQ�̫QK�Yj�O̵S�E̫Q�ÿ͛ KL͏Q�WU̩QJ�UͳQJ

4X\�WUuQK�JLҧL�ÿRiQ�ҧQK�YLӉQ� WKiP�3ODQHW�NKX�YӵF� WӍQK�.RQ�7XP�ÿѭӧF� WUuQK�
Ej\�Fө WKӇ WURQJ�KuQK����

+uQK��� 6ѫ�ÿӗ JLҧL�ÿRiQ�ҧQK�YLӉQ�WKiP�3ODQHW�[k\�GӵQJ�EҧQ�ÿӗ
KLӋQ�WUҥQJ�UӯQJ�WӍQK�.RQ�7XP

�;k\�GQJ�E͡ NKyD�JL̫L�ÿRiQ�̫QK

1KyP� QJKLrQ� FӭX� WLӃQ� KjQK� [k\� GӵQJ� Eӝ NKyD� JLҧL� ÿRiQ� ҧQK� EҵQJ� SKѭѫQJ�
SKiS�JLHR�PүX�QJүX�QKLrQ�SKkQ�WҫQJ�YӟL�Vӵ Kӛ WUӧ FӫD�SKҫQ�PӅP�$UF*LV�YӟL�WәQJ�
Vӕ �����PүX��WURQJ�ÿy�����PүX�G�QJ�ÿӇ JLҧL�ÿRiQ�ҧQK�Yj�����PүX�SKөF�Yө ÿiQK�JLi�
ÿӝ FKtQK�[iF��WLQ�Fұ\��%ӝ NKyD�JLҧL�ÿRiQ�ҧQK�ÿѭӧF�FKXҭQ�KyD�Yj�ÿѭD�YjR�NLӇP�FKӭQJ�
WURQJ�SKҫQ�PӅP�&ROOHFW�(DUWK�ÿӇ [iF�ÿӏQK�OҥL�WUҥQJ�WKiL�UӯQJ�GӵD�WUrQ�Eӝ ҧQK�YӋ WLQK�
*RRJOH�(DUWK�Yj�%LQJ�0DSV�Fy�ÿӝ SKkQ�JLҧL�FDR��ÿm�ÿѭӧF�WtFK�KӧS�WURQJ�SKҫQ�PӅP��
ĈӕL� YӟL� FiF� NKyD� JLҧL� ÿRiQ� ҧQK�NK{QJ� WKӇ [iF� ÿӏQK� WUҥQJ� WKiL� WURQJ�SKzQJ�� ÿѭӧF�
WәQJ�KӧS�OҥL�Yj�NLӇP�WUD�WKӵF�ÿӏD�Eә VXQJ��

0ӝW�\rX�FҫX�EҳW�EXӝF�NKL�[iF�ÿӏQK�WUҥQJ�WKiL�FKR�FiF�NKyD�JLҧL�ÿRiQ�ҧQK�Oj�SKҧL�
FXQJ�FҩS������NKyD�JLҧL�ÿRiQ�ҧQK�FKR�WӕL�WKLӇX���FKX\rQ�JLD�WKӵF�KLӋQ�PӝW�FiFK�ÿӝF�
OұS��WәQJ�KӧS�Yj�ORҥL�WUӯ QKӳQJ�PүX�Fy�Vӵ VDL�OӋFK�QKLӅX�JLӳD�FiF�FKX\rQ�JLD��FKӍ Vӱ
GөQJ�FiF�NKyD�JLҧL�ÿRiQ�ҧQK�Fy�ÿӝ WLQ�Fұ\�FDR��Ĉk\�Oj�EѭӟF�TXDQ�WUӑQJ��Fy�ê�QJKƭD�
TX\ӃW�ÿӏQK�WӟL�ÿӝ FKtQK�[iF�FӫD�TXi�WUuQK�JLҧL�ÿRiQ�WURQJ�SKzQJ�

�7L͉Q�[͵ Oê�̫QK

7UѭӟF�NKL�Vӱ GөQJ�ҧQK�YLӉQ�WKiP�YjR�F{QJ�ÿRҥQ�SKkQ�ORҥL��ҧQK�YӋ WLQK�3ODQQHW�
ÿѭӧF�KLӋX�FKӍQK�KuQK�KӑF��[k\�GӵQJ�PӕL�WѭѫQJ�TXDQ�JLӳD�KӋ WRҥ ÿӝ ҧQK�ÿR�Yj�KӋ WRҥ
ÿӝ TX\�FKLӃX�FKXҭQ��ҦQK�YӋ WLQK�3ODQHW�NKX�YӵF�WӍQK�.RQ�7XP�ÿѭӧF�ÿѭD�YӅ WӑD�ÿӝ
ҧQK�Yj�KӋ TX\�FKLӃX�:*6�����P~L���1��ҦQK�YӋ WLQK�3ODQHW�ÿm�ÿѭӧF�E��Pk\�Yj�[ӱ Oê�
PRVDLF�WUѭӟF�NKL� WҧL��Yu�Yұ\��ҧQK�ÿѭӧF�WăQJ�WѭѫQJ�SKҧQ�Yj�ÿLӅX�FKӍQK�ÿӝ ViQJ�FKR�
SK��KӧS�YӟL�PөF�ÿtFK�QJKLrQ�FӭX��
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�3KkQ�ÿR̩Q�̫QK��0XOWLUHVROXWLRQ�VHJPHQWDWLRQ�

%ӝ NKyD� JLҧL� ÿRiQ� ҧQK�ÿѭӧF�ÿѭD� YjR� SKҫQ�PӅP�H&RJQLWLRQ� WKӵF� KLӋQ� WKXұW�
WRiQ� SKkQ� ÿRҥQ�0XOWLUHVROXWLRQ� VHJPHQWDWLRQ�� %DDW]� ������� ÿm� ÿѭD� UD� Yj� Vӱ GөQJ�
WKXұW�WRiQ�SKkQ�ÿRҥQ�0XOWLUHVROXWLRQ��Oj�Nӻ WKXұW�KӧS�QKҩW�ÿӇ QKyP�FiF�Y�QJ�Fy�ÿLӇP�
ҧQK�WѭѫQJ�Wӵ Yj�FiF ÿLӇP�OkQ�FұQ�YjR�FiF�ÿӕL�WѭӧQJ�EҵQJ�FiFK�[HP�[pW�FiF�WLrX�FKt�
ÿӗQJ�QKҩW�FӫD�ÿLӇP�ҧQK�KRһF�ÿӕL�WѭӧQJ�KuQK�ҧQK�KLӋQ�Fy�>��@��.DY]RJOX��������ÿm�
FKӍ UD�UҵQJ�SKkQ�ÿRҥQ�WҥR�UD�ÿӕL�WѭӧQJ�EҵQJ�FiFK�QKyP�FiF�ÿһF�WtQK�TXDQJ�SKә WѭӧQJ�
Wӵ WUrQ�ҧQK��7KXұW�WRiQ�SKkQ�ÿRҥQ�0XOWLUHVROXWLRQ�Oj�PӝW�Nӻ WKXұW�KӧS�QKҩW�Y�QJ�Wӯ
GѭӟL�OrQ�EҳW�ÿҫX�YӟL�FiF�ÿӕL�WѭӧQJ�PӝW�SL[HO�YӟL PөF�ÿtFK�FKLD�PӝW�KuQK�ҧQK�WKjQK�
FiF�SKҫQ�Fy�ê�QJKƭD��Fy�PӕL� WѭѫQJ�TXDQ�FKһW� FKӁ YӟL�ÿӕL� WѭӧQJ�KRһF�FiF�NKX�YӵF�
WURQJ�WKӃ JLӟL�WKӵF�FKӭD�WURQJ�ҧQK��3KkQ�ÿRҥQ�ҧQK�ÿѭӧF�Vӱ GөQJ�ÿӇ [iF�ÿӏQK�Yӏ WUt�ÿӕL�
WѭӧQJ�Yj�UDQK�JLӟL�JLӳD�FiF�ÿӕL�WѭӧQJ�>��@��7URQJ�QKӳQJ�EѭӟF�WLӃS�WKHR��QKӳQJ ÿӕL�
WѭӧQJ�KuQK�ҧQK�QKӓ KѫQ�ÿѭӧF�KӧS�QKҩW�WKjQK�ÿӕL�WѭӧQJ�OӟQ�KѫQ��7URQJ�VXӕW�TXi�WUuQK�
SKkQ�FөP�WKHR�FһS�Qj\��TX\�WUuQK�WӕL�ѭX�KyD�Fѫ�EҧQ�JLҧP�WKLӇX�WtQK�NK{QJ�ÿӗQJ�QKҩW�
Fy�WUӑQJ�Vӕ QK FӫD�FiF�ÿӕL�WѭӧQJ�ҧQK�WKX�ÿѭӧF��WURQJ�ÿy�Q Oj�NtFK�WKѭӟF�FӫD�PӝW�ÿRҥQ�
Yj�K Oj�ÿӏQK�QJKƭD� W�\� ê�YӅ WtQK�NK{QJ�ÿӗQJ�QKҩW��7URQJ�PӛL�EѭӟF��FһS�ÿӕL� WѭӧQJ�
KuQK�ҧQK�OLӅQ�NӅ ÿy�ÿѭӧF�KӧS�QKҩW��1ӃX�PӭF�WăQJ�WUѭӣQJ�QKӓ QKҩW�YѭӧW�TXi�QJѭӥQJ�
ÿѭӧF�[iF�ÿӏQK�EӣL� WKDP�Vӕ Wӹ OӋ��TXi� WUuQK�VӁ GӯQJ� OҥL� >�@��6ӵ NK{QJ�ÿӗQJ�QKҩW�YӅ
TXDQJ�SKә KRһF�PjX�VҳF�ÿѭӧF�P{�Wҧ WKHR�F{QJ�WKӭF�

݄ ൌݓߪ


7tQK�NK{QJ�ÿӗQJ�QKҩW�GR�ÿӝ OӋFK�ÿѭӧF�P{�Wҧ EҵQJ�Wӹ Vӕ JLӳD�FKLӅX�GjL�ÿѭӡQJ�
YLӅQ�WUrQ�WKӵF�WӃ O Yj�FăQ�EұF���FӫD�Vӕ SL[HO�WҥR�WKjQK�KuQK�ҧQK�Qj\�WKHR�F{QJ�WKӭF�FӫD�
.DUDNÕú�HW�DO������� >��@�

݄ ൌ
݈

ξ݊

�3KkQ�OR̩L�E̹QJ�WKX̵W�WRiQ�5DQGRP�)RUHVW

7KHR�*HQXHU���������SKѭѫQJ�SKiS�JiQ�WUҥQJ�WKiL�VDX�NKL�SKkQ�ÿRҥQ�ҧQK�WKӵF�
KLӋQ�EӣL�SKҫQ�PӅP�H&RJQLWLRQ�'HYHORSHU�EҵQJ�SKѭѫQJ�SKiS�5)��5DQGRP�IRUHVW��Oj�
PӝW�Nӻ WKXұW�PӟL�ÿѭӧF�SKiW�WULӇQ��SKѭѫQJ�SKiS�SKkQ�ORҥL�UӯQJ�QJүX�QKLrQ��5DQGRP�
IRUHVW��KRһF�UӯQJ�TX\ӃW�ÿӏQK�QJүX�QKLrQ�Oj�PӝW�SKѭѫQJ�SKiS�KӑF�Pi\�WRjQ�GLӋQ�ÿӇ
SKkQ�ORҥL��KӗL�TX\�Yj�FiF�QKLӋP�Yө NKiF��KRҥW�ÿӝQJ�EҵQJ�FiFK�[k\�GӵQJ�UҩW�QKLӅX�
Fk\�TX\ӃW�ÿӏQK�WURQJ�WKӡL�JLDQ�ÿjR�WҥR�Yj�ÿѭD�UD�OӟS�ÿy�Oj�SKѭѫQJ�WKӭF�FӫD�FiF�OӟS�
�SKkQ�ORҥL��KRһF�Gӵ ÿRiQ�WUXQJ�EuQK��KӗL�TX\��FӫD�WӯQJ�Fk\�>��@��

�.L͋P�ÿ͓QK�N͇W�TX̫ SKkQ�OR̩L

ĈӇ NLӇP�WUD�NӃW�TXҧ JLҧL�ÿRiQ�ҧQK��SKѭѫQJ�SKiS�OӵD�FKӑQ�QJүX�QKLrQ�ÿѭӧF�Vӱ
GөQJ��PӛL�WUҥQJ�WKiL�WӕL�WKLӇX����ÿLӇP��VDX�ÿy�WLӃQ�KjQK�[iF�PLQK�KLӋQ�WUҥQJ�QJRjL�
WKӵF�ÿӏD�Yj�VR�ViQK�YӟL�NӃW�TXҧ JLҧL�ÿRiQ��7URQJ�WUѭӡQJ�KӧS�ÿӝ FKtQK�[iF�QKӓ KѫQ�
����WKu�QJѭӡL�JLҧL�ÿRiQ�FҫQ�[HP�OҥL�TX\�WUuQK�JLҧL�ÿRiQ�Yj�SKѭѫQJ�SKiS�Oҩ\�NKyD�
JLҧL�ÿRiQ�ÿӇ QkQJ�FDR�ÿӝ FKtQK�[iF�FӫD�EҧQ�ÿӗ VDX�SKkQ� ORҥL� >��@��4Xi� WUuQK�Qj\�
ÿѭӧF�WKӵF�KLӋQ WKHR�FiF�EѭӟF�VDX�
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� ;k\�GӵQJ�PD�WUұQ�VDL�Vӕ �&RQIXVLRQ�PDWUL[��JLӳD�NӃW�TXҧ SKkQ�ORҥL�YӟL�PүX�
NLӇP�FKӭQJ�Yj�ÿiQK�JLi�FKӍ Vӕ .DSSD��.���7KHR�&RQJDOWRQ���������EҧQJ�PD�WUұQ�Oj�
SKѭѫQJ�SKiS�KLӋX�TXҧ QKҩW�ÿӇ ÿiQK�JLi�ÿӝ FKtQK�[iF�>��@�

� ĈiQK�JLi�ÿӝ FKtQK�[iF�WәQJ�WKӇ �2YHUDOO�$FFXUUDF\�

� ĈiQK�JLi�ÿӝ FKtQK�[iF�QJѭӡL�G�QJ��XVHU�DFFXUDF\�

� ĈiQK�JLi�ÿӝ FKtQK�[iF�EҧQ�ÿӗ �3URGXFHU�DFFXUDF\��

+Ӌ Vӕ .DSSD�ÿѭӧF�Vӱ GөQJ�Oj�WKѭӟF�ÿR�ÿiQK�JLi�ÿӝ FKtQK�[iF�SKkQ�ORҥL��Ĉk\�
Oj�KӋ Vӕ WLӋQ�tFK�FӫD�WҩW�Fҧ FiF�QJX\rQ�Wӕ Wӯ PD�WUұQ�VDL�Vӕ��1y�Oj�Vӵ NKiF�QKDX�Fѫ�
EҧQ�JLӳD�QKӳQJ�Ju�Fy�WKӵF�YӅ VDL�Vӕ ÿӝ OӋFK�FӫD�PD�WUұQ�Yj�WәQJ�Vӕ WKD\�ÿәL�ÿѭӧF�FKӍ
UD�EӣL�KjQJ�Yj�FӝW�>��@��&{QJ�WKӭF�[iF�ÿӏQK�FKӍ Vӕ .DSSD�QKѭ�VDX�

ܰσ ܺ

ୀଵ െ σ ሺ ܺା െ ܺାሻ


ୀଵ

ܰଶ െ σ ሺ ܺା െ ܺାሻ

ୀଵ

7URQJ�ÿy�� U� � 6ӕ OѭӧQJ� FӝW� WURQJ�PD� WUұQ�ҧQK��;LL � Vӕ OѭӧQJ�SL[HO� TXDQ� ViW�
ÿѭӧF�WҥL�KjQJ�L�Yj�FӝW�L��WUrQ�ÿѭӡQJ�FKpR�FKtQK���;L� � 7әQJ�SL[HO�TXDQ�ViW�WҥL�KjQJ�L��
; , � WәQJ�SL[HO�TXDQ�ViW�WҥL�FӝW�L��1�� WәQJ�Vӕ SL[HO�TXDQ�ViW�ÿѭӧF�WURQJ�PD�WUұQ�ҧQK��

+Ӌ Vӕ .DSSD� WKѭӡQJ�QҵP�JLӳD��� Yj� ��� JLi� WUӏ QҵP� WURQJ�NKRҧQJ�Qj\� WKu� ÿӝ
FKtQK� [iF� FӫD� Vӵ SKkQ� ORҥL� ÿѭӧF� FKҩS�QKұQ��7KHR�&өF�ĈӏD� FKҩW�0ӻ��.DSSD� Fy� ��
QKyP�JLi�WUӏ��.�� ���� ÿӝ FKtQK�[iF�FDR������� .��������ÿӝ FKtQK�[iF�YӯD�SKҧL��Yj�
.��������ÿӝ FKtQK�[iF�WKҩS��

�7K͙QJ�Nr�N͇W�TX̫ SKkQ�OR̩L�Yj�O̵S�E̫Q�ÿ͛ KL͏Q�WU̩QJ�UͳQJ

6DX�NKL�NLӇP�ÿӏQK�NӃW�TXҧ SKkQ�ORҥL�ÿҥW�\rX�FҫX�� Wӯ OӟS�WK{QJ�WLQ�KLӋQ�WUҥQJ�
UӯQJ� WLӃQ�KjQK�ELrQ� WұS� Yj� [k\� GӵQJ�EҧQ�ÿӗ KRjQ� FKӍQK� Wӹ OӋ ����������GӵD� WUrQ�
SKҫQ�PӅP�$UFJLV������Yj�0DSLQIR�3UR�������7KӕQJ�Nr�NӃW�TXҧ SKkQ�ORҥL�WKHR�FiF�Gӳ
OLӋX�KLӋQ�WUҥQJ�UӯQJ�ÿm�SKkQ�ORҥL�GӵD�WUrQ�SKҫQ�PӅP�([FHO�������ÿѭD�UD�FiF�WK{QJ�
Vӕ YӅ GLӋQ�WtFK�FiF�ORҥL�UӯQJ��

���.ӂ7�48Ҧ 9¬�7+Ҧ2�/8Ұ1

�����%ӝ NKyD�JLҧL�ÿRiQ�ҧQK

&ăQ�Fӭ NӃW�TXҧ JLҧL�ÿRiQ� WURQJ�SKzQJ�FӫD�KDL�FKX\rQ�JLD�ÿӝF� OұS� WUrQ�SKҫQ�
PӅP�&ROOHFW�(DUWK��ÿm�ORҥL�WUӯ FiF�PүX�NKyD�ҧQK�Fy�NӃW�TXҧ JLҧL�ÿRiQ�YӟL ÿӝ WLQ�Fұ\�
WKҩS�Yj�ÿѭD�UD�Eӝ PүX�NKyD�ҧQK�EDR�JӗP�����PүX�G�QJ�FKR�JLҧL�ÿRiQ�ҧQK��WӭF�ÿm�
ORҥL�WUӯ ���PүX�VR�YӟL�NӃW�TXҧ SKkQ�SKӕL�PүX�EDQ�ÿҫX�Yj�����PүX�NLӇP�FKӭQJ�NӃW�
TXҧ JLҧL�ÿRiQ�VDX�NKL�ORҥL�WUӯ ���PүX�NK{QJ�ÿҥW�ÿӝ WLQ�Fұ\��KuQK�����7KHR�.DY]RJOX�
�������Yj�7UҫQ�4XDQJ�%ҧR���������YӟL�Vӕ OѭӧQJ�Eӝ NKyD�JLҧL�ÿRiQ�ҧQK�EDR�JӗP�����
PүX�Yj�����PүX�NLӇP�FKӭQJ��ÿm�ÿiS�ӭQJ�ÿѭӧF�\rX�FҫX�YӅ Vӕ OѭӧQJ�PүX�JLҧL�ÿRiQ�
FKR�NKX�YӵF�WӍQK�.RQ�7XP�>������@��
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+uQK��� 9ӏ WUt�PүX�NKyD�ҧQK�JLҧL�ÿRiQ�Yj�NLӇP�FKӭQJ

6DX�NKL�[ӱ Oê�ÿm�WKX�ÿѭӧF�KӋ WKӕQJ�Eӝ NKyD�JLҧL�ÿRiQ�ҧQK�FKR�FiF�NLӇX�UӯQJ�
JӗP������5ӯQJ�Oi�UӝQJ�WKѭӡQJ�[DQK��/57;��JLjX�����PүX�������5ӯQJ�/57;�WUXQJ�
EuQK� �����PүX��� ����5ӯQJ� /57;�QJKqR� ����PүX��� ����5ӯQJ� /57;�SKөF� KӗL� ����
PүX��� ����5ӯQJ� UөQJ� Oi� Fk\� Kӑ 'ҫX� �UӯQJ� NKӝS�� ����PүX��� ����5ӯQJ� WUH� QӭD� ����
PүX�������5ӯQJ�KӛQ�JLDR�Jӛ��WUH�QӭD�����PүX�������5ӯQJ�Oi�NLP�����PүX�������5ӯQJ�
KӛQ�JLDR�Oi�UӝQJ��Oi�NLP�����PүX��������5ӯQJ�WUӗQJ�����PүX��������ĈҩW�WUӕQJ�NKiF�
����PүX��������0һW�QѭӟF�����PүX��������'kQ�Fѭ�����PүX��������ĈҩW�NKiF��ÿҩW�Q{QJ�
QJKLӋS�«�����PүX��
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�����Ĉӝ WLQ�Fұ\�FӫD�NӃW�TXҧ SKkQ�ORҥL

ĈiQK�JLi�PӭF�ÿӝ FKtQK�[iF�WәQJ�WKӇ FӫD�NӃW�TXҧ JLҧL�ÿRiQ�ÿҥW�����Yj�KӋ Vӕ
.DSSD� ��������6ӵ VDL�OӋFK�[XҩW�KLӋQ�QKLӅX�ӣ FiF�QKyP�PүX�NKyD�Wӯ ��ÿӃQ����YӟL�ÿӝ
FKtQK�[iF�EҧQ�ÿӗ ӣ PӭF�����ÿӃQ������EҧQJ�����Ĉk\�Oj�FiF�QKyP�WUҥQJ� WKiL�UӯQJ�
/57; Wӯ JLjX�ÿӃQ�SKөF�KӗL��Oj�QKӳQJ�WUҥQJ�WKiL�NKy�JLҧL�ÿRiQ��1KyP�PүX�NKyD�Vӕ ��
Fy�ÿӝ FKtQK�[iF�FDR�QKҩW������ÿӝ FKtQK�[iF�EҧQ�ÿӗ���QKyP�PүX�NKyD Vӕ ���Fy�ÿӝ
FKtQK�[iF�����ÿӝ FKtQK�[iF�EҧQ�ÿӗ��&iF�QKyP�PүX�NKyD�JLҧL�ÿRiQ�Vӕ ��������������
���ÿӅX�Fy�ÿӝ FKtQK�[iF�WѭѫQJ�ÿӕL�FDR���������ÿӝ FKtQK�[iF�EҧQ�ÿӗ���

%ҧQJ��� .ӃW�TXҧ PD�WUұQ�VDL�Vӕ JLӳD�NӃW�TXҧ SKkQ�ORҥL�Yj�PүX�NKyD�ҧQK�NLӇP�FKӭQJ

Ĉ,ӆ0�.,ӆ0�&+Ӭ1*�0Һ7�ĈҨ7 ĈÈ1+�*,È

)&0 � � � � � � � � � �� �� �� �� �� 7әQJ

Ĉӝ�
FKtQK�
[iF�
QJѭӡL�
G�QJ

Ĉӝ�
FKtQK�
[iF�
EҧQ�
ÿӗ

7әQJ

%
Ҧ
1
�Ĉ
Ӗ

� �� � �� ��� ��� ���

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

�� �� � �� ��� ���

�� � �� � �� ��� ���

�� � � � � �� �� ��� ���

7Ә1* �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���

�����%ҧQ�ÿӗ Yj�WKӕQJ�Nr�KLӋQ�WUҥQJ�UӯQJ�WӍQK�.RQ�7XP

7ӯ NӃW�TXҧ JLҧL�ÿRiQ�ҧQK�YӋ WLQK��EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�WӍQK�.RQ�7XP�QăP�
������Wӹ OӋ ����������ÿm�ÿѭӧF�WKjQK�OұS��KuQK�����7KHR�EҧQJ����WәQJ�GLӋQ�WtFK�UӯQJ�
FӫD�WӍQK�.RQ�7XP�Oj��������KD��FKLӃP�����WәQJ�GLӋQ�WtFK�OmQK�WKә Wӵ QKLrQ��7URQJ�
ÿy��Fy�PӝW�Vӕ NLӇX�UӯQJ�ÿһF�WUѭQJ�FKR�NKt�KұX�QKLӋW�ÿӟL�JLy�P�D�FDR�QJX\rQ�WҥL�NKX�
YӵF�WӍQK�.RQ�7XP��5ӯQJ�/57;��UӯQJ�NKӝS��UӯQJ�WUH�QӭD��UӯQJ�KӛQ�JLDR�Jӛ Yj�WUH�
QӭD��UӯQJ�Oi�NLP��UӯQJ�KӛQ�JLDR�Oi�UӝQJ�Oi�NLP��UӯQJ�WUӗQJ�Yj�ÿҩW NK{QJ�Fy�UӯQJ��6ӕ
OLӋX�WҥL�%ҧQJ � FKR�WKҩ\��WәQJ�GLӋQ�WtFK�Fy�UӯQJ�EDR�JӗP�UӯQJ�Wӵ QKLrQ�Yj�UӯQJ�WUӗQJ�
Oj������� KD�� WURQJ�ÿy�GLӋQ�WtFK�UӯQJ�Wӵ QKLrQ�Oj��������KD�FKLӃP������GLӋQ�WtFK�
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UӯQJ� WUӗQJ� Oj������ KD�FKLӃP�����WәQJ�GLӋQ WtFK�Fy� UӯQJ��7URQJ�ÿy�� UӯQJ�/57;�
FKLӃP�GLӋQ�WtFK�OӟQ�QKҩW��YӟL�WәQJ�GLӋQ�WtFK��������KD��WUrQ�����WәQJ�GLӋQ�WtFK�UӯQJ�
Wӵ QKLrQ�.RQ�7XP���5ӯQJ�KӛQ�JLDR�Oi�UӝQJ�Oi�NLP�FǊQJ�FKLӃP�GLӋQ�WtFK�NKi�OӟQ��YӟL�
NKRҧQJ����� WәQJ�GLӋQ� WtFK� UӯQJ� Wӵ QKLrQ��.LӇX� UӯQJ�ÿһF WUѭQJ� FKR�ÿDL� Q~L� WUXQJ�
EuQK�Yj�Q~L� FDR� WҥL� NKX�YӵF� WӍQK�.RQ�7XP� Oj� UӯQJ� Oi�NLP� Fy�GLӋQ� WtFK�������KD��
FKLӃP������WәQJ�GLӋQ�WtFK�ÿҩW�UӯQJ�Wӵ QKLrQ��

+uQK��� %ҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�WӍQK�.RQ�7XP�QăP������WKjQK�OұS�Wӯ Gӳ OLӋX�ҧQK�3ODQHW
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%ҧQJ����7KӕQJ�Nr�GLӋQ�WtFK�WKHR�KLӋQ�WUҥQJ�UӯQJ�GӵD�WUrQ�EҧQ�ÿӗ WKjQK�OұS
Wӯ Gӳ OLӋX�ҧQK�3ODQHW�QăP������WӍQK�.RQ�7XP

.ê�
KLӋX�
Pm�
NKyD

+LӋQ�WUҥQJ�UӯQJ

'LӋQ�WtFK�
�KD�

WKHR�EҧQ�
ÿӗ�Vӱ�

GөQJ�ҧQK�
3ODQHW

.ê�
KLӋX�
Pm�
NKyD

+LӋQ�WUҥQJ�
UӯQJ

'LӋQ�WtFK��KD�

WKHR�EҧQ�ÿӗ�
Vӱ�GөQJ�ҧQK�

3ODQHW

, 5ͳQJ�W�QKLrQ ������ ,, 5ͳQJ�WU͛QJ �����

� 5ӯQJ�/57; JLjX ����� �� 5ӯQJ�WUӗQJ �����

� 5ӯQJ�/57; WUXQJ�EuQK ����� ,,, .K{QJ�Fy�UͳQJ ������

� /i�/57;�QJKqR ����� �� ĈҩW�WUӕQJ�NKiF ������

� /i�/57;�SKөF�KӗL ������ �� 0һW�QѭӟF �����

� 5ӯQJ�UөQJ�Oi ���� �� 'kQ�Fѭ �����

� 5ӯQJ�WUH�QӭD ����� ��
ĈҩW� NKiF�� Q{QJ�
QJKLӋS

������

�
5ӯQJ� KӛQ� JLDR� Jӛ�� WUH�
QӭD

�����

7Ә1* ������� 5ӯQJ�Oi�NLP �����

�
5ӯQJ�KӛQ�JLDR�Oi�UӝQJ��
Oi�NLP

�����

6R�ViQK�YӟL�FiF�Gӳ OLӋX�WKHR�EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�WKXӝF�FKѭѫQJ�WUuQK�NLӇP�
Nr�UӯQJ�WRjQ�TXӕF�Vӱ GөQJ�ҧQK�6327�>��@�Yj�EҧQ�ÿӗ UӯQJ�FKX�NǤ ,9�Vӱ GөQJ�ҧQK�
6HQWLQHO���>��@��KuQK�����QKұQ�WKҩ\��ÿӝ VDL�OӋFK ÿӕL�YӟL�FiF�NLӇX�UӯQJ�Wӵ QKLrQ��UӯQJ�
WUӗQJ�KD\�ÿҩW�NK{QJ�Fy�UӯQJ�ÿӅX�ӣ PӭF�QKӓ��7KHR�ÿy��GLӋQ�WtFK�UӯQJ�Wӵ QKLrQ�WKHR�
ҧQK�3ODQHW�YjR�NKRҧQJ������UӯQJ�WUӗQJ�Oj����Yj�ÿҩW�NK{QJ�Fy�UӯQJ�NKRҧQJ������
JҫQ� WѭѫQJ�ÿѭѫQJ�YӟL� Vӕ OLӋX�GLӋQ� WtFK� UӯQJ� WKHR� FKѭѫQJ� WUuQK NLӇP�Nr� UӯQJ� WRjQ�
TXӕF�Vӱ GөQJ�ҧQK�6327��OҫQ�OѭӧW�Oj���������Yj�������Vӕ OLӋX�WURQJ�FKѭѫQJ�WUuQK�
³ĈLӅX�WUD��ÿiQK�JLi�Yj�JLiP�ViW�WjL�QJX\rQ�UӯQJ�TXӕF�JLD�JLDL�ÿRҥQ������� ����´��ÿӕL�
YӟL�WӍQK�.RQ�7XP�QăP��������6ӕ OLӋX�KLӋQ�WUҥQJ�UӯQJ�NKL�Vӱ GөQJ�ҧQK�3ODQHW�Fy�ÿӝ
VDL�OӋFK�tW�KѫQ�VR�YӟL�ҧQK�6HQWLQHO���ÿӕL�YӟL�NӃW�TXҧ NLӇP�Nr�UӯQJ�Wӯ ҧQK�6327��.ӃW�
TXҧ NLӇP�WUD� UӯQJ� Oj�NӃW�TXҧ FKtQK� WKӭF�ÿѭӧF�%ӝ 1{QJ�QJKLӋS�Yj�3KiW� WULӇQ�Q{QJ�
WK{Q�Vӱ GөQJ�ÿӇ WKӕQJ�Nr�GLӋQ� WtFK�UӯQJ� WҥL�9LӋW�1DP��ĈӕL�YӟL�NӃW�TXҧ KLӋQ� WUҥQJ�
UӯQJ WKHR�ҧQK�6HQWLQHO����GLӋQ�WtFK�UӯQJ�Wӵ QKLrQ�NKRҧQJ������UӯQJ�WUӗQJ����Yj�ÿҩW�
NK{QJ�Fy�UӯQJ�NKRҧQJ������.ӃW�TXҧ Qj\�FKrQK�OӋFK�NKi�QKLӅX�VR�YӟL�Gӳ OLӇX�NLӇP�
Nr� UӯQJ�Vӱ GөQJ�ҧQK�6327�ÿm�F{QJ�Eӕ��7KHR�ÿy��NӃW�TXҧ GLӋQ� WtFK� UӯQJ� Wӵ QKLrQ�
WKHR�ҧQK�6HQWLQHO���FKrQK�OӋFK�����WәQJ�GLӋQ�WtFK�VR�YӟL�Gӳ OLӋX�NLӇP�Nr�UӯQJ��UӯQJ�
WUӗQJ�Oj����Yj�ÿҩW�NK{QJ�Fy�UӯQJ�Oj�����
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+uQK��� 'ӳ OLӋX�EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�WKjQK�OұS�EҵQJ�FiF�ORҥL�ҧQK�NKiF�QKDX

1KұQ WKҩ\��ÿӕL�YӟL�FiF�Gӳ OLӋX�ҧQK�YӋ WLQK�PLӉQ�SKt��Vӱ GөQJ�ҧQK�3ODQHW�ÿHP�
OҥL�NӃW�TXҧ KLӋQ�WUҥQJ�UӯQJ�WѭѫQJ�ÿӕL�FKtQK�[iF�VR�YӟL�EҧQ�ÿӗ KLӋQ�UӯQJ�WRjQ�TXӕF��
Ĉk\� ÿѭӧF� [HP� Oj� KѭӟQJ� ÿL�PӟL� WURQJ� YLӋF� WKjQK� OұS� EҧQ� ÿӗ KLӋQ� WUҥQJ� UӯQJ� YӟL�
QJXӗQ�ҧQK�YӋ WLQK�NK{QJ�PҩW�SKt��ÿHP�OҥL�ÿӝ WLQ�Fұ\�FDR�WURQJ�F{QJ�WiF�SKkQ�ORҥL��
TXҧQ�Oê�Yj�EҧR�YӋ UӯQJ�ӣ TX\�P{�ÿӏD�SKѭѫQJ�Yj�TXӕF�JLD�JLDL�ÿRҥQ�KLӋQ�QD\��

���.ӂ7�/8Ұ1

� 9ӟL�WәQJ�Vӕ PүX�NKyD�ҧQK�Oj������PүX��ÿm�ORҥL�Eӓ FiF�PүX�ҧQK�NK{QJ�ÿiS�
ӭQJ�ÿӝ FKtQK�[iF�Yj�Vӱ GөQJ�����PүX�SKөF�Yө F{QJ�WiF�JLҧL�ÿRiQ�ҧQK�F�QJ�YӟL�����
PүX�ÿӇ NLӇP�FKӭQJ��%ӝ NKyD�JLҧL� ÿRiQ� ҧQK�SKөF�Yө [k\�GӵQJ�EҧQ�ÿӗ KLӋQ� WUҥQJ�
UӯQJ� WӍQK�.RQ�7XP�YӟL� ���NLӇX� WUҥQJ� WKiL� WURQJ�ÿy�Fy���� WUҥQJ� WKiL� Fy� UӯQJ�Yj���
WUҥQJ�WKiL�NK{QJ�UӯQJ��6DX�NKL�JLҧL�ÿRiQ�ҧQK�3ODQHW��NӃW�TXҧ ÿiQK�JLi�ÿӝ FKtQK�[iF��
WLQ�Fұ\�EҵQJ�SKѭѫQJ�SKiS�[k\�GӵQJ�PD�WUұQ�VDL�Vӕ JLӳD�NӃW�TXҧ SKkQ�ORҥL�Yj�PүX�
NKyD�ҧQK�NLӇP�FKӭQJ�ÿҥW�ÿӝ FKtQK�[iF�WәQJ�WKӇ �����KӋ Vӕ .DSSD�ÿҥW��������

� 7RjQ�Eӝ ҧQK�YӋ WLQK�NKX�YӵF�WӍQK�.RQ�7XP�ÿѭӧF�SKkQ�WKjQK�������ÿӕL�WѭӧQJ�
GӵD�YjR�WUҥQJ�WKiL�FӫD�Eӝ PүX�NKyD�ҧQK�JLҧL�ÿRiQ�FiF�ÿӕL�WѭӧQJ��ÿѭӧF�SKkQ�WKjQK����
WUҥQJ�WKiL�UӯQJ�NKiF�QKDX�YӟL�Vӵ Kӛ WUӧ FӫD�SKҫQ�PӅP�H&RJQLWLRQ�'HYHORSHU�����GӵD�
WUrQ�SKѭѫQJ�SKiS�SKkQ�ORҥL�ҧQK�5DQGRP�IRUHVW��.ӃW�TXҧ ÿm�[k\�GӵQJ�WKjQK�F{QJ�EҧQ�
ÿӗ KLӋQ�WUҥQJ�UӯQJ�WӍQK�.RQ�7XP�Wӹ OӋ ����������YӟL�WәQJ�GLӋQ�WtFK�Fy�UӯQJ�Oj��������
KD� �FKLӃP�����WәQJ�GLӋQ�WtFK�OmQK�WKә���WURQJ�ÿy�GLӋQ�WtFK�UӯQJ�Wӵ QKLrQ�Oj��������KD�
WѭѫQJ�ӭQJ�����Yj�GLӋQ�WtFK�UӯQJ�WUӗQJ�Oj������ KD� FKLӃP�����WәQJ�GLӋQ�WtFK�Fy�UӯQJ�
WKӡL�ÿLӇP WKiQJ���������

� 9ӟL�ÿӝ FKtQK�[iF�Yj�KӋ Vӕ .DSSD�FDR��FKR�WKҩ\�WtQK�NKҧ WKL�Yj�ӭQJ�GөQJ�WKӵF�
WLӉQ�FӫD�QJKLrQ�FӭX��.ӃW�TXҧ QJKLrQ�FӭX�JyS�SKҫQ�QkQJ�FDR�NKҧ QăQJ�ӭQJ�GөQJ�YLӉQ�
WKiP�ÿӇ [k\�GӵQJ�EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ��7ӯ OLӋX�ҧQK�3ODQHW�Oj�Gӳ OLӋX�NKҧ GөQJ�YӟL�
FKL�SKt�WKҩS�Yj�KLӋX�TXҧ FDR�SKөF�Yө [k\�GӵQJ�EҧQ�ÿӗ KLӋQ�WUҥQJ�UӯQJ�Yj�ÿiQK�JLi�
ELӃQ�ÿӝQJ�UӯQJ�TXD�FiF� WKӡL�NǤ��Ĉk\�Oj�Wѭ�OLӋX�TXDQ�WUӑQJ�WURQJ�F{QJ�WiF�TXҧQ�Oê��
EҧR�WӗQ�Yj�SKiW�WULӇQ�WjL�QJX\rQ�UӯQJ�ӣ QѭӟF�WD�JLDL�ÿRҥQ�KLӋQ�QD\�

'LӋQ�WtFK�WKHR�
ҧQK�3ODQHW��KD�

'LӋQ�WtFK�WKHR�
ҧQK�6327��KD�

'LӋQ�WtFK�WKHR�
ҧQK�6HQWLQHO���

�KD�

5ӯQJ�Wӵ�QKLrQ ������ ������ ������

5ӯQJ�WUӗQJ ����� ����� �����

ĈҩW�NK{QJ�Fy�UӯQJ ������ ������ ������

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

ĈҩW�NK{QJ�Fy�UӯQJ 5ӯQJ�WUӗQJ 5ӯQJ�Wӵ�QKLrQ
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7¬,�/,ӊ8�7+$0�.+Ҧ2

�� 8QLWHG� 1DWLRQV�� 7KH� VXVWDLQDEOH� GHYHORSPHQW� JRDOV� UHSRUW�� $YDLODEOH�
RQOLQH�KWWSV���XQVWDWV�XQ�RUJ�VGJV�ILOHV�UHSRUW������7KH6XVWDLQDEOH'HYHORSPH
QW*RDOV5HSRUW�����SGI��DFFHVVHG�RQ���)HEUXDU\�������������

�� +LHQ� 3��� )RUHVW� PDQDJHPHQW� PHHWLQJ� WKH� UHTXLUHPHQWV� IRU� VXVWDLQDEOH�
GHYHORSPHQW�LQ�9LHWQDP� 3XEOLF�$GPLQLVWUDWLRQ�5HVHDUFK�������������

�� 2\HEDGH� %��� $L\HORMD $�$��� $LJEH +�,��� *HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHP�
�*,6��DSSOLFDWLRQV�LQ�IRUHVW�UHVRXUFH�DVVHVVPHQW�DQG�PDQDJHPHQW� �����

�� $KPDG� )���*,6 DSSOLFDWLRQ� IRU� IRUHVW� PDQDJHPHQW� LQ� GU\ODQGV� RI� 3DNLVWDQ�
-RXUQDO�RI�)RRG��$JULFXOWXUH�DQG�(QYLURQPHQW������� ����������

�� .RORVYDU\�5���&RUEOH\ .�3���)RUHVW�PDQDJHPHQW�ZLWK�*,6� ���������������

�� 2HWWHO�-���/DSLQ .���/LQNLQJ�IRUHVW�PDQDJHPHQW�DQG�ELRGLYHUVLW\�LQGLFDWRUV�WR�
VWUHQJWKHQ� VXVWDLQDEOH� IRUHVW� PDQDJHPHQW� LQ� (XURSH� (FRORJLFDO� ,QGLFDWRUV��
���������������

�� 3HGGL� $��� 'HYHORSPHQW� RI� JHRVSDWLDO� GHFLVLRQ� VXSSRUW� V\VWHP� IRU� IRUHVW�
PDQDJHPHQW� XVLQJ� *,6 DQG� UHPRWH VHQVLQJ� LQ� ��WK� &263$5� 6FLHQWLILF�
$VVHPEO\��%UHPHQ��*HUPDQ\�������

�� 6RQRZDO�&���&RPPXQLW\�LQYROYHPHQW�LQ�IRUHVW�PDQDJHPHQW��$�VRFLDO�DQDO\VLV�
RI�MRLQW�IRUHVW�PDQDJHPHQW�LQ�0DKDUDVKWUD��,QGLD� -RXUQDO�RI�+XPDQ�(FRORJ\�
�'HOKL��,QGLD��������������������

�� &RJQLWLRQ�8VHU�*XLGH����'HILQLHQV�,PDJLQJ�*PE+� 0XQLFK��81%&�*,6�/DE��
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��� &RQJDOWRQ�5�*���.��*UHHQ��$VVHVVLQJ� WKH� DFFXUDF\� RI� UHPRWHO\� VHQVHG� GDWD��
3ULQFLSOHV�DQG�SUDFWLFHV� /HZLV�3XEOLVKHUV��%RFD�5DWRQ��)/��86$�������

��� &XRQJ� 1�'��� .�� 0LFKDHO�� 0�� 9RONHU�� /DQG� XVH� VSDWLDO� RSWLPL]DWLRQ� IRU�
VXVWDLQDEOH�ZRRG�XWLOL]DWLRQ�DW�WKH�UHJLRQDO�OHYHO��$�FDVH�VWXG\�IURP�9LHWQDP�
)RUHVWV������������������

��� *HQXHU�5��DQG�-�0��3RJJL��5DQGRP�)RUHVWV� ������S�������

��� .DUDNÕú�6���0DUDQJR] $���%X\XNVDOLK *���$QDO\VLV�RI�VHJPHQWDWLRQ�SDUDPHWHUV
LQ�HFRJQLWLRQ�VRIWZDUH�XVLQJ�KLJK�UHVROXWLRQ�TXLFNELUG�PV�LPDJHU\� =RQJXOGDN�
.DUDHOPDV�8QLYHUVLW\��7XUNH\��������S�����

��� 0DL�7UӑQJ�7KӏQK��1JX\ӉQ�+ҧL�+zD��6͵�GͭQJ�̫QK�YL͍Q�WKiP�ÿD�WKͥL�JLDQ�WURQJ�
ÿiQK�JLi�EL͇Q�ÿ͡QJ�GL͏Q�WtFK�UͳQJ�QJ̵S�P̿Q�W̩L�WK͓�[m�4X̫QJ�<rQ��W͑QK�4X̫QJ�
1LQK� 7ҥS�FKt�.KRD�KӑF�Yj�&{QJ�QJKӋ�QKLӋW�ÿӟL������������������

��� 1JX\HQ�'DQJ�+RL�HW�DO���3ODQWV�GLYHUVLW\�DQG�IRUHVW�VWUXFWXUH�GLIIHUHQWLDWLRQ�E\�
HOHYDWLRQ�LQ�1JRF�/LQK�PRXQWDLQ�UDQJH��.RQ�7XP�SURYLQFH��9LHWQDP� %LRORJ\�
&KHPLVWU\������� ��������������

��� 8%1'�WӍQK�.RQ�7XP��%iR�FiR�W͝QJ�KͫS�NLQK�W͇�� [m�K͡L�W͑QK�.RQ�7XP�QăP�
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��� -DOEXHQD�5�/���3HUDOWD 5�9���7DPRQGRQJ $�0���2EMHFW�EDVHG� LPDJH�DQDO\VLV�
IRU� PDQJURYHV� H[WUDFWLRQ� XVLQJ� /,'$5� GDWDVHWV� DQG� RUWKRSKRWR� $VLDQ�
$VVRFLDWLRQ�RQ�5HPRWH�6HQVLQJ�������

��� %DDW]� 0�� DQG� 6FKDSH $��� 0XOWLUHVROXWLRQ� VHJPHQWDWLRQ�� DQ� RSWLPL]DWLRQ�
DSSURDFK� IRU� KLJK� TXDOLW\� PXOWL�VFDOH� LPDJH� VHJPHQWDWLRQ� $QJHZ�� *HRJU��
,QIR��YHUDUEHLWXQJ��:LFKPDQQ�9HUODJ��+HLGHOEHUJ��������S�������

��� .DY]RJOX�7��DQG�<LOGL] 0���3DUDPHWHU�EDVHG�SHUIRUPDQFH�DQDO\VLV�RI�REMHFW�
EDVHG�LPDJH�DQDO\VLV�XVLQJ�DHULDO�DQG�TXLNELUG���LPDJHV��5HPRWH�6HQVLQJ�DQG�
6SDWLDO�,QIRUPDWLRQ�6FLHQFHV��,�$�R�W��3KRWRJUDPPHWU\��(GLWRU��������S�������
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UͳQJ� 7ҥS�FKt 1{QJ�QJKLӋS�Yj�SKiW�WULӇQ�Q{QJ�WK{Q����������������

��� %ӝ�1{QJ�QJKLӋS�Yj�SKiW�WULӇQ�Q{QJ�WK{Q��&K˱˯QJ�WUuQK�ÿL͉X�WUD��WKHR�G}L�WjL�
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UӯQJ�������
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7KLV�SDSHU�GHVFULEHV� WKH�SURFHVV�RI�FUHDWLQJ�D� IRUHVW�VWDWXV�PDS�LQ�.RQ�7XP�
SURYLQFH��9LHWQDP XVLQJ�3ODQHW�VDWHOOLWH�LPDJHV�FDSWXUHG�LQ�'HFHPEHU������DQG�WKH�
LPDJH� LQWHUSUHWDWLRQ� NH\V� EHORQJHG� WR� ��� ODQG� FRYHU� W\SHV�� :LWK� WKH� DLG� RI�
H&RJQLWLRQ� 'HYHORSHU� VRIWZDUH� WKH� VDWHOOLWH� LPDJHV� ZHUH� VHJPHQWHG� LQWR� �������
REMHFWV� DQG� WKH� IRUHVW� VWDWXV� PDS� ZDV� HVWDEOLVKHG� ZLWK� DQ� DFFXUDF\� RI� ����� WKH�
.DSSD� FRHIILFLHQW� LV� ������� 7KH� WRWDO� IRUHVW� DUHD� LQ� .RQ� 7XP� LV� ������� KHFWDUHV
�����QDWXUDO�DUHD�RI�.RQ�7XP���LQFOXGLQJ��������KHFWDUHV�RI�QDWXUDO�IRUHVWV�������
DQG� ����� KHFWDUHV� RI� SODQWHG� IRUHVWV� ������� 7KH� UHVXOWV� RI� WKH� DUWLFOH� DUH� JRRG�
UHIHUHQFHV� IRU� VWXGLHV� RQ� VDWHOOLWH� LPDJH� DSSOLFDWLRQ� LQ� IRUHVW� FODVVLILFDWLRQ�� IRUHVW�
PDQDJHPHQW�DQG�IRUHVW�PRQLWRULQJ�

.H\ZRUGV� 6DWHOOLWH� LPDJH��3ODQHW�� IRUHVW�VWDWXV�PDS��UHPRWH�VHQVLQJ��̫QK�Y͏
WLQK��3ODQHW��E̫Q�ÿ͛ UͳQJ��YL͍Q�WKiP�

1K̵Q�EjL�QJj\��� WKiQJ�� QăP�����

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

+RjQ�WKL͏Q�QJj\��� WKiQJ�� QăP�����

��� 7UXQJ�WkP�9L͍Q�WKiP�Yj�&{QJ�QJK͏ WK{QJ�WLQ��9L͏Q�ĈL͉X�WUD�TX\�KR̩FK�UͳQJ
����7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W�� 1JD


