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Vҩ\� ÿӕL� OѭX� ӣ� ��R&� WURQJ� �� JLӡ� ÿӇ� ÿXәL� GXQJ� P{L�� 7KjQK� SKҫQ� 7+7� WUrQ� Fѫ� Vӣ�
0DJLH�7HIORQ�9LWRQ�ÿѭӧF�WUuQK�Ej\�WUrQ�EҧQJ����

%ҧQJ��� 7KjQK�SKҫQ�7+7�WUrQ�Fѫ�Vӣ�0DJLH�7HIORQ�9LWRQ

1JX\rQ�OLӋX�
.tFK�WKѭӟF�KҥW�

�ȝP��

7ӹ�OӋ�WKjQK�SKҫQ����NKӕL�OѭӧQJ��

0�� 0�� 0�� 0�� 0�� 0��

0J� ��·����� ��� ��� ��� ��� ��� ���

7HIORQ��37)(�� ��·���� ��� ��� ��� ��� ��� ���

9LWRQ�$� � �� �� �� �� �� ��

�����3KѭѫQJ�SKiS�ÿR�QKLӋW�OѭӧQJ�

1KLӋW� OѭӧQJ�FKi\�FӫD�7+7�079�ÿѭӧF�[iF�ÿӏQK�WUrQ�WKLӃW�Eӏ�3DUU������>��@��
&iF�PүX�WKXӕF�WUѭӟF�NKL�ÿR�ÿѭӧF�Vҩ\�NK{�ӣ���R&�WURQJ���JLӡ��FkQ�PӛL�PүX�ÿR�YӟL�
NKӕL�OѭӧQJ�NKRҧQJ���JDP�WUrQ�FkQ�SKkQ�WtFK��7LӃQ�KjQK�FҳW����FP�Gk\�ÿLӋQ�WUӣ�TXҩQ�
WKjQK�GҥQJ�Gk\�PD\VR��KDL�ÿҫX�Gk\�QӕL�YjR�KDL�FӵF�ÿLӇP�KRҧ�FӫD�ERP��1ҥS�PүX�ÿR�
YjR�FӕF�ÿӕW��VDR�FKR�PүX�WKXӕF�SKӫ�NtQ�Gk\�PD\VR��ÿұ\�QҳS�ERP��[Ri\�FKһW��6DX�ÿy�
K~W�FKkQ�NK{QJ�WӟL�iS�VXҩW�NKRҧQJ���PEDU��ĈyQJ�NtQ�YDQ��UӗL�ÿһW�ERP�YjR�EuQK�WUDR�
ÿәL�QKLӋW�FKӭD���OtW�QѭӟF�ÿm�FKXҭQ�Eӏ�Wӯ�WUѭӟF��/ҳS�KDL�Gk\�ÿLӇP�KRҧ�YjR�KDL�FӵF�WUrQ�
QҳS�ERP��ÿұ\�QҳS�FӫD� WKLӃW�Eӏ�ÿR��6DX�ÿy�QKұS�JLi� WUӏ�NKӕL� OѭӧQJ�FӫD�PүX�ÿR�YjR�
Pi\�UӗL�QKҩQ�Q~W�³6WDUW´��6DX�NKL�әQ�ÿӏQK�QKLӋW�ÿӝ�ErQ�WURQJ��Pi\�VӁ�SKiW�WtQ�KLӋX�
ÿLӇP�KRҧ��.ӃW�TXҧ�SKpS�ÿR�ÿѭӧF�[XҩW�UD�TXD�Pi\�LQ�Yj�ÿѭӧF�OѭX�WURQJ�Eӝ�QKӟ�FӫD�
WKLӃW� Eӏ��0ӛL�PүX�7+7�ÿѭӧF� WLӃQ�KjQK�ÿR� tW� QKҩW��� OҫQ�� NӃW� TXҧ�QKLӋW� OѭӧQJ�FKi\�
ÿѭӧF�[iF�ÿӏQK�Oj�WUXQJ�EuQK�FӝQJ�FӫD�FiF�OҫQ�ÿR��

���.ӂ7�48Ҧ�9¬�7+Ҧ2�/8Ұ1�

7UrQ�Fѫ�Vӣ�WKXұW�WRiQ�WUuQK�Ej\�WURQJ�PөF����WiF�JLҧ�ÿm�YLӃW�FKѭѫQJ�WUuQK�WtQK�
WRiQ� ÿӇ�[iF� ÿӏQK� WKjQK� SKҫQ� FkQ� EҵQJ�KyD� KӑF� Yj� QKLӋW� OѭӧQJ� FKi\� FӫD� KӋ�7+7��
&KѭѫQJ�WUuQK�WtQK�WRiQ�[iF�ÿӏQK�WURQJ�ÿLӅX�NLӋQ�ÿҷQJ�WtFK��ÿӕW�WURQJ�ERP�NtQ���.ӃW�
TXҧ�WtQK�ÿѭӧF�VR�ViQK�YӟL�Vӕ�OLӋX�WKӵF�QJKLӋP��EҧQJ���Yj�KuQK�����
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%ҧQJ����.ӃW�TXҧ�[iF�ÿӏQK�QKLӋW�OѭӧQJ�FKi\�7+7�079�Oê�WKX\ӃW�Yj�WKӵF�QJKLӋP�

0үX� 7ӹ�OӋ�
0J�37)(�

&kQ�EҵQJ�IOR�
.E�

1KLӋW�OѭӧQJ�FKi\��FDO�J��

/ê�WKX\ӃW� 7KӵF�QJKLӋP�
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+uQK����1KLӋW�OѭӧQJ�FKi\�FӫD�7+7�079�

4Xi�WUuQK�ÿӕW�FKi\�FӫD�079�WKHR�P{�KuQK�ÿӝQJ�KӑF�'H�<RQJ�>�@�Fy�WKӇ�ÿѭӧF�
ÿһF�WUѭQJ�EӣL�FiF�SKѭѫQJ�WUuQK�VDX��YͣL�V̫Q�SḴP�SK̫Q�ͱQJ�FKtQK���

��'ѭ�FKҩW�FKi\��079�ĺ�0J)��U�O�N����0J�N�O����&�U����0J)�N��� ���������������

��7KLӃX�FKҩW�FKi\��079�ĺ�0J)��O�N����&�U����&)��N��� � � ���������������

��Ĉӫ�Wӹ�OӋ�WKjQK�SKҫQ��079�ĺ�0J)��O�N����&�U�� � � ���������������

9ӟL�U��O��N�Oj�FiF�WUҥQJ�WKiL�UҳQ��OӓQJ��NKt�FӫD�FiF�VҧQ�SKҭP�FKi\��

ĈӕL�YӟL�7+7�079��QJX\rQ�Wӕ�R[L�KyD�Oj�IOR��FkQ�EҵQJ�IOR��WѭѫQJ�Wӵ�FkQ�EҵQJ�
R[L��ÿѭӧF�[iF�ÿӏQK� Oj� OѭӧQJ�IOR� WtQK�EҵQJ�JDP�� VӁ�ÿѭӧF�JLҧL�SKyQJ� �KRһF�Eә�VXQJ�
FҫQ� WKLӃW�FKR�TXi� WUuQK�R[L�KyD�KRjQ� WRjQ�FKҩW�FKi\�� WURQJ�TXi� WUuQK�ÿӕW� FKi\�����
JDP�KӛQ�KӧS�7+7�>��@��Ӣ�ÿLӅX�NLӋQ�ÿӫ�Wӹ�OӋ�WKjQK�SKҫQ��FKҩW�R[L�KyD�SKҧQ�ӭQJ�YӯD�
ÿӫ�YӟL� FKҩW� FKi\��� FkQ�EҵQJ� IOR� FӫD�KӋ� Oj�.E�§����ӭQJ�YӟL� Wӹ� OӋ�NKӕL� OѭӧQJ�0J�§�
�����.KL�ÿy��QKLӋW�OѭӧQJ�FKi\�FӫD�SKҧQ�ӭQJ�ÿҥW�JLi�WUӏ�OӟQ�QKҩW��7LӃS�WөF�WăQJ�KjP�
OѭӧQJ� FKҩW� FKi\�0J�� FkQ� EҵQJ� R[L� FjQJ� kP� �WKLӃX� FKҩW� R[L� KyD��� KRһF� JLҧP� KjP�
OѭӧQJ�0J��FkQ�EҵQJ�R[L�FjQJ�GѭѫQJ� �Gѭ�FKҩW�R[L�KyD���ӣ�FiF�ÿLӅX�NLӋQ�Qj\��SKҧQ�
ӭQJ�VӁ�GLӉQ�UD�NK{QJ�KRjQ�WRjQ��QKLӋW�OѭӧQJ�FKi\�VӁ�JLҧP��Ĉk\�Oj�PӝW�WtQK�FKҩW�NKi�
SKә�ELӃQ�WURQJ�FiF�ORҥL�7+7�>�@���

����

����
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7ӹ�OӋ�NKӕL�OѭӧQJ�0J�37)(�

/ê�WKX\ӃW� 7KӵF�QJKLӋP�
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%ҧQJ���Yj�ÿӗ�WKӏ�KuQK���FKR�WD�WKҩ\�NӃW�TXҧ�SK��KӧS�YӟL�TX\�OXұW�ÿm�WUuQK�Ej\�ӣ�
WUrQ��QKLӋW�OѭӧQJ�FKi\�FӫD�7+7�079�ÿҥW�FDR�QKҩW�ӣ�Wӹ�OӋ�0J�37)(�Oj��������JҫQ�YӟL�
Wӹ�OӋ�NKӕL�OѭӧQJ�0J�������6DX�ÿy��QKLӋW�OѭӧQJ�FKi\�JLҧP�GҫQ�NKL�WLӃS�WөF�WăQJ�KRһF�
JLҧP� KjP� OѭӧQJ� FKҩW� FKi\�0J� �YӟL� EѭӟF� QKҧ\� Wӹ� OӋ� NKӕL� OѭӧQJ�0J� Oj� ����� 7X\�
QKLrQ��QJRjL�Vӵ�WѭѫQJ�ÿӗQJ�WURQJ�TX\�OXұW�WKD\�ÿәL�QKLӋW�OѭӧQJ�FKi\�WKHR�Wӹ�OӋ�WKjQK�
SKҫQ��NӃW�TXҧ�WtQK�WRiQ�JLӳD�Oê�WKX\ӃW�Yj�WKӵF�QJKLӋP�YүQ�Fy�Vӵ�VDL�OӋFK��ĈLӅX�Qj\�
ÿѭӧF�JLҧL�WKtFK�Oj�GR��EjL�WRiQ�Oê�WKX\ӃW�ÿѭӧF�[iF�ÿӏQK�WURQJ�ÿLӅX�NLӋQ�WLrX�FKXҭQ�Oê�
WѭӣQJ��&zQ� WURQJ� WKӵF�QJKLӋP��SKҧQ�ӭQJ�Fy� WKӇ�[ҧ\� UD�NK{QJ�KRjQ� WRjQ�KRһF�VҧQ�
SKҭP�FKi\�YүQ�WLӃS�WөF�SKҧQ�ӭQJ��6ӵ�VDL�NKiF�Qj\�KRjQ�WRjQ�FKҩS�QKұQ�ÿѭӧF�NKL�WLӃQ�
KjQK�ÿiQK�JLi�Vѫ�Eӝ�WKjQK�SKҫQ�7+7�WUѭӟF�NKL�WLӃQ�KjQK�FKӃ�WҥR�Yj�WKӵF�QJKLӋP���

���.ӂ7�/8Ұ1�

'ӵD�WUrQ�QJX\rQ�Oê�FӵF�WLӇX�KyD�QăQJ�OѭӧQJ�Wӵ�GR�+HOPKROW]��WiF�JLҧ�ÿm�[k\�
GӵQJ�ÿѭӧF�FKѭѫQJ�WUuQK�[iF�ÿӏQK�QKLӋW�OѭӧQJ�FKi\�FӫD�KӛQ�KӧS�7+7�079��1KLӋW�
OѭӧQJ�FKi\�FǊQJ�ÿѭӧF�[iF�ÿӏQK�EҵQJ�WKӵF�QJKLӋP�ÿR�WUrQ�WKLӃW�Eӏ�3DUU�������.ӃW�TXҧ�
QJKLrQ�FӭX�EҵQJ�Oê�WKX\ӃW�Yj�WKӵF�QJKLӋP�FKR�WKҩ\��7+7�079�Oj�KӛQ�KӧS�Fy�QKLӋW�
OѭӧQJ�FKi\�FDR�Yj�Fy�F�QJ�TX\�OXұW��JLӳD�Oê�WKX\ӃW�Yj�WKӵF�QJKLӋP��NKL�WKD\�ÿәL�Wӹ�
OӋ�WKjQK�SKҫQ��&ө�WKӇ��QKLӋW�OѭӧQJ�FKi\�ÿҥW�FDR�QKҩW�ӣ�Wӹ�OӋ�WKjQK�SKҫQ�0J�37)(�ÿҥW�
������Yj�JLҧP�GҫQ�NKL� WăQJ��KRһF�JLҧP��KjP�OѭӧQJ�0J��7X\�QKLrQ��ÿӇ�Fy�WKӇ�ӭQJ�
GөQJ�FKӃ�WҥR�OjP�7+7�WURQJ�ÿҥQ�PӗL�Eү\�KӗQJ�QJRҥL��FҫQ�WLӃQ�KjQK�QJKLrQ�FӭX�FiF�
WK{QJ�Vӕ�ÿһF� WUѭQJ�NKiF�QӳD�QKѭ�QKLӋW�ÿӝ�E�QJ�FKi\�� WӕF�ÿӝ� FKi\��GҧL�EѭӟF�VyQJ�
SKiW�[ҥ�Yj�FѭӡQJ�ÿӝ�SKiW�[ҥ�«�

7¬,�/,ӊ8�7+$0�.+Ҧ2�

��� 'RXGD�%��(���*HQHVLV�RI�LQIUDUHG�GHFR\�IODUHV��WKH�HDUO\�\HDUV�IURP������LQWR�
WKH�����V��1DYDO�6XUIDFH�:DUIDUH�&HQWHU�&UDQH�'LY�,Q��������

��� .RFK� (�� &���0HWDO�IOXRURFDUERQ� EDVHG� HQHUJHWLF� PDWHULDOV�� -RKQ� :LOH\� 	�
6RQV��������S���������

��� <RQJ� /�� 9�� '�� DQG� .�� -�� 6PLW�� $� WKHRUHWLFDO� VWXG\� RI� WKH� FRPEXVWLRQ� RI�
0DJQHVLXP�7HIORQ�9LWRQ� S\URWHFKQLF� FRPSRVLWLRQV�� 0DWHULDOV� 5HVHDUFK�
/DERUDWRU\��������S������������

��� 3HUHW]� $��� ,QYHVWLJDWLRQ� RI� S\URWHFKQLF� 079� FRPSRVLWLRQV� IRU� URFNHW� PRWRU�
LJQLWHUV��-RXUQDO�RI�6SDFHFUDIW�DQG�5RFNHWV�����������������������

��� %RVH�$��.���0LOLWDU\�S\URWHFKQLFV��3ULQFLSOHV�DQG�SUDFWLFHV��&5&�3UHVV��������
S�����������

��� &RQNOLQJ�-��$��DQG�&��-��0RFHOOD��&KHPLVWU\�RI�S\URWHFKQLFV��EDVLF�SULQFLSOHV�
DQG�WKHRU\��&5&�3UHVV��������S����������������

��� &KULVWR�)��&���7KHUPRFKHPLVWU\� DQG� NLQHWLFV�PRGHOV� IRU�0DJQHVLXP��7HIORQ��
9LWRQ� S\URWHFKQLF� FRPSRVLWLRQV��'672�$HURQDXWLFDO� DQG�0DULWLPH�5HVHDUFK�
/DERUDWRU\��������S�������

��� *RUGRQ�6��DQG�%��-��0F%ULGH��&RPSXWHU�SURJUDP�IRU�FDOFXODWLRQ�RI�FRPSOH[�
FKHPLFDO�HTXLOLEULXP��1$6$�UHIHUHQFH�SXEOLFDWLRQ�������������������������

��� 6LUUL� )�� +��� ,QYHVWLJDWLRQ� IRU� VWXG\� RI� FRPSOH[� FKHPLFDO� HTXLOLEULXP� RI�
FRPEXVWLRQ�SURGXFWV�JDV�PL[WXUH��������S��������������������������
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���� &KDVH� -U��0��� -$1$)� WKHUPRFKHPLFDO� WDEOHV�� -RXUQDO� RI� 3K\VLFDO�&KHPLVWU\�
5HIHUHQFH�'DWD���������������

���� 0F%ULGH� %�� -��� 0�� -�� =HKH�� DQG� 6�� *RUGRQ�� 1$6$� *OHQQ� FRHIILFLHQWV� IRU�
FDOFXODWLQJ� WKHUPRG\QDPLF� SURSHUWLHV� RI� LQGLYLGXDO� VSHFLHV�� 1DWLRQDO�
$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ��*OHQQ�5HVHDUFK�&HQWHU��������

���� 0F%ULGH� %�� -��� 6�� *RUGRQ�� DQG� 0�� $�� 5HQR�� 7KHUPRG\QDPLF� GDWD� RI� ILIW\�
UHIHUHQFH�HOHPHQWV��1$6$�73�������������

���� 0F%ULGH� %�� -��� 6�� *RUGRQ�� DQG� 0�� $� 5HQR�� &RHIILFLHQWV� IRU� FDOFXODWLQJ�
WKHUPRG\QDPLF� DQG� WUDQVSRUW� SURSHUWLHV� RI� LQGLYLGXDO� VSHFLHV�� 1$6$� 70�
������������

���� %HORY� *�� 9��� 7KHUPRG\QDPLFPRGHOLQJ�0HWKRGV�� DOJRULWKPV�� SURJUDPV�
ɆɨVFRZ��6FLHQWLILF�:RUOG��������

���� &DORULPHWHU� ,��� ZZZ�SDUULQVW�FRP�SURGXFWV�R[\JHQ�ERPEFDORULPHWHUV������
LVRSHULERO�FDORULPHWHU��

���� /��1�� 6YLULGRY��$��$��2V\ND�� DQG�'��9��.RUROHY��&DOFXODWLRQ� RI� IRUPXOD� RI�
S\URWHFKQLFDO� FRPSRVLWLRQV�� 6W�� 3HWHUVEXUJ� 6WDWH� ,QVWLWXWH� RI� 7HFKQRORJ\��
������S�������

6800$5<�
$/*25,7+0�$1'�&20387(5�&2'(�)25�&$/&8/$7,1*�7+(�+($7�2)�
&20%867,21�2)�7+(�3<527(&+1,&�%$6('�21�0$*,(�7()/21�9,721�

7KH� KHDW� RI� FRPEXVWLRQ� LV� RQH� RI� WKH� LPSRUWDQW� HQHUJ\� FKDUDFWHULVWLFV� RI�
S\URWHFKQLF�LQ�JHQHUDO�DQG�0DJQHVLXP�7HIORQ�9LWRQ��079��EDVHG�S\URWHFKQLF��7KH�
FRPSXWDWLRQDO�DQG�H[SHULPHQWDO�PHWKRG�WR�GHWHUPLQH�WKH�FRPEXVWLRQ�KHDW�RI�079�
S\URWHFKQLF�DUH�SUHVHQWHG�LQ�WKLV�SDSHU��7KH�VFLHQWLILF�HVWDEOLVKPHQW�IRU�FDOFXODWLQJ�
WKH� KHDW� RI� FRPEXVWLRQ� LV� EDVHG� RQ� WKH� GHWHUPLQDWLRQ� RI� FKHPLFDO� HTXLOLEULXP�
DFFRUGLQJ�WR�WKH�SULQFLSOH�RI�PLQLPL]LQJ�+HOPKROW]�HQHUJ\��7KHRUHWLFDO�FDOFXODWLRQ�
UHVXOWV�DQG�H[SHULPHQWDO�GDWD�DUH�FRPSDUHG�ZLWK�HDFK�RWKHU�WR�FRQILUP�WKH�UHOLDELOLW\�
RI�WKH�PDWKHPDWLFDO�PRGHO��7KH�UHVHDUFK�UHVXOWV�VKRZ�WKDW�WKH�S\URWHFKQLF�EDVH�RQ�
079�LV�D�PL[WXUH�ZLWK�D�KLJK�FRPEXVWLRQ�KHDW��7KH�KHDW�RI�FRPEXVWLRQ�LV�KLJKHVW�
ZKHQ�WKH�PDVV�UDWLR�RI�0J�7HIORQ�LV�DERXW�������DQG�GHFUHDVHV�ZLWK�LQFUHDVLQJ��RU�
GHFUHDVLQJ��WKH�0J�FRQWHQW��

.H\ZRUGV��&RPEXVWLRQ�KHDW��S\URWHFKQLF�� FKHPLFDO� HTXLOLEULXP��079��QKL͏W�
O˱ͫQJ�FKi\��WKX͙F�K͗D�WKX̵W��FkQ�E̹QJ�KyD�K͕F��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

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

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������
����+͕F�YL͏Q�.Ϳ�WKX̵W�4XkQ�V͹�

/LrQ�K͏��1JX\͍Q�1DP�6˯Q

+ӑF�YLӋQ�.ӻ�WKXұW�4XkQ�Vӵ�
6ӕ�����+RjQJ�4XӕF�9LӋW��%ҳF�7ӯ�/LrP��+j�1ӝL��9LӋW�1DP�
ĈLӋQ�WKRҥL��������������(PDLO��QJX\HQQDPVRQ��#OTGWX�HGX�YQ�


