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,Q� WKLV� ZRUN� ZH� SUHVHQW� WKH� UHVXOWV� RI� WKH� SKRWRPHWULF�
IROORZ� XS� RI� WKH� DVWHURLG� ����� 7\U� FDUULHG� RXW� E\� WKH�
*UXSR� GH� 2EVHUYDGRUHV� GH� $VWHURLGHV� WKURXJKRXW� WKH�
PRQWKV� RI� ����� $XJXVW� DQG� 6HSWHPEHU�� 7KH��
URWDWLRQ� SHULRG� GHULYHG� IURP� WKH� REVHUYDWLRQV� LV��
3�  � ������� �� ������ K�� )XUWKHUPRUH�� ����� 7\U� KDV��
EHHQ� UHYHDOHG� WR� EH� D� V\QFKURQRXV� ELQDU\� DVWHURLG��
ZLWK� WZR�PDLQ� ERGLHV� RI� VLPLODU� VL]H��:H� DOVR� SUHVHQW��
D�FRQILUPDWLRQ�RI�WKH�URWDWLRQ�SHULRG�RI�WKH�DVWHURLG�����
+HOD� ����������� �� ���������� G��� DQG� D� VWXG\� RI� LWV�
VKDSH�DQG�VSLQ��:H�DQDO\]H�GHQVH� OLJKWFXUYHV�DFTXLUHG�
LQ������E\�WKH�*UXSR�GH�2EVHUYDGRUHV�GH�$VWHURLGHV��DV�
ZHOO�DV�WKRVH�DYDLODEOH�LQ�SXEOLF�GDWDEDVHV��:H�KDYH�DOVR�
XVHG�VSDUVH�OLJKWFXUYHV� IURP�8612��)ODJVWDII��DQG� WKH�
7(66� PLVVLRQ��:H� ILQG� WZR� SRVVLEOH� VROXWLRQV� IRU� WKH�
VSLQ�D[LV���������� ����������������������� ���������������
LQ�DJUHHPHQW�ZLWK�SUHYLRXVO\�SXEOLVKHG�PRGHOV��

����� 7\U� LV� D� PDLQ�EHOW� DVWHURLG� GLVFRYHUHG� E\� -HQVHQ� LQ� ������
7KH�SXEOLVKHG�GLDPHWHU� LV� ����NP�DQG� WKH� DOEHGR� LV����� �/&'%��
:DUQHU� HW� DO��� �������EXW� WKH� URWDWLRQ�SHULRG� LV� QRW� FRQILUPHG��$�
VHDUFK� LQ�SXEOLF�GDWDEDVHV�GLG�QRW� ILQG�GHQVH�OLJKWFXUYHV�SULRU� WR�
������ ,Q� WKH� 'DWDEDVH� RI� $VWHURLG� 0RGHOV� IURP� ,QYHUVLRQ�
7HFKQLTXHV� �'$0,7�� ������ DUH� SXEOLVKHG� WZR� PRGHOV� RI� WKH�
DVWHURLG� ��XUHFK�� ������ PDGH� ZLWK� SKRWRPHWU\� IURP� WKH� *DLD�
PLVVLRQ� �*DLD� FROODERUDWLRQ� HW� DO��� ������ DQG� VSDUVH� SKRWRPHWU\�
IURP� WKH� $VWHURLGV� '\QDPLFV� 6\WH� �$VW'\V���� ������� 7KHVH�
PRGHOV� GRQ¶W� VKRZ� WKH� ELQDU\� QDWXUH� RI� 7\U� EXW� WKH� LQIHUUHG�
URWDWLRQ�SHULRG� ���������K�� LV� LQ�JRRG�DJUHHPHQW�ZLWK� WKH�SHULRG�
SUHVHQWHG�LQ�WKLV�ZRUN��

$Q� DQDO\VLV� RI� WKH� VSDUVH� SKRWRPHWU\� �/RZHO�� &DWDOLQD�� *DLD��
PDGH�E\�UHVHDUFKHUV�IURP�WKH�,QVWLWXWR�8QLYHUVLWDULR�GH�&LHQFLDV�\�
7HFQRORJtDV� (VSDFLDOHV� GH� $VWXULDV� �,&7($�� XVLQJ� WKH�
*HQHUDO\]HG� /RPE� 6FDUJOH� �*/6�� SHULRJUDP� �=HFKPHLVWHU� DQG�
.�UVWHU���������DOVR�VKRZV�D�YDOXH�IRU�WKH�URWDWLRQ�SHULRG�RI�7\U�LQ�
DJUHHPHQW�ZLWK�WKDW�REWDLQHG�IURP�WKH�*UXSR�GH�2EVHUYDGRUHV�GH�
$VWHURLGHV��*2$6��������OLJKWFXUYHV��

6LQFH� *2$6� REVHUYHV� SRRUO\� VWXGLHG� DVWHURLGV�� RU� WKRVH� WKDW�
UHTXLUH� UHYLVLRQ�� ����� 7\U� ZDV� LQFOXGHG� LQ� WKH� SKRWRPHWULF�
PRQLWRULQJ� SURJUDP�� )LIW\�HLJKW� OLJKWFXUYHV� ZHUH� REWDLQHG� LQ� ���
QLJKWV�EHWZHHQ������$XJXVW����DQG�6HSWHPEHU�����ZLWK������7\U�
LQ� WKH� UDQJH� RI� HFOLSWLF� ORQJLWXGHV� DQG� ODWLWXGHV� ��  � ������������
��  � ��������� DQG� ��  � �������������  � ��������� HORQJDWLRQ� LQ� WKH�
UDQJH� ������� DQG� �������� DQG� SKDVH� DQJOH� LQ� WKH� UDQJH� ����� DQG�
�������9�-RKQVRQ��,�FRXVLQ��5�FRXVLQ��6ORDQ�J��DQG�6ORDQ�L��ZHUH�
XVHG� LQ� WKH� SKRWRPHWULF� IROORZ� XS� WR� GHULYH� DQG� VWXG\� WKH� FRORU�
LQGLFHV��LQ�SUHSDUDWLRQ���

7KH� LPDJHV�ZHUH� FDOLEUDWHG� LQ� WKH� VWDQGDUG�ZD\� �ELDV�� GDUNV� DQG�
IODWV���UHMHFWLQJ�WKRVH�ZLWK�615������IRU�7\U��:H�DOVR�UHGXFHG�WR�
JHRFHQWULF�GDWH�DQG�DEVROXWH�PDJQLWXGH��

,Q� RUGHU� WR� FDUU\� RXW� WKH� SKRWRPHWULF� DQDO\VLV�� ZH� XVHG� WKH�
)RWR'L)� ������� DQG� 3HULRGRV� ������� SDFNDJHV�� :H� GHULYH� D�
SHULRG� 3�  � ������� �� ������ K�� ZLWK� D� FRQILGHQFH� LQWHUYDO�
�SUREDELOLW\� RI� ������ IURP� ���������� WR� ����������� K� DQG� DQ�
506�RI�����������7KH�DPSOLWXGH�LV�������������PDJ��,Q�)LJXUH����
ZH�VKRZ�WKH�URWDWLRQ�FXUYH�RI������7\U��SKDVHG�ZLWK�WKH�GHULYHG�
SHULRG�� ,Q� WKH� ILJXUH�� WKH�PDJQLWXGHV� DUH� LQ� DEVROXWH� YDOXHV�� DQG�
OLJKW�WLPH�DQG�SKDVH�DQJOH�FRUUHFWLRQV�KDYH�EHHQ�DSSOLHG��
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)LJXUH����5RWDWLRQ�FXUYH�RI������7\U��

,Q� ����� $XJXVW� DQG� 6HSWHPEHU�� DQ� LQGHSHQGHQW� SKRWRPHWULF�
IROORZ�XS�RI������7\U�ZDV�PDGH�E\�'��5RPHXI��'��$XJXVWLQ��(��
%DUERWLQ�DQG�5��%HKUHQG��1RQH�RI�WKH�WHDPV�ZDV�DZDUH�RI�WKH�IDFW�
WKDW� WKH�RWKHU�ZHUH�GRLQJ� WKH� VDPH� IROORZ�XS��$�PHDVXUH� RI� WKH�
URWDWLRQ�SHULRG��3� ���������������������G��DQG�DQ�DQQRXQFHPHQW�
RI� WKH� ELQDU\� QDWXUH� RI� 7\U� EDVHG� RQ� WKH� REVHUYDWLRQV� IURP� 5��
%HKUHQG¶V� WHDP� KDYH� EHHQ� SXEOLVKHG� LQGHSHQGHQWO\� �%HKUHQG��
����ZHE��� 6LPXOWDQHRXVO\�� WKH�*2$6� GDWD� ZHUH� DQDO\]HG� E\� 3��
3UDYHF� �2QGUHMRY� 2EVHUYDWRU\�� DQG� 3�-�� *XWLHUUH]� �&6,&��
2EVHUYDWRULR� GH� 6LHUUD� 1HYDGD�� DQG� UHSRUWHG� WKH� DVWHURLG� DV��
EHLQJ�ELQDU\��*DUFLD�HW�DO����������

$�GHWDLOHG�LQVSHFWLRQ�RI�WKH�WHPSRUDO�HYROXWLRQ�RI�WKH�PLQLPXP�DW�
SKDVH� a����� DQG� WKH� VORSH� LQ� FHUWDLQ� UHJLRQV� RI� WKH� OLJKWFXUYH��
UHYHDOV�WKH�ELQDU\�QDWXUH�RI������7\U��.ZLDWNRZVNL�HW�DO����������

)LJXUH��� VKRZV� WKH�HYROXWLRQ�RI� WKH�HFOLSVH�FRUUHVSRQGLQJ� WR� WKH�
PLQLPXP�DW�SKDVH�a������W\SLFDO�EHKDYLRU�RI�D�ELQDU\�DVWHURLG�LQ�
RSSRVLWLRQ���DV�WKH�GD\V�JR�E\��D�VWHS�DSSHDUV�LQ�WKH�DVFHQGLQJ�VL]H�
RI� WKH� OLJKWFXUYH� �FHQWHUHG� LQ� WKH� PLQLPXP� DW� SKDVH� a�������
GLVDSSHDULQJ� DQG� UHDSSHDULQJ� ODWHU� LQ� WKH� GHVFHQGLQJ� VL]H��
6LPXOWDQHRXVO\��WKH�PLQLPXP�JRHV�GHHSHU�DQG�VKDUSHQV��

�
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$V� VWDWHG� LQ� WKH�&%(7� ������PXWXDO� HFOLSVHV� DUH� ����������PDJ�
GHHS��ZKLFK� LPSOLHV� D� ORZHU� OLPLW� IRU� WKH� UDWLR�RI� WKH�SULPDU\� WR�
VHFRQGDU\�GLDPHWHUV�RI�������7KH�URWDWLRQV�RI�WKH�FRPSRQHQWV�DUH�
V\QFKURQRXV�ZLWK�WKH�RUELWDO�PRWLRQ��DQG�WKH�FRPELQHG�URWDWLRQDO�
DPSOLWXGH�RI�WKH�SDLU�LV�����PDJQLWXGHV�DW�D�SKDVH�DQJOH�EHWZHHQ�
���DQG������

����+HOD�KDV�EHHQ�ZLGHO\�REVHUYHG�LQ�PXOWLSOH�DSSDULWLRQV�DQG�LWV�
URWDWLRQ� SHULRG� LV�ZHOO� NQRZQ� �%HKUHQG������ZHE��� EXW� D�XQLTXH�
VSLQ�VKDSH�PRGHO�KDV�QRW�EHHQ�HVWDEOLVKHG�\HW��

$XWRPDWLF� VXUYH\V� DV� $6$6�61� �.RFKDQHN� HW� DO��� ������ RU�
$7/$6��7RQU\�HW�DO���������DQG�VSDFH�PLVVLRQV�DV�7(66��5LFNHU�
HW� DO��� ������ RU�*DLD� �*DLD� FROODERUDWLRQ� HW� DO��� ������� SURYLGH� D�
ODUJH� QXPEHU� RI� OLJKWFXUYHV� ZLWK� D� ZLGH� WHPSRUDO� FRYHUDJH� WR�
GHULYH� WKH� PDLQ� SDUDPHWHUV� RI� DVWHURLGV�� +RZHYHU�� VLQFH� PDQ\�
DVWHURLGV� DUH� WRR� IDLQW� IRU� WKHVH� DXWRPDWLF� VXUYH\V� DQG� VSDFH�
PLVVLRQV��DQG�DOVR�WKHLU�SKRWRPHWU\�LV�VSDUVH��WKH�ZRUN�RI�DPDWHXU�
DVWURQRPHUV�LV�QHFHVVDU\��7KHUHIRUH��D�EDODQFH�EHWZHHQ�ERWK�GDWD�
VRXUFHV��DPDWHXU�DVWURQRPHUV�DQG�DXWRPDWLF�VHDUFKHV��LV�HVVHQWLDO��

,Q�WKLV�ZRUN�ZH�SUHVHQW�WKH�ILUVW�FROODERUDWLRQ�EHWZHHQ�WKH�*UXSR�
GH� 2EVHUYDGRUHV� GH� $VWHURLGHV� �*2$6�� ������ DQG� WKH� ,QVWLWXWR�
8QLYHUVLWDULR� GH� &LHQFLDV� \� 7HFQRORJtDV� (VSDFLDOHV� GH� $VWXULDV�
�,&7($���FRQILUPLQJ�WKH�URWDWLRQ�SHULRG�RI�DVWHURLG�����+HOD�DQG�
VWXG\LQJ� LWV� VKDSH� DQG� VSLQ� D[LV�� )RU� WKLV� PDWWHU� ZH� DQDO\]H�
REVHUYDWLRQV� DFTXLUHG� E\� *2$6�� SKRWRPHWU\� IURP� WKH� 7(66�
PLVVLRQ��DQG�DUFKLYDO�SKRWRPHWU\��

���� +HOD� ZDV� REVHUYHG� E\� *2$6� IURP� ����� -XO\� ������ 7KH�
IROORZ�XS�ILQLVKHG�ZLWK�QLQH�GHQVH� OLJKWFXUYHV�RI� WKH�DVWHURLG�� ,Q�
WKH�DQDO\VLV��ZH�XVHG�WKH�GHQVH�OLJKWFXUYHV�RI�����+HOD�DYDLODEOH�
DW� WKH� $VWHURLG� 3KRWRPHWU\� 'DWDEDVH� �$/&'()�� ������� (OHYHQ�
OLJKWFXUYHV� DUH� DYDLODEOH� DW� $/&'()�� DQG� ILYH� RI� WKHP� KDYH�
DOUHDG\�EHHQ�REWDLQHG�E\�*2$6�LQ�WKH������IROORZ�XS��7KHUHIRUH��
VL[� GHQVH� OLJKWFXUYHV� FRYHULQJ� WKH� ������ ������ DQG� �����
DSSDULWLRQV� ZHUH� XVHG� IURP� $/&'()��:H� DOVR� XVHG� WKH� VSDUVH�
OLJKWFXUYHV� IURP� 8612� �)ODJVWDII��� DYDLODEOH� DW� WKH� $VWHURLGV�
'\QDPLFV�6LWH��$VW'\V�����������DV�ZHOO�DV�WKH�VSDUVH�OLJKWFXUYHV�
UHGXFHG�E\�3iO�HW�DO���������IURP�WKH�7(66�VSDFH�PLVVLRQ��5LFNHU�
HW�DO����������

�

)LJXUH����(FOLSWLF�ORQJLWXGH�DQG�ODWLWXGH�RI�SKDVH�DQJOH�ELVHFWRU�IRU�
WKH�REVHUYDWLRQV�XVHG��%OXH��VSDUVH�GDWD��*UHHQ��GHQVH�GDWD��

7KH� DQDO\VLV� RI� WKH� OLJKW� FXUYHV� REWDLQHG� E\� *2$6� LQ� WKH� �����
DSSDULWLRQ� XVLQJ� WKH� $129$� PHWKRG� �6FKZDU]HQEHUJ�&]HUQ\��
�������UHVXOWV�LQ�D�URWDWLRQ�SHULRG�RI�����������������K��)LJXUH�����
LQ� DJUHHPHQW� ZLWK� WKH� YDOXH� RI� �������� �� �������� K� WKDW� ZDV�
SXEOLVKHG�E\�5��%HKUHQG������ZHE��ZLWK�WKH�VDPH�GDWD��:H�ZLOO�
DGRSW�WKLV�VHFRQG�YDOXH�IRU�WKH�URWDWLRQ�SHULRG�RI�����+HOD��
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)LJXUH� ��� 7RS� SDQHO�� $129$� SHULRGRJUDP� REWDLQHG� ZLWK� *2$6�
GDWD� RI� ���� +HOD�� 7KH� KLJKHVW� SHDN� LV� DW� ������� �� ������� K���
%RWWRP� SDQHO�� SKRWRPHWU\� GDWD� SKDVHG� ZLWK� WKH� SHULRG� RI��
����������������K��

7KH� OLJKWFXUYH� LQYHUVLRQ� ZDV� PDGH� ZLWK� WKH� 032� /&,QYHUW�
SDFNDJH� �%':� 3XEOLVKLQJ�� ������� ZKLFK� LPSOHPHQWV� WKH�
SURFHGXUHV� GHVFULEHG� LQ� .DDVDODLQHQ� DQG� 7RUSSD� ������� DQG�
.DDVDODLQHQ� HW� DO�� �������� :H� DGRSWHG� D� ZHLJKW� RI� ���� IRU� WKH�
VSDUVH� FXUYHV� �8612� DQG� 7(66�� DQG� ���� IRU� WKH� GHQVH� FXUYHV�
�$/&'()�	�*2$6���:H�FDUULHG�RXW�D�PHGLXP�VHDUFK�DGRSWLQJ��
3�  � �������� K�� D� YDOXH� RI� ���� IRU� WKH� GDUN� IDFHW� IDFWRU� DQG� ���
LWHUDWLRQV�� ,Q� WKLV�ZD\�ZH�DQDO\]HG�����GLIIHUHQW�SRVLWLRQV�RI� WKH�
SROH� LQ� VWHSV� RI� ���� LQ� ODWLWXGH� DQG� ORQJLWXGH�� 7KH� DQDO\VLV��
ILQGV� WZR� UHJLRQV� �)LJXUH� ��� WKDW� PLQLPL]H� $��� FHQWHUHG� DW��
������� �������������DQG���������������

�

)LJXUH� ��� ,QLWLDO� SROH� VHDUFK� GLVWULEXWLRQ�� 7KH� GDUNHVW� EOXH� UHJLRQV�
DUH�WKRVH�WKDW�PLQLPL]H�$���

$IWHU� WKDW�� ZH� PDGH� ILQH� VHDUFKHV� FHQWHUHG� LQ� WKHVH� WZR� LQLWLDO�
YDOXHV� IRXQG�� 7KH� ILQH� VHDUFKHV� ILQG� ����� ����  � ������ ������ DQG��
����� ����  � ������� ������� ZLWK� YDOXHV� $��  � ����� DQG� $��  � ������
UHVSHFWLYHO\�� 7KHVH� VROXWLRQV��ZLWK� D� W\SLFDO� XQFHUWDLQW\�RI�������
VHHP�WR�PLUURU�RQH�DQRWKHU��7KH\�DUH�DOVR�LQ�PRGHUDWH�DJUHHPHQW�
ZLWK� WKH� VROXWLRQV� SXEOLVKHG� LQ� WKH� '$0,7� GDWDEDVH��
��XUHFK� HW� DO��� ������� ���� ���  � ������ ������ RU� ������� �������
+RZHYHU��PRUH� REVHUYLQJ� FDPSDLJQV� DUH� QHFHVVDU\� WR� DGRSW� RQH�
RI�WKH�WZR�VROXWLRQV��

,Q�)LJXUH���ZH�SUHVHQW�WKH�VKDSH�PRGHO�REWDLQHG�FRUUHVSRQGLQJ�WR�
WKH�VROXWLRQ���������� ���������������ZKLOH�LQ�)LJXUH���ZH�SUHVHQW�
WZR�H[DPSOHV�RI�WKH�ILW�EHWZHHQ�WKH�OLJKW�FXUYHV�IURP�*2$6�DQG�
7(66�DQG�WKH�WKHRUHWLFDO�OLJKWFXUYHV�EDVHG�RQ�WKH�GHULYHG�PRGHO��

�

)LJXUH����6KDSH�PRGHO�RI�������+HOD�FRUUHVSRQGLQJ�WR�WKH�VROXWLRQ�
��������� ���������������

�
)LJXUH����7KH�ILW�EHWZHHQ�WKH�H[SHULPHQWDO��UHG�GRWV��DQG�WKHRUHWLFDO�
�EODFN� OLQHV�� OLJKWFXUYHV� GHULYHG� IURP� WKH� PRGHO� IRU� WKH� VROXWLRQ��
����� ����  � ������� ������� 7RS� SDQHO�� UHG� GRWV� FRUUHVSRQG� WR� GHQVH�
GDWD� REWDLQHG� E\� *2$6� RQ� ����� -XO\� ��� %RWWRP� SDQHO�� UHG� GRWV�
FRUUHVSRQG�WR�WKH�VSDUVH�GDWD�IURP�WKH�7(66�PLVVLRQ��

$FNQRZOHGJHPHQWV�

����� 7\U� FR�DXWKRUV�� )�*��� 5�*�)��� 3�3��� 3�-�*��� -�5��� )�/��� -�'���
5�1���-�0�%���(�5���(�'�$���-�&�-������+HOD�FR�DXWKRUV��)�*���-�5���
-�'���-�7���6�/�6�*���&�*�*���)�*�5���6�)���(�'�$���-�&�-��
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5HIHUHQFHV�

$/&'()� �������� $VWHURLG� /LJKWFXUYH� 'DWD� ([FKDQJH� )RUPDW�
GDWDEDVH��KWWS���ZZZ�DOFGHI�RUJ��
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