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5HFHLYHG������������ 2WWHU�FODP�IDUPLQJ� LQ�9DQ�'RQ��4XDQJ�1LQK�KDV�EHHQ�HQFRXQWHULQJ�
GLIILFXOWLHV EHFDXVH� RI� SRRU� TXDOLW\� RI� EUHHGV� DQG� PRUH� IUHTXHQW�
GLVHDVH� RXWEUHDNV�� 2Q� WKDW� EDVLV�� LW� LV� QHFHVVDU\� WR� FRQGXFW� JHQHWLF�
VWXGLHV�WR�LPSURYH�WKH�VRXUFH�RI�EUHHGV��HVSHFLDOO\�WKH�FRPELQDWLRQ�RI
TXDQWLWDWLYH� LQKHULWDQFH� DQG� PROHFXODU� JHQHWLFV� WR� VHOHFW� GHVLUDEOH�
WUDLWV� E\� PROHFXODU� LQGLFDWRU�� ,Q� WKLV� VWXG\�� ZH� HPSOR\HG� QH[W�
JHQHUDWLRQ�VHTXHQFLQJ�RI�JHQH�WHFKQRORJ\�1RYD6HT�����WR�VHTXHQFH�
DQG� VFUHHQ� VLQJOH� QXFOHRWLGH� SRO\PRUSKLVP� �613V�� WKDW� UHODWHV� WR�
JURZWK� WUDLWV� LQ� RWWHU� FODP��7KH� UHVXOWV�ZDV� VFUHHQHG� VKRZV� WKDW� WRWDO�
����������613V�WR���JURXSV��LQ�ZKLFK���������613V�RQO\�DSSHDUHG�LQ�
IDVW�JURZLQJ� JURXS�� �������� 613V� RQO\� DSSHDUHG� LQ� VORZ�JURZLQJ�
JURXS��DQG���������613V�DSSHDUHG�LQ�ERWK�JURXSV��7KURXJK�VFUHHQLQJ�
DQG�JHQHWLF�OLQNDJH�DQDO\VLV�����SRWHQWLDO�613V�IRU�IDVW�JURZLQJ�JURXS�
DQG� ��� SRWHQWLDO� 613V� IRU� VORZ�JURZLQJ� JURXS� ZHUH� DFKLHYHG�� 7KH�
VWXG\� VXJJHVWV� WKDW� 613� 6FUHHQ� VKRXOG� EH� HPSOR\HG� DV� D� PROHFXODU�
LQGLFDWRU�PHWKRG�WR�VHUYH�JHRGXFN�EUHHG�VHOHFWLRQ�LQ�9LHWQDP�
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1Jj\�QKұQ�EjL� ���������� 1JKӅ� QX{L� WX� KjL� �/XWUDULD� UK\QFKDHQD�� WҥL� KX\ӋQ� 9kQ� ĈӗQ�� WӍQK�
4XҧQJ�1LQK KLӋQ�QD\�JһS�QKLӅX�NKy�NKăQ�GR�FKҩW� OѭӧQJ�FRQ�JLӕQJ�
WKҩS��GӏFK�EӋQK� WKѭӡQJ�[X\rQ�[ҧ\�UD��7UrQ�Fѫ� Vӣ�ÿy� FҫQ�Fy�QKӳQJ�
QJKLrQ�FӭX�QKҵP�QkQJ�FDR�FKҩW�OѭӧQJ�FRQ�JLӕQJ��ÿһF�ELӋW�Oj�FҫQ�Fy�
Vӵ�NӃW�KӧS�JLӳD�GL�WUX\ӅQ�Vӕ�OѭӧQJ�Yj�GL�WUX\ӅQ�SKkQ�Wӱ�ÿӇ�FKӑQ�OӑF�
ÿѭӧF� WtQK� WUҥQJ� PRQJ�PXӕQ� WK{QJ� TXD� FiF� FKӍ� WKӏ� SKkQ� Wӱ�� 7URQJ�
QJKLrQ�FӭX�Qj\� FK~QJ�W{L�ӭQJ�GөQJ�F{QJ�QJKӋ�JLҧL�WUuQK�Wӵ�JHQ WKӃ�
KӋ� PӟL� 1RYD6HT����� ÿӇ JLҧL� WUuQK� Wӵ Yj� VjQJ� OӑF� FiF� ÿD� KuQK�
QXFOHRWLGH�ÿѫQ��613V��OLrQ�TXDQ�ÿӃQ�WtQK�WUҥQJ�WăQJ�WUѭӣQJ�ӣ WX�KjL��
.ӃW�TXҧ ÿm�VjQJ�OӑF�ÿѭӧF�WәQJ�Vӕ ����������613V�FKR�Fҧ KDL�QKyP�WX�
KjL��ӣ QKyP�WX�KjL�WăQJ WUѭӣQJ�QKDQK [iF�ÿӏQK�ÿѭӧF�������� 613V��ӣ
WX� KjL� WăQJ WUѭӣQJ� FKұP [iF�ÿӏQK� ÿѭӧF� ��������613V Yj� [iF� ÿӏQK�
ÿѭӧF���������613V�[XҩW�KLӋQ�ӣ Fҧ KDL�QKyP�WX�KjL��4XD�VjQJ�OӑF�Yj�
SKkQ�WtFK�OLrQ�NӃW�WKX ÿѭӧF �� 613�WLӅP�QăQJ FKR�QKyP�WX�KjL�WăQJ
WUѭӣQJ� QKDQK� Yj� �� 613� WLӅP� QăQJ� FKR� QKyP� WX� KjL� WăQJ WUѭӣQJ�
FKұP��&iF�613�ÿѭӧF�VjQJ� OӑF�EѭӟF�ÿҫX� Oj�FKӍ WKӏ SKkQ� Wӱ SKөF�Yө
FKR�FiF�FKѭѫQJ�WUuQK�FKӑQ�JLӕQJ�WX�KjL�ӣ 9LӋW�1DP�WURQJ�WѭѫQJ�ODL�
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���*LӟL�WKLӋX

7X�KjL��/XWUDULD�UK\FKDHQD��-RQDV������� Oj�ÿӝQJ�YұW� WKkQ�PӅP�KDL�PҧQK�Yӓ�� Oj� ORjL� WKӫ\�
VҧQ�QX{L�Fy�JLi� WUӏ NLQK� WӃ FDR��Ӣ 9LӋW�1DP�� WX�KjL�ÿѭӧF�QX{L�SKә ELӃQ�ӣ 9kQ�ĈӗQ�± 4XҧQJ�
1LQK�Yj�1KD�7UDQJ�± .KiQK�+zD��+jQJ�QăP�QKX�FҫX�FRQ�JLӕQJ�FKR�QJѭӡL�QX{L�NKRҧQJ�����WULӋX�
FRQ�JLӕQJ��7X\�QKLrQ� FKҩW�OѭӧQJ�QJXӗQ�FRQ�JLӕQJ�Oj�YҩQ�ÿӅ UҩW�ÿѭӧF�TXDQ�WkP��1JXӗQ�JLӕQJ�WX�
KjL�GR�GL�QKұS�Wӯ QѭӟF�QJRjL�YjR�QѭӟF�WD�NK{QJ�ÿѭӧF�NLӇP�VRiW��WKѭӡQJ�Fy�FKҩW�OѭӧQJ�WKҩS�ÿm�
Jk\�KұX�TXҧ QJKLrP�WUӑQJ�WURQJ�TXi�WUuQK�QX{L��ҧQK�KѭӣQJ�NK{QJ�QKӓ ÿӃQ�Vӵ SKiW WULӇQ�EӅQ�YӳQJ�
QJKӅ QX{L�WX�KjL��&KtQK�Yu�Yұ\��YLӋF�QJKLrQ�FӭX�VҧQ�[XҩW�JLӕQJ�WX�KjL�Fy�FKҩW�OѭӧQJ�FDR�Oj�YLӋF�
OjP�FҫQ�WKLӃW�ÿӕL�YӟL FiF�QKj�FKӑQ�JLӕQJ��&KӑQ�JLӕQJ�WX�KjL�WKHR�SKѭѫQJ�SKiS�KLӋQ�ÿҥL�Oj� WuP�
NLӃP�FiF�JHQ�FKӭF�QăQJ�GӵD�WUrQ�Fѫ�Vӣ KӋ JHQ�WKDP�FKLӃX�FӫD�WX�KjL�ÿm�ÿѭӧF�F{QJ�Eӕ >�@��9LӋF�
NKDL�WKiF�Yj�ӭQJ�GөQJ�KLӋX�TXҧ KӋ JHQ�WKDP�FKLӃX�FӫD�WX�KjL�YjR�TXi�WUuQK�QJKLrQ�FӭX�Oj�ÿLӅX�UҩW�
FҫQ�WKLӃW�ÿӇ QkQJ�FDR�FKҩW�OѭӧQJ�GL�WUX\ӅQ�FKR�WX�KjL��ÿӗQJ�WKӡL�WX\ӇQ�FKӑQ�ÿѭӧF�QKӳQJ�JHQ OLrQ�
TXDQ�ÿӃQ�WtQK�WUҥQJ�Fy�JLi�WUӏ NLQK�WӃ��ÿk\�Oj�KѭӟQJ�FKӑQ�JLӕQJ�PӟL�KLӋQ�QD\��JyS�SKҫQ�QkQJ�FDR�
KLӋX�TXҧ FӫD�TXi�WUuQK�FKӑQ�JLӕQJ�

ĈD�KuQK�QXFOHRWLGH�ÿѫQ�ÿѭӧF�[iF�ÿӏQK�GR�Vӵ ELӃQ�ÿәL�WUuQK�Wӵ '1$�[ҧ\�UD�NKL�PӝW�QXFOHRWLGH�
�$��7��&�KRһF�*��WURQJ�WUuQK Wӵ Eӝ JHQ Eӏ WKD\�ÿәL��6ӵ SKkQ�Eӕ FӫD�FiF�613��6LQJOH�1XFOHRWLGH�
3RO\PRUSKLVP��WURQJ�KӋ JHQ�NK{QJ�ÿӗQJ�QKҩW��613�WKѭӡQJ�[ҧ\�UD�YӟL�WҫQ�Vӕ NKiF�QKDX�WURQJ�FiF�
SKҫQ�QKLӉP�VҳF�WKӇ NKiF�QKDX�Yj�WURQJ�FiF�Y�QJ�NK{QJ�Pm�KyD�WKѭӡQJ�FDR�KѫQ�VR�YӟL�FiF�Y�QJ�
Pm�KyD >�@��>�@� +ҫX�KӃW�FiF�613�ÿӅX�ӣ GҥQJ�KDL�DOHQ�Yj�OLrQ�TXDQ�ÿӃQ�Vӵ WKD\�WKӃ &\WRVLQH��&��
YӟL�7K\PLQH� �7���ÿk\� Oj�ELӃQ� WKӇ SKRQJ�SK~�QKҩW� WURQJ�FKXӛL�'1$�JLӳD�FiF�Fi� WKӇ WURQJ�PӝW�
TXҫQ�WKӇ >�@��1KӳQJ�ELӃQ ÿәL�FӫD�613 Fy�WKӇ OjP�WKD\�ÿәL�WtQK�WUҥQJ�Yj�ÿѭӧF�Vӱ GөQJ�ÿӇ ÿiQK�JLi�
ÿD�GҥQJ�GL�WUX\ӅQ�Yj WLӃQ�KyD��7UXQJ�EuQK�ӣ Eӝ JHQ�Jj� Fӭ ����ES�VjQJ�OӑF�ÿѭӧF���613� ÿӕL�YӟL�
Eӝ JHQ�QJѭӡL� NKRҧQJ�������ES�VjQJ�OӑF�ÿѭӧF���613�>�@��Ӣ Y�QJ�JHQ�Pm�KyD�FiF�613�Fy�WKӇ WiF�
ÿӝQJ�ÿӃQ����WtQK� WUҥQJ�TXDQ� WkP��GR�ÿy�UҩW�KLӋX�TXҧ WURQJ�YLӋF�[iF�ÿӏQK�PӕL� WѭѫQJ�TXDQ�JLӳD�
613�Yj�WtQK�WUҥQJ�QjR�ÿy�>�@��/ҫQ�ÿҫX�WLrQ�ӭQJ�GөQJ�613�WURQJ�QJKLrQ�FӭX�FKӑQ�JLӕQJ�WX�KjL�
ÿѭӧF�WLӃQ�KjQK��Ӣ FiF�ORjL�WKӫ\�VҧQ�NKiF� FiF�613�ÿѭӧF�ӭQJ�GөQJ�ÿӇ VjQJ�OӑF�FiF�JHQ�WLӅP�QăQJ�
OLrQ�TXDQ�ÿӃQ�WtQK�WUҥQJ�WăQJ�WUѭӣQJ�ӣ Fi�KӗL�6DOYHOLQXV�DOSLQXV >�@� Fi�FKӁP�>�@��W{P�WKҿ FKkQ�
WUҳQJ�3HQDHXV��/LWRSHQDHXV��YDQQDPHL Yj�W{P�V~�3��PRQRGRQ >�@��W{P�FjQJ�[DQK�>��@ Yj�Fi�WUD�
>��@��+LӋQ�QD\�Fy�UҩW�QKLӅX�SKѭѫQJ�SKiS�ÿӇ [iF�ÿӏQK�FiF�613�>��@��WX\�QKLrQ�Vӱ GөQJ�F{QJ�QJKӋ
JLҧL�WUuQK�Wӵ JHQ�WKӃ KӋ PӟL�ÿѭӧF�FRL�Oj�SKѭѫQJ�SKiS�WӕL�ѭX�Yu�JLҧL�TX\ӃW�ÿѭӧF�ÿӗQJ�WKӡL�QKLӅX�
YҩQ�ÿӅ Yj�VjQJ�OӑF�ÿѭӧF�OѭӧQJ�OӟQ�FiF�613�SKөF�Yө FKR�YLӋF�SKkQ�WtFK�GL�WUX\ӅQ�

7URQJ�QJKLrQ�FӭX�Qj\��FK~QJ�W{L�WLӃQ�KjQK�JLҧL�WUuQK�Wӵ JHQ WKӃ KӋ PӟL�Yj�VjQJ�OӑF�FKӍ WKӏ 613�
FKR� KDL� QKyP� WX�KjL� Yj�PDUNHU� 613� VjQJ� OӑF� ÿѭӧF� VӁ FXQJ� FҩS� QJXӗQ� Fѫ� Vӣ Gӳ OLӋX� TXDQ�
WUӑQJ�SKөF�Yө FKR�F{QJ�WiF�FKӑQ�JLӕQJ�ӣ WX�KjL�OLrQ�TXDQ�ÿӃQ�WtQK�WUҥQJ�WăQJ�WUѭӣQJ�WURQJ�WKӡL�
JLDQ�WӟL��

���3KѭѫQJ�SKiS�QJKLrQ�FӭX

�����9̵W�OL͏X�QJKLrQ�FͱX

�������Ĉ͙L�W˱ͫQJ�QJKLrQ�FͱX

7X�KjL�YzL�WUҳQJ��/XWUDULD�UK\FKDHQD��-RQDV������ ÿѭӧF�QX{L�WҥL�7UXQJ�WkP�JLӕQJ�WKӫ\�VҧQ�Oӧ
PһQ�ÿһW�WҥL�9kQ�ĈӗQ��4XҧQJ�1LQK�WUӵF�WKXӝF�7UѭӡQJ�&DR�ÿҷQJ�.LQK�WӃ��.ӻ WKXұW�Yj�7Kӫ\�VҧQ�± 7ӯ
6ѫQ�± %ҳF�1LQK�

�������0̳X�QJKLrQ�FͱX

7әQJ�Vӕ ���PүX�WX�KjL�QJKLrQ�FӭX��WURQJ�ÿy�Fy����PүX�WX�KjL�WăQJ�WUѭӣQJ�QKDQK�Yj����PүX�WX�
KjL� WăQJ� WUѭӣQJ�FKұP�ÿѭӧF�FXQJ�FҩS�Wӯ NӃW�TXҧ QJKLrQ�FӭX�FӫD�ÿӅ WjL�³ӭQJ�GөQJ�GL� WUX\ӅQ�Vӕ
OѭӧQJ�Yj�GL�WUX\ӅQ�SKkQ�Wӱ FKӑQ�JLӕQJ�WX�KjL�WăQJ�WUѭӣQJ�QKDQK´��WKHR�KӧS�ÿӗQJ�Vӕ ��������+Ĉ�
76�&16+� 0үX�WKX�FӫD�WX�KjL�WăQJ�WUѭӣQJ�QKDQK�ÿѭӧF�OӵD�FKӑQ�Wӯ ���JLD�ÿuQK�Fy�JLi�WUӏ FKӑQ�
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JLӕQJ�ѭӟF� WtQK�(%9��(VWLPDWHG�%UHHGLQJ�9DOXH��FDR�Yj�PүX� WKX�FӫD� WX�KjL� WăQJ� WUѭӣQJ�FKұP�
ÿѭӧF�OӵD�FKӑQ�Wӯ ���JLD�ÿuQK�Fy�JLi�WUӏ (%9�WKҩS��JLi�WUӏ FKӑQ�JLӕQJ�ÿѭӧF�P{�Wҧ WҥL�%ҧQJ���

%ҧQJ���*Li�WU͓ FK͕Q�JL͙QJ�˱ͣF�WtQK�FKR�WtQK�WU̩QJ�WăQJ�WU˱ͧQJ�JLͷD�KDL�QKyP�WX�KjL

*Li�WUӏ 1KyP�WăQJ�WUѭӣQJ�QKDQK 1KyP�WăQJ�WUѭӣQJ�FKұP
6ӕ OѭӧQJ�PүX��FRQ� �� ��
6ӕ OѭӧQJ�JLD�ÿuQK��JLD�ÿuQK� �� ��
.KӕL�OѭӧQJ�WUXQJ�EuQK��J� ����������� �����������
(%9�WUXQJ�EuQK ����������� ������������
*KL�FK~��6͙ OL͏X�EL͋X�GL͍Q�ͧ G̩QJ�WUXQJ�EuQK���ÿ͡ O͏FK�FKX̱Q�

1KyP� WăQJ� WUѭӣQJ�QKDQK�JӗP����Fi� WKӇ�� NKӕL� OѭӧQJ� WUXQJ�EuQK������J�FRQ�Yj�JLi� WUӏ (%9�
WUXQJ�EuQK�ÿҥW�������1KyP�WăQJ�WUѭӣQJ�FKұP�JӗP����Fi�WKӇ��NKӕL�OѭӧQJ�WUXQJ�EuQK������J�FRQ�Yj�
JLi�WUӏ (%9�WUXQJ�EuQK�ÿҥW��������%ҧQJ����

�����3K˱˯QJ�SKiS�QJKLrQ�FͱX

�������7iFK�FKL͇W�'1$

'1$�ÿѭӧF�WiFK�FKLӃW�Wӯ ���PJ�PүX�P{�Fѫ�PjQJ�iR�FӫD����Fi�WKӇ WX�KjL�EҵQJ�FiFK�Vӱ GөQJ�Eӝ
NLW�'1$HDV\�WLVVXH�H[WUDFWLRQ�NLW��4LDJHQ��ĈӭF��WKHR�KѭӟQJ�GүQ�FӫD�QKj VҧQ�[XҩW�

'1$�ÿѭӧF�NLӇP�WUD�EҵQJ�Nӻ WKXұW�ÿLӋQ�GL�WUrQ�JHO�DJDURVH�������&iF�EăQJ�'1$�Fy�NӃW�TXҧ
ViQJ�U}��NK{QJ�Eӏ ÿӭW�Jm\�ÿѭӧF� OӵD�FKӑQ�ÿӇ WLӃQ�KjQK� WKt�QJKLӋP��+jP�OѭӧQJ�'1$�ÿѭӧF�[iF�
ÿӏQK�EҵQJ�Eӝ ÿR�KXǤQK�TXDQJ�4XELW�����WKHR�KѭӟQJ�GүQ�FӫD�QKj VҧQ�[XҩW��QӗQJ�ÿӝ ÿҧP�EҧR�WӕL�
WKLӇX���QJ��O�ÿѭӧF�Vӱ GөQJ�FKR�SKkQ�WtFK�(]5$'�

�������;k\�GQJ�WK˱�YL͏Q�'1$�SKͭF�Yͭ JL̫L�WUuQK�W K͏ JHQ FKR�KDL�QKyP�WX�KjL

7LӃQ�KjQK�JӝS����PүX�'1$�FӫD�WX�KjL�WăQJ�WUѭӣQJ�QKDQK��JӝS����PүX�'1$�FӫD�WX�KjL�WăQJ�
WUѭӣQJ�FKұP��6ӱ GөQJ���HQ]\PH�FҳW�JLӟL�KҥQ�0ER,�Yj�6DX�$,�ÿӇ FҳW�ÿӗQJ�WKӡL�KDL�PүX�WX�KjL�
WăQJ�WUѭӣQJ�QKDQK�Yj�WăQJ�WUѭӣQJ�FKұP�VDX�NKL�JӝS��7Kѭ�YLӋQ�'1$�FӫD���QKyP�WX�KjL�ÿѭӧF�[k\�
GӵQJ�EҵQJ�Nӻ WKXұW�H]5$'�>��@��

.KXӃFK�ÿҥL�WKѭ�YLӋQ�'1$� 7Kѭ�YLӋQ�'1$ ÿѭӧF�NKXӃFK�ÿҥL�YӟL�WKӇ WtFK�����O��WKjQK�SKҫQ�FӫD�
SKҧQ�ӭQJ�3&5�JӗP�� �O (QKDQFHG�3&5�0L[�������O 3ULPHU�&RFNWDLO���������O '1$�Yj �������O
+�2��&KX�WUuQK�QKLӋW�FӫD�SKҧQ�ӭQJ�QKѭ�VDX� %LӃQ�WtQK�EDQ�ÿҫX�ӣ ��R&�WURQJ���SK~W��WLӃS�WKHR�Oj �
FKX�Nu ӣ ��R&�WURQJ����JLk\����R&�WURQJ����JLk\����R&�WURQJ����JLk\�Yj NpR�GjL�ӣ ��R&�WURQJ���
SK~W��OѭX�JLӳ ӣ �R&�

6ҧQ�SKҭP�3&5�ÿѭӧF�NLӇP�WUD�WUrQ�JHO�$JDURVH������QKXӝP�YӟL�HWKLGLXP�EURPLGH�Yj�ÿѭӧF�
WLQK�VҥFK�EҵQJ�6DPSOH�3XULILFDWLRQ�%HDGV��7Kѭ�YLӋQ�'1$�Fy�GҧL�NtFK�WKѭӟF�GjL�Wӯ ����± ����ES��
WURQJ�ÿy�NtFK�WKѭӟF�FӫD�DGDSWHU�ÿѭӧF�FKqQ�YjR�Oj�����ES�Yj�WUuQK�Wӵ FӫD�PүX�WUXQJ�EuQK�Oj�����
ES��&iF�WKѭ�YLӋQ�'1$�ÿѭӧF�EҧR�TXҧQ�WURQJ�ÿLӅX�NLӋQ�JLӳ OҥQK�ӣ ���R& ÿӃQ����R&�FKR�ÿӃQ�NKL�
JLҧL�WUuQK�Wӵ�

*LҧL� WUuQK� Wӵ *HQRPLF�FӫD� WX�KjL�ÿѭӧF�WKӵF�KLӋQ�EҵQJ�Pi\�,OOXPLQD�1RYD6HT������ÿӑF�NӃW�
TXҧ ÿѭӧF� WKӵF� KLӋQ� WҥL� 7UXQJ� WkP�&{QJ� QJKӋ *HQQRPLF�� 7UѭӡQJ�ĈҥL� KӑF� 7әQJ� KӧS�'HDNLQ��
*HHORQJ��$XVWUDOLD�

������ *L̫L�WUuQK�W Yj�O̷S�UiS�K͏ JHQ WKDP�FKL͇X�FKR�WX�KjL�WăQJ�WU˱ͧQJ�QKDQK�Yj�WăQJ�WU˱ͧQJ�FK̵P

&ѫ�Vӣ +,0%�&RUH�FKҥ\�PӝW�Eӝ OӑF�NLӇP�VRiW�FKҩW�OѭӧQJ�WLrX�FKXҭQ�Yj�SKkQ�WtFK�F~�SKiS�GR�
Pi\�,OOXPLQD�ÿӑF�ÿѭӧF� WKjQK�FiF� WӋS�)$674�ÿѭӧF�VҳS�[ӃS�WKHR�FKӍ PөF��6ӱ GөQJ�SKҫQ�PӅP�
7ULPPRDWLF�Y�����ÿӇ ORҥL�Eӓ FiF�DGDSWHU�Yj�FiF�ÿRҥQ�WUuQK�Wӵ Fy�FKҩW�OѭӧQJ�WKҩS��4������>��@��6ӕ
OLӋX�ÿѭӧF�[ӱ Oê�WKHR�TX\�WUuQK�FӫD�G'RFHQW�Y�����>��@�

3KkQ�WtFK�GH�QRYR WURQJ�6WDFNV�ÿѭӧF�WKӵF�KLӋQ�YӟL���EѭӟF�FKtQK��ĈҫX�WLrQ��FiF�ÿRҥQ�ÿӑF�ÿѭӧF�
SKkQ�WiFK�Yj�NLӇP�WUD�FKҩW�OѭӧQJ�EӣL�FKѭѫQJ�WUuQK�SURFHVVBUDGWDJV��%D�EѭӟF�WLӃS�WKHR�EDR�JӗP��
;k\�GӵQJ�ORFL��8VWDFNV���WҥR�GDQK�PөF��&DWDORJ��FiF�ORFL��&VWDFNV��Yj�NKӟS�ORFL�YӟL�GDQK�PөF�
�6VWDFNV���Ӣ EѭӟF�WKӭ ���FKѭѫQJ�WUuQK�VWDFNV�ÿѭӧF�WLӃQ�KjQK�ÿӇ OҳS�UiS�Yj�KӧS�QKҩW�FiF�FRQWLJ��



718�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\ ����������� � ��

KWWS���MVW�WQX�HGX�YQ �� (PDLO��MVW#WQX�HGX�YQ

SKiW�KLӋQ�FiF�Yӏ WUt�ELӃQ�WKӇ WURQJ�TXҫQ�WKӇ Yj�[iF�ÿӏQK�NLӇX�JHQ�FӫD�PӛL�Fi�WKӇ��Ӣ EѭӟF�WKӭ ���
GӵD�WUrQ�NLӇX�JHQ�Fi�WKӇ WURQJ�TXҫQ�WKӇ��FiF�Gӳ OLӋX�613�ÿѭӧF�[iF�ÿӏQK�Yj�[XҩW�GѭӟL�ÿӏQK�GҥQJ�
YFI�KRһF�JHQSRS�

'ӵD� WUrQ� KӋ JHQ� WKDP� FKLӃX�� FiF� ÿRҥQ� ÿӑF� ÿѭӧF� WҥR� WKjQK� Wӯ KDL� QKyP� WX� KjL� VLQK� WUѭӣQJ�
QKDQK�Yj�VLQK�WUѭӣQJ�FKұP�ÿѭӧF�GyQJ�KjQJ�EҵQJ�F{QJ�Fө %:$ Y�������U���� >��@��ĈiQK�Vӕ FKӍ
PөF� �LQGH[�� FKR� FiF� QXFOHRWLG� FҫQ� VR� ViQK�YӟL� KӋ JHQ� WKDP�FKLӃX WKӵF� KLӋQ�EҵQJ�SKҫP�PӅP�
6$0WRROV >��@�

������ 3KiW�KL͏Q�FK͑ WK͓ 613�FKR�WX�KjL�VLQK�WU˱ͧQJ�QKDQK��VLQK�WU˱ͧQJ�FK̵P

'ӳ OLӋX�613�WK{�ÿѭӧF�OӑF�EҵQJ�SKҫQ�PӅP�YFIWRROV�Y��������TXD�FiF� WK{QJ�Vӕ PLQRU�$OOHOH�
)UHTXHQF\��P$)�!��������PLQLPXP�0HDQ�'HSWK��PHDQ�'3������ >��@��NLӇX�613��WKD\�WKӃ Yӏ WUt�
1XFOHRWLGH���+:(� �+DUG\�:HLQEHUJ�(TXLOLEULXP��YӟL� JLi� WUӏ 3�± YDOXH��� �������0HDQ�TXDOLW\�
VFRUH��4�!�����Yj�PD[�PLVVLQJ� �������Wӹ OӋ SKiW�KLӋQ�613� �����WUrQ�WҩW�Fҧ FiF�Fi�WKӇ���7LӃS�ÿy��
SKҫQ�PӅP�YFIILOWHU�VӁ OӑF�Oҩ\�FiF�613�GӵD�YjR�$OOHOH�%DODQFH��$%��!�����0HDQ�PDSSLQJ�TXDOLW\�
�040�0405�������± �������WҫQ�Vӕ WKD\�WKӃ DOOHOH��3$,5('�3$,5('5��������± ������ 'ӳ OLӋX�
613�ÿѭӧF�NLӇP�WUD�UDGBKDSORW\SHU�ÿӇ ORҥL�Eӓ FiF�ELӃQ�Gӏ Yj�[iF�ÿӏQK���613�FRQWLJ�WKX�ÿѭӧF�613�
ÿһF�WUѭQJ�ORjL��9DOLGDWHG�613���;iF�ÿӏQK�613��[iF�ÿӏQK�LQGHO�GR�WKrP�ÿRҥQ��,QVHUWLRQ���PҩW ÿRҥQ�
�'HOHWLRQ�� WUuQK� Wӵ ÿѭӧF� WLӃQ�KjQK�NKL GyQJ�KjQJ�FiF� FRQWLJ�GӵD�YjR VDL�NKiF� WUrQ� tW�QKҩW� EӕQ�
WUuQK�Wӵ ÿӑF�>��@��;ӱ Oê�Vӕ OLӋX�WK{�ÿѭӧF�WKӵF�KLӋQ�WKHR�TX\�WUuQK�6WDFNV�>��@��>��@ WUrQ�KӋ ÿLӅX�
KjQK�8EXQWX�6HUYHU�������

������ .L͋P�ÿ͓QK�RXWOLHU�ORFL�Yj�VjQJ�O͕F�613�WL͉P�QăQJ�ͧ QKyP�WX�KjL�WăQJ�WU˱ͧQJ�QKDQK��WăQJ�
WU˱ͧQJ�FK̵P

2XWOLHU�ORFL�ÿѭӧF�[iF�ÿӏQK�Oj QKӳQJ�Yӏ WUt ORFL�Fy JLi WUӏ NKiF�ELӋW�VR�YӟL�SKҫQ�FzQ�OҥL�FӫD�Eӝ JHQ
�1HXWUDO�ORFL���ĈӇ [iF�ÿӏQK�FiF�RXOLHU�ORFL ÿѭӧF�WLӃQ�KjQK�EҵQJ�SKѭѫQJ�SKiS�OLQNDJH�GLVHTXLEULXP�
�/'���/'�ÿѭӧF�ÿR�EҵQJ�KӋ Vӕ WѭѫQJ�TXDQ�FһS�EuQK�SKѭѫQJ�JLӳD�FiF�ORFXV��U���EҵQJ�FiFK�Vӱ GөQJ�
KjP�µ/'´�WURQJ�JyL�Gӳ OLӋX�³JHQHWLF´�WKXӝF�SKҫQ�PӅP�5�>��@��6ӱ GөQJ�/'�QHWZRUN��3KҫQ�PӅP�
5��ÿӇ [iF�ÿӏQK�6HOHFWHG�RXWOLHU�FOXVWHUV��62&��Yj�&RPSRXQG�RXWOLHU�FOXVWHUV��&2&���*Li�WUӏ WӕL�
ѭX�µ/'QD´�>��@ YӟL�FiF�WKDP�Vӕ ĳ�Yj�_(_�PLQ�Yj�QJѭӥQJ�/'�ÿѭӧF�WKLӃW�OұS�FKR�FiF�62&��0ҥQJ�
/'�ÿѭӧF�[k\�GӵQJ�EҵQJ�JyL�Gӳ OLӋX�³LJUDSK´�WUrQ�SKҫQ�PӅP�5�>��@��&iF�ORFL�ÿѭӧF�[iF�ÿӏQK�Oj�
RXWOLHU�ÿѭӧF�ORҥL�Eӓ ÿӇ WҥR�Eӝ Gӳ OLӋX�613�WUXQJ�WtQK��6ӱ GөQJ�FKѭѫQJ�WUuQK�/RVLWDQ�ÿӇ [iF�ÿӏQK�
FiF�RXOLHU�ORFL��FiF�RXWOLHU�ORFL�ÿѭӧF�[iF�ÿӏQK�EҵQJ�FiFK�VR�ViQK�SKkQ�Eӕ ORFL�TXDQ�ViW�ӣ PӭF�ÿӝ
WLQ�Fұ\�����Yj�����YӟL�JLi�WUӏ )'5����������&iF�ORFL�ErQ�QJRjL�NKRҧQJ�WLQ�Fұ\�����Yj����ÿѭӧF�
[iF�ÿӏQK�Oj�RXWOLHU�ORFL�

���.ӃW�TXҧ Yj�EjQ�OXұQ

�����7iFK�FKL͇W�'1$��[k\�GQJ� WK˱�YL͏Q�'1$�FKR�QKyP�WX�KjL� WăQJ� WU˱ͧQJ�QKDQK�Yj� WăQJ�
WU˱ͧQJ�FK̵P

.ӃW�TXҧ ÿLӋQ�GL�'1$�WәQJ�Vӕ FKR�WKҩ\�FiF�GҧL�EăQJ�'1$�ViQJ�U}�Yj�NK{QJ�Eӏ ÿӭW�Jm\�ÿҧP�EҧR�ÿӫ
ÿLӅX�NLӋQ�WKӵF�KLӋQ�WKt�QJKLӋP�WLӃS�WKHR��+uQK����

+uQK��� .͇W�TX̫ ÿL͏Q�GL�'1$�W͝QJ�V͙ FͯD�FiF�P̳X�WX�KjL�WăQJ�WU˱ͧQJ�QKDQK��JL͇QJ�1��± 1����
WăQJ�WU˱ͧQJ�FK̵P��JL͇QJ�&��&��� WURQJ�ÿy�JL͇QJ�0��0DUNHU��WKDQJ�FKX̱Q�'1$��
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6DX�NKL�WLӃQ�KjQK�3&5��VҧQ�SKҭP�ÿѭӧF�ÿLӋQ�GL�WUrQ�JHO�DJDURVH�������.ӃW�TXҧ WKX�ÿѭӧF�GҧL�
EăQJ�JӑQ��ViQJ�U}��7Kѭ�YLӋQ�'1$�FӫD�QKyP�WX�KjL�WăQJ�WUѭӣQJ�QKDQK�Yj�WăQJ�WUѭӣQJ�FKұP ÿѭӧF�
WLQK�VҥFK�EҵQJ�63%�ÿӇ ORҥL�Eӓ FiF�WUuQK�Wӵ Fy�ÿӝ GjL� WUrQ���� ES�Yj�QKӓ KѫQ���� ES��7UuQK�Wӵ
'1$�Fy�ÿӝ GjL�WURQJ�NKRҧQJ�Wӯ ��� ± ��� ES�ÿѭӧF�JLӳ OҥL�Yj�[iF�ÿӏQK�KjP�OѭӧQJ�'1$��7Kѭ�
YLӋQ�'1$ FӫD�KDL QKyP WX�KjL�ÿҧP�EҧR�ÿӫ ÿLӅX�NLӋQ�ÿӇ JLҧL�WUuQK�Wӵ�

�����*L̫L�WUuQK�W Yj�[k\�GQJ�K͏ JHQ WKDP�FKL͇X�FKR�KDL�QKyP�WX�KjL

.ӃW�TXҧ JLҧL�WUuQK�Wӵ Yj�[k\�GӵQJ�KӋ JHQ WKDP�FKLӃX�FKR�QKyP�WX�KjL�WăQJ WUѭӣQJ�QKDQK�Yj�
WăQJ�WUѭӣQJ�FKұP ÿѭӧF�P{�Wҧ TXD�%ҧQJ���

%ҧQJ����7yP�W̷W�N͇W�TX̫ [͵ Oê�JL̫L�WUuQK�W

&KӍ Vӕ SKkQ�WtFK
*Li�WUӏ

1KyP�
WăQJ�WUѭӣQJ�QKDQK

1KyP�
WăQJ�WUѭӣQJ�FKұP

Ĉӝ EDR�SKӫ JLҧL�WUuQK�Wӵ ��� ���
6ӕ OѭӧQJ�ÿRҥQ�WUuQK�Wӵ �UHDG��Vӱ GөQJ�ÿӇ NӃW�QӕL�FRQWLJ ����������� �����������
7әQJ�Vӕ FRQWLJ ������� �������
.tFK�WKѭӟF�KӋ JHQ WKDP�FKLӃX�WҥP�WKӡL��0E� ��� ���

Ӣ WX�KjL�WăQJ�WUѭӣQJ�QKDQK��VDX�NKL�JLҧL�WUuQK�Wӵ Yj�SKkQ�WtFK�ÿm�WKX�ÿѭӧF�������������ÿRҥQ�
WUuQK�Wӵ WK{��UDZ�UHDG���WURQJ�ÿy�Fy��������������FKLӃP��������ÿRҥQ�WUuQK�Wӵ PDQJ�EDUFRGH��Ӣ WX�
KjL� WăQJ� WUѭӣQJ� FKұP�� WKX� ÿѭӧF� ������������ ÿRҥQ� WUuQK� Wӵ WK{� �UDZ� UHDG��� WURQJ� Vӕ ÿy� Fy�
�������������FKLӃP��������ÿRҥQ�WUuQK�Wӵ EDUFRGH��6DX�NKL�WLQK�VҥFK� ORҥL�Eӓ FiF�ÿRҥQ�DGDSWHU�Yj�
FiF�ÿRҥQ�WUuQK�Wӵ Fy�FKҩW�OѭӧQJ�WKҩS�ӣ KDL�QKyP�WX�KjL��FK~QJ�W{L�WKX�ÿѭӧF������������ ��������
ÿRҥQ�WUuQK�Wӵ Fy�FKҩW�OѭӧQJ�WӕW�ӣ WX�KjL�WăQJ�WUѭӣQJ�QKDQK�Yj���������������������ÿRҥQ�WUuQK�Wӵ
Fy�FKҩW�OѭӧQJ�WӕW�ӣ WX�KjL�WăQJ�WUѭӣQJ�FKұP��ĈRҥQ�WUuQK�Wӵ Fy�FKҩW�OѭӧQJ�WӕW�ӣ WX�KjL�WăQJ�WUѭӣQJ�
QKDQK�Yj�WăQJ�WUѭӣQJ�FKұP�ÿѭӧF�Vӱ GөQJ�ÿӇ NӃW�QӕL�FRQWLJ�Yj�WKLӃW� OұS�KӋ JHQ WKDP�FKLӃX�WҥP�
WKӡL��YӟL�GXQJ�OѭӧQJ�Gӳ OLӋX����*%��7ӯ ����������� ÿRҥQ�WUuQK�Wӵ ӣ WX�KjL�WăQJ�WUѭӣQJ�QKDQK�Yj�
����������� ÿRҥQ�WUuQK�Wӵ ӣ WX�KjL�WăQJ�WUѭӣQJ�FKұP�VDX�NKL�NӃW�QӕL�WKX�ÿѭӧF�OҫQ�OѭӧW�������� Yj�
������� FRQVWLJ�YӟL�Vӵ SKkQ�Eӕ NtFK�WKѭӟF�FiF�FRQWLJ�ÿѭӧF�WKӇ KLӋQ�ӣ KuQK����&RQWLJ�Fy�FKLӅX�GjL�
Wӯ ��� � ����ES�FKLӃP�Vӕ OѭӧQJ� OӟQ�QKҩW� ��������Yj��������FRQWLJ��� WLӃS�ÿӃQ� Oj� FiF� FRQWLJ� Fy�
FKLӅX�GjL�Wӯ ����� ����ES���������Yj��������FRQWLJ���FRQWLJ�Fy�FKLӅX�GjL������ ����ES������� Yj�
������FRQWLJ���FRQWLJ�Fy�FKLӅX�GjL������ ����ES��������Yj�������FRQWLJ��Yj�FRQWLJ�Fy�FKLӅX�GjL�
Wӯ ����ES�WUӣ OrQ����Yj����FRQWLJ��FKLӃP�Vӕ OѭӧQJ�WKҩS�QKҩW��+uQK����

7ӯ FiF�ÿRҥQ�ÿӑF�FKҩW� OѭӧQJ�FDR��YLӋF� OҳS�UiS�ÿm� WKX�ÿѭӧF KӋ JHQ� WKDP�FKLӃX�YӟL� Vӕ OѭӧQJ�
ÿRҥQ�FRQWLJ�FDR��Wӹ OӋ ��$�7�Yj�*�;�Oj�WѭѫQJ�ÿѭѫQJ�QKDX���������

+uQK��� 3KkQ�E͙ FRQWLJ�JLͷD�FiF�QKyP�WX�KjL�WăQJ�
WU˱ͧQJ�QKDQK�Yj�WăQJ�WU˱ͧQJ�FK̵P�VDX�N͇W�Q͙L

+uQK��� 6͙ O˱ͫQJ�613�ͧ QKyP�WX�KjL�WăQJ�
WU˱ͧQJ�QKDQK�Yj�WăQJ�WU˱ͧQJ�FK̵P
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�����.͇W�TX̫ VjQJ�O͕F�FK͑ WK͓ 613�ͧ QKyP�WX�KjL�VLQK�WU˱ͧQJ�QKDQK�Yj�VLQK�WU˱ͧQJ�FK̵P

'ӵD� WUrQ� KӋ JHQ� WKDP� FKLӃX FӫD� WX� KjL� ÿm� [k\� GӵQJ� SKiW� KLӋQ� Yj� VjQJ� OӑF� ÿѭӧF� WәQJ� Vӕ
����������613��WURQJ�ÿy�Fy���������613�[XҩW�KLӋQ�ӣ QKyP�WX�KjL�WăQJ WUѭӣQJ�QKDQK� ��������
613�[XҩW�KLӋQ�ӣ QKyP�WX�KjL�WăQJ WUѭӣQJ�FKұP Yj���������613�[XҩW�KLӋQ�ӣ Fҧ KDL�QKyP�WX�KjL�
�+uQK����

.ӃW�TXҧ VjQJ�OӑF�613V�WUrQ�KӋ JHQ�ӣ Fҧ KDL�QKyP�WX�KjL�FKR�WKҩ\��Vӕ OѭӧQJ�613V�[XҩW�KLӋQ�ӣ
QKyP�WX�KjL�WăQJ�WUѭӣQJ�QKDQK�FDR�JҩS������OҫQ����������613V��VR�YӟL�WX�KjL�WăQJ�WUѭӣQJ�FKұP��
9ӟL�Vӕ OѭӧQJ�613�VjQJ�OӑF�ÿѭӧF�JyS�SKҫQ�Pӣ UD�KѭӟQJ�NKDL�WKiF�Gӳ OLӋX�613�Fy�ê�QJKƭD�WKӵF�
WLӉQ�� WUrQ� Fѫ� Vӣ ÿy�[iF�ÿӏQK�ÿѭӧF� FiF� FKӍ WKӏ 613V�Fy�NKҧ QăQJ� OLrQ�TXDQ�ÿӃQ� WtQK� WUҥQJ� WăQJ�
WUѭӣQJ�ӣ WX�KjL��+LӋQ�QD\� SKҫQ�OӟQ�KӋ JHQ FӫD�FiF�ORjL�WKӫ\�VҧQ�Fy�JLi�WUӏ NLQK�WӃ FKѭD�ÿѭӧF�JLҧL�
Pm��WURQJ�ÿy�Fy�FiF�ORjL�QKX\ӉQ�WKӇ��9LӋF�JLҧL�Pm�WKjQK�F{QJ�KӋ JHQ WKDP�FKLӃX�FKR�WX�KjL�Oj�Fѫ�
Vӣ ÿӇ [iF�ÿӏQK�ÿѭӧF�FiF�613V�OLrQ�NӃW�YӟL�FiF�JHQ FKӭF�QăQJ��Wӯ ÿy�JyS�SKҫQ�Pӣ UD�WLӅP�QăQJ�
ӭQJ�GөQJ�SKөF�Yө FKӑQ�JLӕQJ�ÿӕL�YӟL�F{QJ�WiF�FKӑQ�JLӕQJ�Yj�QX{L�WUӗQJ�WX�KjL��&iF�FKӍ WKӏ 613V�
VjQJ�OӑF�ÿѭӧF�FKLӃP�WӟL�����Vӵ NKiF�ELӋW�YӅ GL�WUX\ӅQ�JLӳD�FiF�Fi�WKӇ >��@��7URQJ�TXi�WUuQK�WUDR�
ÿәL�FKpR�WKѭӡQJ�NK{QJ�WiFK�UӡL�FiF�FKӍ WKӏ 613V�UD�NKӓL�JHQ�FKӭF�QăQJ�>��@�

%ҧQJ����7K{QJ�WLQ�Y͉ 613�VDX�FiF�E˱ͣF�O͕F�ͧ KDL�QKyP�WX�KjL

7K{QJ�Vӕ OӑF
1KyP�VLQK�WUѭӣQJ�QKDQK 1KyP�VLQK�WUѭӣQJ�FKұP
6ӕ Fi�WKӇ 6ӕ 613 6ӕ Fi�WKӇ 6ӕ 613

Ĉӝ QKLӉX�ORFXV���� �� ����� �� ����
7ҫQ�Vӕ DOHQ��0DF���� �� ���� �� ����
7ҫQ�Vӕ DOHQ�QKӓ �0DI������� � ����� �� ���� �� ���
.KX\�,1'9 �� ����� �� ����
7ҫQ� Vӕ DOHQ� QKӓ QKҩW� �� ����� Yj� WҫQ� Vӕ
DOHQ�OӟQ�QKҩW�!������

�� ���� �� ����

9ӏ WUt�OLrQ�NӃW�KDSORW\SH �� ��� �� ���
+:(�������� �� ���� �� ���
/RҥL�Eӓ /'� �� ��� �� ���
/RFXV�WUXQJ�WtQK��/RFXV�NKiF�ELӋW� �� ������� �� �������

'ӳ OLӋX�613V�WK{�WKX�ÿѭӧF Wӯ KDL QKyP�WX�KjL�ÿѭӧF�VjQJ�OӑF�TXD�FiF�EѭӟF�EҵQJ�F{QJ�Fө 9&)�
WRRO ÿӇ ORҥL�Eӓ FiF�ELӃQ�WKӇ��6ӕ OѭӧQJ�FiF�FKӍ WKӏ 613�ӣ KDL�QKyP�WX�KjL�VDX�NKL�SKiW�KLӋQ�Yj�
WX\ӇQ�FKӑQ�WKX�ÿѭӧF�����613�ӣ WX�KjL�WăQJ�WUѭӣQJ�QKDQK�Yj�����613�ӣ WX�KjL�WăQJ�WUѭӣQJ�FKұP��
.ӃW�TXҧ FKL�WLӃW�YLӋF�VjQJ�OӑF�FiF�613�ÿѭӧF�P{�Wҧ ӣ �%ҧQJ����

�����.L͋P�ÿ͓QK RXWOLHU�ORFL�Yj�VjQJ�O͕F�613�WL͉P�QăQJ�ͧ QKyP WX�KjL�WăQJ�WU˱ͧQJ�QKDQK��WăQJ�
WU˱ͧQJ�FK̵P

.ӃW�TXҧ NLӇP�ÿӏQK�FiF�RXWOLHU�ORFL�FKR�Fҧ KDL�QKyP�WX�KjL�ÿm�SKiW�KLӋQ�ÿѭӧF�����RXWOLHU�ORFL�ӣ
QKyP�WX�KjL�WăQJ WUѭӣQJ�QKDQK�Yj�����RXWOLHU�ORFL�ӣ WX�KjL�WăQJ�WUѭӣQJ�FKұP��7LӃQ�KjQK�ORҥL�Eӓ
FiF�ORFXV Qj\��FXӕL�F�QJ�ÿm�WKX�ÿѭӧF�����Yj�����ORFXV WUXQJ�WtQK��1HXWUDO�ORFL���9LӋF�FKӑQ�OӑF�
FiF�613�WLӅP�QăQJ�Wӯ FiF�613�WUXQJ�WtQK�ӣ KDL�QKyP�WX�KjL�ÿѭӧF�WKӵF�KLӋQ�QKӡ Vӱ GөQJ�FiF�F{QJ�
Fө WLQ�VLQK�KӑF�WUrQ�KӋ ÿLӅX�KjQK�OLQX��/RFXV WUXQJ�WtQK�FӫD�Fҧ KDL�QKyP�WX�KjL�ÿѭӧF�[k\�GӵQJ
GӵD�WUrQ�WKDP�FKLӃX�G'RFHQW�Yj�6WDFNV��ĈӗQJ�WKӡL� WLӃQ�KjQK�SKkQ�WtFK�OLrQ�NӃW�ELӃQ�Gӏ WKD\�WKӃ
ÿӗQJ�KRiQ �7UDQVLWLRQ�� Yj� ELӃQ�Gӏ WKD\� WKӃ Gӏ KRiQ �7UDQYHUVLRQ�� ÿm� [iF� ÿӏQK�ÿѭӧF��� ELӃQ�Gӏ
WUDQVLWLRQ �ÿӗQJ�KRiQ�� YӟL� WәQJ� Vӕ ���� 613�ӣ QKyP� WX� KjL� WăQJ� WUѭӣQJ�QKDQK� Yj� ���� 613�ӣ
QKyP�WăQJ�WUѭӣQJ�FKұP��1JѭӧF�OҥL��[iF�ÿӏQK�ÿѭӧF���ELӃQ�Gӏ WUDQYHUVLRQ �Gӏ KRiQ��YӟL�WәQJ�Vӕ ����
613�ӣ QKyP�WX�KjL�WăQJ�WUѭӣQJ�QKDQK�Yj����613�ӣ QKyP�WăQJ�WUѭӣQJ�FKұP��9LӋF�NLӇP�ÿӏQK�FiF�
QHXWUDO�ORFL��ORFL�WUXQJ�WtQK��QKҵP�WăQJ�ÿӝ FKtQK�[iF�FӫD�FiF�613�VjQJ�OӑF�ÿѭӧF�>��@�

7ӯ YLӋF�SKkQ�WtFK�FiF�OLrQ�NӃW�Yj�VjQJ�OӑF�ÿm�WKX�ÿѭӧF�����613�FKR�PӛL�QKyP�WX�KjL�GӵD�WUrQ�
Vӵ әQ�ÿӏQK�FӫD�FiF�QXFOHRWLGH�ӣ ÿҫX��¶��7ӯ ����FKӍ WKӏ 613�WLӅP�QăQJ�WLӃS�WөF�ÿѭӧF�VjQJ�OӑF�GӵD�
YjR�FiF� WLrX�FKt� Oj�FKӍ Vӕ 48$/��FKӑQ�FKӍ Vӕ FDR�QKҩW���KӋ Vӕ )3.0�JLӳD� WX�KjL� WăQJ� WUѭӣQJ�
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QKDQK�Yj�WăQJ�WUѭӣQJ�FKұP��FKӭF�QăQJ�ÿѭӧF�FK~�JLҧL�FKR�WӯQJ�FKӍ WKӏ FӫD�JHQ TX\�ÿӏQK�WtQK�WUҥQJ�
WăQJ�WUѭӣQJ��.ӃW�TXҧ ÿm�VjQJ�OӑF�ÿѭӧF����FKӍ WKӏ 613�WLӅP�QăQJ�QKҩW� WURQJ�ÿy�Fy��� 613�WLӅP�
QăQJ FKR�QKyP�WX�KjL�WăQJ WUѭӣQJ�QKDQK�Yj��� 613�WLӅQ�QăQJ�FKR�QKyP�WX�KjL�WăQJ WUѭӣQJ�FKұP
�%ҧQJ����

%ҧQJ����9͓ WUt�FRQWLJ�Yj�613�ͧ KDL�QKyP�WX�KjL

677
1KyP�VLQK�WUѭӣQJ�QKDQK 1KyP�VLQK�WUѭӣQJ�FKұP
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*KL�FK~���.L͋X�EL͇Q�G͓ WKD\�WK͇ G͓ KRiQ��6͙ E{L�PjX�ÿ̵P�Oj FiF�613 Fy�WK͋ WKL͇W�N͇ ÿ˱ͫF�P͛L�

���.ӃW�OXұQ

1JKLrQ�FӭX�ÿm�[iF�ÿӏQK�ÿѭӧF�NtFK�WKѭӟF�KӋ JHQ WKDP�FKLӃX�FKR�WX�KjL�WăQJ�WUѭӣQJ�QKDQK�Oj�
���0E�Yj�WX�KjL�VLQK�WUѭӣQJ�FKұP�Oj����0E��6jQJ�OӑF�Yj�SKiW�KLӋQ�ÿѭӧF�WәQJ�Vӕ ��������ÿLӇP�
613�OLrQ�TXDQ�ÿӃQ�WăQJ�WUѭӣQJ�ӣ Fҧ KDL�QKyP�WX�KjL��WURQJ�ÿy�Fy��������ÿLӇP�613�ӣ WX�KjL�WăQJ�
WUѭӣQJ�QKDQK�Yj��������ÿLӇP�613�ӣ WX�KjL�WăQJ�WUѭӣQJ�FKұP��7ӯ ��������ÿLӇP�613�ӣ Fҧ KDL�
QKyP�WX�KjL�Fy���������613�[XҩW�KLӋQ�FKXQJ�ӣ Fҧ KDL�QKyP�WX�KjL��

1JKLrQ� FӭX� ÿm� VjQJ� OӑF� ÿѭӧF� ��� 613�PDUNHU� WLӅP� QăQJ� Fy� OLrQ� TXDQ� ÿӃQ� WtQK� WUҥQJ� WăQJ�
WUѭӣQJ�ӣ WX�KjL��WURQJ�ÿy�Fy����613�ӣ WX KjL�OLrQ�TXDQ�ÿӃQ�WăQJ�WUѭӣQJ�QKDQK�Yj����613�ӣ WX�KjL�
OLrQ�TXDQ�ÿӃQ�WăQJ�WUѭӣQJ�FKұP�

7¬,�/,ӊ8�7+$0�.+Ҧ2��5()(5(1&(6

>�@� 7�� %�� 7KDL�� 3��<�� /HH��0��+��*DQ�� &��0��$XVWLQ�� /�� -�� &URIW�� $�� 7�� 7ULHX� DQG�+��0�� 7DQ�� ³:KROH�
*HQPRQ�$VHPEO\�RI�WKH�6QRXW�2WWHU�&ODP��/XWUDULD�UK\QFKDHQD��8VLQJ�1DQRSRUH�DQG�OOOXPLQD�'DWD��
%HQFKPDUNHG�$JDLQVW�%LYDOYH�*HQRPH�$VVHPEOLHV�´�)URQWLHUV�LQ�*HQWLFV��YRO����� S� ����������

>�@�(��6��/DQGHU��³7KH�QHZ�JHQRPLFV��JOREDO�YLHZV�RI�ELRORJ\�´ 6FLHQFH� YRO�������QR��������SS�����������
�����

>�@� =�� /LX� DQG� -�� &RUGHV�� ³'1$� PDUNHU� WHFKQRORJLHV� DQG� WKHLU� DSSOLFDWLRQV� LQ� DTXDFXOWXUH� JHQHWLFV�´�
$TXDFXOWXUH� YRO�������SS�������������

>�@� -�� )HUQiQGH]�� 0�� $�� 7RUR�� $�� .�� 6RQHVVRQ� DQG� %�� 9LOODQXHYD�� ³2SWLPL]LQJ� WKH� FUHDWLRQ� RI� EDVH�
SRSXODWLRQV� IRU� DTXDFXOWXUH� EUHHGLQJ� SURJUDPV� XVLQJ� SKHQRW\SLF� DQG� JHQRPLF� GDWD� DQG� LWV�
FRQVHTXHQFHV�RQ�JHQHWLF�SURJUHVV�´�)URQW��*HQHW��YRO�����S� ����������

>�@�=��/LX� ³6LQJOH�QXFOHRWLGH�SRO\PRUSKLVP��613��´ ,Q� /LX��=���(G����$TXDFXOWXUH�*HQRPH�7HFKQRORJLHV��
%ODFNZHOO��86$��������SS��������
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>�@�1��'��%HX]HQ��0�� -��6WHDU�� DQG�.��&��&KDQJ��³0ROHFXODU�PDUNHUV�DQG� WKHLU�XVH� LQ�DQLPDO�EUHHGLQJ�´
9HWHULQDU\�-RXUQDO��YRO� �����SS��������������

>�@�:��-��7DR DQG (��*��%RXOGLQJ��³$VVRFLDWLRQV�EHWZHHQ�VLQJOH�QXFOHRWLGH�SRO\PRUSKLVPV� LQ�FDQGLGDWH�
JHQHV�DQG�JURZWK�UDWH�LQ�$UFWLF�FKDUU��6DOYHOLQXV�DOSLQXV�/���´�+HUHGLW\��YRO������SS��������������

>�@�<��;��;X��=��<��=KX��/��&��/R��&��0��:DQJ��*��/LQ��)��)HQJ��DQG�*��+��<XH��³&KDUDFWHUL]DWLRQ�RI�WZR�
SDUYDOEXPLQ�JHQHV�DQG�WKHLU�DVVRFLDWLRQ�ZLWK�JURZWK�WUDLWV�LQ�$VLDQ�VHDEDVV��/DWHV�FDOFDULIHU��´�$QLP�
*HQHW� YRO������SS� ��������������

>�@�.��/��*OHQQ��/��*UDSHV��7��6XZDQDVRSHH��'��/��+DUULV��<��/L��.��:LOVRQ��DQG�0��)��5RWKVFKLOG��³613�
DQDO\VLV�RI�$0<��DQG�&76/�JHQHV�LQ�/LWRSHQDHXV�YDQQDPHL�DQG�3HQDHXV�PRQRGRQ�VKULPS�´�$QLPDO�
*HQHWLFV� YRO������SS����������������

>��@�0�� 7�� 1JX\HQ�� $�� &�� %DUQHW�� 3�� %��0DWKHU�� <�� /L� DQG 5�� (�� /\RQV�� ³&RUUHODWLRQ� RI� 613� �6LQJOH�
1XFOHRWLGH�3RO\PRUSKLVPV�� LQ� WKH� FUXVWDFHDQ�K\SHUJO\FHPLF�KRUPRQH�JHQHV�ZLWK� LQGLYLGXDO� JURZWK�
SHUIRUPDQFH� LQ� JLDQW� IUHVKZDWHU� SUDZQ� 0DFUREUDFKLXP� URVHQEHUJLL�´� &RQIHUHQFH� 3URFHHGLQJV�
1DWLRQDO�)LVKHULHV�6FLHQFH��1RQJ�/DP�8QLYHUVLW\�������

>��@�0��7��1JX\HQ��7��0��7��9R��+��-XQJ��DQG�3��0DWKHU��³$�WUDQVFULSWRPLF�DQDO\VLV�RI�WK�NLGQH\�WLVXH�RI�
WUD�FDWILVK��3DQJDQVLDQRGRQ�K\SRSKWKOPXV��UHDUHG�LQ�VDOLQH�FRQGLWLRQ��'H�QR�YR�DVVHPEO\��DQQRWDWLRQ��
613�GLVFRYHU\�´�-RXUQDO�%LRORJ\��YRO������QR���� SS� ��������������

>��@�'��7��1JX\HQ��³'1$�PDUNHU�WHFKQLTXHV�LQ�VWXG\�DQG�VHOHFWLRQ�RI�SODQW�´�-RXQDO�%LRORJ\��YRO������QR��
�� SS����������������

>��@�5��-��7RRQHQ��-��%��3XULW]��=��+��)RUVPDQ��-��/��:KLWQH\��,��)HUQDQGH]�6LOYD��.��5��$QGUHZV��DQG�&��(��
%LUG��³H]5$'��D�VLPSOLILHG�PHWKRG�IRU�JHQRPLF�JHQRW\SLQJ�LQ�QRQ�PRGHO�RUJDQLVPV�´�3HHU-� YRO� ��
QR��H����������

>��@�$��0��%ROJHU��0�� /RKVH�� DQG�%��8VDGHO�� ³7ULPPRPDWLF�� D� IOH[LEOH� WULPPHU� IRU� ,OOXPLQD� VHTXHQFH�
GDWD�´�%LRLQIRUPDWLFV� YRO������QR������SS������������������

>��@�-��%��3XULW]��&��0��+ROOHQEHFN��DQG�-��5��*ROG��³G'RFHQW��D�5$'VHT��YDULDQW�FDOOLQJ�SLSHOLQH�GHVLJQHG�
IRU�SRSXODWLRQ�JHQRPLFV�RI�QRQ�PRGHO�RUJDQLVPV�´�3HHU-� YRO������QR�����������$UW��QR�H�����

>��@�+��/L� DQG�5��'XUELQ�� ³)DVW� DQG DFFXUDWH� VKRUW� UHDG� DOLJQPHQW�ZLWK�%XUURZV� � :KHHOHU� WUDQVIRUP�´�
%LRLQIRUPDWLFV� YRO� ����QR������SS������������������

>��@�+��/L��%��+DQGVDNHU��$��:\VRNHU��7��)HQQHOO��-��5XDQ� DQG 1��+RPHU��³*HQRPH�3URMHFW�'DWD�3URFHVVLQJ��
WKH�6HTXHQFH�$OLJQPHQW�0DS�IRUPDW�DQG�6$0WRROV�´�%LRLQIRUPDWLFV��2[IRUG��(QJODQG�� YRO������QR������
SS������������������

>��@�=��*DR��:��/XR��+��/LX��&��=HQJ��;��/LX��6��<L� DQG�:��:DQJ��³7UDQVFULSWRPH�$QDO\VLV�DQG�665��
613�0DUNHUV�,QIRUPDWLRQ�RI�WKH�%OXQW�6QRXW�%UHDP��0HJDOREUDPD�DPEO\FHSKDOD��´�3/26�21(� YRO��
���QR�����������$UW��QR��H������

>��@� -��0��&DWFKHQ��$��$PRUH��3��+RKHQORKH��:��&UHVNR��DQG� -��+��3RVWOHWKZDLW�� ³6WDFNV��%XLOGLQJ� DQG�
*HQRW\SLQJ�/RFL 'H�1RYR�´ )URP�6KRUW�5HDG�6HTXHQFHV� YRO� ���QR�����S� ���������

>��@�1��&��5RFKHWWH��$��*��5LYHUD�&ROyQ��DQG�-��0��&DWFKHQ��³6WDFNV����$QDO\WLFDO�PHWKRGV�IRU�SDLUHG�HQG�
VHTXHQFLQJ�LPSURYH�5$'VHT�EDVHG�SRSXODWLRQ�JHQRPLFV�´�0ROHFXODU�HFRORJ\��YRO������QR����� S� ����
�����

>��@�*��&VDUGL�DQG�7��1HSXV]��³7KH�LJUDSK�VRIWZDUH�SDFNDJH�IRU�FRPSOH[�QHWZRUN�UHVHDUFK�´�,QWHU�-RXUQDO��
&RPSOH[�6\VW��������$UW��QR�������

>��@� 3�� .HPSSDLQHQ�� &�� *�� .QLJKW�� '�� .�� 6DUPD�� 7�� +ODLQJ�� $�� 3UDNDVK�� DQG�<�� 1��0DXQJ�� ³/LQNDJH�
GLVHTXLOLEULXP� QHWZRUN� DQDO\VLV� �/'QD�� JLYHV� D� JOREDO� YLHZ� RI� FKURPRVRPDO� LQYHUVLRQV�� ORFDO�
DGDSWDWLRQ�DQG�JHRJUDSKLF�VWUXFWXUH�´�0RO�(FRO�5HVRXU��YRO� ����SS� ����������������

>��@�7��$QWDR��$��/RSHV��5��-��/RSHV��$��%HMD�3HUHLUD� DQG�*��/XLNDUW��³/26,7$1��D�ZRUNEHQFK�WR�GHWHFW�
PROHFXODU�DGDSWDWLRQ�EDVHG�RQ�D�)VW�RXWOLHU�PHWKRG�´�%0&�ELRLQIRUPDWLFV��YRO�����S� ����������

>��@�0��6DOHP��5��/��9DOOHMR��7��'��/HHGV��<��3DOWL��6��/LX�� DQG�$��6DEEDJK��³51$�6HT� LGHQWLILHV�613�
PDUNHUV�IRU JURZWK�WUDLWV�LQ�UDLQERZ�WURXW�´�3/R6�2QH� YRO� ���QR����������

>��@� )�� :�� $OOHQGRUI�� 3�� $�� +RKHQORKH� DQG� *�� /XLNDUW�� ³*HQRPLFV� DQG� WKH� IXWXUH� RI� FRQVHUYDWLRQ�
JHQHWLFV�´ 1DWXUH�5HYLHZV�*HQHWLFV� YRO������QR������SS����������������


