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$XWRPDWLF�([WUDFWLRQ�RI�6HPDQWLF�5HODWLRQV�IURP�6SHFLDOL]HG�&RUSRUD�

$ULVWRPHQLV�7KDQRSRXORV��1LNRV�)DNRWDNLV�DQG�*HRUJH�.RNNLQDNLV��

:LUH�&RPPXQLFDWLRQV�/DERUDWRU\�
(OHFWULFDO�	�&RPSXWHU�(QJLQHHULQJ�'HSW���8QLYHUVLW\�RI�3DWUDV�

������5LRQ��3DWUDV��*UHHFH�
DULVWRP#ZFO�HH�XSDWUDV�JU�
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$EVWUDFW�

,Q� WKLV� SDSHU� ZH� DGGUHVV� WKH� SUREOHP� RI�
GLVFRYHULQJ� ZRUG� VHPDQWLF� VLPLODULWLHV� YLD�
VWDWLVWLFDO� SURFHVVLQJ� RI� WH[W� FRUSRUD�� :H�
SURSRVH� D� NQRZOHGJH�SRRU� PHWKRG� WKDW�
H[SORLWV�WKH�VHQWHQFLDO�FRQWH[W�RI�ZRUGV�IRU�
H[WUDFWLQJ�VLPLODULW\�UHODWLRQV�EHWZHHQ�WKHP�
DV�ZHOO�DV�VHPDQWLF�LQ�QDWXUH�ZRUG�FOXVWHUV��
7KH�DSSURDFK�DLPV�DW�IXOO�SRUWDELOLW\�DFURVV�
GRPDLQV� DQG� ODQJXDJHV� DQG� WKHUHIRUH� LV�
EDVHG�RQ�PLQLPDO�UHVRXUFHV��� �

�

�� 0RWLYDWLRQ�
3URYLGLQJ�GLJLWDO�FRPSXWHUV�ZLWK�WKH�FDSDELOLW\�WR�
DFTXLUH�FRQFHSWXDO�UHODWLRQV�EHWZHHQ�OH[LFDO�LWHPV�
E\�SURFHVVLQJ�UHDO�OLIH�WH[W�FRUSRUD�LV�QRW�RQO\�DQ�
H[FLWLQJ� UHVHDUFK� DFWLYLW\� EXW� DOVR� D� VLJQLILFDQW�
WDVN� LQ� WKH� IUDPHZRUN� RI� PDQ\� 1/3� V\VWHPV��
6SHFLILFDOO\��
���6WDWH�RI�WKH�DUW�/DQJXDJH�0RGHOLQJ� WHFKQLTXHV�

�0F0DKRQ� DQG� 6PLWK��� ������ UHTXLUH� OH[LFDO�
LQIRUPDWLRQ�DERXW�ZRUG�FODVVHV��

���7KHVDXUL�FUHDWLRQ�LQ�D��VHPL���DXWRPDWLF�PDQQHU�
LQ� DQ\� GRPDLQ� DQG� ODQJXDJH� ZLWK� PLQLPDO�
GHSHQGHQFH�RQ�VSHFLDOL]HG�WRROV�DQG�UHVRXUFHV�
LV� YHU\� LPSRUWDQW�� 0RVW� WKHPDWLF� GRPDLQV�
WRGD\� LQ�PRVW� RI� WKH� ODQJXDJHV� ODFN� VHPDQWLF�
UHVRXUFHV��$GRSWLQJ�D�NQRZOHGJH�SRRU�FRUSXV�
EDVHG� PHWKRG� QRW� RQO\� PXFK� OHVV� ODERU� LV�
QHFHVVDU\� LQ� FRQVWUXFWLRQ� RI� FRQFHSWXDO�
VWUXFWXUHV�EXW�DOVR�GRPDLQ�GHSHQGHQW�VHPDQWLF�
UHODWLRQV� DUH� REWDLQHG�� 1HZ� UHVRXUFHV� FDQ� EH�
UHDGLO\� FUHDWHG� LQ� QHZ� GRPDLQV� RU� H[LVWLQJ�
WKHVDXUL� FDQ� EH� HQODUJHG� RU� UHILQHG� E\� UH�
WUDLQLQJ� RQ� ODUJHU� FRUSRUD� DV� VRRQ� DV� WKH\�
EHFRPH�DYDLODEOH��

���0DQ\�FXUUHQWO\� LPSOHPHQWHG��ERWK� VSRNHQ�DQG�
ZULWWHQ�� 1/3� V\VWHPV� RSHUDWH� LQ� D� VSHFLILF�
GRPDLQ� DQG� XVXDOO\� XWLOL]H� D� FRQVWUDLQHG�

YRFDEXODU\� UHODWHG� GLUHFWO\� WR� WKHLU� WDVN�
GRPDLQ��7KHUHIRUH�VHPDQWLF�GRPDLQ�GHSHQGHQW�
NQRZOHGJH� FDQ� EH� DFTXLUHG� GLUHFWO\� IURP�
UHOHYDQW�FRUSRUD��

���$XWRQRPRXV�FRPSXWDWLRQDO� LQWHOOLJHQFH�VKRXOG�
UHO\� PDLQO\� RQ� SURFHVVLQJ� RI� IUHH� IORZ�
HOHFWURQLF�WH[WV�IRU�DFTXLULQJ�QHZ�VHPDQWLF�DQG�
ZRUOG�NQRZOHGJH���

7KH� SUHVHQW� DSSURDFK� DLPV� DW� FRUSXV�EDVHG�
DXWRPDWLF� H[WUDFWLRQ� RI� GRPDLQ�GHSHQGHQW�
VHPDQWLF�VLPLODULW\�UHODWLRQV�EHWZHHQ�OH[LFDO�LWHPV�
DQG� WKH� IRUPDWLRQ� RI� FRUUHVSRQGLQJ� VHPDQWLF�
FOXVWHUV�� )RU� WKLV� SXUSRVH�� WKH� XVDJH� RI� UHDGLO\�
DYDLODEOH� GRPDLQ�VSHFLILF� WH[W� FRUSRUD� LV�
LPSHUDWLYH��7KH�JXLGHOLQH�RI�RXU�DSSURDFK�ZDV�WKH�
DGDSWDWLRQ� � WR� � WKH� VSHFLDO� FKDUDFWHULVWLFV� RI� WKLV�
W\SH� RI� FRUSRUD� � �VSHFLDOL]DWLRQ�� UHVWULFWHG� VL]H��
ZLWKRXW� LPSRVLQJ� WKH� QHHG� IRU� RWKHU� GRPDLQ�
GHSHQGHQW� UHVRXUFHV� DQG� REWDLQLQJ� SRUWDELOLW\�
DFURVV�ODQJXDJHV��

�� 5HODWHG�ZRUN�
7KUHH� PDLQ� DSSURDFKHV� KDYH� EHHQ� SURSRVHG� IRU�
WKH� DXWRPDWLF� H[WUDFWLRQ� RI� OH[LFDO� VHPDQWLFV�
NQRZOHGJH�� V\QWD[�EDVHG�� Q�JUDP�EDVHG� DQG�
ZLQGRZ�EDVHG�� 6\QWD[�EDVHG� PHWKRGV� �UHIHUUHG�
DOVR�DV�NQRZOHGJH�ULFK� LQ�FRQWUDVW� WR� WKH�RWKHUV� ��
NQRZOHGJH�SRRU� PHWKRGV�� �3HUHLUD� DQG� 7KLVKE\��
������ *UHIHQVWHWWH�� ������ /L� DQG� $EH�� ������
UHSUHVHQW�WKH�ZRUGV�XQGHU�FRQVLGHUDWLRQ�DV�YHFWRUV�
FRQWDLQLQJ� VWDWLVWLF� YDOXHV� RI� WKHLU� V\QWDFWLF�
SURSHUWLHV�LQ�UHODWLRQ�WR�D�JLYHQ�VHW�RI�ZRUGV��H�J��
VWDWLVWLFV� RI�REMHFW� V\QWD[� UHODWLRQV� UHIHUULQJ� WR� D�
VHW� RI� YHUEV�� DQG� FOXVWHU� WKH� FRQVLGHUHG� ZRUGV�
DFFRUGLQJ� WR� VLPLODULW\� RI� WKH� FRUUHVSRQGLQJ�
YHFWRUV��0HWKRGV� WKDW�XVH�ELJUDPV� �%URZQ�HW� DO���
������ RU� WULJUDPV� �0DUWLQ� HW� DO��� ������ FOXVWHU�
ZRUGV�FRQVLGHULQJ�DV�D�ZRUG¶V�FRQWH[W�WKH�RQH�RU�
WZR� LPPHGLDWHO\� DGMDFHQW� ZRUGV� DQG� HPSOR\� DV�
FOXVWHULQJ� FULWHULD� WKH� PLQLPDO� ORVV� RI� DYHUDJH�
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PXWXDO� LQIRUPDWLRQ� DQG� WKH� SHUSOH[LW\�
LPSURYHPHQW� UHVSHFWLYHO\�� 6XFK� PHWKRGV� DUH�
RULHQWHG� WR� ODQJXDJH�PRGHOLQJ� DQG�DLP�SULPDULO\�
DW� URXJK�EXW� IDVW�FOXVWHULQJ�RI�ODUJH�YRFDEXODULHV��
%URZQ� HW� DO�� ������� DOVR� SURSRVHG� D� ZLQGRZ�
PHWKRG� LQWURGXFLQJ� WKH� FRQFHSW� RI� �VHPDQWLF�
VWLFNLQHVV��RI�WZR�ZRUGV�DV�WKH�UHODWLYHO\�IUHTXHQW�
FORVH� RFFXUUHQFH� EHWZHHQ� WKHP� �OHVV� WKDQ� ����
ZRUGV�GLVWDQFH���$OWKRXJK�WKLV�LV�DQ�HIILFLHQW�DQG�
HQWLUHO\� NQRZOHGJH�SRRU� PHWKRG� IRU� H[WUDFWLQJ�
ERWK�VHPDQWLF�UHODWLRQV�DQG�FOXVWHUV��WKH�H[WUDFWHG�
UHODWLRQV� DUH� QRW� UHVWULFWHG� WR� VHPDQWLF� VLPLODULW\�
EXW� H[WHQG� RQ� WKHPDWLF� UROHV�� 0RUHRYHU� LWV�
DSSOLFDELOLW\� WR� VPDOO� DQG� VSHFLDOL]HG� FRUSRUD� LV�
XQFHUWDLQ��

�� $�NQRZOHGJH�SRRU�DSSURDFK�
,Q� RUGHU� WR� DFKLHYH� SRUWDELOLW\� ZH� DSSURDFK� WKH�
LVVXH�IURP�D�NQRZOHGJH�SRRU�SHUVSHFWLYH��6\QWD[�
EDVHG� PHWKRGV� HPSOR\� SDUWLDO� SDUVHUV� ZKLFK�
UHTXLUH� KLJKO\� ODQJXDJH�GHSHQGHQW� UHVRXUFHV�
�PRUSKRORJLFDO�JUDPPDWLFDO� DQDO\VLV��� DQG�RU�
SURSHUO\� WDJJHG� WUDLQLQJ�FRUSXV�LQ�RUGHU�WR�GHWHFW�
V\QWDFWLF� UHODWLRQV�EHWZHHQ�VHQWHQFH�FRQVWLWXHQWV��
2Q� WKH� RWKHU� KDQG�� Q�JUDP� PHWKRGV� RSHUDWH� RQ�
ODUJH� FRUSRUD� DQG�� LQ� RUGHU� WR� UHGXFH�
FRPSXWDWLRQDO� UHVRXUFHV�� FRQVLGHU� DV� FRQWH[W�
ZRUGV� RQO\� WKH� LPPHGLDWHO\� DGMDFHQW� RQHV��
0HGLXP�GLVWDQFH� ZRUG� FRQWH[W� LV� QRW� H[SORLWHG��
6LQFH� ODUJH� FRUSRUD� DUH� DYDLODEOH� RQO\� IRU� IHZ�
GRPDLQV� ZH� DLPHG� DW� GHYHORSLQJ� D� PHWKRG� IRU�
SURFHVVLQJ� VPDOO� RU� PHGLXP� VL]HG� FRUSRUD�
H[SORLWLQJ�WKH�PRVW�RI�FRQWH[WXDO�LQIRUPDWLRQ��WKDW�
LV�� WKH� IXOO� VHQWHQWLDO� FRQWH[W� RI� ZRUGV�� 2XU�
DSSURDFK� ZDV� GULYHQ� E\� WKH� REVHUYDWLRQ� WKDW� LQ�
GRPDLQ�FRQVWUDLQHG� FRUSRUD�� XQOLNH� ILFWLRQ� RU�
JHQHUDO� MRXUQDOHVH�� WKH� YRFDEXODU\� LV� OLPLWHG�� WKH�
V\QWDFWLF� VWUXFWXUHV� DUH� QRW� FRPSOH[� DQG� WKDW�
PHGLXP�GLVWDQFH� OH[LFDO� SDWWHUQV� DUH� IUHTXHQWO\�
XVHG�WR�H[SUHVV�VLPLODU�IDFWV���

6SHFLILFDOO\� ZH� KDYH� GHYHORSHG� WZR� GLIIHUHQW�
DOJRULWKPV�LQ�UHVSHFW�WR�WKH�FRQWH[W�FRQVLGHUDWLRQ�
WKH\�HPSOR\��:RUG�EDVHG�DQG�3DWWHUQ�EDVHG��7KH�
IRUPHU� DFTXLUHV� ZRUG�EDVHG� FRQWH[WXDO� GDWD�
�H[WHQGHG�XS�WR�VHQWHQFH�ERXQGDULHV���DFFRUGLQJ�WR�
WKH� GLVWULEXWLRQDO� VLPLODULW\� RI� ZKLFK�� ZRUG�
VLPLODULW\�UHODWLRQV�DUH�H[WUDFWHG��7KH�ODWWHU�GHWHFWV�
FRPPRQ� SDWWHUQV� WKURXJKRXW� WKH� FRUSXV� WKDW�
LQGLFDWH� SRVVLEOH� ZRUG� VLPLODULWLHV�� )RU� H[DPSOH��
FRQVLGHU�WKH�VHQWHQFH�IUDJPHQWV��

����ZKLOH�WKH�6	3�LQGH[�LQFKHG�XS��������
�7KH�'$;�LQGH[�LQFKHG�XS������SRLQW�WR�FORVH�����
$OWKRXJK� WKHLU� V\QWDFWLF� VWUXFWXUHV� DUH� GLIIHUHQW��
WKH�FRPPRQ�FRQWH[WXDO�SDWWHUQ��DSSHDULQJ�EH\RQG�
LPPHGLDWHO\� DGMDFHQW�ZRUGV�� LQGLFDWHV� D�SRVVLEOH�
VLPLODULW\� EHWZHHQ� WKH� WRNHQV� 
6	3
� DQG� 
'$;
��
:RUG� SDLUV� WKDW� SHUVLVWHQWO\� DSSHDU� VXFK� FRQWH[W�
VLPLODULW\� WKURXJKRXW� WKH� FRUSXV� �IUHTXHQWO\�
REVHUYHG� LQ� WHFKQLFDO� WH[WV�� DUH� FRQILGHQWO\��
LQGLFDWHG� DV� VHPDQWLFDOO\� VLPLODU�� 2XU� PHWKRG�
FDSWXUHV� VXFK� FRQWH[W� VLPLODULW\� DQG� H[WUDFWV� D�
SURSRUWLRQDWH� PHDVXUH� DERXW� VHPDQWLF� VLPLODULW\�
EHWZHHQ�OH[LFDO�LWHPV���

0RVW�DSSURDFKHV� �%URZQ�HW�DO���������/L�	�$EH��
������ LQKHUHQWO\� H[WUDFW� VHPDQWLF� NQRZOHGJH� LQ��
WKH� DEVWUDFWHG� IRUP� RI� VHPDQWLF� FOXVWHUV�� 2XU�
PHWKRG� SURGXFHV� VHPDQWLF� VLPLODULW\� UHODWLRQV� DV�
DQ� LQWHUPHGLDWH� �DQG� LQIRUPDWLRQ�ULFKHU��
VHPDQWLFV� UHSUHVHQWDWLRQ� IRUPDOLVP�� IURP� ZKLFK�
FOXVWHU� KLHUDUFKLHV� FDQ� EH� JHQHUDWHG�� 2I� JUHDW�
LPSRUWDQFH�LV�WKDW�VRIW�FOXVWHULQJ�PHWKRGV�FDQ�DOVR�
EH� DSSOLHG� WR� WKLV� VHW� RI� UHODWLRQV� DQG� FOXVWHU�
SRO\VHPRXV�ZRUGV�WR�PRUH�WKDQ�RQH�FODVVHV��

6WRFN� PDUNHW�ILQDQFLDO� QHZV� DQG�0RGHUQ� *UHHN��
ZHUH� XVHG� DV� GRPDLQ� DQG� ODQJXDJH� WHVW� FDVH�
UHVSHFWLYHO\�� +RZHYHU� GHPRQVWUDWLYH� H[DPSOHV�
WDNHQ� IURP� WKH� :6-� FRUSXV� KDYH� EHHQ� XVHG�
WKURXJKRXW�WKH�SDSHU�DV�ZHOO��

�� &RQWH[W�6LPLODULW\�(VWLPDWLRQ�
7KH� PDLQ� LGHD� VXSSRUWLQJ� FRQWH[W�EDVHG� ZRUG�
FOXVWHULQJ�LV�WKDW�WZR�ZRUGV�WKDW�FDQ�VXEVWLWXWH�RQH�
DQRWKHU� LQ� VHYHUDO� GLIIHUHQW� FRQWH[WV� DOZD\V�
SURYLGLQJ� PHDQLQJIXO� ZRUG� VHTXHQFHV� DUH�
SUREDEO\� VHPDQWLFDOO\� VLPLODU�� 3UHVHQW� Q�JUDP�
EDVHG�PHWKRGV�XWLOL]H�WKLV�DVVXPSWLRQ�FRQVLGHULQJ�
DV�D�FRQWH[W�RI�D� IRFXV�ZRUG�RQO\� WKH�RQH�RU� WZR�
LPPHGLDWHO\�DGMDFHQW�SDUDPHWHU�ZRUGV���

,Q�WKH�SUHVHQW�ZRUN��ZH�FRQVLGHU�DV�ZRUG�FRQWH[W�
WKH�ZKROH� VHQWHQFH� LQ�ZKLFK� WKH� H[DPLQHG�ZRUG�
DSSHDUV�� H[FOXGLQJ� RQO\� WKH� VHPDQWLFDOO\� HPSW\�
�L�H�� IXQFWLRQDO�� ZRUGV� VXFK� DV� DUWLFOHV��
FRQMXQFWLRQV�� SDUWLFOHV�� DX[LOLDULHV��$GRSWLQJ� WKLV�
ZRUG�FRQWH[W�QRWLRQ�ZH�SURFHHG� WR� WKH�IROORZLQJ�
DQDO\VLV��

/HW�XV�FRQVLGHU�D�WH[W�FRUSXV�7&�ZLWK�YRFDEXODU\�
9&�DQG�96�º�9&�WKH�VHW�RI�ZRUGV�WKDW�DUH�RI�LQWHUHVW�
LQ�H[WUDFWLQJ�VHPDQWLF�VLPLODULW\�UHODWLRQV�EHWZHHQ�
WKHP�� 96� FRPSULVHV� WKH� QRQ�IXQFWLRQDO� ZRUGV� RI�
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9&�DSSHDULQJ�LQ�7&�ZLWK�D�IUHTXHQF\�KLJKHU�WKDQ�D�
WKUHVKROG��VHW�WR����LQ�WKH�SUHVHQWHG�H[SHULPHQWV��
LQ�RUGHU�WR�DFTXLUH�VXIILFLHQW�GDWD�IRU�HYHU\�IRFXV�
ZRUG��/HW�93º�9&�EH�WKH�VHW�RI�ZRUGV�WKDW�ZLOO�EH�
XVHG� DV� FRQWH[W� SDUDPHWHUV�� ,GHDOO\�� DQ\� ZRUG�
DSSHDULQJ� DW� OHDVW� WZLFH� LQ� WKH� FRUSXV� FRXOG� EH�
XVHG�DV�FRQWH[W�SDUDPHWHU��+RZHYHU�ZH�VSHFLILHG�
WKLV� ZRUG� IUHTXHQF\� WKUHVKROG� WR� ��� LQ� RUGHU� WR�
GLPLQLVK�FRPSXWDWLRQDO�WLPH��&RQVLGHU�D�VHQWHQFH�
RI�7&��

6P� �Z��Z������ZM���ZM�ZM�������ZN�

:H�GHILQH�DV�VHQWHQWLDO�FRQWH[W�RI�ZL�LQ�6P�WKH�VHW�
RI� WKH� SDLUV� RI� WKH� VHQWHQFH� ZRUGV� ZKLFK� DUH�
PHPEHUV� RI� 93�� DFFRPSDQLHG� E\� WKHLU�
FRUUHVSRQGLQJ�GLVWDQFH�IURP�ZM��

`9Z��M���L����N�L���ZM��^�L���Z& 3LLM6
P
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(TXDWLRQ������6HQWHQWLDO�FRQWH[W�RI�ZL�LQ�6P�

0RUH� IRUPDOO\�� ���Z& M6
P

FDQ� EH� UHSUHVHQWHG� DV� D�

ELQDU\�YDOXHG� PDWUL[� GHILQHG� RYHU� WKH� VHW�
¤= � ZKHUH�  ^���������������/P�/P`�� /P�

EHLQJ�WKH�PD[LPXP�ZRUG�GLVWDQFH�ZH�UHJDUG�WKDW�
FDUULHV� XVHIXO� FRQWH[WXDO� LQIRUPDWLRQ� �IRU� IXOO�
VHQWHQFH� GLVWDQFH� /P /PD[��� ZKHUH� /PD[� WKH�
PD[LPXP� VHQWHQFH� OHQJWK� LQ� 7&��� DQG� � WKH�
RUGHUHG�VHW�96��
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6XPPLQJ�RYHU�DOO�FRUSXV�VHQWHQFHV�ZH�REWDLQ�WKH�
FRQWH[WXDO�GDWD�PDWULFHV�IRU�HYHU\�
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7KH�ZRUG�VHPDQWLF�VLPLODULW\�HVWLPDWLRQ�KDV�EHHQ�
UHGXFHG� WR� PDWULFHV� VLPLODULW\� HVWLPDWLRQ�� 7KH�
REWDLQHG�FRQWH[WXDO�PDWULFHV�DUH�FRPSDUHG�XVLQJ�D�
ZHLJKWHG�7DQLPRWR�PHDVXUH��&KDUQLDN��������DQG�
D�ZRUG�VLPLODULW\�PHDVXUH�6P�ZL�ZM��LV�REWDLQHG��
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7KH� ZHLJKW� IXQFWLRQ� K�G�� GHILQHV� WKH� GHVLUHG�
LQIOXHQFH� WKDW� WKH�GLVWDQFH�EHWZHHQ�ZRUGV�VKRXOG�

KDYH� WR� FRQWH[W� VLPLODULW\� HVWLPDWLRQ�� ,Q� WKLV�
H[SHULPHQW�ZH�VHW��K�G� ��_G_�� ,Q�RUGHU� WR�UHGXFH�
FRPSXWDWLRQDO� WLPH� WKH� GHQRPLQDWRU� ZDV� VHW� WR��
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L Z��G�F��Z��G�F �� D� PRGLILFDWLRQ�

WKDW� KDV� PLQLPDO� HIIHFW� RQ� WKH� ILQDO� UHVXOW��
([SHULPHQWDO� UHVXOWV�RI� WKLV�PHWKRG��:RUG�EDVHG�
&RQWH[W� 6LPLODULW\� (VWLPDWLRQ� ±� :&6(��� DUH�
VKRZQ� LQ�7DEOH����1RWH� WKDW�� VLQFH� WKH� ��Z& M7&

�

PDWUL[� LV� VSDUVH�� ���� ZDV� XVHG� DV� GDWD� VWRULQJ�
IRUPXOD� LQVWHDG� RI� ����� LQ� RUGHU� WR� GLPLQLVK�
FRPSXWDWLRQDO�FRVW��

7KH�SUHYLRXVO\�GHVFULEHG�DOJRULWKP�LV�KDQGOLQJ�DOO�
FRQWH[WXDO�GDWD�LQ�D�XQLIRUP�ZD\��+RZHYHU��VWXG\�
RI� WKH� UHVXOWV� VKRZHG� WKDW� SUHIHUHQFH� VKRXOG� EH�
JLYHQ� WR�KLWV�GHULYHG� IURP�PDQ\�GLIIHUHQW�VLPLODU�
FRQWH[WV� LQVWHDG� RI� IHZ� RQHV� DSSHDULQJ� PDQ\�
WLPHV��7KLV�ZRXOG�FOHDUO\�JLYH�EHWWHU�UHVXOWV�VLQFH�
WKH� ODWWHU� FDVH� PD\� EH� GXH� WR� RIWHQ�XVHG�
VWHUHRW\SHG�H[SUHVVLRQV�RU�UHSHDWHG�IDFWV��,Q�RUGHU�
WR�DFKLHYH�WKLV�ZH�PRGLILHG�����WR��
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,QGHHG� WKH� H[SHULPHQWDO� UHVXOWV� RI� WKLV� YDULDWLRQ�
�9DULDQW� :&6(� ±� 9:&6(�� VKRZ� D� VLJQLILFDQW�
LPSURYHPHQW��VHH�7DEOH�����

�� '\QDPLF�SDWWHUQ�GHWHFWLRQ�IRU�
FRQWH[W�VLPLODULW\�HVWLPDWLRQ�

,Q� WKH�SUHYLRXVO\�GHVFULEHG�PHWKRG� WKH�QRWLRQ�RI�
ZRUG� FRQWH[W� LV� EDVHG� RQ� LQGHSHQGHQW� LQWUD�
VHQWHQWLDO� ZRUG� FR�RFFXUUHQFHV�� +RZHYHU�
VLPLODULW\� RI� FRQWH[WXDO� SDWWHUQV� LV� PXFK� PRUH�
UHOLDEOH�ZRUG�VLPLODULW\�FULWHULRQ�WKDQ�ZRUG�EDVHG��
FRQWH[W� VLPLODULW\�� 7KDW� LV�� LI� WKH� VHQWHQWLDO�
FRQWH[WV� ��� L6 Z&

P

� DQG� ��� M6 Z&
Q

�KDYH�DW� OHDVW� WZR�

FRPPRQ�HOHPHQWV��ZH�FRXQW�WKLV�DV�D�PXFK�PRUH�
FRQILGHQW�KLW�UHJDUGLQJ�WKH�ZL�DQG�ZM�VLPLODULW\��$�
PHDVXUH� H[SUHVVLQJ� WKH� ZHLJKW� RI� WKH� FRPPRQ�
SDWWHUQ� LV� REWDLQHG�� 6LQFH� WKH� SDWWHUQV� XQGHU�
GHWHFWLRQ� YDU\� DFURVV� ODQJXDJHV� DQG� GRPDLQV�ZH�
QHHG� D� PHWKRG� WKDW� H[WUDFWV� WKHP� G\QDPLFDOO\��
UHJDUGOHVV�RI�WKH�WH[W�JHQUH��GRPDLQ�RU�ODQJXDJH���

)RU� WKLV� SXUSRVH� ZH� SURSRVH� DQ� DOJRULWKP� WKDW�
SHUIRUPV� D� VHQWHQFH�E\�VHQWHQFH� FRPSDULVRQ�
DORQJ�WKH�FRUSXV��7KLV�FRPSDULVRQ�LV�EDVHG�RQ�WKH�
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FURVV�FRUUHODWLRQ� FRQFHSW� DV� LW� LV� XVHG� LQ� GLJLWDO�
VLJQDO�SURFHVVLQJ��$�VHQWHQFH�FDQ�EH�FRQVLGHUHG�DV�
D� GLJLWDO� VLJQDO� ZKHUH� HYHU\� VHPDQWLF� WRNHQ�
FRUUHVSRQGV�WR�D�VLJQDO�VDPSOH��,Q�RUGHU�WR�GHWHFW�
ZRUGV� ZLWK� FRPPRQ� FRQWH[WV� HYHU\� VHQWHQFH� LV�
FKHFNHG�RQ�PDWFKLQJ�HYHU\�RWKHU�RQH�SDUWLDOO\��L�H��
PDWFKLQJ� WKH� VHPDQWLF� FDWHJRU\� RI� RQH� RU� PRUH�
WRNHQV�� RQ� HYHU\� SRVVLEOH� UHODWLYH� SRVLWLRQ�
EHWZHHQ� WKH� WZR� VHQWHQFHV�� :KHUHYHU� FRPPRQ�
SDWWHUQV� RI� VHPDQWLF� WRNHQV� DUH� IRXQG� WKH�
QHLJKERULQJ� UHVSHFWLYH� WRNHQV� RQ� WKH� WZR�
VHQWHQFHV� DUH� VWRUHG� DV� FDQGLGDWH� VHPDQWLF�
UHODWLYHV���

'XULQJ� WKLV� SURFHVV� FRQWH[WXDO� GDWD� DUH� QRW�
PDLQWDLQHG� LQ�PHPRU\�� LQVWHDG� WKH�GHWHFWLRQ�RI�D�
FRPPRQ� SDWWHUQ� LQ� ERWK� VHQWHQFHV� UHVXOWV� WR� WKH�
VWRUDJH�RI�VHYHUDO�KLWV��L�H��FDQGLGDWH�VLPLODU�ZRUG�
SDLUV�� RU� WR� WKH� LQFUHDVH� RI� WKHLU� FRUUHVSRQGLQJ�
VLPLODULW\� PHDVXUH� DFFRUGLQJ� WR� WKH� SDWWHUQ�
VLPLODULW\�RI�WKHLU�FRQWH[WV���

/HW� 6P� DQG�6Q� EH� WZR� VHQWHQFHV� WKDW�XQGHUJR� WKH�
FURVV�FRUUHODWLRQ� SURFHGXUH�� ,I� [ ^G[�� [ ���[���
[�!�`��LV�WKH�VHW�RI�ZRUG�GLVWDQFHV�WKDW�VDWLVI\�WKH�
HTXDOLW\�� �����������
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ZGFZGF �� WKHQ�WKH�

SDLU� �ZL�ZM�� LV�VWRUHG�DV�D�KLW�DFFRPSDQLHG�E\�WKH�
IROORZLQJ�FRQWH[W�VLPLODULW\�PHDVXUH�� �
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.HHSLQJ� RQO\� WKH� ILUVW� WHUP� ZH� REWDLQ� WKH� VDPH�
UHVXOW� DV� LQ� WKH� :&6(� PHWKRG� ZLWK� ZHLJKW�
IXQFWLRQ�K�G� ��_G_��7KH�VHFRQG�WHUP�DXJPHQWV�WKH�
VFRUH�LQ�SURSRUWLRQ�WR�WKH�FRKHVLRQ�DQG�WKH�VL]H�RI�
WKH�GHWHFWHG�SDWWHUQ�GHSHQGLQJ�RQ� WKH�SRVLWLRQ�RI�
ZL��RU��HTXLYDOHQWO\��ZM���'LYLGLQJ�����E\�WKH�WRWDO�
OHQJWK�RI�6P�DQG�6Q��L�H��/PQ� /P�/Q���ZH�REWDLQ�D�
QRUPDOL]HG�PHDVXUH�RI�WKH�FURVV�FRUUHODWLRQ�RI�WKH�
WZR�VHQWHQFHV�� ��
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7KH� WRWDO� VLPLODULW\� PHDVXUH� LV� REWDLQHG� IURP��
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DSSOLHG�WKURXJKRXW�WKH�FRUSXV���

,Q� RUGHU� WR� UHGXFH� VHDUFK� WLPH� DQG� UHTXLUHG�
PHPRU\� GXULQJ� WKH� ZKROH� SURFHVV� D� SUXQLQJ�

PHFKDQLVP� LV� DSSOLHG� DW� UHJXODU� WLPH� LQWHUYDOV� WR�
HOLPLQDWH� ZRUG� SDLUV� ZLWK� D� UHODWLYHO\� YHU\� ORZ�
VHPDQWLF�VLPLODULW\�VFRUH���

'LYLGLQJ� ���� E\� WKH� SURGXFW� RI� WKH� ZRUG�
SUREDELOLWLHV�3�ZL�Â3�ZM��ZH�REWDLQ�WKH�QRUPDOL]HG�
VLPLODULW\�PHDVXUH�)1�ZL�ZM����

,Q�RUGHU�WR�FRQVWUDLQ�WKH�GHJUDGDWLRQ�RI�RXU�UHVXOWV�
GXH� WR� VSDUVH�GDWD� UHJDUGLQJ� OHVV� IUHTXHQW�ZRUGV��
ZH�PXOWLSO\�����E\�3&��D�GDWD�VXIILFLHQF\�PHDVXUH�
IXQFWLRQ�RI�3�ZL���DQG�3�ZM���REWDLQLQJ�)8��D�PRUH�
UHOLDEOH�PHDVXUH��+HUH�ZH�HPSOR\HG��
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ZKHUH�ZH�XVHG�37K ���_7&_�� _7&_� EHLQJ� WKH�VL]H�RI�
WKH�FRUSXV��

)LQDOO\�� VRUWLQJ� WKH� UHVXOWLQJ� SDLUV� E\� )8� � DQG�
NHHSLQJ� WKH� 1�EHVW� VFRULQJ� SDLUV�� ZH� REWDLQ� WKH�
SUHSRQGHUDQW�VHPDQWLFDOO\�UHODWHG�FDQGLGDWHV���

�� 3UHSURFHVVLQJ�
,Q� RUGHU� WR� DSSO\� WKH� DERYH�GHVFULEHG�DOJRULWKPV�
VRPH�SUHSURFHVVLQJ�LV�QHFHVVDU\��

���$� WUDLQDEOH� VHQWHQFH� VSOLWWHU� DQG� D� UXOH�EDVHG�
FKXQNHU�DUH�DSSOLHG��6HQWHQFH�ERXQGDULHV�FRQILQH�
WKH� VFRSH� RI� FRQWH[W� ZKLOH� SKUDVH� ERXQGDULHV�
GHWHUPLQH�WKH�PD[LPXP�H[WHQW�RI�VHPDQWLF�WRNHQV�
�VHH�EHORZ���

���7KH�QH[W� VWHS�RI� WKH�SUHSURFHVVLQJ� LV�ZKDW�ZH�
FDOO� �VHPDQWLF� WRNHQL]DWLRQ��� :H� WU\� WR� UHGXFH�
FRQWH[W� SDUDPHWHUV� DQG� VLPXOWDQHRXVO\� WR�
LQFHUHDVH� WKH�YROXPH�RI�FRQWH[WXDO�GDWD�HLWKHU�E\�
UHGXFLQJ� WKH� YROXPH� RI� ERWK� WKH� IRFXV� DQG�
SDUDPHWHU� ZRUG� VHW� RU� E\� GLVFDULQJ� RU� PHUJLQJ�
OH[LFDO�LWHPV�UHVXOWLQJ�LQ�UHGXFWLRQ�RI�WKH�GLVWDQFH�
EHWZHHQ� VHPDQWLF� WRNHQV�� :RUGV� RU� ZRUG�
VHTXHQFHV�DUH�WKXV�FODVVLILHG�LQ�FRPPRQ�VHPDQWLF�
FDWHJRULHV� HPSOR\LQJ� V\QWDFWLFDO�� PRUSKRORJLFDO�
DQG�FROORFDWLRQDO�LQIRUPDWLRQ��

D��)XQFWLRQDOV� �DX[LOLDULHV�� GHWHUPLQHUV�� DUH�
GLVFDUGHG�VLQFH�WKH\�GR�QRW�PRGLI\�VHPDQWLFDOO\�
WKHLU� KHDG� ZRUGV�� :RUGV� RI� LQGHWHUPLQDEOH�
VHPDQWLF� FRQWHQW� �SURQRXQV�� � ORZ� IUHTXHQF\�
ZRUGV��DUH�WUHDWHG�DV�HPSW\�WRNHQV���

E��.QRZQ� GRPDLQ�LQGHSHQGHQW� OH[LFDO� SDWWHUQV�
LQFRUSRUDWLQJ� DULWKPHWLF� DQG� WHPSRUDO�
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H[SUHVVLRQV��H�J��GDWHV��QXPEHUV��DPRXQWV��HWF���
DUH� UHJDUGHG� DV� D� VLQJOH� VHPDQWLF� WRNHQ� DQG�
WDJJHG�DFFRUGLQJO\��7KHLU�LQIRUPDWLRQ�FRQWHQW�LV�
LQGLIIHUHQW� WR� VHPDQWLF� NQRZOHGJH� DFTXLVLWLRQ��
WKHUHIRUH�ZH�SUHVHUYH�RQO\�FODVV�LQIRUPDWLRQ��

F��)UHTXHQWO\� DSSHDULQJ� OH[LFDO� SDWWHUQV� ZKLFK�
UHSUHVHQW�VLQJOH�VHPDQWLF�HQWLWLHV�LQ�WKH�VSHFLILF�
GRPDLQ�DUH�WUHDWHG�DV�D�VLQJOH��DOEHLW�FRPSRVLWH��
�VHPDQWLF� WRNHQ��� 7KHLU� GHWHFWLRQ� LV� EDVHG� RQ�
WKH�IROORZLQJ�DOJRULWKP��FI��6PDGMD����������

���([WUDFW� �VLJQLILFDQW� ELJUDPV�� FRQILQHG� LQVLGH�
QRXQ�SKUDVHV�L�H��LPPHGLDWHO\�DGMDFHQW�ZRUGV�
WKDW� FRQWDLQ� D� UHODWLYHO\� KLJK� DPRXQW� RI�
PXWXDO�LQIRUPDWLRQ���

��3�Z3�Z

�Z3�Z
ORJ�Z�Z�

��

��

���
=

PXWXDO
, � �����

���&RPELQH� VLJQLILFDQW� ELJUDPV� WRJHWKHU� WR�
REWDLQ� �VLJQLILFDQW� Q�JUDPV�� IRXQG� LQ� WKH�
FRUSXV� DQG� FRQILQHG� LQVLGH� QRXQ� SKUDVHV� DV�
ZHOO��'LVFDUG�VXEVXPHG�P�JUDPV��P�Q��RQO\�
LI� WKH\� GR� QRW� RFFXU� LQGHSHQWHQWO\� LQ� WKH�
FRUSXV��

���7DJ� WKURXJKRXW� WKH� FRUSXV� WKH� VLJQLILFDQW� Q�
JUDPV� DV� VLQJOH� VHPDQWLF� WRNHQV�� VWDUWLQJ�
IURP�WKH�KLJKHU�RUGHU�RQHV��

6HPDQWLF� HQWLWLHV� WKDW� DUH� OH[LFDOO\� UHSUHVHQWHG�
DV� VWLFN\�ZRUG�FKDLQV�PD\�EH�HLWKHU�VWDQGDUG�±��
LQ� WKH� IUDPHZRUN� RI� WKH� LQIRUPDWLRQ� H[WUDFWLRQ�
WDVN�±�QDPHG�HQWLWLHV�� VXFK�DV��/DWLQ�$PHULFD��
�ORFDWLRQ��� �5XVVLDQ� SUHVLGHQW� %RULV� <HOWVLQ��
�SHUVRQ��� � � � ��
��%DQN� RI� 0DFHGRQLD� DQG� 7KUDFH���
RUJDQL]DWLRQ�� RU� UHSUHVHQWDWLRQV� RI� GRPDLQ�
VSHFLILF� W\SLFDO� HYHQWV� �� � �

��  � ULVH� RI� HTXLW\� FDSLWDO��� DEVWUDFW�
FRQFHSWV� ��'RZ� -RQHV� LQGXVWULDOV���� HWF�� 7R�
HQVXUH�WKDW�WKH�GHWHFWHG��VWLFN\��SKUDVHV�DFWXDOO\�
UHSUHVHQW�VHPDQWLF�HQWLWLHV��KXPDQ�LQVSHFWLRQ�LV�
QHFHVVDU\�IRU�GLVFDUGLQJ�WKH�VSXULRXV�RQHV��VLQFH�
UHSHDWHG�ZRUG� VHTXHQFHV� WKDW� GR�QRW� FRQVWLWXWH�
DOZD\V� VLQJOH� VHPDQWLF� HQWLWLHV� RIWHQ� DSSHDU� LQ�
VSHFLDOL]HG�WH[WV��

)URP�WKH�DERYH�LW�LV�DSSDUHQW�WKDW�ZH�XVH�WKH�WHUP�
�VHPDQWLF�WRNHQ��WR�UHIHU�WR�D�UHFRJQL]HG�VHPDQWLF�
SDWWHUQ� �H�J�� �GDWH!��� D� ULJLG� ZRUG� FKDLQ� �H�J��
�'RZB-RQHVBLQGXVWULDOV��� RU� D� VLQJOH� FRQWHQW�
ZRUG��7KH�FRQWH[W�VLPLODULW\�HVWLPDWLRQ�DOJRULWKPV�
ZHUH� UXQ� XVLQJ� YRFDEXODULHV� RI� IRFXV� DQG�

SDUDPHWHU�ZRUGV�GHULYHG�IURP�WKH�H[WUDFWHG�VHW�RI�
VHPDQWLF�WRNHQV��

�� ,QFRUSRUDWLQJ�KHXULVWLFV�
)URP� WKH� VWXG\� RI� WKH� HUURQHRXVO\� H[WUDFWHG�
VHPDQWLF� UHODWLRQV� FHUWDLQ� V\VWHPDWLF� HUURUV�ZHUH�
GHWHFWHG�� )RU� H[DPSOH�� DGMHFWLYHV�� DGYHUEV� RU�
DGMXQFWLYH� QRXQV� WKDW� RFFXU� LQWHUSRODWLQJ� LQ�
RWKHUZLVH�VLPLODU�FRQWH[WV�OHDG�WR�WKH�H[WUDFWLRQ�RI�
VSXULRXV�SDLUV��&RQVLGHU�IRU�H[DPSOH�WKH�SKUDVHV��
� � � � � � ��� �WKH�LQFUHDVH�
RI� WKH� EHQ]LQH� SULFH�� DQG� � � � � �

� � �� � WKH� LQFUHDVH� RI� WKH�
GLVSRVDO�EHQ]LQH�SULFH���(YHU\�DOJRULWKP�EDVHG�RQ�
ZRUG�DGMDFHQF\�GDWD�RXWSXWV�DV�HUURQHRXV�KLWV�WKH�
SDLUV�^EHQ]LQH�GLVSRVDO`�DQG�^�LQFUHDVH�GLVSRVDO`��
$�UXOH�WKDW�ZDV�DSSOLHG�WR�GHDO�ZLWK�WKLV�SUREOHP�
LV��

,I� ZL»6P� DQG� ZM»6Q� KDYH� VLPLODU�
FRQWH[WV�� FRXQW� WKH� SDLU� �ZL�ZM�� DV�
D�KLW�RQO\�LI�ZL¨ZM���DQG�ZM¨ZL����

6XFK� FRQWH[WXDO� UXOHV� FDQ� EH� DSSOLHG� RQO\� XVLQJ�
WKH� FURVV�FRUUHODWLRQ� PHWKRG� IRU� WKH� FRQWH[W�
VLPLODULW\� HVWLPDWLRQ� �HLWKHU� SDWWHUQ�EDVHG� RU�
ZRUG�EDVHG���

�� :RUG�&OXVWHULQJ�
$OWKRXJK�WKH�REWDLQHG�VHPDQWLFDOO\�UHODWHG�1�EHVW�
SDLU� OLVW� FRQVWLWXWHV� DOUHDG\� D� WKHVDXUXV�OLNH� DQG�
LQIRUPDWLRQ�ULFK� IRUP� RI� VHPDQWLF� NQRZOHGJH�
UHSUHVHQWDWLRQ�� PDQ\� 1/3� DSSOLFDWLRQV� �H�J��
ODQJXDJH�PRGHOLQJ�� UHTXLUH�ZRUG�FOXVWHUV� LQVWHDG�
RI� ZRUG� UHODWLRQV�� +RZHYHU�� VLQFH� D� ZRUG�
VLPLODULW\� PHDVXUH� KDV� EHHQ� H[WUDFWHG�� WKH�
IRUPDWLRQ� RI� FOXVWHUV� LV� D� UDWKHU� WULYLDO� SUREOHP��
DOWKRXJK�PRUH�FRPSOH[�IRU��VRIW�FOXVWHULQJ���L�H��D�
ZRUG�FDQ�EH�FODVVLILHG�LQ�PRUH�WKDQ�RQH�FODVVHV����

,Q�RUGHU�WR�FRQVWUXFW�ZRUG�FODVVHV�ZH�DSSOLHG�WKH�
XQVXSHUYLVHG� DJJORPHUDWLYH� KDUG� FOXVWHULQJ�
DOJRULWKP� VKRZQ� LQ� )LJXUH� �� RYHU� WKH� VHW� RI�
VHPDQWLF� UHODWLRQV�� (DFK� GLVWLQFW� OH[LFDO� LWHP� LV�
LQLWLDOO\�DVVLJQHG�WR�D�FOXVWHU�DQG�WKHQ�FOXVWHUV�DUH�
PHUJHG� LQWR� ODUJHU�RQHV�DFFRUGLQJ�WR�WKH�DYHUDJH�
OLQNDJH�PHDVXUH��0HUJLQJ�RI� FOXVWHUV� VWRSV�ZKHQ�
WKH�GLVWDQFH�EHWZHHQ�WKH�PRUH�SUR[LPDWH�FOXVWHUV�
H[FHHGV� D� WKUHVKROG� SURSRUWLRQDO� WR� WKH� DYHUDJH�
GLVWDQFH� EHWZHHQ�ZRUGV��7UDFNLQJ� WKH� VXFFHVVLYH�
PHUJHV�ZH�REWDLQ�VXE�FOXVWHU�KLHUDUFKLHV��VXFK�DV�
WKH�RQH�VKRZQ�LQ�)LJXUH����
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�� ([SHULPHQWDO�5HVXOWV�
7KH�UHSRUWHG�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW�RQ�
D� �������� ZRUGV� FRUSXV�� FRPSULVHG� RI� ILQDQFLDO�
QHZV� RI� ������ ZKLFK� ZDV� FRQVWUXFWHG� LQ� WKH�
IUDPHZRUN�RI�D�FXUUHQWO\�FDUULHG�RXW�5	'�SURMHFW�
IRU�,QIRUPDWLRQ�([WUDFWLRQ�IURP�UDZ�WH[W���

7KH� PHWKRGV� DQG� WKHLU� YDULDWLRQV� GHVFULEHG� LQ�
VHFWLRQV� �� DQG� �� IRU� REWDLQLQJ� OH[LFDO� VHPDQWLF�
UHODWLRQV� ZHUH� WHVWHG� DQG� WKHLU� DFFXUDF\� SHU�
QXPEHU� RI� EHVW� KLWV� ZDV� PHDVXUHG� E\� KXPDQ�
LQVSHFWLRQ��7KH�9:&6(�PHWKRG�ZDV�WHVWHG�XVLQJ�
RQO\� WKH� SUHYLRXV� DQG� QH[W� ZRUG� DV� FRQWH[W�
SDUDPHWHUV� �1	3� PHWKRG��� WR� VNHWFK� D� PHWKRG�
EDVHOLQH� IRU� WKH� SDUWLFXODU� FRUSXV�� 8VLQJ� D�
0RUSKRORJLFDO�$QDO\]HU�	�3DUW�RI�6SHHFK� WDJJHU�
WR� UHVWULFW� VHPDQWLF� UHODWLRQV�RQO\�EHWZHHQ�ZRUGV�
RI� WKH� VDPH� 3DUW�RI�6SHHFK� �3R6�� ZH� REWDLQ�
DSSDUHQWO\�KLJKHU�DFFXUDF\��WKRXJK�ZH�ORRVH�VRPH�
LQWHUHVWLQJ�YHUE���QRXQ�SDLUV�UHIHUULQJ�WR�WKH�VDPH�
DFWLRQ� RU� FRQGLWLRQ�� H�J�� � � LQFUHDVHG��
DQG� �� LQFUHPHQW���7KH�UHVXOWV�LQGLFDWH�WKDW�
WKH� QRUPDOL]DWLRQ� IDFWRUV� LQGHHG� LPSURYH� WKH�
DFFXUDF\� RI� WKH� PHWKRGV� DQG� WKDW� FRQWH[W�
VLPLODULW\� GHWHFWLRQ� EDVHG� RQ� G\QDPLF� SDWWHUQ�
PDWFKLQJ�\LHOGV�VLJQLILFDQWO\�PRUH�UHOLDEOH�UHVXOWV�
WKDQ� WKH� ZRUG�EDVHG� PHWKRG�� 7KLV� GHPRQVWUDWHV�
WKH�LPSRUWDQFH�RI�WKH�FURVV�FRUUHODWLRQ�DOJRULWKP��
ZKLFK� LV� WKH� RQO\� VXLWDEOH� IRU� SDWWHUQ�EDVHG�
FRQWH[W�VLPLODULW\�GHWHFWLRQ��

5HJDUGLQJ�WKH�FOXVWHULQJ�SURFHGXUH��D�VHW�RI������
ZRUGV� ZDV� FOXVWHUHG� WR� ��� KLHUDUFKLFDOO\�
VWUXFWXUHG� FOXVWHUV�� &RQVLGHULQJ� DQ� LQWHUHVWHG�
FOXVWHU�IRUPHG��)LJXUH����ZH�QRWH�WKDW�IURP�WKH����
OH[LFDO� HQWLWLHV� �ZRUGV� RU� ULJLG� SKUDVHV�� WKDW�
FRQVWLWXWH� WKH� FOXVWHU� DOO� EXW� WZR� UHIHU� WR� PRQH\�
������������������������������������������������������
��3URMHFW��0,726��RI�WKH�*UHHN�*HQHUDO�6HFUHWDULDW�IRU�
5HVHDFK�DQG�7HFKQRORJ\�

LQYHVWPHQW�RU�SURILW��)URP�WKH�YRFDEXODU\�VXEMHFW�
WR�FOXVWHULQJ���ZRUGV�EHORQJLQJ�WR�WKH�VDPH�FODVV�
ZHUH� QRW� GHWHFWHG�� WKHUHIRUH� DFFXUDF\� DQG� UHFDOO�
IRU� WKH� VSHFLILF� FOXVWHU�ZHUH� IRXQG� DW� ������DQG�
����UHVSHFWLYHO\��

$OWKRXJK�FRPSDULVLRQ�ZLWK�RWKHU�NQRZOHGJH�SRRU�
PHWKRGV�ZRXOG�EH�YHU\�XVHIXO�LW�ZDV�QRW�UHDOL]HG��
PDLQO\� EHFDXVH� RXU� PHWKRG� SURGXFHV� VHPDQWLF�
UHODWLRQV� ZKLOH� RWKHU� PHWKRGV� SURGXFH� VHPDQWLF�
FOXVWHUV� DQG� RXU� FOXVWHULQJ� SURFHVV� LV� QRW� \HW�
HODERUDWHG�HQRXJK�WR�\LHOG�TXDOLW\�UHVXOWV��
�

/H[LFDO�,WHP� (QJOLVK�7UDQVO��
� RXWOD\V�J�
� FDSLWDOV�
� FDSLWDOV��J�
� IOXLGLW\��J�

� LQYHVWPHQWV�
� LQYHVWPHQW�


 � SURJUDP�J�
B � VWDWH�VWRFNV�J�

� LQFRPH�ERQGV�J�
B � WLPH�QRWHV��J�

� ORVVHV�
� SURILWV�

� GHSRVLWV�
� ORVVHV��J�
� SXUFKDVHV�

� LQFRPHV�J�
� LQFRPHV�

� GHDOLQJV�

 � FRQWUDFW�

�

)LJXUH����$�GHULYHG�VDPSOH�KLHUDUFKLDO�FOXVWHU�RI�
OH[LFDO�HQWLWLHV��µ�J¶�GHQRWHV�JHQLWLYH�FDVH��
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3UHFLVLRQ�����SHU�QXPEHU�RI�
EHVW�KLWV�

� 1	3��&RQWH[W� �QH[W�DQG�SUHYLRXV�ZRUG�

� ���� ���� ���� ���� � :&6(��HYHU\�ZRUG�LQWR�WKH�VHQWHQFH�LV�

1	3� ��� ��� ����� ������ � WDNHQ�DV�FRQWH[W�SDUDPHWHU�HYHQO\���(T�����
:&6(� ��� ����� ����� ��� � �
9:&6(� ��� ��� ��� ����� � 9:&6(��FRQWH[WXDO�VLPLODULW\�YDULDQFH�

&&30� ��� ��� ��� ����� � LV�IDYRUHG���(T�����
&&30�1� ��� ����� ����� ��� � �

&&30�1�)� ��� ����� ����� ������ � &&30��'\QDPLF�3DWWHUQ�0DWFKLQJ��
&&30�1�)�3&� ��� ��� ����� ������ � EDVHG�RQ�&URVV�&RUUHODWLRQ���(T�����	����

� 9:&6(�� ��� ��� ��� ����� � &&30�1��QRUPDOL]HG�E\�/PQ�����	����
� &&30� ��� ����� ��� ����� � �
3R6�	� &&30�1� ��� ��� ��� ��� � &&30�1�)��QRUPDOL]HG�E\�3�ZL�Â�3�ZM��
� &&30�1�)� ��� ����� ��� ��� � �

� &&30�1�)�3&� ��� ��� ����� ��� � &&30�1�)�3&��QRUPDOL]HG�E\�3&���(T�����

7DEOH����&RPSDUDWLYH�5HVXOWV�DQG�([SODQDWLRQ�0HPR

��� &RQFOXVLRQ�
,QLWLDWLQJ�IURP�WKH�FRQFHSWLRQ�RI�ZRUG�VLPLODULW\�
HVWLPDWLRQ�LQ�WHUPV�RI�FRQWH[W�VLPLODULW\�ZH�KDYH�
SURSRVHG�DQ�DSSURDFK�ZLWK�VHYHUDO�YDULDWLRQV�IRU�
H[WUDFWLQJ� VHPDQWLF� VLPLODULW\� UHODWLRQV�
EHWZHHQOH[LFDO� HQWLWLHV� E\� SURFHVVLQJ� ZRUG�
DGMDFHQF\� GDWD�REWDLQHG� IURP�VPDOO� RU�PHGLXP�
VL]HG� FRUSRUD�� 7KH� GHVFULEHG� FURVV�FRUUHODWLRQ�
SURFHGXUH�� RIIHUV� WKH�SRVVLELOLW\� WR�G\QDPLFDOO\�
GHWHFW�SDWWHUQ�FRQWH[W�VLPLODULWLHV�RIIHULQJ�VWURQJ�
HYLGHQFH� IRU� VHPDQWLF� VLPLODULW\��7KH�SUHVHQWHG�
DOJRULWKP� IHDWXUHVODQJXDJH� DQG� GRPDLQ�
SRUWDELOLW\� DQG� WKH� DELOLW\� WR� FODVVLI\� NH\ZRUGV�
LUUHVSHFWLYH�RI�WKHLU�JUDPPDWLFDO�FKDUDFWHULVWLFV��

7KH� LPSOHPHQWDWLRQ� RI� WKH� VRIW� FOXVWHULQJ�
DOJRULWKP�� WKH� WHVW� RI� WKH�PHWKRG� WR� D� GLIIHUHQW�
GRPDLQ� DQG� ODQJXDJH� DQG� WKH� TXDQWLILHG�
FRPSDULVRQ�ZLWK�RWKHU�NQRZOHGJH�SRRU�PHWKRGV�
DUH�TXLWH�LQWHUHVWLQJ�PDWWHUV�EHORQJLQJ�WR�IXWXUH�
ZRUN��

5HIHUHQFHV�

%URZQ�3�)���'HOOD3LHWUD�9�-���'H6RX]D�3�9���/DL�
-�&���0HUFHU�5�/���&ODVV�%DVHG�Q�JUDP�0RGHOV�
RI� 1DWXUDO� /DQJXDJH�� � &RPSXWDWLRQDO�
/LQJXLVWLFV���������SS�����������������

&KDUQLDN�(���6WDWLVWLFDO�/DQJXDJH�/HDUQLQJ��7KH�
0,7�3UHVV��������

*UHIHQVWHWWH�� *��� 6(;7$17�� ([WUDFWLQJ�
6HPDQWLFV� IURP5DZ� 7H[W�� ,PSOHPHQWDWLRQ�
'HWDLOV��7KH�-RXUQDO�RI�.QRZOHGJH�(QJLQHHULQJ��
������

/L�+���$EH�1���&OXVWHULQJ�:RUGV�ZLWK�WKH�0'/�
3ULQFLSOH�� -RXUQDO� RI� 1DWXUDO� /DQJXDJH�
3URFHVVLQJ��Y����Q����������

0DUWLQ�6���/LHUPDQQ�-���1H\�+���$OJRULWKPV� IRU�
ELJUDP� DQG� WULJUDP� ZRUG� FOXVWHULQJ�� 6SHHFK�
&RPPXQLFDWLRQ�����SS��������������

0F0DKRQ�-�*���6PLWK�)�-���,PSURYLQJ�6WDWLVWLFDO�
/DQJXDJH� 0RGHO� 3HUIRUPDQFH� ZLWK�
$XWRPDWLFDOO\� *HQHUDWHG� :RUG� +LHUDUFKLHV��
&RPSXWDWLRQDO�/LQJXLVWLFV��������������

3HUHLUD�)���7LVKE\�1���'LVWULEXWLRQDO�6LPLODULW\��
3KUDVH�7UDQVLWLRQV�DQG�+LHUDUFKLFDO�&OXVWHULQJ��
,Q� :RUNLQJ� 1RWHV�� )DOO� 6\PSRVLXP� 6HULHV��
$$$,�SS����������������

6PDGMD� )��� 5HWULHYLQJ� &ROORFDWLRQV� IURP� WH[W��
;WUDFW�� &RPSXWDWLRQDO� /LQJXLVWLFV�� ������� SS��
���������������


