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$UWLILFLDO�QHXUDO�QHWZRUNV��$11V��DUH�NQRZQ�
DV�XQLYHUVDO�DSSUR[LPDWRUV�DQG�FRPSXWDWLRQDO�
PRGHOV� ZLWK� UHPDUNDEOH� SURSHUWLHV� VXFK� DV�
DGDSWDELOLW\��FDSDFLW\�RI�OHDUQLQJ�E\�H[DPSOHV�
DQG�WKH�DELOLW\�WR�JHQHUDOL]H�GDWD��+D\NLQ��������

1HXUDO�QHWZRUNV�DUH�RI�JUHDW�XVH�LQ�SDWWHUQ�
FODVVLILFDWLRQ�DSSOLFDWLRQV��DQG�WKURXJK�D�VXSHU�
YLVHG�OHDUQLQJ�SHUVSHFWLYH��WKH\�DUH�FRQVLGHUHG�

D� JHQHUDO�PHWKRG� IRU� FRQVWUXFWLQJ�PDSSLQJV�
EHWZHHQ�D�JURXS�RI� VDPSOH�YHFWRUV� �WUDLQLQJ�
VHW�� DQG� WKH� FRUUHVSRQGLQJ� FODVVHV�� DOORZLQJ�
WKH�FODVVLILFDWLRQ�RI�XQVHHQ�GDWD�DV�RQH�RI�WKH�
FODVVHV�OHDUQHG�LQ�WKH�WUDLQLQJ�SURFHVV�

2QH�RI�WKH�PRVW�XVHG�$11�PRGHOV�LV�WKH�
ZHOO�NQRZQ� 0XOWL�/D\HU� 3HUFHSWURQ� �0/3���
7KH�WUDLQLQJ�SURFHVV�RI�0/3V�IRU�SDWWHUQ�FODV�
VLILFDWLRQ�FRQVLVWV�RI�WZR�PDLQ�WDVNV��VHOHFWLRQ�
RI�DQ�DSSURSULDWH�DUFKLWHFWXUH�IRU�WKH�SUREOHP�
DQG�WKH�DGMXVWPHQW�RI�WKH�FRQQHFWLRQ�ZHLJKWV�
RI�WKH�QHWZRUN�

,PSURYHG�(YROXWLRQDU\�([WUHPH�
/HDUQLQJ�0DFKLQHV�%DVHG�RQ�
3DUWLFOH�6ZDUP�2SWLPL]DWLRQ�
DQG�&OXVWHULQJ�$SSURDFKHV

/XFLDQR�'��6��3DFL¿FR��,QIRUPDWLFV�&HQWHU��)HGHUDO�8QLYHUVLW\�RI�3HUQDPEXFR��5HFLIH��%UD]LO

7HUHVD�%��/XGHUPLU��,QIRUPDWLFV�&HQWHU��)HGHUDO�8QLYHUVLW\�RI�3HUQDPEXFR��5HFLIH��%UD]LO

$%675$&7
([WUHPH�/HDUQLQJ�0DFKLQH��(/0��LV�D�QHZ�OHDUQLQJ�PHWKRG�IRU�VLQJOH�KLGGHQ�OD\HU�IHHGIRUZDUG�QHXUDO�QHW�
ZRUN��6/)1��WUDLQLQJ��(/0�DSSURDFK�LQFUHDVHV�WKH�OHDUQLQJ�VSHHG�E\�PHDQV�RI�UDQGRPO\�JHQHUDWLQJ�LQSXW�
ZHLJKWV�DQG�ELDVHV�IRU�KLGGHQ�QRGHV�UDWKHU�WKDQ�WXQLQJ�QHWZRUN�SDUDPHWHUV��PDNLQJ�WKLV�DSSURDFK�PXFK�
IDVWHU� WKDQ�WUDGLWLRQDO�JUDGLHQW�EDVHG�RQHV��+RZHYHU��(/0�UDQGRP�JHQHUDWLRQ�PD\�OHDG�WR�QRQ�RSWLPDO�
SHUIRUPDQFH��3DUWLFOH�6ZDUP�2SWLPL]DWLRQ��362��WHFKQLTXH�ZDV�LQWURGXFHG�DV�D�VWRFKDVWLF�VHDUFK�WKURXJK�
DQ�Q�GLPHQVLRQDO�SUREOHP�VSDFH�DLPLQJ�WKH�PLQLPL]DWLRQ��RU�WKH�PD[LPL]DWLRQ��RI�WKH�REMHFWLYH�IXQFWLRQ�RI�
WKH�SUREOHP��,Q�WKLV�SDSHU��WZR�QHZ�K\EULG�DSSURDFKHV�DUH�SURSRVHG�EDVHG�RQ�362�WR�VHOHFW�LQSXW�ZHLJKWV�
DQG�KLGGHQ�ELDVHV�IRU�(/0��([SHULPHQWDO�UHVXOWV�VKRZ�WKDW�WKH�SURSRVHG�PHWKRGV�DUH�DEOH�WR�DFKLHYH�EHWWHU�
JHQHUDOL]DWLRQ�SHUIRUPDQFH�WKDQ�WUDGLWLRQDO�(/0�LQ�UHDO�EHQFKPDUN�GDWDVHWV�

'2,����������MQFU�����������



����,QWHUQDWLRQDO�-RXUQDO�RI�1DWXUDO�&RPSXWLQJ�5HVHDUFK��������������-XO\�6HSWHPEHU�����

&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

*UDGLHQW�EDVHG� OHDUQLQJ� VWUDWHJLHV�� VXFK�
DV� %DFNSURSDJDWLRQ� �%3�� DQG� LWV� YDULDQW�
/HYHQEHUJ�0DUTXDUGW� �/0�%3��� KDYH� EHHQ�
H[WHQVLYHO\� XVHG� LQ� WKH� WUDLQLQJ� RI� 0/3V��
EXW�WKHVH�DSSURDFKHV�DUH�XVXDOO\�VORZHU�WKDQ�
UHTXLUHG�LQ�OHDUQLQJ��DQG�PD\�DOVR�JHW�VWXFN�LQ�
ORFDO�PLQLPD��=KX�HW�DO���������

([WUHPH� OHDUQLQJ� PDFKLQH� �(/0�� ZDV�
SURSRVHG�DV�DQ�HIILFLHQW�OHDUQLQJ�DOJRULWKP�IRU�
VLQJOH�KLGGHQ�OD\HU�IHHGIRUZDUG�QHXUDO�QHWZRUN�
�6/)1���+XDQJ�HW�DO����������(/0�LQFUHDVHV�WKH�
OHDUQLQJ�VSHHG�E\�PHDQV�RI�UDQGRPO\�JHQHUDWLQJ�
ZHLJKWV�DQG�ELDVHV�IRU�KLGGHQ�QRGHV��GLIIHUHQWO\�
IURP�JUDGLHQW�EDVHG�DSSURDFKHV��ZKLFK�FRP�
PRQO\�WXQH�LWHUDWLYHO\�WKH�QHWZRUN�SDUDPHWHUV�

$OWKRXJK�(/0�LV�IDVW�DQG�SUHVHQWV�JRRG�
JHQHUDOL]DWLRQ� SHUIRUPDQFH�� DV� WKH� RXWSXW�
ZHLJKWV� DUH�FRPSXWHG�EDVHG�RQ� WKH�SUHIL[HG�
LQSXW� ZHLJKWV� DQG� KLGGHQ� ELDVHV� XVLQJ� WKH�
0RRUH�3HQURVH��03��JHQHUDOL]HG�LQYHUVH��WKHUH�
PD\�H[LVW�D�VHW�RI�QRQ�RSWLPDO�LQSXW�ZHLJKWV�
DQG�KLGGHQ�ELDVHV��DQG�LW�PLJKW�VXIIHU�IURP�WKH�
RYHUILWWLQJ�DV�WKH�OHDUQLQJ�PRGHO�ZLOO�DSSUR[L�
PDWH�DOO�WUDLQLQJ�VDPSOHV�ZHOO�

*OREDO� VHDUFK� WHFKQLTXHV�� VXFK� DV� 7DEX�
6HDUFK��76���*ORYHU���������(YROXWLRQDU\�$O�
JRULWKPV��($V��OLNH�*HQHWLF�$OJRULWKP���*$��
�(LEHQ�	�6PLWK���������'LIIHUHQWLDO�(YROXWLRQ�
�'(���6WRUQ�	�3ULFH��������6WRUQ�	�3ULFH���������
3DUWLFOH�6ZDUP�2SWLPL]DWLRQ��362���.HQQHG\�
	�(EHUKDUW��������.HQQHG\�	�(EHUKDUW��������
YDQ�GHQ�%HUJK��������DQG�*URXS�6HDUFK�2SWLPL�
]DWLRQ��*62���+H�HW�DO���������+H�HW�DO����������
DUH�ZLGHO\�XVHG�LQ�VFLHQWLILF�DQG�HQJLQHHULQJ�
SUREOHPV��DQG�WKHVH�VWUDWHJLHV�KDYH�EHHQ�FRP�
ELQHG�ZLWK�$11V�WR�SHUIRUP�YDULRXV�WDVNV��VXFK�
DV�FRQQHFWLRQ�ZHLJKW�LQLWLDOL]DWLRQ��FRQQHFWLRQ�
ZHLJKW�WUDLQLQJ�DQG�DUFKLWHFWXUH�GHVLJQ�

,Q�WKLV�SDSHU��ZH�SUHVHQW�WZR�QHZ�K\EULG�
HYROXWLRQDU\� DSSURDFKHV� EDVHG� RQ� 3DUWLFOH�
6ZDUP�2SWLPL]DWLRQ�WHFKQLTXH�WR�VHOHFW�LQSXW�
ZHLJKWV�DQG�KLGGHQ�ELDVHV�IRU�([WUHPH�/HDUQLQJ�
0DFKLQH�QHXUDO�QHWZRUN��362�(/0�&6��DQG�
*&362�&6��� 7KHVH� PHWKRGV� DUH� H[WHQVLRQV�
IURP�WKH�362�(/0�&6��DQG�*&362�(/0�&6��
DSSURDFKHV��UHVSHFWLYHO\��SUHVHQWHG�LQ�3DFLILFR�
DQG� /XGHUPLU� �������� 7KH� 3DUWLFOH� 6ZDUP�
2SWLPL]DWLRQ� �362�� FRQVLVWV� RI� D� VWRFKDVWLF�

JOREDO� VHDUFK�RULJLQDWHG� IURP� WKH� DWWHPSW� WR�
JUDSKLFDOO\�VLPXODWH� WKH�VRFLDO�EHKDYLRU�RI�D�
IORFN�RI�ELUGV�ORRNLQJ�IRU�UHVRXUFHV�

)RU�WKH�SURSRVHG�PHWKRGV��LQGLYLGXDOV�LQ�
WKH�362�SRSXODWLRQ�ZHUH�GLYLGHG�LQWR�JURXSV�
E\�D�FOXVWHULQJ�DOJRULWKP��IROORZLQJ�WKH�LGHD�RI�
³SRSXODWLRQ�VWHUHRW\SLQJ´�SUHVHQWHG�LQ�.HQQHG\�
��������7KH� OEHVW� WRSRORJ\�ZDV�DGRSWHG� LQ�D�
ZD\�WKDW�362�SDUWLFOHV�ZLOO�XSGDWH�DFFRUGLQJ�WR�
LQGLYLGXDOV�IURP�LWV�QHLJKERUKRRG��$�VHOHFWLRQ�
RSHUDWRU�ZDV�DOVR�DSSOLHG�WR�DOO�VWUDWHJLHV��EDVHG�
RQ�WKH�LGHDV�RI�$QJHOLQH��������

6RPH� HYROXWLRQDU\� VWUDWHJLHV� KDYH� EHHQ�
DGRSWHG�IRU�WKH�(/0�FRQWH[W��=KX�HW�DO���������
LQWURGXFHV�D�K\EULG�IRUP�RI�GLIIHUHQWLDO�HYROX�
WLRQDU\��'(��DOJRULWKP�WR�VHDUFK�IRU�RSWLPDO�
LQSXW� ZHLJKWV� DQG� KLGGHQ� ELDVHV� IRU� (/0��
FDOOHG�(�(/0�WR�WUDLQ�6/)1�ZLWK�PRUH�FRP�
SDFW�QHWZRUNV�

;X�DQG�6KX��������SUHVHQWHG�D�QHZ�HYROX�
WLRQDU\�(/0�EDVHG�RQ�362�IRU�SUHGLFWLRQ�WDVN��
,Q�6DUDVZDWKL�HW�DO�� �������D�FRPELQDWLRQ�RI�
,QWHJHU�&RGHG�*HQHWLF�$OJRULWKP��,&*$��DQG�
3DUWLFOH�6ZDUP�2SWLPL]DWLRQ��362���FRXSOHG�
ZLWK�WKH�(/0�KDV�EHHQ�XVHG�IRU�JHQH�VHOHFWLRQ�
DQG�FDQFHU�FODVVLILFDWLRQ��ZKHUH�WKH�,&*$�DQG�
362�(/0� VHOHFWHG� DQ� RSWLPDO� VHW� RI� JHQHV�
ZKLFK� DUH� WKHQ� XVHG� WR� EXLOG� D� FODVVLILHU� WR�
GHYHORS�DQ�DOJRULWKP��,&*$B362B(/0��WKDW�
FRXOG�KDQGOH�VSDUVH�GDWD�DQG�VDPSOH�LPEDODQFH�

,Q�&KR�DQG�/HH� ��������DQ�RSWLPL]DWLRQ�
PHWKRG�EDVHG�RQ�%DFWHULDO�)RUDJLQJ��%)��DOJR�
ULWKP�ZDV�SURSRVHG�WR�DGMXVW�WKH�LQSXW�ZHLJKWV�
DQG�KLGGHQ�ELDVHV�IRU�WKH�(/0�

/DKR]�HW�DO���������SUHVHQWHG�D�EL�REMHFWLYH�
PLFUR�JHQHWLF�(/0��ȝ*�(/0��WR�JHQHUDWH�WKH�
KLGGHQ�ZHLJKWV�DQG�ELDVHV�IRU�(/0��DQG�LW�DOVR�
XVHG�D�UHJUHVVLRQ�EDVHG�VWUDWHJ\�WR�VHOHFW�WKH�
DSSURSULDWH�QXPEHU�RI�KLGGHQ�QRGHV�

,Q�6LOYD�HW�DO�������D���WKH�(/0�ZDV�FRP�
ELQHG�ZLWK�*URXS�6HDUFK�2SWLPL]DWLRQ��*62��
DOJRULWKP��*62�(/0���DQG�IRXU�GLIIHUHQW�IRUPV�
RI�KDQGOLQJ�LQGLYLGXDOV��PHPEHUV��WKDW�IO\�RXW�
RI�WKH�VHDUFK�VSDFH�ERXQGV�ZHUH�XVHG��7KH�*62�
ZDV� XVHG� WR� RSWLPL]H� WKH� LQSXW�ZHLJKWV� DQG�
KLGGHQ�ELDVHV�IRU�(/0��DQG�DOVR�KDV�IRXQG�D�
PRUH�FRPSDFW�DUFKLWHFWXUH�WKDQ�(/0�IRU�IRXU�
RI�WKH�VL[�WHVWHG�GDWDVHWV�
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6LOYD� HW� DO�� �����E�� SUHVHQWHG� IRXU� QHZ�
K\EULG� DSSURDFKHV� WR� RSWLPL]H� (/0� LQSXW�
ZHLJKWV��KLGGHQ�ELDVHV�DQG�DUFKLWHFWXUH��EDVHG�
RQ�FRRSHUDWLYH�362�YDULDQWV��YDQ�GHQ�%HUJK�
	� (QJHOEUHFKW�� ������ &DUYDOKR�	� /XGHPLU��
����D�� &DUYDOKR�	� /XGHPLU�� ����E��� *XDU�
DQWHHG� &RQYHUJHQFH� 362� �*&362�(/0���
&RRSHUDWLYH� 362� �&362�6N�(/0��� +\EULG�
&362��&362�+N�(/0��DQG�D�FRPELQDWLRQ�RI�
*&362�DQG�&362�+N��*&�&362�+N�(/0��

$OWKRXJK�6LOYD�HW�DO�������E��DOVR�SUHVHQWHG�
362�YDULDWLRQV�XVLQJ�OEHVW�QHLJKERUKRRG�DS�
SURDFK�� WKH� ORFDO�JURXSV�ZHUH�IL[HG��L�H��� WKH�
LQGLYLGXDOV�GR�QRW�FKDQJH�JURXSV��NHHSLQJ�WKH�
VDPH�JURXS�WKURXJKRXW�WKH�DOJRULWKP�H[HFXWLRQ��
DQG�IROORZHG�D�³GLYLGH�DQG�FRQTXHU´�VWUDWHJ\��
WU\LQJ�WR�XSGDWH�RQO\�LWV�UHGXFHG�VHW�RI�YDULDEOHV�
�L�H���D�UHGXFHG�VHW�RI�WKH�VHDUFK�VSDFH�GLPHQ�
VLRQV���DLPLQJ�WR�JLYH�LWV�FRQWULEXWLRQ�WRZDUGV�
D�JOREDO�EHVW�VROXWLRQ�

,Q�WKLV�ZRUN��HDFK�FOXVWHU�XSGDWHV�WU\LQJ�
WR�ILQG�LWV�RZQ�ORFDO�EHVW�VROXWLRQ��H[SORULQJ�
GLIIHUHQW�UHJLRQV�RI�WKH�VHDUFK�VSDFH��DQG�HDFK�
FOXVWHU� LQGLYLGXDO� KDV� D� FRPSOHWH� YLVLRQ� RI�
WKH�VHDUFK�VSDFH�GLPHQVLRQ�VHW��WU\LQJ�WR�ILQG�
RQO\�D� ORFDO�EHVW�VROXWLRQ��&OXVWHUV�PD\�DOVR�
YDU\�WKURXJKRXW�WKH�DOJRULWKP�H[HFXWLRQ��ZLWK�
LQGLYLGXDOV�OHDYLQJ�WKHLU�IRUPHU�FOXVWHUV�WR�MRLQ�
LQWR�DQRWKHU�RQHV��,Q�WKLV�ZRUN��HDFK�LQGLYLGXDO�
EHORQJV�WR�RQH�FOXVWHU�RQO\�DW�HDFK�LWHUDWLRQ�

7KLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV��7KH�
QH[W�VHFWLRQ��6HFWLRQ����SUHVHQWV�WKH�([WUHPH�
/HDUQLQJ� 0DFKLQH� �(/0��� 3DUWLFOH� 6ZDUP�
2SWLPL]DWLRQ��362���*XDUDQWHHG�&RQYHUJHQFH�
3DUWLFOH�6ZDUP�2SWLPL]DWLRQ��*&362���&DUY�
DOKR�	�/XGHPLU������D��&DUYDOKR�	�/XGHPLU��
����E��DQG�WKH�FOXVWHULQJ�VFKHPH�IRU�SRSXOD�
WLRQ�VWHUHRW\SLQJ�DGRSWHG��1H[W��WKH�SURSRVHG�
K\EULG� 362� DSSURDFKHV� �6HFWLRQ� ��� DQG� WKH�
H[SHULPHQWDO� UHVXOWV� �6HFWLRQ� ��� DUH� VKRZQ��
)LQDOO\�� WKH� FRQFOXVLRQV� DQG� VXJJHVWLRQV� IRU�
IXWXUH�ZRUNV�DUH�JLYHQ��6HFWLRQ����

���35(/,0,1$5,(6

�����([WUHPH�/HDUQLQJ�0DFKLQH

([WUHPH�OHDUQLQJ�PDFKLQH��(/0��ZDV�SURSRVHG�
LQ�+XDQJ��HW�DO����������7KH�PDLQ�FRQFHSW�EHKLQG�
WKH�(/0�OLHV�LQ�WKH�UDQGRP�LQLWLDOL]DWLRQ�RI�WKH�
LQSXW�ZHLJKWV�DQG�KLGGHQ�ELDVHV��6XSSRVH�ZH�
DUH�WUDLQLQJ�6/)1V�ZLWK�1�KLGGHQ�QHXURQV�DQG�
DFWLYDWLRQ� IXQFWLRQ� I�[�� WR� OHDUQ� 0� GLVWLQFW�
VDPSOHV� �[L�� WL���ZKHUH�[L� � >[L��� [L��� �� �� ���[LN@7�
∈Å2K �DQG�WL� �>WL���WL��«��WLG@7�∈Å2
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ZKHUH�ZM� �>ZM���ZM��«��ZMN@
7��M� ����«��1��LV�WKH�

ZHLJKW�YHFWRU�FRQQHFWLQJ�MWK�KLGGHQ�QHXURQ�DQG�
LQSXW�QHXURQV�� DQG�EM� GHQRWHV� WKH�ELDV�RI� MWK�
KLGGHQ�QHXURQ��ZM�Â�[L��L� ���������0��GHQRWHV�WKH�
LQQHU�SURGXFW�RI�ZM�DQG�[L�� β � �>β ���� β ��«��
β 1@

7�LV�WKH�PDWUL[�RI�RXWSXW�ZHLJKWV�DQG� β �M�
 �>β M���β M��«��β MG@

7��M� ����«��1��GHQRWHV�WKH�
ZHLJKW�YHFWRU�FRQQHFWLQJ�WKH�MWK�KLGGHQ�QHXURQ�
DQG�RXWSXW�QHXURQV��7� �> Ŵ1 �� Ŵ2 �«��eW- @7�LV�WKH�
PDWUL[�RI�WDUJHWV��GHVLUHG�RXWSXW���,Q�WKH�FDVH�
ZKHUH� WKH� 6/)1� SHUIHFWO\� DSSUR[LPDWHV� WKH�
GDWD��WKH�HUURUV�EHWZHHQ�WKH�HVWLPDWHG�RXWSXWV�
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7KXV�� WKH� GHWHUPLQDWLRQ� RI� WKH� RXWSXW�
ZHLJKWV��OLQNLQJ�WKH�KLGGHQ�OD\HU�WR�WKH�RXWSXW�
OD\HU��LV�GHWHUPLQHG�E\�WKH�OHDVW�VTXDUH�VROXWLRQ�
WR�WKH�OLQHDU�V\VWHP�UHSUHVHQWHG�E\�(TXDWLRQ������
7KH�PLQLPXP�QRUP�OHDVW�VTXDUH��/6��VROXWLRQ�
WR�WKH�OLQHDU�V\VWHP�LV�
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ZKHUH�+��LV�WKH�0RRUH�3HQURVH��03��JHQHUDO�
L]HG�LQYHUVH�RI�PDWUL[�+��7KH�PLQLPXP�QRUP�
/6�VROXWLRQ�LV�XQLTXH�DQG�KDV�WKH�VPDOOHVW�QRUP�
DPRQJ� DOO� WKH�/6� VROXWLRQV��$V� DQDO\]HG� E\�
+XDQJ��HW�DO��>�@��(/0�XVLQJ�VXFK�03�LQYHUVH�
PHWKRG�WHQGV�WR�REWDLQ�JRRG�JHQHUDOL]DWLRQ�SHU�
IRUPDQFH�ZLWK�GUDPDWLFDOO\�LQFUHDVHG�OHDUQLQJ�
VSHHG��$�SVHXGRFRGH�IRU�WKH�(/0�DOJRULWKP�LV�
SUHVHQWHG�LQ�)LJXUH���

�����3DUWLFOH�6ZDUP�2SWLPL]DWLRQ

7KH� 3DUWLFOH� 6ZDUP� 2SWLPL]DWLRQ� �362��
WHFKQLTXH�ZDV�LQWURGXFHG�E\�.HQQHG\�	�(E�
HUKDUW� ������� DV� D� VWRFKDVWLF� VHDUFK� WKURXJK�
DQ� Q�GLPHQVLRQDO� SUREOHP� VSDFH� DLPLQJ� WKH�
PLQLPL]DWLRQ��RU�PD[LPL]DWLRQ��RI�WKH�REMHFWLYH�
IXQFWLRQ�RI�WKH�SUREOHP�

7KH� 362�ZDV� EXLOW� WKURXJK� WKH� DWWHPSW�
WR�JUDSKLFDOO\�VLPXODWH�WKH�FKRUHRJUDSK\�RI�D�
IORFN�RI�ELUGV�IO\LQJ�WR�UHVRXUFHV��/DWHU��ORRNLQJ�
IRU�WKHRUHWLFDO�IRXQGDWLRQV��VWXGLHV�ZHUH�UHDO�
L]HG�FRQFHUQLQJ�WKH�ZD\�LQGLYLGXDOV�LQ�JURXSV�
LQWHUDFW��H[FKDQJLQJ�LQIRUPDWLRQ�DQG�UHYLHZLQJ�

SHUVRQDO�FRQFHSWV�LPSURYLQJ�WKHLU�DGDSWDWLRQ�WR�
WKH�HQYLURQPHQW��.HQQHG\�	�(EHUKDUW��������

7KH�362�LV�D�SRSXODWLRQ�EDVHG�WHFKQLTXH��
ZKHUH� WKH� SRSXODWLRQ� LV� FDOOHG� VZDUP�� (DFK�
LQGLYLGXDO��FDOOHG�SDUWLFOH��UHSUHVHQWV�D�SRWHQWLDO�
VROXWLRQ�WR�WKH�WDVN�DW�KDQG��(DFK�SDUWLFOH�i nÅ∈ 2 �
�1! !≤ ≤i s ��ZKHUH�V�LV�WKH�VZDUP�VL]H��NHHSV�LWV�
SRVLWLRQ� Xi t( ) ��LWV�YHORFLW\� Vi t( ) �DQG�LWV�EHVW�
SRVLWLRQ�IRXQG�VR�IDU� Yi t( ) ��7KH�VZDUP�DOVR�
NHHSV�WUDFN�RI�LWV�JOREDO�EHVW�SRVLWLRQ�IRXQG�VR�
IDU� ˆ( )\ T �

'XULQJ�HDFK�LWHUDWLRQ��WKH�QHZ�YHORFLW\�RI�
WKH�LWK�SDUWLFOH�LV�GHWHUPLQHG�DFFRUGLQJ�WR�LWV�
EHVW�SRVLWLRQ�IRXQG�VR�IDU� Y

I
�W��DQG�WKH�JOREDO�

EHVW�SRVLWLRQ�ˆ( )\ T ��7KH�QHZ�YHORFLW\�Vi t( )+1 �
 �>v ti� �+( ) �������v tin +( )� @�DQG�WKH�QHZ�SRVL�

WLRQ�Xi t( )+1 �IRU�WKH�LWK�SDUWLFOH�DUH�GHWHUPLQHG�
E\�HTXDWLRQV�(TXDWLRQ� ���� DQG�(TXDWLRQ� �����
UHVSHFWLYHO\�
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�ORFDO�DQG�JOREDO�DUH�DFFHOHUD�

WLRQ�FRHIILFLHQWV��UHVSHFWLYHO\��W\SLFDOO\�VHW�WR�
HTXDO� YDOXHV� XVXDOO\� LQ� WKH� LQWHUYDO�
0 2 01 2< ≤C C, . ��R

�
�DQG�R

�
�DUH�UDQGRP�YDOXHV�

WDNHQ�IURP�DQ�XQLIRUP�GLVWULEXWLRQ�5( , )0 1 �DQG�
W � LV� WKH� LQHUWLDO� ZHLJKW� �PRPHQWXP� WHUP���
XVXDOO\� YDU\� OLQHDUO\� IURP� ���� WR� ���� GXULQJ�
362�LWHUDWLRQV�

)LJXUH����3VHXGRFRGH�IRU�WKH�(/0�DOJRULWKP
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7KH�ORFDO�EHVW�SRVLWLRQ�YLVLWHG�VR�IDU�IRU�
WKH�LWK�SDUWLFOH� Yi t( )+1 �LV�XSGDWHG�DFFRUGLQJ�
WR� (TXDWLRQ� ����� DQG� WKH� VZDUP� JOREDO� EHVW�
SRVLWLRQ�YLVLWHG�VR�IDU� ˆ( )\ T +1 �LV�XSGDWHG�DF�
FRUGLQJ�WR�(TXDWLRQ�����
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7KH�LQHUWLDO�ZHLJKW�LV�VLPLODU�WR�WKH�PRPHQ�
WXP�WHUP�LQ�D�JUDGLHQW�GHVFHQW�QHXUDO�QHWZRUN�
WUDLQLQJ�DOJRULWKP�DQG�WR�WKH�WHPSHUDWXUH�DGMXVW�
PHQW�VFKHGXOH�IRXQG�LQ�6LPXODWHG�$QQHDOLQJ�
KHXULVWLF��.LUNSDWULFN�HW�DO���������

7KH�SVHXGRFRGH�IRU�WKH�362�DOJRULWKP�LV�
SUHVHQWHG�LQ�)LJXUH���

�����*XDUDQWHHG�&RQYHUJHQFH�
3DUWLFOH�6ZDUP�2SWLPL]DWLRQ

,Q�362��LI�LQ�LWHUDWLRQ�W�WKH�LWK�SDUWLFOH�UHDFKHV�
WKH�JOREDO�EHVW�SRLQW�HYHU�IRXQG�E\�WKH�VZDUP�
�L�H���x yi it t t( ) ( ) ˆ( ))= = \ ��WKH�YHORFLW\�XSGDWH�

HTXDWLRQ��(TXDWLRQ������LV�HQWLUHO\�GHSHQGHQW�
RQ�WKH�LQHUWLDO�WHUP�w iV ��,I�WKH�SUHYLRXV�YHORF�
LW\�RI�WKDW�SDUWLFOH�LV�YHU\�FORVH�WR�]HUR�WKHQ�WKH�
SDUWLFOH�ZLOO�VWRS�PRYLQJ��SXVKLQJ�WKH�SDUWLFOHV�
WR�WKDW�SRLQW�DQG�FDXVLQJ�WKH�SUHPDWXUH�FRQYHU�
JHQFH�RI�WKH�VZDUP�

7KH�*XDUDQWHHG�&RQYHUJHQFH�362��*&3�
62���&DUYDOKR�	�/XGHPLU������D��&DUYDOKR�	�
/XGHPLU������E���LQWURGXFHV�D�PRGLILFDWLRQ�WR�
WKH�YHORFLW\�HTXDWLRQ�IRU�VWDQGDUG�362��ZKLFK�
ZLOO�DIIHFW�RQO\�WKH�SDUWLFOHV�WKDW�UHDFKHG�WKH�
JOREDO�EHVW�SRVLWLRQ�RI�WKH�VHDUFK�VSDFH��PDNLQJ�
WKHP�DYRLG�WKH�SUHPDWXUH�FRQYHUJHQFH�RI�WKH�
VZDUP�DQG��DW�WKH�VDPH�WLPH��WKH\�ZLOO�ORRN�IRU�
EHWWHU� VROXWLRQV�DW� WKH�YLFLQLW\�RI� WKH�FXUUHQW�
JOREDO�EHVW�SRVLWLRQ� ˆ( )\ T ��7KH�RWKHU�SDUWLFOHV�
RI�WKH�VZDUP�FRQWLQXH�WR�XVH�WKH�VWDQGDUG�YHORF�
LW\�XSGDWH�HTXDWLRQ��L�H��WKH�(TXDWLRQ�����

7KH�QHZ�YHORFLW\�HTXDWLRQ�IRU�WKH�FXUUHQW�
EHVW�SDUWLFOH� Xi t( ) �LV�JLYHQ�E\�(TXDWLRQ�����
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ZKHUH�U�W��LV�D�UDQGRP�XQLIRUP�QXPEHU�WDNHQ�
IURP�8�������DQG� ρ( )T �LV�DQ�DGDSWLYH�VFDOLQJ�
IDFWRU�WKDW�PDNHV�WKH�362�WR�SHUIRUP�D�UDQGRP�

)LJXUH����3VHXGRFRGH�IRU�WKH�362�DOJRULWKP
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VHDUFK� VXUURXQGLQJ� WKH� EHVW� SDUWLFOH� RI� WKH�
VZDUP�

7KH�QH[W� ρ( )T �YDOXH�LV�GHWHUPLQHG�E\�WKH�
H[SUHVVLRQ� (TXDWLRQ����� LQ� ZKLFK� QXP6XF�
FHVVHV�DQG�QXP)DLOXUHV�GHQRWH��UHVSHFWLYHO\��
WKH�QXPEHU�RI�FRQVHFXWLYH�VXFFHVVHV�DQG�IDLOXUHV�
RI�WKH�VHDUFK�LQ�PLQLPL]LQJ�WKH�REMHFWLYH�IXQF�
WLRQ��DQG�VF�DQG�IF�DUH�WKUHVKROG�SDUDPHWHUV�

:KHQHYHU�WKH�QXP6XFFHVVHV�FRXQWHU�H[�
FHHGV�WKH�VXFFHVV�WKUHVKROG�VF��WKLV�PHDQV�WKDW�
WKH�DUHD�VXUURXQGLQJ�WKH�EHVW�SRVLWLRQ�PD\�EH�
HQODUJHG� OHDGLQJ� WR� WKH�GRXEOLQJ�RI� WKH� ρ( )T �
YDOXH��6LPLODUO\��ZKHQ�WKH�QXP)DLOXUHV�FRXQ�
WHU�H[FHHGV�WKH�IDLOXUH�WKUHVKROG�IF��LW�PHDQV�WKDW�
WKH�DUHD�VXUURXQGLQJ�WKH�JOREDO�EHVW�SRVLWLRQ�LV�
WRR�ELJ�DQG�QHHG�WR�EH�UHGXFHG�DV�FDQ�EH�VHHQ�
LQ�(TXDWLRQ�����
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(YHU\� WLPH� WKDW� WKH� VXFFHVV� RU� IDLOXUH�
FRXQWHUV�H[FHHG�WKHLU�FRUUHVSRQGLQJ�WKUHVKROGV��
VF�DQG�IF��UHVSHFWLYHO\��WKH�WKUHVKROG�H[FHHGHG�
LV� LQFUHDVHG�� (YHU\� LWHUDWLRQ� WKDW� WKH� VHDUFK�
VXFFHHGV�LQ�PLQLPL]H�WKH�FXUUHQW�EHVW�SRVLWLRQ��
WKH�QXP6XFFHVVHV�FRXQWHU�LV�LQFUHDVHG�DQG�WKH�
QXP)DLOXUHV�FRXQWHU�LV�UHVHW�WR�]HUR��HYHU\�LW�
HUDWLRQ�WKDW�WKH�EHVW�JOREDO�SRVLWLRQ� ˆ( )\ T �LV�QRW�

XSGDWHG��WKH�QXP)DLOXUHV�FRXQWHU�LV�LQFUHDVHG�
DQG�WKH�QXP6XFFHVVHV�FRXQWHU�LV�UHVHW�WR�]HUR�

7KH�SVHXGRFRGH�IRU�WKH�*&362�DOJRULWKP�
LV�SUHVHQWHG�LQ�)LJXUH���

$�FRQVWULFWLRQ�IDFWRU�ZDV�SUHVHQWHG��&OHUF��
������&RUQH� HW� DO��� ������&OHUF�	�.HQQHG\��
������WR�KHOS�HQVXUH�WKH�VZDUP�FRQYHUJHQFH��
JLYHQ�E\�WKH�IROORZLQJ�HTXDWLRQ��(TXDWLRQ������
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�����3RSXODWLRQ�6WHUHRW\SLQJ�
E\�&OXVWHULQJ�$QDO\VLV

,Q�362��WKHUH�DUH�WZR�PDLQ�EHKDYLRUV�FRQFHUQ�
LQJ�SDUWLFOHV¶�XSGDWH�DFFRUGLQJ�WR�WKH�LQIOXHQFH�
RI�WKHLU�QHLJKERUV��JEHVW�DQG�OEHVW�DSSURDFKHV��
7UDGLWLRQDO�362�DGRSWV� WKH�JEHVW� SRSXODWLRQ�
VWUDWHJ\��LQ�ZKLFK�WKH�WUDMHFWRU\�RI�HDFK�SDUWLFOH¶V�
VHDUFK�LV�LQIOXHQFHG�E\�WKH�EHVW�SRLQW�IRXQG�VR�
IDU�E\�DQ\�LQGLYLGXDO�RI�WKH�VZDUP�

7KH�OEHVW�SRSXODWLRQ�DOORZV�HDFK�LQGLYLGXDO�
WR�EH� LQIOXHQFHG�E\�VRPH�VPDOOHU�QXPEHU�RI�

)LJXUH����3VHXGRFRGH�IRU�WKH�*&362�DOJRULWKP
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DGMDFHQW�SDUWLFOHV�EHORQJLQJ�WR�LWV�QHLJKERUKRRG��
,Q�OEHVW��HDFK�QHLJKERUKRRG�PDLQWDLQV�LWV�RZQ�
ORFDO�EHVW�VROXWLRQ��7KH�JEHVW�DSSURDFK�KDV�WKH�
DGYDQWDJH�RI�IDVWHU�FRQYHUJHQFH�WKDQ�OEHVW��EXW�
LW�FDQ�EH�WUDSSHG�LQ�ORFDO�PLQLPD�SRLQWV��ZKLOH�
OEHVW�FDQ�DYRLG�WKLV�SUREOHP�E\�H[SORULQJ�GLI�
IHUHQW�UHJLRQV�RI�WKH�VHDUFK�VSDFH�ZLWK�HDFK�RI�
LWV�VXESRSXODWLRQV�

,Q��.HQQHG\���������WKH�OEHVW�QHLJKERUKRRG�
ZDV�DGRSWHG�LQ�VXFK�D�ZD\�WKDW�SDUWLFOHV�ZHUH�
JURXSHG� DFFRUGLQJ� WR� WKHLU� VLPLODULWLHV� E\� D�
FOXVWHULQJ� DOJRULWKP�� IRUPLQJ� ³VRFLDO� VWHUHR�
W\SLFDO�JURXSV´��7KH�FOXVWHU�FHQWHU�G

C
�RI�HDFK�

JURXS�&�ZDV�FDOFXODWHG�DQG�XVHG�WR�PRGLI\�WKH�
QHZ�YHORFLW\�HTXDWLRQ�RI�LWK�SDUWLFOH�LQ�WKUHH�
GLIIHUHQW�ZD\V��WKH�LQGLYLGXDO�ORFDO�EHVW�SRVLWLRQ�
IRXQG�VR�IDU�ZDV�UHSODFHG�ZLWK�LWV�FOXVWHU�FHQ�
WHU��(TXDWLRQ�������WKH�JOREDO�EHVW�SRVLWLRQ�IRXQG�
VR�IDU�ZDV�VXEVWLWXWHG�E\�LWV�FOXVWHU�FHQWHU� G

eY

�(TXDWLRQ��������ERWK�EHVW�WHUPV�ZHUH�UHSODFHG�
ZLWK�WKHLU�FOXVWHU�FHQWHUV��(TXDWLRQ��������7KHVH�
VXEVWLWXWLRQV�DUH�XVHG�WR�VLPXODWH�VWHUHRW\SLFDO�
EHKDYLRUV�� VR� WKH� LQGLYLGXDO¶V� EHKDYLRU� LV�
JXLGHG�E\� WKH� DYHUDJH�EHKDYLRU� RI� LWV� JURXS�
�FOXVWHU�FHQWHU��
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'LIIHUHQW�362�OEHVW�PHWKRGV�FDQ�EH�IRXQG�

LQ�OLWHUDWXUH��6XJDQWKDQ��������LQYHVWLJDWHG�WKH�
XVH�RI�VSDWLDO�WRSRORJLHV�IRU�362��,Q�.HQQHG\�
DQG�0HQGHV���������QHLJKERUKRRG�WRSRORJLHV�
ZHUH�XVHG�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�362�

���352326('�0(7+2'6

7KLV�VHFWLRQ�SUHVHQWV�WZR�QHZ�K\EULG�3DUWLFOH�
6ZDUP�2SWLPL]DWLRQ�DSSURDFKHV��XVHG�WR�VHOHFW�
LQSXW�ZHLJKWV�DQG�KLGGHQ�ELDVHV�IRU�([WUHPH�
/HDUQLQJ�0DFKLQH�QHXUDO�QHWZRUN��362�(/0�
&6�� DQG� *&362�(/0�&6��� 7KHVH� PHWKRGV�
DUH� H[WHQVLRQV� IURP� WKH� 362�(/0�&6�� DQG�
*&362�(/0�&6���UHVSHFWLYHO\��$OO�PHWKRGV�
DUH�EDVHG�RQ�WKH�LGHD�RI�SRSXODWLRQ�VWHUHRW\SLQJ�
�.HQQHG\���������VR�HDFK�LQGLYLGXDO�ZLOO�XSGDWH�
LWV�YHORFLW\�DFFRUGLQJ�WR�LWV�FOXVWHU��QHLJKERU�
KRRG���DQG�HDFK�FOXVWHU�ZLOO�H[SORUH�D�GLIIHUHQW�
DUHD�RI�WKH�SUREOHP�VHDUFK�VSDFH��ORRNLQJ�IRU�D�
VSHFLILF�ORFDO�EHVW�SRVLWLRQ�

7KH�FKRVHQ�FOXVWHULQJ�PHWKRG�ZDV�WKH�+DUG�
.�0HDQV� DOJRULWKP� �0DF4XHHQ�� �������7KH�
FOXVWHULQJ�PHWKRG�ZDV�H[HFXWHG�RQO\�IRU�D�IHZ�
QXPEHU�RI�LWHUDWLRQV��PD[,W&OXVW��WR�UHGXFH�WKH�
FRPSXWDWLRQDO�FRVW�DGGHG�E\�LWV�H[HFXWLRQ��VR�
WKH�ILQDO�FOXVWHU�ZHUH�QRW�QHFHVVDULO\�WKH�EHVW�
RQHV�� DQG� LW� ZDV� H[HFXWHG� RQO\� LQ� LWHUDWLRQV�
ZKHUH�DW�OHDVW�RQH�RI�WKH�ORFDO�EHVW�SRVLWLRQV�
DVVRFLDWHG�WR�HDFK�SDUWLFOH�ZDV�FKDQJHG��.HQ�
QHG\���������7KH�+DUG�.�0HDQV�SVHXGRFRGH�
LV�SUHVHQWHG�LQ�)LJXUH���

7KH�SURSRVHG�VWUDWHJLHV�DOVR�XVH�D�VHOHFWLRQ�
RSHUDWRU�EDVHG�RQ�WKH�ZRUN�RI�$QJHOLQH���������
$QJHOLQH�SUHVHQWHG�D�IRUP�RI�WRXUQDPHQW�VHOHF�
WLRQ�EDVHG�RQ�WKH�SDUWLFOHV¶�FXUUHQW�ILWQHVV��VR�
WKDW� WKH�SURSHUWLHV� WKDW�PDNH� VRPH�VROXWLRQV�
VXSHULRU�DUH�WUDQVIHUUHG�GLUHFWO\�WR�OHVV�HIIHFWLYH�
LQGLYLGXDOV�RI�WKH�VZDUP��7KH�FXUUHQW�SRVLWLRQV�
DQG�YHORFLWLHV�RI�WKH�EHWWHU�KDOI�RI�WKH�VZDUP�
DUH�FRSLHG�RQWR�WKH�ZRUVH�KDOI��7KLV�ZD\��RQO\�
WKH�ORFDO�EHVW�VROXWLRQV�IRXQG�VR�IDU�E\�WKH�ZRUVH�
KDOI� RI� WKH� SRSXODWLRQ� DUH� QRW� FKDQJHG��7KH�
WRXUQDPHQW� VHOHFWLRQ� RSHUDWRU� SHUIRUPV� DV�
GHVFULEHG�LQ�)LJXUH���

7KH�PRGLILFDWLRQV�DGRSWHG�WR�WKLV�ZRUN�DUH�
WKH�IROORZLQJ��7KHUH�LV�QR�VFRUH�V\VWHP��DQG�
WKH�SDUWLFOHV�DUH�VRUWHG�DFFRUGLQJ�WR�WKHLU�FXUUHQW�
ILWQHVV�YDOXH�RQO\��7KH�EHVW�KDOI�RI�WKH�VZDUP�
UHSODFHV�WKH�ZRUVW�RQH�LQ�VXFK�D�ZD\�WKDW�WKH�
EHVW�SDUWLFOH�XVHV�LWV�FXUUHQW�SRVLWLRQ�DQG�YHORF�
LW\�WR�UHSODFH�WKH�FXUUHQW�SRVLWLRQ�DQG�YHORFLW\�
RI�WKH�ZRUVW�SDUWLFOH��WKH�VHFRQG�EHVW�SDUWLFOH�
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XVHV�LWV�FXUUHQW�SRVLWLRQ�DQG�YHORFLW\�WR�UHSODFH�
WKH�FXUUHQW�SRVLWLRQ�DQG�YHORFLW\�RI�WKH�VHFRQG�
ZRUVW�SDUWLFOH��DQG�VR�RQ��7KH�SVHXGRFRGH�IRU�
WKH� FXUUHQW� VHOHFWLRQ� VFKHPH� LV� SUHVHQWHG� LQ�
)LJXUH���

)RU� DOO� SURSRVHG� DOJRULWKPV�� WKH� LQLWLDO�
VZDUP�LV�UDQGRPO\�JHQHUDWHG��(DFK�SDUWLFOH�X

I
�

LQ� WKH� VZDUP� LV� FRPSRVHG� RI� D� VHW� RI� LQSXW�
ZHLJKWV�DQG�KLGGHQ�ELDVHV�

[L� �>Z����Z����«��Z1���Z����Z����«��
Z�N��Z�N��«��Z1N��«��E���E���«��E1@�

$OO� ZLM� DQG� EM� DUH� UDQGRPO\� LQLWLDOL]HG�
ZLWKLQ�WKH�UDQJH�RI�>�����@��)RU�HDFK�SDUWLFOH��

WKH� FRUUHVSRQGLQJ� RXWSXW� ZHLJKWV� PDWUL[� LV�
FRPSXWHG�XVLQJ�03�JHQHUDOL]HG�LQYHUVH��7KH�
ILWQHVV�IXQFWLRQ�DGRSWHG�LV�WKH�URRW�PHDQ�VTXDUHG�
HUURU��506(��RQ�WKH�YDOLGDWLRQ�VHW��(TXDWLRQ�
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WKH�QHZ�YHORFLW\�GHWHUPLQDWLRQ��ZKHUH� Xi cÅ∈ ��
OLNH�LQ�(TXDWLRQ������.HQQHG\��������

)RU�WKH�QHZ�362�(/0�&6��DQG�*&362�
(/0�&6�� VWUDWHJLHV�� WKH� ORFDO� EHVW� SRVLWLRQ�
IRXQG�VR�IDU� Y

I
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FOXVWHU�F�( )Xi c∈ IRU�WKH�QHZ�YHORFLW\�GHWHUPL�
QDWLRQ�RI�WKH�LWK�SDUWLFOH��DFFRUGLQJ�WR�(TXDWLRQ�
������7KHVH�DSSURDFKHV�DOVR�XVHG�D�PRGLILHG�
VFKHPH�� DGDSWHG� IURP� �=KX� HW� DO��� ������� WR�
VHOHFW�WKH�ORFDO�EHVW�SRVLWLRQ� Y
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WLRQ������7KLV�VFKHPH�XVHV�WKH�RXWSXW�ZHLJKW�
QRUP�β �WR�LPSURYH�WKH�JHQHUDOL]DWLRQ�SHUIRU�
PDQFH�RI�WKH�(/0�UHSUHVHQWHG�E\�HDFK�SDUWLFOH�
RI�WKH�VZDUP��%DUWOHWW��������
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ZKHUH�βXi t( )+1 �DQG�βYi t( ) �DUH�WKH�RXWSXW�ZHLJKW�
PDWUL[HV�UHODWHG�WR�WKH�QHZ�SRVLWLRQ�RI�WKH�LWK�
SDUWLFOH�Xi t( )+1 �DQG�WKH�ROG�ORFDO�EHVW�SRVLWLRQ�
Yi t( ) � IRXQG�VR�IDU�� UHVSHFWLYHO\��DQG� µ � LV�D�
WROHUDQFH�UDWH��=KX�HW�DO���������

7KH� *XDUDQWHHG� &RQYHUJHQFH� DSSURDFK�
IRU�WKH�362�DOJRULWKP�LV�DSSOLHG�WR�WKH�*&3�
62�(/0�&6�� PHWKRG�� MXVW� OLNH� LQ� *&362�
(/0�&6�� �3DFLILFR�	�/XGHUPLU�� �������7KH�
SVHXGRFRGHV�IRU�WKH�362�(/0�&6���*&362�
(/0�&6��DQG�IRU�WKH�SURSRVHG�DSSURDFKHV�DUH�
SUHVHQWHG�LQ�)LJXUHV���WR�)LJXUH����

���(;3(5,0(17$/�5(68/76

,Q� WKLV� VHFWLRQ�� WKH� H[SHULPHQWDO� UHVXOWV� DUH�
SUHVHQWHG��7KH�SURSRVHG�PHWKRGV��362�(/0�
&6��DQG�*&362�(/0�&6���DUH�FRPSDUHG�ZLWK�
WUDGLWLRQDO� (/0�� WKH� /HYHQEHUJ�0DUTXDUGW�
%DFNSURSDJDWLRQ��/0�%3���(�(/0��=KX�HW�DO���
�������362�(/0��;X�	�6KX���������*&362�
(/0��6LOYD�HW�DO�������E��DQG�WKHLU�SUHGHFHV�
VRUV� 362�(/0�&6�� DQG� *&362�(/0�&6��
�3DFLILFR� 	� /XGHUPLU�� ������� $OO� SURJUDPV�
UXQ�LQ�D�0$7/$%�����HQYLURQPHQW��DQG�WKH�
/0�%3� DOJRULWKP� LV� SURYLGHG� LQ� WKH� QHXUDO�
QHWZRUNV� WRROER[�RI�0$7/$%��$�YDOLGDWLRQ�
VHW� LV�XVHG� LQ�DOO�HYDOXDWHG�PHWKRGRORJLHV� WR�
SUHYHQW�RYHUILWWLQJ�

)RU�HYDOXDWLQJ�DOO�RI�WKHVH�DOJRULWKPV�VL[�
EHQFKPDUN�FODVVLILFDWLRQ�GDWDVHWV��'LDEHWHV��(��
FROL��*ODVV��+HDUW��,ULV�DQG�:LQH���REWDLQHG�IURP�
8&,�0DFKLQH�/HDUQLQJ�5HSRVLWRU\��)UDQN�	�

)LJXUH����3VHXGRFRGH�IRU�WKH�DGRSWHG�VHOHFWLRQ�RSHUDWRU
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$VXQFLRQ��������DUH�XVHG��7KHVH�GDWDVHWV�SUHV�
HQW�GLIIHUHQW�GHJUHHV�RI�GLIILFXOWLHV�DQG�GLIIHU�
HQW�QXPEHU�RI�FODVVHV��7KH�HYDOXDWLRQ�PHWULFV�
XVHG�DUH�DQ�HPSLULFDO�DQDO\VLV�RYHU�WKH�DYHUDJH�
WHVW�DFFXUDFLHV�DQG�WUDLQLQJ�WLPHV�DQG�D�SDLUHG�
K\SRWKHVLV�WHVW�RI�W\SH�W�WHVW��'H*URRW���������
FRQVLGHULQJ�D�����GHJUHH�RI�FRQILGHQFH��RYHU�
WKH�WHVW�DFFXUDFLHV�REWDLQHG�E\�HDFK�PHWKRG�LQ�
HDFK�GDWDVHW�

,Q�RXU�H[SHULPHQWV��DOO�LQSXWV��DWWULEXWHV��
KDYH� EHHQ� QRUPDOL]HG� LQWR� WKH� UDQJH� >��� �@��
ZKLOH�WKH�RXWSXWV��WDUJHWV��KDYH�EHHQ�QRUPDOL]H�
LQWR�>�����@��7KH�LQSXW�ZHLJKWV�DQG�WKH�ELDVHV�
KDYH�EHHQ�REWDLQHG�LQWR�WKH�UDQJH�>�����@��7KH�
(/0�DFWLYDWLRQ�IXQFWLRQ�XVHG�ZDV�WKH�VLJPRLG�
IXQFWLRQ�J�[�� ����������H[S��[���

7KH�WHVWV�ZHUH�GLYLGHG�LQ�WZR�VWHSV��,Q�ILUVW�
VWHS�DQ�HYDOXDWLRQ�LV�PDGH�DLPLQJ�WR�VHOHFW�WKH�

)LJXUH����3VHXGRFRGH�IRU�WKH�362�(/0�&6��DOJRULWKP

)LJXUH����3VHXGRFRGH�IRU�WKH�*&362�(/0�&6��DOJRULWKP
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EHVW�QXPEHU�RI�KLGGHQ�QRGHV��1��IRU�WKH�(/0�
DQG�/0�%3�DOJRULWKPV��WKH�PD[LPXP�QXPEHU�
RI�LWHUDWLRQV��PD[,WHU��DQG�WKH�SRSXODWLRQ�VL]H�
�V��IRU�WKH�362�EDVHG�DSSURDFKHV�DQG�(�(/0�
PHWKRG��DIWHU�WKDW��WKH�ILQDO�WHVWV�ZHUH�H[HFXWHG�
�VHFRQG�VWHS��

)RU� /0�%3� DOJRULWKP�� WKH� PD[LPXP�
QXPEHU�RI�HSRFKV�ZDV�VHW�WR������7KH�UHPDLQ�
LQJ�SDUDPHWHUV�IRU�DOO�WHVWHG�DOJRULWKPV�ZHUH�
REWDLQHG� IURP� WKH� OLWHUDWXUH� �&DUYDOKR� 	�
/XGHUPLU������D��.HQQHG\��������=KX�HW�DO���
�������7DEOH���VKRZV�WKH�OLVW�RI�SDUDPHWHUV�IRU�
DOO�WHVWHG�DOJRULWKPV�

(DFK� GDWDVHW� ZDV� GLYLGHG� LQ� WUDLQLQJ��
YDOLGDWLRQ�DQG�WHVWLQJ�VHWV��DV�VSHFLILHG�LQ�7DEOH�
���)RU�DOO�DOJRULWKPV�����LQGHSHQGHQW�H[HFXWLRQV�
ZHUH�GRQH�ZLWK�HDFK�GDWDVHW��7DEOH���WR�7DEOH�
��VKRZ�WKH�DYHUDJH�WUDLQLQJ�WLPH�DQG�DYHUDJH�
WHVW�DFFXUDF\�REWDLQHG�IRU�HDFK�PHWKRG�IRU�HDFK�
GDWDVHW��7KH�WUDLQLQJ��YDOLGDWLRQ�DQG�WHVWLQJ�VHWV�
ZHUH�UDQGRPO\�JHQHUDWHG�DW�HDFK�WULDO�RI�VLPX�
ODWLRQV��7KH�EHVW�UHVXOWV��DFFRUGLQJ�WR�WKH�HP�
SLULFDO�DQDO\VLV��DUH�HPSKDVL]HG�LQ�EROG�

)LJXUH����3VHXGRFRGH�IRU�WKH�362�(/0�&6��DOJRULWKP

)LJXUH�����3VHXGRFRGH�IRU�WKH�*&362�(/0�&6��DOJRULWKP
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�����'LDEHWHV�'DWDVHW

7KLV�GDWDVHW�FRQVLVWV�RI�WZR�SRVVLEOH�GLDJQRV�
WLFV��FODVVHV��JLYHQ�WR�D�VDPSOH�RI�����IHPDOHV�
DW�OHDVW����\HDUV�ROG�RI�3LPD�,QGLDQ�KHULWDJH��
FRQFHUQLQJ�DERXW�ZKHQ�D�SDWLHQW�VKRZV�VLJQV�RI�
GLDEHWHV�DFFRUGLQJ�WR�:RUOG�+HDOWK�2UJDQL]D�
WLRQ�FULWHULD�RU�QRW�

7KH�FODVVHV����IRU�D�KHDOWK\�SDWLHQW��DQG�
��IRU�D�SDWLHQW�LQWHUSUHWHG�DV�³WHVWHG�SRVLWLYH�
IRU�GLDEHWHV´��KDYH��UHVSHFWLYHO\������DQG�����
LQVWDQFHV��)UDQN�	�$VXQFLRQ���������(DFK�FODVV�
LV� GHVFULEHG� E\� HLJKW� UHDO�YDOXHG� DWWULEXWHV��
QXPEHU� RI� WLPHV� SUHJQDQW�� SODVPD� JOXFRVH�
FRQFHQWUDWLRQ�D���KRXUV�LQ�DQ�RUDO�JOXFRVH�WRO�
HUDQFH�WHVW��GLDVWROLF�EORRG�SUHVVXUH��PP�+J���
WULFHSV�VNLQ�IROG�WKLFNQHVV��PP�����+RXU�VHUXP�
LQVXOLQ��PX�8�PO���ERG\�PDVV�LQGH[��GLDEHWHV�
SHGLJUHH�IXQFWLRQ�DQG�DJH��LQ�\HDUV��

,Q� DQ� HPSLULFDO� DQDO\VLV� �7DEOH� ���� DOO�
SURSRVHG�PHWKRGV��362�(/0�&6���*&362�
(/0�&6���362�(/0�&6��DQG�*&362�(/0�
&6��� REWDLQHG� EHWWHU� UHVXOWV� WKDQ� WUDGLWLRQDO�
(/0�� (�(/0�� 362�(/0� DQG� /0�%3�� EXW�
WKH�*&362�(/0�&6��SHUIRUPHG�VLPLODUO\�WR�
*&362�(/0��7KH�ZRUVW�UHVXOW�ZDV�DFKLHYHG�
E\� /0�%3� DOJRULWKP��ZKLFK� VKRZHG� D� KLJK�
GHJUHH�RI�LQVWDELOLW\�

7KH�K\SRWKHVLV� WHVWV� �SDLUHG� W�WHVWV�ZLWK�
D�����GHJUHH�RI�FRQILGHQFH��VKRZHG�WKDW�DOO�
(/0�EDVHG�VWUDWHJLHV�DFKLHYHG�D�EHWWHU�UHVXOW�

WKDQ�/0�%3�DOJRULWKP��DQG�WKH�WUDGLWLRQDO�(/0�
DQG�DOO�362�EDVHG�PHWKRGV�DFKLHYHG�D�EHWWHU�
UHVXOW�WKDQ�(�(/0�

�����(��&ROL�'DWDVHW

7KLV�GDWDVHW�JLYHV�FKDUDFWHULVWLFV�RI�HDFK�25)�
�SRWHQWLDO�JHQH��LQ�WKH�(��FROL�JHQRPH��SURYLGLQJ�
WKHLU�VHTXHQFH��KRPRORJ\��VLPLODULW\�WR�RWKHU�
JHQHV���VWUXFWXUDO�LQIRUPDWLRQ��DQG�IXQFWLRQ��LI�
NQRZQ���)UDQN�	�$VXQFLRQ��������

7KH� GDWDVHW� LV� GLYLGHG� LQ� HLJKW� FODVVHV��
UHSUHVHQWLQJ�WKH�ORFDOL]DWLRQ�VLWH�RI�HDFK�JHQH��
F\WRSODVP������LQQHU�PHPEUDQH�ZLWKRXW�VLJQDO�
VHTXHQFH������SHULVSODVP������LQQHU�PHPEUDQH��
XQFOHDYDEOH�VLJQDO�VHTXHQFH������RXWHU�PHP�
EUDQH������RXWHU�PHPEUDQH�OLSRSURWHLQ������LQQHU�
PHPEUDQH�OLSRSURWHLQ�����DQG�LQQHU�PHPEUDQH��
FOHDYDEOH�VLJQDO�VHTXHQFH�����

7KH�FODVVHV����������������������DQG����KDYH��
UHVSHFWLYHO\�� ����� ���� ���� ���� ���� ��� �� DQG���
LQVWDQFHV��(DFK�LQVWDQFH�LV�GHVFULEHG�E\�VHYHQ�
UHDO�YDOXHG�DWWULEXWHV��PFJ��0F*HRFK¶V�PHWKRG�
IRU�VLJQDO�VHTXHQFH�UHFRJQLWLRQ���JYK��YRQ�+HL�
MQH¶V�PHWKRG�IRU�VLJQDO�VHTXHQFH�UHFRJQLWLRQ���
OLS��YRQ�+HLMQH¶V�6LJQDO�3HSWLGDVH�,,�FRQVHQVXV�
VHTXHQFH�VFRUH���FKJ��3UHVHQFH�RI�FKDUJH�RQ�1�
WHUPLQXV�RI�SUHGLFWHG�OLSRSURWHLQV���DDF��VFRUH�RI�
GLVFULPLQDQW�DQDO\VLV�RI�WKH�DPLQR�DFLG�FRQWHQW�
RI�RXWHU�PHPEUDQH�DQG�SHULSODVPLF�SURWHLQV���
DOP��VFRUH�RI�WKH�$/20�PHPEUDQH�VSDQQLQJ�

7DEOH����5HVXOWV�IRU�GLDEHWHV�GDWDVHW�

0HWKRG 7UDLQLQJ�7LPH��V� 7HVW�$FFXUDF\����

/0�%3 ������� ����������

(/0 ������� ����������

(�(/0 ������� ����������

362�(/0 ������� ����������

*&362�(/0 ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������
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UHJLRQ� SUHGLFWLRQ� SURJUDP�� DQG� DOP�� �VFRUH�
RI�$/20� SURJUDP� DIWHU� H[FOXGLQJ� SXWDWLYH�
FOHDYDEOH�VLJQDO�UHJLRQV�IURP�WKH�VHTXHQFH��

,Q� DQ� HPSLULFDO� DQDO\VLV� �7DEOH� ���� DOO�
362�EDVHG� PHWKRGV� SHUIRUPHG� EHWWHU� WKDQ�
WUDGLWLRQDO� (/0�� /0�%3� DQG� (�(/0�� DQG�
WKH� 362�(/0�&6��� *&362�(/0�&6�� DQG�
*&362�(/0�&6�� DOJRULWKPV� DFKLHYHG� WKH�
EHWWHU�UHVXOWV�IRU�WKLV�GDWDVHW�

7KH�SDLUHG� W�WHVWV������GHJUHH�RI�FRQIL�
GHQFH�VKRZHG�WKDW�DOO�(/0�EDVHG�DSSURDFKHV�
SHUIRUPHG�EHWWHU� WKDQ�/0�%3�DOJRULWKP��$OO�
362�EDVHV�DSSURDFKHV�DQG�WKH�WUDGLWLRQDO�(/0�
SHUIRUPHG�EHWWHU�WKDQ�(�(/0�PHWKRG��DFFRUG�
LQJ�WR�WKH�K\SRWKHVLV�WHVWV�

�����*ODVV�'DWDVHW

7KLV�GDWDVHW�FRQVLVWV�LQ�D�VWXG\�RI�WKH�FODVVLILFD�
WLRQ�RI�W\SHV�RI�JODVV�PRWLYDWHG�E\�FULPLQRORJL�
FDO�LQYHVWLJDWLRQ��7KLV�GDWDVHW�FRQVLVWV�RI�VHYHQ�
W\SHV� �FODVVHV�� RI�JODVVHV�� EXLOGLQJ�ZLQGRZV�
IORDW�SURFHVVHG������EXLOGLQJ�ZLQGRZV�QRQ�IORDW�
SURFHVVHG������YHKLFOH�ZLQGRZV�IORDW�SURFHVVHG�
�����YHKLFOH�ZLQGRZV�QRQ�IORDW�SURFHVVHG�����
QRQH�LQ�WKLV�GDWDEDVH���FRQWDLQHUV������WDEOHZDUH�
����DQG�KHDGODPSV�����

7KH�FODVVHV�������������������DQG����KDYH��
UHVSHFWLYHO\�����������������������DQG����LQVWDQFHV��
(DFK�LQVWDQFH�LV�GHVFULEHG�E\�QLQH�UHDO�YDOXHG�

DWWULEXWHV��5,��UHIUDFWLYH�LQGH[���1D��6RGLXP���
0J��0DJQHVLXP���$O��$OXPLQXP���6L��6LOLFRQ���
.��3RWDVVLXP���&D��&DOFLXP���%D��%DULXP��DQG�
)H��,URQ���)UDQN�	�$VXQFLRQ��������

,Q� DQ� HPSLULFDO� DQDO\VLV� �7DEOH� ���� WKH�
/0�%3�OHDUQLQJ�DOJRULWKP�DFKLHYHG�WKH�ZRUVW�
UHVXOW�DQG�WKH�KLJKHVW�GHJUHH�RI�LQVWDELOLW\�WKDQ�
DOO�WHVWHG�PHWKRGV��$OO�SURSRVHG�PHWKRGV��362�
(/0�&6���*&362�(/0�&6���362�(/0�&6���
362�(/0�&6�� DQG� *&362�(/0�&6��� SHU�
IRUPHG�EHWWHU�WKDQ�WUDGLWLRQDO�(/0��(�(/0��
362�(/0�DQG�*&362�(/0�DFFRUGLQJ�WR�WKH�
HPSLULFDO�DQDO\VLV�

7KH�K\SRWKHVLV�WHVW�VKRZHG�WKDW�DOO�(/0�
EDVHG�DSSURDFKHV�DFKLHYHG�EHWWHU�UHVXOWV�WKDQ�
/0�%3�DQG�RQO\� WKH�*&362�(/0�&6��SHU�
IRUPHG�EHWWHU�WKDQ�(�(/0�DOJRULWKP�

�����+HDUW�'DWDVHW

7KLV�GDWDVHW�FRQVLVWV�RI�WZR�SRVVLEOH�GLDJQRVHV�
�FODVVHV��FRQFHUQLQJ� WKH�DEVHQFH��FODVV����RU�
SUHVHQFH��FODVV����RI�KHDUW�GLVHDVH�LQ�D�JURXS�
RI�����LQGLYLGXDOV�

7KH� FODVVHV� ��� DQG� ��� FRQWDLQ� ���� DQG�
����LQGLYLGXDOV��UHVSHFWLYHO\��(DFK�LQGLYLGXDO�
LV�GHVFULEHG�E\�WKLUWHHQ�UHDO�YDOXHG�YDULDEOHV��
DJH��VH[��FKHVW�SDLQ�W\SH��UHVWLQJ�EORRG�SUHVVXUH��
VHUXP� FKROHVWRUDO� �LQ� PJ�GO��� IDVWLQJ� EORRG�
VXJDU��!���PJ�GO���UHVWLQJ�HOHFWURFDUGLRJUDSKLF�

7DEOH����5HVXOWV�IRU�H��FROL�GDWDVHW�

0HWKRG 7UDLQLQJ�7LPH��V� 7HVW�$FFXUDF\����

/0�%3 ������� ����������

(/0 ������� ����������

(�(/0 ������� ����������

362�(/0 ������� ����������

*&362�(/0 ������� �����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������
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UHVXOWV��PD[LPXP�KHDUW�UDWH�DFKLHYHG��H[HUFLVH�
LQGXFHG�DQJLQD��ROGSHDN��67�GHSUHVVLRQ�LQGXFHG�
E\�H[HUFLVH�UHODWLYH�WR�UHVW���WKH�VORSH�RI�WKH�SHDN�
H[HUFLVH�67�VHJPHQW��QXPEHU�RI�PDMRU�YHVVHOV�
FRORUHG�E\�IORXURVRS\�DQG�WKDO�YDOXH��)UDQN�	�
$VXQFLRQ��������

,Q� DQ� HPSLULFDO� DQDO\VLV� �7DEOH� ���� WKH�
SURSRVHG� 362�(/0�&6�� DFKLHYHG� WKH� EHW�
WHU� UHVXOWV�� IROORZHG� E\� WKH� 362�(/0�*6���
*&362�(/0�&6��DQG�*&362�(/0�PHWKRGV��
7KH�ZRUVH�UHVXOWV�ZHUH�DFKLHYHG�E\�WKH�/0�%3�
DQG�(�(/0�DOJRULWKPV�

7KH�SDLUHG�K\SRWKHVLV�WHVWV�RI�W\SH�W�WHVW�
�����RI�FRQILGHQFH��ZHUH�H[HFXWHG�RYHU� WKH�

UHVXOWV��DQG�VKRZHG�WKDW�DOO�PHWKRGV�DFKLHYHG�
EHWWHU�UHVXOWV�WKDQ�/0�%3�DQG�(�(/0�PHWKRGV�

�����,ULV�'DWDVHW

7KLV�GDWDVHW� FRQVLVWV�RI� WKUHH� W\SHV� �FODVVHV��
RI�LULV�SODQWV��LULV�VHWRVD��LULV�YHUVLFRORXU�DQG�
LULV�YLUJLQLFD��7KH�WKUHH�FODVVHV�HDFK�KDYH����
LQVWDQFHV��2QH�FODVV�LV�OLQHDUO\�VHSDUDEOH�IURP�
WKH�RWKHU�WZR��WKH�ODWWHU�WZR�DUH�QRW�OLQHDUO\�VHSD�
UDEOH�IURP�HDFK�RWKHU��(DFK�FODVV�LV�GHVFULEHG�E\�
IRXU�UHDO�YDOXHG�DWWULEXWHV��VHSDO�OHQJWK��VHSDO�
ZLGWK��SHWDO�OHQJWK�DQG�SHWDO�ZLGWK��)UDQN�	�
$VXQFLRQ��������

7DEOH����5HVXOWV�IRU�JODVV�GDWDVHW�

0HWKRG 7UDLQLQJ�7LPH��V� 7HVW�$FFXUDF\����

/0�%3 ������� �����������

(/0 ������� ����������

(�(/0 ������� ����������

362�(/0 ������� ����������

*&362�(/0 ������� ����������

362�(/0�&6� ������� ������������

*&362�(/0�&6� ������� ������������

362�(/0�&6� ������� ������������

*&362�(/0�&6� ������� ������������

7DEOH����5HVXOWV�IRU�KHDUW�GDWDVHW�

0HWKRG 7UDLQLQJ�7LPH��V� 7HVW�$FFXUDF\����

/0�%3 ������� �����������

(/0 ������� ����������

(�(/0 ������� ����������

362�(/0 ������� ����������

*&362�(/0 ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������
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,Q�DQ�HPSLULFDO�DQDO\VLV��7DEOH�����DOO�362�
EDVHG� PHWKRGV� RXWSHUIRUPHG� WKH� WUDGLWLRQDO�
(/0��(�(/0�DQG�/0�%3�PHWKRGV��7KH�SUR�
SRVHG�PHWKRGV��362�(/0�&6���*&362�(/0�
&6���362�(/0�&6�� DQG�*&362�(/0�&6���
RXWSHUIRUPHG�DOO�RWKHUV�362�EDVHG�DSSURDFKHV��
7KH�W�WHVWV�SRLQWHG�WKDW�DOO�(/0�EDVHG�PHWK�
RGV�ZHUH�EHWWHU� WKDQ�/0�%3�DSSURDFK������
GHJUHH�RI�FRQILGHQFH���DQG�362�(/0�&6��DQG�
*&362�(/0�&6��RXWSHUIRUPHG�WKH�WUDGLWLRQDO�
(/0�DOJRULWKP��7KH�SURSRVHG�*&362�(/0�
&6��DOVR�RXWSHUIRUPHG�WKH�(�(/0�PHWKRG�

�����:LQH�'DWDVHW

7KLV�GDWDVHW� FRQVLVWV�RI� WKUHH� W\SHV� �FODVVHV��
RI�ZLQHV�JURZQ�LQ�WKH�VDPH�UHJLRQ�LQ�,WDO\��EXW�
GHULYHG�IURP�WKUHH�GLIIHUHQW�FXOWLYDUV�

7KH�FODVVHV�������DQG����KDYH��UHVSHFWLYHO\��
�������DQG����LQVWDQFHV��(DFK�ZLQH�LV�GHVFULEHG�
E\���� UHDO� YDOXHG� DWWULEXWHV� UHSUHVHQWLQJ� WKH�
TXDQWLWLHV�RI����FRPSRQHQWV�IRXQG�LQ�HDFK�RI�
WKH�WKUHH�W\SHV�RI�ZLQHV��7KHVH�DWWULEXWHV�DUH��
����DOFRKRO������PDOLF�DFLG������DVK������DONDOLQ�
LW\�RI�DVK������PDJQHVLXP������ WRWDO�SKHQROV��
����IODYRQRLGV������QRQ�IODYRQRLG�SKHQROV������
SURDQWKRF\DQLQV�������FRORU�LQWHQVLW\�������KXH��

7DEOH����5HVXOWV�IRU�LULV�GDWDVHW�

0HWKRG 7UDLQLQJ�7LPH��V� 7HVW�$FFXUDF\����

/0�%3 ������� �����������

(/0 ������� ����������

(�(/0 ������� ����������

362�(/0 ������� ����������

*&362�(/0 ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������

7DEOH����5HVXOWV�IRU�ZLQH�GDWDVHW�

0HWKRG 7UDLQLQJ�7LPH��V� 7HVW�$FFXUDF\����

/0�%3 �������� �����������

(/0 ������� ����������

(�(/0 ������� ����������

362�(/0 ������� ����������

*&362�(/0 ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������

362�(/0�&6� ������� ����������

*&362�(/0�&6� ������� ����������
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�����2'����2'����RI�GLOXWHG�ZLQHV�DQG������
SUROLQH��)UDQN�	�$VXQFLRQ��������

,Q�DQ�HPSLULFDO�DQDO\VLV��7DEOH�����WKH�362�
(/0�&6�� DQG� *&362�(/0�&6�� DFKLHYHG�
EHWWHU�UHVXOWV�IRU�WKLV�GDWDVHW��7KH�362�(/0�
&6��DQG�*&362�(/0�&6��ZHUH�ZRUVH� WKDQ�
362�(/0�DQG�*&362�(/0��$OO�362�EDVHG�
PHWKRGV�DFKLHYHG�EHWWHU�UHVXOWV�WKDQ�WUDGLWLRQDO�
(/0��(�(/0�DQG�/0�%3�

7KH�SDLUHG� W�WHVWV�VKRZHG�WKDW�DOO�(/0�
EDVHG�DSSURDFKHV�DFKLHYHG�EHWWHU�UHVXOWV�WKDQ�
/0�%3��ZKLFK� VWLOO� SUHVHQWHG� D� KLJK� GHJUHH�
RI�LQVWDELOLW\��$OO�362�EDVHG�DSSURDFKHV�DQG�
WKH�WUDGLWLRQDO�(/0�SHUIRUPHG�EHWWHU�WKDQ�(�
(/0��7KH�*&362�(/0�&6��DFKLHYHG�EHWWHU�
UHVXOWV�WKDQ�WUDGLWLRQDO�(/0�DFFRUGLQJ�WR�WKH�
SDLUHG�W�WHVW�

���&21&/86,21�$1'�
)8785(�:25.6

,Q� WKLV�SDSHU�� WZR�QHZ�K\EULG�PHWKRGV�ZHUH�
SURSRVHG��EDVHG�RQ�3DUWLFOH�6ZDUP�2SWLPL]D�
WLRQ��362��VWUDWHJ\�WR�VHOHFW�WKH�LQSXW�ZHLJKWV�
DQG�KLGGHQ�ELDVHV�WR�(/0�DOJRULWKP��QDPHG�
362�(/0�&6�� DQG� *&362�(/0�&6��� DV�
H[WHQVLRQV� IURP� WKH� 362�(/0�&6�� DQG�
*&362�(/0�&6��� UHVSHFWLYHO\�� SUHVHQWHG�
LQ�D�SUHYLRXV�ZRUN��7KHVH�DSSURDFKHV�XVH�WKH�
FRQFHSW�RI�SRSXODWLRQ�VWHUHRW\SLQJ�� WR�JURXS�
WKH�SDUWLFOHV�RI�WKH�VZDUP�LQ�GLIIHUHQW�FOXVWHUV��
VR�WKDW�HDFK�FOXVWHU�VHDUFKHV�IRU�D�VSHFLILF�ORFDO�
EHVW�VROXWLRQ��H[SORULQJ�GLIIHUHQW�UHJLRQV�RI�WKH�
SUREOHP�VHDUFK�VSDFH�

7KH�SHUIRUPDQFH�RI�WKH�WHVWHG�PHWKRGV�ZDV�
HYDOXDWHG�ZLWK�ZHOO�NQRZQ�EHQFKPDUN�FODVVLIL�
FDWLRQ�GDWDVHWV��'LDEHWHV��(��FROL��*ODVV��+HDUW��
,ULV� DQG�:LQH��� REWDLQHG� IURP�8&,�0DFKLQH�
/HDUQLQJ�5HSRVLWRU\�

([SHULPHQWDO� UHVXOWV� VKRZ� WKDW� WKH� QHZ�
K\EULG� 362�(/0�&6�� DQG� *&362�(/0�
&6�� DSSURDFKHV� REWDLQHG� EHWWHU� JHQHUDOL]D�
WLRQ� SHUIRUPDQFH� WKDQ�/HYHQEHUJ�0DUTXDUGW�
%DFNSURSDJDWLRQ��/0�%3��� WUDGLWLRQDO�(/0��
(�(/0� DQG� 362�(/0� IRU� DOO� GDWDVHWV�� DQG�

WKH�IRUPHU�362�(/0�&6��DQG�*&362�(/0�
&6��RXWSHUIRUPHG�/0�%3��(/0��(�(/0�DQG�
362�(/0�IRU�ILYH�RI�WKH�VL[�WHVWHG�GDWDVHWV��
LQ�DQ�HPSLULFDO�DQDO\VLV�RYHU�WKH�DYHUDJH�WHVW�
DFFXUDFLHV�

7KH� SDLUHG� W�WHVW� K\SRWKHVLV� WHVW� ZDV�
H[HFXWHG�IRU�DOO�GDWDVHWV��)RU�DOO�GDWDVHWV��WKH�
/0�%3�ZDV�RXWSHUIRUPHG�E\�DOO�(/0�EDVHG�
DSSURDFKHV��DQG�IRU�IRXU�RI�WKH�VL[�GDWDVHWV�WKH�
(�(/0�ZDV�RXWSHUIRUPHG�E\�DOO�362�EDVHG�DS�
SURDFKHV�DQG�WUDGLWLRQDO�(/0��*&362�(/0�
&6��DFKLHYHG�VXSHULRU�UHVXOWV�WKDQ�WUDGLWLRQDO�
(/0�IRU�WZR�GDWDVHWV��,ULV�DQG�:LQH��DFFRUGLQJ�
WR�WKLV�WHVW��$OO�SURSRVHG�DSSURDFKHV�DFKLHYHG�
HTXLYDOHQW�UHVXOWV�WR�(/0�IRU�'LDEHWHV��(��&ROL��
*ODVV�DQG�+HDUW�GDWDVHWV�

7KH�FRPSXWDWLRQDO�FRVWV�GHPDQGHG�E\�WKH�
QHZ�VWUDWHJLHV�ZHUH�UHOHYDQW�ZKHQ�FRPSDUHG�
ZLWK�WKH�H[HFXWLRQ�WLPH�DFKLHYHG�E\�WUDGLWLRQDO�
(/0�DOJRULWKP��EHFDXVH�RI�WKHLU�HYROXWLRQDU\�
QDWXUH��L�H���WKH\�QHHG�D�FRQVLGHUDEOH�QXPEHU�RI�
HYDOXDWLRQV�WKURXJKRXW�WKH�PHWKRG�H[HFXWLRQ���
EXW�WKH�H[HFXWLRQ�WLPH�DFKLHYHG�E\�WKHVH�PHWK�
RGV� LV� DFFRUGLQJ� WR� HYROXWLRQDU\� DSSURDFKHV�
XVHG�WR�RSWLPL]H�(/0�IRXQG�LQ�UHFHQW�OLWHUDWXUH��
VXFK�DV�WKH�(�(/0��362�(/0�DQG�*&362�
(/0��$V�FDQ�EH�REVHUYHG�IURP�7DEOH���WR�7DEOH�
��� WKH� FOXVWHULQJ� DQG� VHOHFWLRQ� VWHSV� GLG� QRW�
LQIOXHQFH�WKH�FRPSXWDWLRQDO�FRVWV�FRQVLGHUDEO\�

$OWKRXJK� WKH� ORFDO�EHVW� DSSURDFKHV�SUH�
VHQWHG�LQ�WKLV�ZRUN�VKRZHG�EHWWHU�UHVXOWV�WKDQ�
(/0� RQO\� IRU� WZR� FDVHV� DFFRUGLQJ� WR� W�WHVW�
K\SRWKHVLV�WHVW��WKH�HPSLULFDO�DQDO\VLV�VKRZHG�
WKDW� WKHVH�DSSURDFKHV�DUH�VOLJKWO\�EHWWHU�WKDQ�
WUDGLWLRQDO� (/0� DQG� 362�(/0� IRU�PRVW� RI�
WKH�FDVHV��IDFW� WKDW�HQFRXUDJHV�WKH�VWXG\�DQG�
H[SORUDWLRQ� RI� ORFDO� 362�PHWKRGV� IRU� (/0�
RSWLPL]DWLRQ�

$V� IXWXUH�ZRUNV�� D� GHHSHU� LQYHVWLJDWLRQ�
ZLOO�EH�GRQH�WR�HYDOXDWH�WKH�LQIOXHQFH�RI�SRSX�
ODWLRQ� FOXVWHUV� LQ� SHUIRUPDQFH� RI� WKH� K\EULG�
362�(/0�EDVHG�DSSURDFKHV��XVLQJ�D�EURDGHU�
QXPEHU� RI� SUREOHPV�� VR� WKH� HIIHFWLYH� SRZHU�
RI�ORFDO�DSSURDFKHV�FRXOG�EH�PHDVXUHG��$OVR��
GLIIHUHQW�VHOHFWLRQ�RSHUDWRUV�DQG�WRSRORJLHV�IRU�
WKH�362�SRSXODWLRQ�ZLOO�EH�WHVWHG�
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$&.12:/('*0(17

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�)$&(3(��&13T�
DQG�&$3(6��%UD]LOLDQ�5HVHDUFK�$JHQFLHV��IRU�
WKHLU�ILQDQFLDO�VXSSRUW�

5()(5(1&(6

$QJHOLQH��3��-����������8VLQJ�VHOHFWLRQ�WR�LPSURYH�
SDUWLFOH�VZDUP�RSWLPL]DWLRQ��,Q�3URFHHGLQJ�RI�WKH�
�����,(((�,QWHUQDWLRQDO�-RLQW�&RQIHUHQFH�RQ�1HXUDO�
1HWZRUNV��,-&11¶�����:DVKLQJWRQ��'&��SS����������
/RV�$ODPLWRV��&$��,(((�&RPSXWHU�6RFLHW\�

%DUWOHWW�� 3�� /�� �������� 7KH� VDPSOH� FRPSOH[LW\� RI�
SDWWHUQ�FODVVLILFDWLRQ�ZLWK�QHXUDO�QHWZRUNV��7KH�VL]H�
RI�WKH�ZHLJKWV�LV�PRUH�LPSRUWDQW�WKDQ�WKH�VL]H�RI�WKH�
QHWZRUN��,(((�7UDQVDFWLRQV�RQ�,QIRUPDWLRQ�7KHRU\��
����������±�����GRL�������������������

&DUYDOKR��0���	�/XGHPLU��7��%�������D���$Q�DQDO\VLV�
RI�362�K\EULG�DOJRULWKPV�IRU�IHHG�IRUZDUG�QHXUDO�
QHWZRUNV�WUDLQLQJ��,Q�3URFHHGLQJV�RI�WKH�1LQWK�%UD�
]LOLDQ�6\PSRVLXP�RQ�1HXUDO�1HWZRUNV��6%51¶�����
5LEHLUmR�3UHWR��%UD]LO��SS���������/RV�$ODPLWRV��,(((�
&RPSXWHU�6RFLHW\�

&DUYDOKR��0���	�/XGHPLU��7��%�� �����E���3DUWLFOH�
VZDUP�RSWLPL]DWLRQ�RI�IHHG�IRUZDUG�QHXUDO�QHWZRUNV�
ZLWK�ZHLJKW�GHFD\��,Q�3URFHHGLQJV�RI�WKH�6L[WK�,QWHU�
QDWLRQDO�&RQIHUHQFH�RQ�+\EULG�,QWHOOLJHQW�6\VWHPV�
�+,6¶�����$XFNODQG��1HZ�=HDODQG��/RV�$ODPLWRV��
&$��,(((�&RPSXWHU�6RFLHW\�

&KR��-��+���	�/HH��'��-����������3DUDPHWHU�RSWLPL�
]DWLRQ�RI�H[WUHPH�OHDUQLQJ�PDFKLQH�XVLQJ�EDFWHULDO�
IRUDJLQJ�DOJRULWKP��.RUHD�(OHFWULFDO�(QJLQHHULQJ�
DQG�6FLHQFH�5HVHDUFK�,QVWLWXWH��SS�����±������6RXWK�
.RUHD��((65,�

&OHUF��0����������7KH�VZDUP�DQG�WKH�4XHHQ��7R�
ZDUGV�D�GHWHUPLQLVWLF�DQG�DGDSWLYH�SDUWLFOH�VZDUP�
RSWLPL]DWLRQ�� ,Q�3URFHHGLQJV� RI� WKH� &RQJUHVV� RQ�
(YROXWLRQDU\� &RPSXWDWLRQ��:DVKLQJWRQ�� '&� �SS��
������������3LVFDWDZD\��1-��,(((�6HUYLFH�&HQWHU�

&OHUF�� 0��� 	� .HQQHG\�� -�� �������� 7KH� SDUWLFOH�
VZDUP��([SORVLRQ�� VWDELOLW\�DQG�FRQYHUJHQFH� LQ�D�
PXOWL�GLPHQVLRQDO�FRPSOH[�VSDFH��,(((�7UDQVDF�
WLRQV� RQ� (YROXWLRQDU\� &RPSXWDWLRQ�� ������ ��±����
GRL���������������������

&RUQH��'��:���'RULJR��0���	�*ORYHU��)����������1HZ�
LGHDV�LQ�RSWLPL]DWLRQ��1HZ�<RUN��1<��0F*UDZ�+LOO�

0��+��'H*URRW��(G������������3UREDELOLW\�DQG�VWD�
WLVWLFV�� %RVWRQ�� 0$��$GGLVRQ�:HVOH\� 3XEOLVKLQJ�
&RPSDQ\�

(LEHQ��(���	�6PLWK�� -�� (�� �������� ,QWURGXFWLRQ� WR�
HYROXWLRQDU\�FRPSXWLQJ��%HUOLQ��*HUPDQ\��6SULQJHU�
9HUODJ��GRL���������������������������

)UDQN��$���	�$VXQFLRQ��$�� ��������8&,�PDFKLQH�
OHDUQLQJ�UHSRVLWRU\��8QLYHUVLW\�RI�&DOLIRUQLD��6FKRRO�
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