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%ӋQK� ODR� Oj� PӝW� WURQJ� QKӳQJ� EӋQK� WUX\ӅQ� QKLӉP� QJX\� KLӇP� Jk\� UD� EӣL� YL�
NKXҭQ�ODR��0\FREDFWHULXP�WXEHUFXORVLV���07%��>�@��7UrQ�WRjQ�WKӃ�JLӟL�Fy�NKRҧQJ����
WULӋX�QJѭӡL��GDR�ÿӝQJ�Wӯ��������WULӋX��ÿѭӧF�FKҭQ�ÿRiQ�PҳF�EӋQK�ODR�Yj�����WULӋX�FD�
Wӱ�YRQJ�GR�ODR�YjR�QăP������>�@��9LӋF�SKiW�KLӋQ�Yj�FKҭQ�ÿRiQ�EӋQK�FKӫ�\ӃX�GӵD�YjR�
FiF�\ӃX�Wӕ�OkP�VjQJ�Yj�FұQ�OkP�VjQJ�QKѭ�QKXӝP�VRL�ÿӡP��KD\�QX{L�Fҩ\�WuP�YL�NKXҭQ�
ODR�>�@��9L�NKXҭQ�ODR�Yj�YL�NKXҭQ�ODR�NK{QJ�ÿLӇQ�KuQK�WKXӝF�QKyP�0\FREDFWHULD��Fy�
WKӇ�Jk\�EӋQK�FKR�QJѭӡL��YұW�QX{L�Yj�ÿӝQJ�YұW�KRDQJ�Gm�>����@��

&iF�Nӻ�WKXұW�YL�VLQK�WUX\ӅQ�WKӕQJ�QKѭ�QX{L�Fҩ\�WUrQ�P{L�WUѭӡQJ�/RZHQVWHLQ���
-HQVHQ�� 0LGGOHEURRN� �+����+��� ÿѭӧF� FRL� Oj� WLrX� FKXҭQ� YjQJ� ÿӇ� SKiW� KLӋQ�
0\FREDFWHULD�>���@�� WX\�QKLrQ�WKӡL�JLDQ�QX{L�Fy�WKӇ�NpR�GjL�WӟL���WXҫQ�>���@��7URQJ�
NKL�ÿy��YLӋF�FKҭQ�ÿRiQ�VӟP�YL�NKXҭQ�ODR�WUrQ�EӋQK�SKҭP�OkP�VjQJ��FKӫ�\ӃX�Oj�ÿӡP��
Oj�Y{�F�QJ�TXDQ�WUӑQJ�ÿӇ�ÿѭD�UD�SKiF�ÿӗ�ÿLӅX�WUӏ�SK��KӧS�>�����@��&KtQK�Yu�Yұ\�FiF�
Nӻ�WKXұW�VLQK�KӑF�SKkQ�Wӱ�QKѭ�NKXӃFK�ÿҥL�D[LW�QXFOHLF�QKѭ�5HDO�WLPH�3&5�QJj\�FjQJ�
ÿѭӧF�iS�GөQJ�UӝQJ�UmL��ÿӇ�SKөF�Yө�FKҭQ�ÿRiQ�VӟP�Yj�FKtQK�[iF�YL�NKXҭQ�ODR��7X\�
QKLrQ��ÿӝ�QKҥ\�Yj�ÿӝ�ÿһF�KLӋX�FӫD�5HDOWLPH�3&5�SKө� WKXӝF�YjR�FKҩW� OѭӧQJ�$'1�
VDX�TXi�WUuQK�WiFK�FKLӃW�>�����@��.K{QJ�JLӕQJ�QKѭ�FiF�YL�NKXҭQ�NKiF��WKjQK�WӃ�EjR�
0\FREDFWHULD�Fy�FҩX�WU~F�SKӭF�WҥS��JLҫX�D[LW�P\FROLF�Yj�FiF�P\FRODWHV��ҧQK�KѭӣQJ�
OӟQ�ÿӃQ�TXi� WUuQK� O\�JLҧL� WKjQK� WӃ�EjR�YL�NKXҭQ�ÿӇ�JLҧL�SKyQJ�$'1��1JRjL� UD�� FiF�
PүX�EӋQK�SKҭP�ÿѭӡQJ�K{�KҩS�FKӭD�QKLӅX�FKҩW�ӭF�FKӃ�SKҧQ�ӭQJ�NKXӃFK�ÿҥL�$'1�YL�
NKXҭQ��FҫQ�[ӱ�Oê�NKӱ�WҥS�ORҥL�QKLӉP�>�@��&iF�WҥS�FKҩW�Yj�OѭӧQJ�WӃ�EjR�OӟQ�WURQJ�EӋQK�
SKҭP�K{�KҩS�ҧQK�KѭӣQJ�OӟQ�ÿӃQ�ÿӝ�QKҥ\�Yj�ÿӝ�ÿһF�KLӋX�FӫD�SKѭѫQJ�SKiS�3&5�QyL�
FKXQJ�� 7KHR� QJKLrQ� FӭX� FӫD� 5DP\D� %DUDQL� Yj� FV�� ÿӝ� QKҥ\� Yj� ÿӝ� ÿһF� KLӋX� FӫD�
SKѭѫQJ�SKiS�3&5�Fy�WKӇ�GDR�ÿӝQJ�UҩW�OӟQ�Wӯ����ÿӃQ�����>��@��ĈӇ�WăQJ�FѭӡQJ�KLӋX�
TXҧ�[ӱ�Oê�EӋQK�SKҭP�FKR�WiFK�FKLӃW�$'1��FiF�SKzQJ�[pW�QJKLӋP�FǊQJ�Eә�VXQJ�PӝW�
Vӕ�SKѭѫQJ�SKiS�NKӱ� WҥS��NKӱ�QKj\�EӋQK�SKҭP��QKҩW� Oj�EӋQK�SKҭP�ÿӡP�>��@��0һW�
NKiF��EӋQK�ODR�WKѭӡQJ�KRjQK�KjQK�ӣ�FiF�QѭӟF�ÿDQJ�SKiW�WULӇQ��Fy�KҥQ�FKӃ�YӅ�QJXӗQ�
OӵF��GR�ÿy�FǊQJ�FҫQ�WKLӃW�QJKLrQ�FӭX�FiF�SKѭѫQJ�SKiS�WiFK�FKLӃW�$'1�ÿѫQ�JLҧQ��FKL�
SKt�WKҩS�SKөF�Yө�FKR�[pW�QJKLӋP�WUrQ�GLӋQ�UӝQJ��*ҫQ�ÿk\��'LOKDUL�$�F{QJ�Eӕ�SKѭѫQJ�
SKiS�VDOWLQJ�RXW�GӵD�WUrQ�FiF�KyD�FKҩW�Fѫ�EҧQ�QKѭ�7ULV��6'6��1D&O��SURWHLQDVH�.�Fy�
NKҧ�QăQJ�WiFK�$'1�YL�NKXҭQ�Wӯ�PүX�OkP�VjQJ�YӟL�KLӋX�TXҧ�QKҩW�ÿӏQK��SK��KӧS�YӟL�
ÿLӅX� NLӋQ� FiF� QѭӟF� ÿDQJ�SKiW� WULӇQ� >��@��1JRjL� UD�� YL� NKXҭQ� ODR� Oj� ÿӕL� WѭӧQJ� Jk\�
EӋQK�QJX\�KLӇP�� Ok\� ODQ�TXD�ÿѭӡQJ�K{�KҩS��YLӋF�[ӱ� Oê�PүX�FǊQJ�FҫQ�FK~�ê� JLҧP�
WKLӇX�QJX\�Fѫ�FKR�QJѭӡL�WKӵF�KLӋQ�Nӻ�WKXұW�FKX\rQ�P{Q��0ӝW�Vӕ�WiF�JLҧ�ÿm�ÿӅ�[XҩW�
SKѭѫQJ�SKiS�[ӱ�Oê�QKLӋW�ÿѫQ�JLҧQ�QKҵP�EҩW�KRҥW�YL�NKXҭQ�ODR��Pj�YүQ�ÿҧP�EҧR�KLӋX�
TXi� WiFK�FKLӃW�$'1�$51�FKR�FiF�Nӻ� WKXұW� VLQK�KӑF�SKkQ� Wӱ�FKX\rQ�VkX� >������@��
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+LӋQ�QD\�� WURQJ� ÿLӅX� NLӋQ�9LӋW�1DP�� FiF� Eӝ� VLQK� SKҭP� WKѭѫQJ�PҥL� WKѭӡQJ� ÿѭӧF�
G�QJ�ÿӇ�WiFK�FKLӃW�$'1�FKR�3&5��5HDO�WLPH�3&5�SKiW�KLӋQ�YL�NKXҭQ�ODR��9LӋF�NKҧR�
ViW�KLӋX�TXҧ�FӫD�FiF�Eӝ�VLQK�SKҭP�VҹQ�Fy�WҥL�9LӋW�1DP�FzQ�tW�ÿѭӧF�ÿӅ�FұS��PһF�G��
WUrQ�WKӃ�JLӟL�ÿm�Fy�QJKLrQ�FӭX�WѭѫQJ�Wӵ�>������@��

7ӯ�QKӳQJ�Oê�GR�WUrQ��FK~QJ�W{L�WLӃQ�KjQK�QJKLrQ�FӭX�Qj\�QKҵP�P{�Wҧ�KLӋX�TXҧ�
FӫD�SKѭѫQJ�SKiS�6DOWLQJ���RXW�NӃW�KӧS�[ӱ�Oê�QKLӋW�PүX�EӋQK�SKҭP�OkP�VjQJ�WURQJ�
WiFK�FKLӃW�$'1�Wӯ�YL�NKXҭQ�ODR��ĈӗQJ�WKӡL�P{�Wҧ�KLӋX�TXҧ�FӫD�PӝW�Vӕ�NLW�WKѭѫQJ�PҥL�
QKѭ� *�6SLQ� �,QWURQ�+jQ� 4XӕF��� 5,%2�� VRUE� �$PSOLVHQV�/LrQ� %DQJ� 1JD���
$'1�51$�3UHS��6DFDFH�é���

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

�����ĈҥR�ÿӭF�QJKLrQ�FӭX�

1JKLrQ� FӭX� Qj\� WKXӝF� ÿӅ� WjL� QJKLrQ� FӭX� NKRD� KӑF� FҩS� WUXQJ� WkP�1KLӋW� ÿӟL��
9LӋW���1JD�³1JKLrQ�FӭX��FKӃ�WҥR�Eӝ�NLW�0XOWLSOH[�5HDOWLPH�3&5�ÿӏQK�GDQK�YL�NKXҭQ�
ODR��0\FREDFWHULXP�WXEHUFXORVLV��Yj�YL�NKXҭQ�ODR�NK{QJ�ÿLӇQ�KuQK��1RQWXEHUFXORV�
P\FREDFWHULD�´�ÿѭӧF�SKr�GX\ӋW� EӣL�+ӝL�ÿӗQJ�ÿҥR�ÿӭF� WUXQJ� WkP�1KLӋW�ÿӟL�9LӋW� ��
1JD��Vӕ�FKӭQJ�QKұQ������&1�+ĈĈĈ��

�����0үX�QJKLrQ�FӭX�

9ҳF�[LQ�%&*��ӕQJ�ÿ{QJ�NK{��KjP� OѭӧQJ����PJ�Yj����PүX�EӋQK�SKҭP�ÿӡP�
FӫD�EӋQK�QKkQ�PҳF�ODR�SKәL�

�����3KѭѫQJ�SKiS�

�������7iFK�FKL͇W�$'1��

7UѭӟF� NKL� WLӃQ� KjQK� WiFK� FKLӃW�$'1�� ���PүX� ÿӡP�ÿѭӧF� [ӱ� Oê� EҵQJ� FiFK� ӫ�
��R&����SK~W�WURQJ�EӇ�әQ�QKLӋW�ÿӇ�EҩW�KRҥW�YL�NKXҭQ�ODR��WKHR�TX\�WUuQK�WKDP�NKҧR�
FӫD�'RLJ�&��6DELLWL�:�>������@��9ҳF�[LQ�%&*�ÿѭӧF�Eә�VXQJ��PO�QѭӟF�PXӕL�VLQK�Oê��
VDX� ÿy� SKD� ORmQJ� WKHR� FKXӛL� Wӹ� OӋ� ���� ���� ÿӇ� ÿҥW� ÿѭӧF�PӝW� GҧL� QӗQJ� ÿӝ��� �� î��� �
�PJ�PO����î������PJ�PO�����î������PJ�PO���î������PJ�PO��

� �� 7yP� WҳW� TX\� WUuQK� WiFK� FKLӃW� $'1� EҵQJ� NLW� WKѭѫQJ� PҥL� '1$�51$� 3UHS�
�6DFDFH���é��O\�JLҧL������O�EӋQK�SKҭP��NqP�WKHR����O�,&�Yj�KyD�FKҩW�WURQJ�Eӝ�NLW�ӣ�
QKLӋW�ÿӝ���R&�WURQJ���SK~W��6DX�ÿy�WLӃQ�KjQK�FiF�EѭӟF�[ӱ�Oê��NӃW�WӫD�Yj�UӱD�WKHR�TX\�
WUuQK�FӫD�Eӝ�NLW��FXӕL�F�QJ�WKX�KӗL�EҵQJ�����O�GXQJ�GӏFK�ÿӋP��%ҧR�TXҧQ�$'1�WiFK�
FKLӃW�ӣ�QKLӋW�ÿӝ�����&��

� �� 7yP� WҳW� TX\� WUuQK� WiFK� FKLӃW�'1$� EҵQJ� Eӝ� NtW�'1$� VRUE�%� �$PSOLVHQV� ��
1JD��� O\�JLҧL������O�EӋQK�SKҭP�YӟL�KyD�FKҩW� WURQJ�Eӝ�NLW�ӣ�QKLӋW�ÿӝ���R&�WURQJ���
SK~W��6DX�ÿy�WLӃQ�KjQK�FiF�EѭӟF�[ӱ�Oê��NӃW�WӫD�Yj�UӱD�WKHR�TX\�WUuQK�FӫD�Eӝ�NLW��FXӕL�
F�QJ�WKX�KӗL�EҵQJ�����O�GXQJ�GӏFK�ÿӋP��%ҧR�TXҧQ�$'1�WiFK�FKLӃW�ӣ�QKLӋW�ÿӝ�����&��

��7yP� WҳW�TX\� WUuQK� WiFK�FKLӃW�$'1�EҵQJ�NLW�*�6SLQ� �,QWURQ� ��+jQ�4XӕF�� O\�
JLҧL������O�EӋQK�SKҭP�YӟL�KyD�FKҩW�WURQJ�Eӝ�NLW�ӣ�QKLӋW�ÿӝ���R&�WURQJ����SK~W��6DX�
ÿy�WLӃQ�KjQK�FiF�EѭӟF�[ӱ�Oê��FKX\ӇQ�OrQ�FӝW�KҩS�SKө�Yj�UӱD�WKHR�TX\�WUuQK�FӫD�Eӝ�NLW��
FXӕL�F�QJ�WKX�KӗL�EҵQJ�����O�GXQJ�GӏFK�ÿӋP��%ҧR�TXҧQ�$'1�WiFK�FKLӃW�ӣ�QKLӋW�ÿӝ�����&��
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� ��4X\� WUuQK� WiFK�FKLӃW�$'1�EҵQJ�SKѭѫQJ�SKiS�6DOWLQJ�RXW�� WUӝQ������O�PүX�
EӋQK�SKҭP�YӟL������O�ÿӋP�71(6�����P0�7ULV�+&O�S+� ����������P0�1D&O������
P0�('7$�������6'6�������O�3URWHLQ�.��ĈҧR�QJѭӧF�ӕQJ����OҫQ��ӫ����&�WURQJ����
SK~W�� O\� WkP� QKDQK� ����� JLk\�� %ә� VXQJ� ���� �O� 1D&O� �0�� YRUWH[� ��� JLk\�� O\� WkP�
������YzQJ����SK~W��+~W������O�GXQJ�GӏFK�QәL�UD�ӕQJ�(SSHQGRUI�PӟL��WKrP�YjR��PO�
FӗQ�WX\ӋW�ÿӕL�OҥQK��OҳF�ÿӅX��ÿӇ�WURQJ�QѭӟF�ÿi����SK~W��/\�WkP�������YzQJ�����SK~W��
ÿә�Eӓ�GӏFK�QәL��JLӳ�OҥL�FһQ��5ӱD�EҵQJ��PO�FӗQ���R&��O\�WkP�������YzQJ����SK~W��/һS�
OҥL�EѭӟF�UӱD���OҫQ��Ĉә�Eӓ�GӏFK�QәL��ÿӇ���SK~W�WURQJ�EORFN�QKLӋW���R&��+zD�WDQ�EҵQJ�
����O�7(��EҧR�TXҧQ�ӣ����R&��

�������3K˱˯QJ�SKiS�[pW�QJKL͏P�YL�NKX̱Q�ODR�Wͳ�FiF�P̳X�ÿm�WiFK�FKL͇W�E̹QJ�
NLW�07%�5HDO�70��6DFDFH���é���

7KӇ�WtFK�SKҧQ�ӭQJ�5HDOWLPH�3&5�Oj�����O�JӗP�����O�3&5�PL[�������O�3&5�
EXIIHU�)OX�������O�7DT)�'1$�SRO\PHUDVH�������O�8'*�HQ]\PH�Yj����O�$'1�ÿm�WiFK�
FKLӃW��&KX�WUuQK�QKLӋW�FӫD�SKҧQ�ӭQJ�5HDOWLPH�3&5�ÿѭӧF�WKӇ�KLӋQ�ӣ�EҧQJ�����

%ҧQJ����&KX�WUuQK�QKLӋW�SKҧQ�ӭQJ�5HDOWLPH�3&5�

77� 7rQ� 1KLӋW�ÿӝ���&� 7KӡL�JLDQ� 6ӕ�FKX�NǤ�
.rQK�ÿӑF�WtQ�KLӋX�

KXǤQK�TXDQJ�
�� %LӃQ�WtQK� ��� ���SK~W� �� �

�� 9zQJ���
��� ���JLk\�

�� ���� ���JLk\�
��� ���JLk\�

�� 9zQJ���
��� ���JLk\�

������ ���JLk\� )$0�	�-2(�
��� ���JLk\� �

ĈӑF�NӃW�TXҧ��YL�NKXҭQ�ODR�ÿӑF�WUrQ�NrQK�)$0��QӝL�FKӭQJ�ÿӑF�WUrQ�NrQK�-2(��
3KҧQ�ӭQJ�ÿҥW�WLrX�FKXҭQ�NKL�FKӭQJ�kP�Fy�JLi�WUӏ�&W�WUrQ�NrQK�)$0�kP�WtQK�Yj�WUrQ�
NrQK�-2(�������FKӭQJ�GѭѫQJ�Fy�JLi�WUӏ�&W�WUrQ�NrQK�)$0������Yj�WUrQ�NrQK�-2(���
����0ӝW�PүX�[pW�QJKLӋP�kP�WtQK�NKL�&W�WUrQ�NrQK�)$0�kP�WtQK�Yj�WUrQ�NrQK�-2(�
�����PӝW�PүX�[pW�QJKLӋP�GѭѫQJ�WtQK�NKL�&W�WUrQ�NrQK�)$0�����Yj�WUrQ�NrQK�-2(������

�������3K˱˯QJ�SKiS�3&5�QKkQ�JHQH���6�FͯD�YL�NKX̱Q�ODR��

7KӇ�WtFK�SKҧQ�ӭQJ�3&5�Oj�����O�JӗP����O��;�3&5�0DVWHUPL[�6ROXWLRQ��L�7DT��
��/LOL)�������O�3ULPHU���V51$�5��������O�3ULPHU���V51$�)������O�GLVWLOOHG�ZDWHU�Yj�
���O�$'1�ÿm�WiFK�FKLӃW��

&KX� WUuQK� QKLӋW�� ���&� ���� SK~W�� ����&� �� ���JLk\�� ���&� ����� JLk\�� ���&� �� ���
JLk\��[����FKX�NǤ�����&�����SK~W����&��6ҧQ�SKҭP�3&5�ÿѭӧF�ÿLӋQ�GL�WUrQ�JHO�DJDURVH�
�����WURQJ����SK~W��WKӇ�WtFK�����O�Vӱ�GөQJ�PDUNHU��NE�7KHUPR�6FLHQWLILF��%ӝ�PӗL�
ÿѭӧF�WKDP�NKҧR�EӣL�+XDUG�5&�Yj�FV�>��@�Fy�FҧL�WLӃQ�Eә�VXQJ��NtFK�WKѭӟF�ÿRҥQ�JHQ�
WKHR�WKLӃW�NӃ�Oj������ES��FKL�WLӃW�WUuQK�Wӵ�PӗL�QKѭ�VDX��0ӗL�[X{L���V51$B)����¶���
$&7&*$*7**&*$$&***7*� �� �¶��� PӗL� QJѭӧF� ��V51$B5�� ��¶� ��
7&7*&*$77$&7$*&*$&7&&*$&77&$����¶���
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���.ӂ7�48Ҧ�9¬�%¬1�/8Ұ1�

�����.ӃW�TXҧ�ÿR�GV$'1�WUrQ�Pi\�1DQR�GURS�FӫD�EӕQ�SKѭѫQJ�SKѭѫQJ�SKiS�

'ӵD�WUrQ�QӗQJ�ÿӝ�ÿR�ÿѭӧF�FKR�WKҩ\�OѭӧQJ�$'1�WKX�KӗL�FDR�QKҩW�ӣ�'1$�51$�
3UHS�� WLӃS� WKHR� Oj� 6DOWLQJ�RXW�� *�6SLQ�� WKҩS� QKҩW� Oj� 5,%2�SUHS�� 6R� ViQK� FKӍ� Vӕ�
$����$���� WKҩ\� WKӭ� Wӵ� YӅ� ÿӝ� WLQK� VҥFK� Oj� 5,%2�SUHS�� *�6SLQ�� 6DOWLQJ�RXW�� FXӕL�
F�QJ�Oj�'1$�51$�3UHS��1Kѭ�Yұ\�TX\�WUuQK�6DOWLQJ�RXW�Fy�FKҩW�OѭӧQJ�ӣ�PӭF�NKi�YӅ�
OѭӧQJ�$'1�WKX�KӗL��FǊQJ�QKѭ�ÿӝ�WLQK�VҥFK�FӫD�VҧQ�SKҭP��VR�YӟL�FiF�NLW�WKѭѫQJ�PҥL�
ÿѭӧF�QJKLrQ�FӭX��.ӃW�TXҧ�FKL�WLӃW�YӅ�QӗQJ�ÿӝ�$'1�Yj�FKӍ�Vӕ�$����$����QKѭ�P{�Wҧ�
WURQJ�EҧQJ����

%ҧQJ����*Li�WUӏ�WUXQJ�EuQK�ÿR�GV$'1�WiFK�Wӯ����PүX�EӋQK�SKҭP�WUrQ�Pi\�1DQR�GURS�

3KѭѫQJ�SKiS� 6DOWLQJ�RXW� *�VSLQ� '1$�51$�3UHS 5,%2�VRUE�

1ӗQJ�ÿӝ��QJ���O�� ������ ������ ������ �����

$����$���� ����� ����� ����� �����

$����$���� ����� ����� ����� �����

.ӃW� TXҧ� WUrQ� ÿѭӧF� WtQK� WUXQJ� EuQK� Wӯ� ���PүX� EӋQK� SKҭP�� WX\� NK{QJ� Fy� WKt�
QJKLӋP�OһS�OҥL�WUrQ�WӯQJ�PүX�ÿӇ�NLӇP�ÿӏQK�VDL�Vӕ�Nӻ�WKXұW��QKѭQJ�FǊQJ�WKӇ�KLӋQ�Vӵ�
WiL�OһS�FӫD�SKѭѫQJ�SKiS�WUrQ�F�QJ�PӝW�P{�KuQK�EӋQK�SKҭP��

&iF�PүX�$'1�WiFK�FKLӃW�EҵQJ�SKѭѫQJ�SKiS�6DOWLQJ�RXW�ÿѭӧF�NLӇP�WUD�$'1�
WәQJ�Vӕ�EҵQJ�FiFK�ÿLӋQ�GL�WUrQ�JHO�DJDURVH������WURQJ����SK~W��WKӇ�WtFK�PүX�$'1�Oj�
���O��.ӃW�TXҧ�ÿLӋQ�GL�ÿѭӧF�WKӇ�KLӋQ�ӣ�KuQK�����

+uQK����.ӃW�TXҧ�ÿLӋQ�GL�$'1�WәQJ�Vӕ�VDX�WiFK�FKLӃW�YӟL�SKѭѫQJ�SKiS�6DOWLQJ�RXW�

�����.ӃW�TXҧ�5HDOWLPH�3&5�

9Ӆ�5HDOWLPH�3&5�SKiW�KLӋQ�0\FREDFWHULXP�WXEHUFXORVLV� WUrQ�PүX�%&*�FKR�
WKҩ\�ӣ�QӗQJ�ÿӝ��î����PJ�PO�WKu�WҩW�Fҧ�FiF�SKѭѫQJ�SKiS�ÿӅX�SKiW�KLӋQ�ÿѭӧF��EҧQJ�
���� '1$�51$� 3UHS� Yj� 5,%2�VRUE� SKiW� KLӋQ� VkX� KѫQ� ӣ� PӭF� �î����PJ�PO�� FzQ�
6DOWLQJ�RXW�Yj�*�6SLQ�NK{QJ�SKiW�KLӋQ�ÿѭӧF��9Ӆ�PӭF�SKiW�KLӋQ�WKu�'1$�51$�3UHS�
Fy�ѭX�WKӃ�KѫQ�NKL�SKiW�KLӋQ�ÿѭӧF�ӣ��î����PJ�PO�YӟL�&W� ����FzQ�5,%2�VRUE�YӟL�
&W ����1Kѭ�Yұ\�'1$�51$�3UHS�KLӋX�TXҧ�QKҩW�YӟL� WiFK�FKLӃW�$'1�Wӯ�%&*��FzQ�
6DOWLQJ�RXW�WѭѫQJ�ÿѭѫQJ�YӟL�*�6SLQ��
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%ҧQJ����.ӃW�TXҧ�5HDO�WLPH�3&5�SKiW�KLӋQ�0\FREDFWHULXP�WXEHUFXORVLV�WUrQ�PүX�%&*�

77 1ӗQJ�ÿӝ�%&*�
*Li�WUӏ�&W�FӫD�PӛL�SKѭѫQJ�SKiS�

6DOWLQJ�RXW
'1$�51$�

3UHS
5,%2��
VRUE

*�6SLQ

�� �î������PJ�PO� ��� ��� ��� ���

�� �î������PJ�PO� ��� ��� ��� ���

�� �î������PJ�PO� ��� ��� ��� ���

�� �î������PJ�PO� �� ��� ��� ��

.ӃW�TXҧ�Fө�WKӇ�WUrQ�WӯQJ�PүX�Yj�JLi�WUӏ�&W� WKHR�PӛL�SKѭѫQJ�SKiS�WiFK�FKLӃW�
ÿѭӧF� WUuQK� Ej\� ӣ� EҧQJ� ��� 5HDOWLPH� 3&5�0\FREDFWHULXP� WXEHUFXORVLV� �6DFDFH�é��
SKiW�KLӋQ�ÿѭӧF�������PүX�Wӯ�*�6SLQ��'1$�51$�3UHS��Yj�5,%2��VRUE��FzQ�6DOWLQJ�
RXW�SKiW�KLӋQ�ÿѭӧF�������PүX��9Ӆ�JLi� WUӏ�&W� WUXQJ�EuQK�FӫD�FiF�SKѭѫQJ�SKiS�� WKu�
6DFDFH� ӣ� PӭF� WKҩS� QKҩW� �&W ����� FiF� SKѭѫQJ� SKiS� FzQ� OҥL� ÿӅX� WѭѫQJ� Wӵ� QKDX�
�&W �����7UrQ�SKҫQ�NӃW�TXҧ�ÿӏQK�WtQK�5,%2��VRUE�WKҩW�EҥL�YӟL�PүX�81����WURQJ�NKL�
ED�SKѭѫQJ�SKiS� FzQ� OҥL� ÿӅX�SKiW� KLӋQ� GDR�ÿӝQJ�ӣ�PӭF�&W�  � �������7X\�SKѭѫQJ�
SKiS� 6DOWLQJ�RXW� NK{QJ� SKiW� KLӋQ� ÿѭӧF� PүX� 77���� 77��� QKѭQJ� *�6SLQ� Yj�
'1$�51$�3UHS�FǊQJ�FKӍ�SKiW�KLӋQ�ÿѭӧF�ò�Vӕ�PүX�Qj\��1Kѭ�Yұ\�'1$�51$�3UHS�
Fy�KLӋX�TXҧ�QKҩW�WUrQ�FiF�PүX�OkP�VjQJ�ÿѭӧF�WKӱ�QJKLӋP��FzQ�6DOWLQJ���RXW�Fy�KҥQ�
FKӃ�KѫQ�QKѭQJ�JLi�WUӏ�&W�FǊQJ�WѭѫQJ�Wӵ�FiF�VLQK�SKҭP�WKѭѫQJ�PҥL���

%ҧQJ����*Li�WUӏ�&W�FӫD�5HDO�WLPH�3&5�SKiW�KLӋQ�0\FREDFWHULXP�WXEHUFXORVLV�

677 7rQ�PүX 6DOWLQJ���RXW *�6SLQ '1$�51$�3UHS 5,%2��VRUE
�� 81��� ��� ��� ��� ���
�� 81��� ��� ��� �� ���
�� 81��� ��� ��� ��� ��
�� 81��� ��� ��� ��� ���
�� 81��� ��� ��� ��� ���
�� 81��� ��� ��� ��� ���
�� 7%��� ��� ��� ��� ���
�� 7%��� ��� ��� ��� ���
�� 7%��� ��� ��� ��� ���
��� 7%��� ��� ��� ��� ���
��� 7%��� ��� ��� ��� ���
��� 7%��� ��� ��� ��� ���
��� +*��� ��� ��� ��� ���
��� 77��� �� �� ��� ���
��� 77��� �� ��� �� ���
*Li�WUӏ�&W�WUXQJ�

EuQK�
�� �� �� ��
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�����.ӃW�TXҧ�3&5�QKkQ�JHQ���6�

.ӃW�TXҧ�FKR�WKҩ\�������PүX�WiFK�*�6SLQ�Yj�'1$�51$�3UHS��������Wӯ�5,%2�VRUE��
������ Wӯ�6DOWLQJ�RXW�ÿѭӧF�QKkQ�JHQH���6� WKjQK�F{QJ��YӟL� VҧQ�SKҭP�3&5�Fy�NtFK�
WKѭӟF�����ES��KuQK�����1Kѭ�Yұ\��*�6SLQ�Yj�'1$�51$�3UHS�Fy�KLӋX�TXҧ�WURQJ�WiFK�
FKLӃW�$'1�PҥFK�GjL�FKR�3&5��9ӟL�5,%2�VRUE�Yj�6DOWLQJ�RXW�FKR�WKҩ\�NӃW�TXҧ�Qj\�
WѭѫQJ� Wӵ�JLӳD�3&5�Yj�5HDO�WLPH�3&5��Yj�KDL�SKѭѫQJ�SKiS�ÿӅX�NK{QJ�QKkQ�ÿѭӧF�
JHQH���6�Wӯ�PүX�81����7X\�QKLrQ��FǊQJ�NK{QJ�WKӇ�ORҥL�WUӯ�WURQJ�PүX�Fy�WӗQ�WҥL�FiF�
0\FREDFWHULD� NKiF� QJRjL�0�� WXEHUFXORVLV�� GR� ÿy� Fy� Vӵ� VDL� NKiF� YӅ� NӃW� TXҧ� JLӳD�
3&5���6�YӟL�5HDO�WLPH�3&5�ӣ�VLQK�SKҭP�*�6SLQ�Yj�'1$�51$�3UHS��&KL�WLӃW�TXҧ�
QKkQ�JHQH���6�WUrQ�PүX�OkP�VjQJ�ÿѭӧF�P{�Wҧ�ӣ�EҧQJ���GѭӟL�ÿk\��

%ҧQJ����.ӃW�TXҧ�QKkQ�JHQH���6�FӫD�0\FREDFWHULD�

77 7rQ�PүX� 6DOWLQJ�RXW� *�VSLQ� '1$�51$�3UHS� 5,%2�VRUE�
�� 81��� �� �� �� ��
�� 81��� ߋ �� �� ߋ
�� 81��� �� �� �� ��
�� 81��� �� �� �� ��
�� 81��� �� �� �� ��
�� 81��� �� �� �� ��
�� 7%��� �� �� �� ��
�� 7%��� �� �� �� ��
�� 7%��� �� �� �� ��
��� 7%��� �� �� �� ��
��� 7%��� �� �� �� ��
��� 7%��� �� �� �� ��
��� +*��� �� �� �� ��
��� 77��� ߋ �� �� ��
��� 77��� �� �� �� ��

+uQK����ĈҥL�GLӋQ�PӝW�Vӕ�PүX�QKkQ�JHQH���6�WKjQK�F{QJ�

&K~�WKtFK��0��'1$�PDUNHU��������Oj�P̳X�WiFK�FKL͇W�E̹QJ�6DOWLQJ�RXW��

0��� �� ��� ����������� ����� ���� ��� ��������
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���.ӂ7�/8Ұ1�

&ҧ� EӕQ� SKѭѫQJ� SKiS� ÿӅX� Fy� WKӇ� WiFK� FKLӃW� $'1� WKjQK� F{QJ� FKR� 3&5� Yj�
5HDOWLPH�3&5�SKiW�KLӋQ�YL�NKXҭQ�ODR��7UrQ�FiF�FKӍ�Vӕ�YӅ�SKiW�KLӋQ�%&*��3&5��Yj�
5HDOWLPH�3&5�WKu�'1$�51$�3UHS�Fy�KLӋX�TXҧ�QKҩW��*�6SLQ�Yj�'1$�51$�3UHS�Fy�
KLӋX�TXҧ�WѭѫQJ�ÿѭѫQJ�WURQJ�YLӋF�QKkQ�JHQH���6��5,%2��VRUE�Fy�ѭX�WKӃ�WUӝL�YӅ�ÿӝ�
WLQK�VҥFK��QKѭQJ�OѭӧQJ�$'1�WKX�KӗL�FǊQJ�WKҩS�QKҩW��6DOWLQJ�RXW�Fy�KLӋX�TXҧ�WKX�KӗL�
Yj�ÿӝ�WLQK�VҥFK�ÿӭQJ�WKӭ�KDL��FKӍ�VDX�'1$�51$�3UHS��PһF�G��Fy�KҥQ�FKӃ�KѫQ�YӅ�
QKkQ�JHQH�YL�NKXҭQ�0\FREDFWHULD��WX\�QKLrQ�Fy�JLi�WUӏ�&W�WѭѫQJ�Wӵ�QKѭ�FiF�SKѭѫQJ�
SKiS�FzQ�OҥL��1JKLrQ�FӭX�FKR�WKҩ\�6DOWLQJ�RXW�Fy�WLӅP�QăQJ�ӭQJ�GөQJ�UӝQJ�UmL�WURQJ�
WѭѫQJ�ODL��QKѭQJ�FҫQ�Fy�FҧL�WLӃQ�ÿӇ�QkQJ�FDR�KLӋX�VXҩW�SKiW�KLӋQ�YL�NKXҭQ�ODR���

7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� :RUOG�+HDOWK�2UJDQL]DWLRQ��*OREDO�7XEHUFXORVLV�5HSRUW�������

���� %ӝ�<� WӃ�9LӋW�1DP��4X\͇W� ÿ͓QK� �����4Ĉ�%<7� Y͉� YL͏F� EDQ� KjQK�+˱ͣQJ� G̳Q�
FḴQ�ÿRiQ�ÿL͉X�WU͓�Yj�G͹�SKzQJ�E͏QK�ODR��������

��� %|GGLQJKDXV� %���:LFKHOKDXV� 7�� $��� %UDGH� 9��� %LWWQHU� 7��� 5HPRYDO� RI� 3&5�
LQKLELWRUV� E\� VLOLFD� PHPEUDQHV�� HYDOXDWLQJ� WKH� $PSOLFRU� 0\FREDFWHULXP�
WXEHUFXORVLV�NLW��-��&OLQ��0LFURELRO���������������������������

���� /DUVVRQ�� /�� 2��� 3ROYHULQR�� (��� +RHIVORRW�� :��� &RGHFDVD�� /�� 5��� 'LHO�� 5���
-HQNLQV�� 6�� *��� 	� /RHELQJHU��0��5��� 3XOPRQDU\� GLVHDVH� E\� QRQ�WXEHUFXORXV�
P\FREDFWHULD�FOLQLFDO� PDQDJHPHQW�� XQPHW� QHHGV� DQG� IXWXUH� SHUVSHFWLYHV��
([SHUW�5HY��5HVSLU��0HG��������������������������

���� +��-��+XK��:��-��.RK��'��-��6RQJ��&��6��.L��DQG�1��<��/HH��(YDOXDWLRQ�RI�WKH�
FREDV� 7DT0DQ� 07%� WHVW� IRU� WKH� GHWHFWLRQ� RI� P\FREDFWHULXP� WXEHUFXORVLV�
FRPSOH[� DFFRUGLQJ� WR� DFLG�IDVW�EDFLOOXV� VPHDU� JUDGHV� LQ� UHVSLUDWRU\�
VSHFLPHQV��-��&OLQ��0LFURELRO�����������������������

���� 5��*RSDODVZDP\��6��6KDQPXJDP��5��0RQGDO��DQG�6��6XEELDQ��2I�WXEHUFXORVLV�
DQG� QRQ�WXEHUFXORXV� P\FREDFWHULDO� LQIHFWLRQV� �� $� FRPSDUDWLYH� DQDO\VLV� RI�
HSLGHPLRORJ\��GLDJQRVLV�DQG�WUHDWPHQW��-��%LRPHG��6FL��������������������

�� 6��(��6WUROOR��-��$GMHPLDQ��0��.��$GMHPLDQ��DQG�'��5��3UHYRWV��7KH�EXUGHQ�RI�
SXOPRQDU\� QRQWXEHUFXORXV�P\FREDFWHULDO� GLVHDVH� LQ� WKH�8QLWHG� 6WDWHV��$QQ��
$P��7KRUDF��6RF�����������������������

��� *ULIILWK��'�� (��� $NVDPLW�� 7��� %URZQ�(OOLRWW��%��$���&DWDQ]DUR��$���'DOH\��&���
*RUGLQ�� )��� +ROODQG�� 6�� 0��� +RUVEXUJK�� 5��� +XLWW�� *��� ,DGHPDUFR�� 0�� )���
,VHPDQ�� 0��� 2OLYLHU�� .��� 5XRVV�� 6��9RQ� 5H\Q�� &�� )��� :DOODFH�� 5�� -��� -U��
:LQWKURS�� .��� $76�� $Q� RIILFLDO� $76�,'6$� VWDWHPHQW�� 'LDJQRVLV�� WUHDWPHQW��
DQG� SUHYHQWLRQ� RI� QRQWXEHUFXORXV� P\FREDFWHULDO� GLVHDVHV�� ������ $P�� -��
5HVSLU��&ULW��&DUH�0HG�������������������

��� %ӝ�<�WӃ�9LӋW�1DP��4X\�WUuQK�WK͹F�KjQK�FKX̱Q�[pW�QJKL͏P�YL�NKX̱Q�ODR��������
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��� ,��1��'H�$OPHLGD��:��'D�6LOYD�&DUYDOKR��0��/��5RVVHWWL��(��5��'��&RVWD��DQG�
6�� 6�� 'H� 0LUDQGD�� (YDOXDWLRQ� RI� VL[� GLIIHUHQW� '1$� H[WUDFWLRQ� PHWKRGV� IRU�
GHWHFWLRQ� RI� 0\FREDFWHULXP� WXEHUFXORVLV� E\� PHDQV� RI� 3&5�,6������
3UHOLPLQDU\�VWXG\��������%0&�5HV��1RWHV������������

���� 'LSSHQDDU� $��� ,VPDLO� 1��� *UREEHODDU� 0��� 2SWLPL]LQJ� OLTXHIDFWLRQ� DQG�
GHFRQWDPLQDWLRQ� RI� VSXWXP� IRU� '1$� H[WUDFWLRQ� IURP� 0\FREDFWHULXP�
WXEHUFXORVLV��7XEHUFXORVLV��(GLQE����������������������

���� 'LOKDUL� $��� HW� DO��� (YDOXDWLRQ� RI� WKH� LPSDFW� RI� VL[� GLIIHUHQW� '1$� H[WUDFWLRQ�
PHWKRGV� IRU� WKH� UHSUHVHQWDWLRQ� RI� WKH� PLFURELDO� FRPPXQLW\� DVVRFLDWHG� ZLWK�
KXPDQ� FKURQLF� ZRXQG� LQIHFWLRQV� XVLQJ� D� JHO�EDVHG� '1$� SURILOLQJ� PHWKRG��
$0%�([SUHVV�������������������

����� 'RLJ�&���6HDJDU�$��/���:DWW�%���)RUEHV�.��-���7KH�HIILFDF\�RI�WKH�KHDW�NLOOLQJ�RI�
0\FREDFWHULXP�WXEHUFXORVLV��-��&OLQ��3DWKRO��������������������������

����� 6DELLWL�:��� $]DP�.��� (VPHUDOGR� (��� %KDWW� 1��� 5DFKRZ�$��� *LOOHVSLH� 6�� +���
+HDW� LQDFWLYDWLRQ� UHQGHUV� VSXWXP� VDIH� DQG� SUHVHUYHV�0\FREDFWHULXP�
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0\FREDFWHULXP�WXEHUFXORVLV�'1$�IURP�SURFHVVHG�VSXWXP�IRU�WHVWLQJ�E\�WKUHH�
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EDVHG� PHWKRG� WR� GLIIHUHQWLDWH� WKH� VXEVSHFLHV� RI� WKH� 0\FREDFWHULXP�
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7XEHUFXORVLV� LV� VWLOO� EXUGHQ� LQ� GHYHORSLQJ� FRXQWULHV�� LQFOXGLQJ� 9LHW� 1DP��
0ROHFXODU� WHFKQLTXHV� VXFK� DV� 3&5�� 5HDO�WLPH� 3&5� SOD\� DQ� LPSRUWDQW� UROH� LQ�
WXEHUFXORVLV� GLDJQRVWLFV�� 6SHFLPHQV� IRU� WXEHUFXORVLV� WHVWLQJ� DUH� FRPSOH[� VXFK� DV�
VSXWXPV�� JDVWULF� IOXLGV��'1$� H[WUDFWLRQ� DUH� FRPPRQO\� SHUIRUPHG� E\� FRPPHUFLDO�
NLWV�� ZLWK� OLWWOH� VWXG\� DERXW� HIILFDF\� IRU� WXEHUFXORVLV� WHVWLQJ� DVVD\V�� 7KLV� VWXG\�
GHVFULEHV� HIILFDF\� RI� WKUHH� NLWV� *�6SLQ� �,QWURQ�.RUHD��� 5,%2�� VRUE� �$PSOLVHQV�
5XVVLD��� '1$�51$� 3UHS� �6DFDFH�,WDO\��� DQG� 6DOWLQJ�RXW� PHWKRG� XVLQJ� EDVLF�
UHDJHQWV��6DPSOHV�ZHUH���� VSXWXPV�FROOHFWHG� IURP� WXEHUFXORVLV� LQIHFWHG�FDVHV��$V�
WKH�UHVXOW��UHFRYHUHG�$'1�ZDV�KLJKHVW�LQ�'1$�51$�3UHS��IRORZHG�E\�6DOWLQJ�RXW��
*�6SLQ��DQG� ODVW�E\�5,%2��� VRUE��2GHU�RI�SXULILFDWLRQ�YDOXH�ZDV�5,%2���VRUE��*�
6SLQ�� 6DOWLQJ�RXW�� DQG�'1$�51$� 3UHS��$ERXW� 3&5� IRU� ��6� JHQH�� ������ VDPSOHV�
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ZHUH�VXFFHHG� LQ�*�6SLQ�DQG�'1$�51$�3UHS�������� IURP�5,%2�SUHS�������� IURP�
6DOWLQJ�RXW�� 5HDO�WLPH� 3&5� 0\FREDFWHULXP� WXEHUFXORVLV� �6DFDFH�,WDO\�� GHWHFWHG�
������ VDPSOHV� IURP� *�6SLQ�� '1$�51$� 3UHS�� DQG� 5,%2�VRUE�� EXW� 6DOWLQJ�RXW�
GHWHFWHG� ������ VDPSOHV�� 7KHUHIRUH�� *�6SLQ� DQG� '1$�51$� 3UHS� VKRZ� KLJKHU�
HIILFDF\� LQ� DPSOLFDWLRQ� RI� ��6� JHQH� DQG� 5HDO�WLPH� 3&5� DVVD\V� IRU� WXEHUFXORVLV��
5,%2��VRUE�KDV�HTXDO�HIILFDF\� LQ�5HDOWLPH�3&5��EXW�PRUH�SULRULW\� LQ�SXULILFDWLRQ��
6DOWLQJ�RXW�SHUIRUP�HTXDOO\� LQ� UHFRYHU\�DQG�SXULILFDWLRQ�ZLWK�FRPPHUFLDO�NLWV��EXW�
OLPLWHG�LQ�HIILFDF\�RI�0\FREDFWHULD�JHQRPH�DPSOLILFDWLRQ��

� .H\ZRUGV�� '1$� H[WUDFWLRQ�� 0\FREDFWHULD�� 6DOWLQJ�RXW�� ��6�� 5HDOWLPH� 3&5��
WiFK�FKL͇W�$'1��
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