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$EVWUDFW�

,Q�WKLV�SDSHU��ZH�SUHVHQW�WKH�QHZ�GHILQLWLRQ�IRU�RXWOLHU��FOXVWHU�EDVHG�ORFDO�RXWOLHU� ZKLFK�LV�
PHDQLQJIXO� DQG� SURYLGHV� LPSRUWDQFH� WR� WKH� ORFDO� GDWD� EHKDYLRU�� $�PHDVXUH� IRU� LGHQWLI\LQJ� WKH�
SK\VLFDO� VLJQLILFDQFH� RI� DQ� RXWOLHU� LV� GHVLJQHG�� ZKLFK� LV� FDOOHG� &%/2)� �&OXVWHU�%DVHG� /RFDO�
2XWOLHU� )DFWRU�� :H� DOVR� SURSRVH� WKH� )LQG&%/2)� DOJRULWKP� IRU� GLVFRYHULQJ� RXWOLHUV�� 7KH�
H[SHULPHQWDO� UHVXOWV� VKRZ� WKDW� RXU� DSSURDFK� RXWSHUIRUPHG� WKH� H[LVWLQJ�PHWKRGV� RQ� LGHQWLI\LQJ�
PHDQLQJIXO�DQG�LQWHUHVWLQJ�RXWOLHUV�� �

�
.H\ZRUGV� 2XWOLHU�'HWHFWLRQ��&OXVWHULQJ��'DWD�0LQLQJ��
�
��� ,QWURGXFWLRQ�

$Q�RXWOLHU�LQ�D�GDWDVHW�LV�GHILQHG�LQIRUPDOO\�DV�DQ�REVHUYDWLRQ�WKDW�LV�FRQVLGHUDEO\�GLIIHUHQW�
IURP� WKH� UHPDLQGHUV� DV� LI� LW� LV� JHQHUDWHG� E\� D� GLIIHUHQW� PHFKDQLVP��0LQLQJ� IRU� RXWOLHUV� LV� DQ�
LPSRUWDQW�GDWD�PLQLQJ�UHVHDUFK�ZLWK�QXPHURXV�DSSOLFDWLRQV��LQFOXGLQJ�FUHGLW�FDUG�IUDXG�GHWHFWLRQ��
GLVFRYHU\� RI� FULPLQDO� DFWLYLWLHV� LQ� HOHFWURQLF� FRPPHUFH�� ZHDWKHU� SUHGLFWLRQ�� PDUNHWLQJ� DQG�
FXVWRPHU�VHJPHQWDWLRQ��

5HFHQWO\�� VRPH� VWXGLHV�KDYH�EHHQ�SURSRVHG�RQ�RXWOLHU� GHWHFWLRQ� �H�J��.QRUU� DQG�1J��������
5DPDVZDP\��HW� DO���������%UHXQLJ��HW� DO���������$JJDUZDO�DQG�<X�������� IURP� WKH�GDWD�PLQLQJ�
FRPPXQLW\��7KLV�SDSHU�SUHVHQWV�D�QHZ�GHILQLWLRQ� IRU�RXWOLHU��QDPHO\�FOXVWHU�EDVHG� ORFDO�RXWOLHU�
ZKLFK�LV�LQWXLWLYH�DQG�PHDQLQJIXO��7KLV�ZRUN�LV�PRWLYDWHG�E\�WKH�IROORZLQJ�REVHUYDWLRQV��

)LUVWO\��DOO�H[LVWLQJ�DOJRULWKPV�IRU�RXWOLHU�GHWHFWLRQ�LQYROYH�KLJK�FRPSXWDWLRQ�FRVWV��ZKLFK�LV�
QRW� IHDVLEOH� LQ� WKH� HQYLURQPHQW� RI� DFFHVV� WR� ODUJH� GDWD� VHWV� VWRUHG� LQ� VHFRQGDU\� PHPRU\��
)XUWKHUPRUH��DOJRULWKPV�SUHVHQWHG�E\�.QRUU�DQG�1J���������5DPDVZDP\�HW�DO���������%UHXQLJ�HW�
DO���������HWF��GHILQH�RXWOLHUV�E\�XVLQJ�WKH�IXOO�GLPHQVLRQDO�GLVWDQFHV�RI�WKH�SRLQWV�IURP�RQH�DQG�
DQRWKHU�� ZKLFK�ZLOO� UHVXOW� LQ� XQH[SHFWHG� SHUIRUPDQFH� DQG� TXDOLWDWLYH� FRVWV� GXH� WR� WKH� FXUVH� RI�
GLPHQVLRQDOLW\�� �

6HFRQGO\�� FOXVWHULQJ� DOJRULWKPV� OLNH� 52&.� �*XKD�� HW� DO��� ������� &�3 �1DQRSRXORV�� HW� DO���
�������'%6&$1��(VWHU�� HW�DO���������FDQ�DOVR�KDQGOH�RXWOLHUV��EXW� WKHLU�PDLQ�FRQFHUQ� LV� WR� ILQG�
FOXVWHUV��WKH�RXWOLHUV�DUH�RIWHQ�UHJDUGHG�DV�QRLVHV��$QG�WKHUH�DUH�WKH�IROORZLQJ�VKRUWFRPLQJV�LQ�WKH�
LQLWLDO�ZRUN� �6X��HW� DO��������� WKDW�DGGUHVVHG�FOXVWHULQJ�EDVHG�RXWOLHU�GHWHFWLRQ��6X��HW� DO�� �������
RQO\� UHJDUGHG�VPDOO� FOXVWHUV�DV�RXWOLHUV�DQG�D�PHDVXUH� IRU� LGHQWLI\LQJ� WKH�GHJUHH�RI�HDFK�REMHFW�
EHLQJ� DQ� RXWOLHU� LV� QRW� SUHVHQWHG�� )RU�PRVW� RI� WKH� GDWD� SRLQWV� LQ� D� GDWDVHW� DUH� QRW� RXWOLHUV�� LW� LV�
PHDQLQJIXO�WR�LGHQWLI\�RQO\�WRS�Q�RXWOLHUV��,Q�WKLV�FDVH��WKH�PHWKRG�SURSRVHG�E\�6X��HW�DO���������
IDLOHG�WR�IXOILOO�WKLV�WDVN�HIIHFWLYHO\��

)LQDOO\�� XVLQJ� WKH� VDPH� SURFHVV� DQG� IXQFWLRQDOLW\� WR� VROYH� ERWK� FOXVWHULQJ� DQG� RXWOLHU�
GLVFRYHU\�LV�KLJKO\�GHVLUHG��6XFK�LQWHJUDWLRQ�ZLOO�EH�D�JUHDW�EHQHILW�WR�EXVLQHVV�XVHUV�EHFDXVH�WKH\�

 &RUUHVSRQGLQJ�DXWKRU��7HO�������������������H[W���������(PDLO�DGGUHVV� ]HQJ\RXKH#\DKRR�FRP �=��+H���



GR�QRW� QHHG� WR�ZRUU\� DERXW� WKH� VHOHFWLRQ�RI�GLIIHUHQW� GDWD�PLQLQJ� DOJRULWKPV�� ,QVWHDG�� WKH\� FDQ�
IRFXV�RQ�GDWD�DQG�EXVLQHVV�VROXWLRQ��

%DVHG� RQ� WKH� DERYH� REVHUYDWLRQV�� ZH� SUHVHQW� WKH� QHZ� GHILQLWLRQ� IRU� RXWOLHU�� FOXVWHU�EDVHG�
ORFDO� RXWOLHU��$ PHDVXUH� IRU� LGHQWLI\LQJ� WKH� SK\VLFDO� VLJQLILFDQFH� RI� DQ� RXWOLHU�� QDPHO\�&%/2)�
�&OXVWHU�%DVHG�/RFDO�2XWOLHU�)DFWRU�� LV�DOVR�GHILQHG��)LQDOO\��D�IDVW�DOJRULWKP�IRU�PLQLQJ�RXWOLHUV�
LV�SUHVHQWHG��ZKRVH�HIIHFWLYHQHVV�LV�YHULILHG�E\�WKH�H[SHULPHQWDO�UHVXOWV��

&RQWULEXWLRQV�RI�WKLV�SDSHU�DUH�DV�IROORZV��
z :H�SURSRVH�D�QRYHO�GHILQLWLRQ� IRU�RXWOLHU�� FOXVWHU�EDVHG� ORFDO�RXWOLHU��ZKLFK�KDV�JUHDW�

QHZ�LQWXLWLYH�DSSHDO�DQG�QXPHURXV�DSSOLFDWLRQV��
z $ PHDVXUH�IRU�LGHQWLI\LQJ�WKH�GHJUHH�RI�HDFK�REMHFW�EHLQJ�DQ�RXWOLHU�LV�SUHVHQWHG��ZKLFK�

LV�FDOOHG�FOXVWHU�EDVHG�ORFDO�RXWOLHU�IDFWRU�
z :H�SUHVHQW�DQ�HIILFLHQW�DOJRULWKP�IRU�PLQLQJ�FOXVWHU�EDVHG�ORFDO�RXWOLHUV�EDVHG�RQ�RXU�

GHILQLWLRQV�� �
�
7KH�UHPDLQGHU�RI� WKLV�SDSHU� LV�RUJDQL]HG�DV� IROORZV��6HFWLRQ���GLVFXVVHV�SUHYLRXV�ZRUN�� ,Q�

6HFWLRQ� ��� ZH� IRUPDOL]H� RXU� GHILQLWLRQ� RI� FOXVWHU�EDVHG� ORFDO� RXWOLHU� 6HFWLRQ� �� SUHVHQWV� WKH�
DOJRULWKP�IRU�PLQLQJ�GHILQHG�RXWOLHUV��([SHULPHQWDO�UHVXOWV�DUH�JLYHQ�LQ�6HFWLRQ���DQG�6HFWLRQ���
FRQFOXGHV�WKH�SDSHU��
���5HODWHG�:RUN�

7KH�VWDWLVWLFV�FRPPXQLW\�FRQGXFWHG�PRVW�RI�WKH�SUHYLRXV�VWXGLHV�RQ�RXWOLHU�PLQLQJ��%DUQHWW�
DQG�/HZLV���������7KHVH�VWXGLHV�FDQ�EH�EURDGO\�FODVVLILHG�LQWR�WZR�FDWHJRULHV��7KH�ILUVW�FDWHJRU\�LV�
GLVWULEXWLRQ�EDVHG� ZKHUH� D� VWDQGDUG� GLVWULEXWLRQ� LV� XVHG� WR� ILW� WKH� GDWDVHW��2XWOLHUV� DUH� GHILQHG�
EDVHG�RQ�WKH�SUREDELOLW\�GLVWULEXWLRQ��<DPDQLVKL��7DNHXFKL�DQG�:LOOLDPV��������XVHG�D�*DXVVLDQ�
PL[WXUH�PRGHO� WR�SUHVHQW� WKH�QRUPDO�EHKDYLRUV�DQG�HDFK�GDWXP�LV�JLYHQ�D�VFRUH�RQ� WKH�EDVLV�RI�
FKDQJHV�LQ�WKH�PRGHO��+LJK�VFRUH�LQGLFDWHV�KLJK�SRVVLELOLW\�RI�EHLQJ�DQ�RXWOLHU��7KLV�DSSURDFK�KDV�
EHHQ� FRPELQHG�ZLWK� D� VXSHUYLVHG�EDVHG� OHDUQLQJ� DSSURDFK� WR�REWDLQ�JHQHUDO� SDWWHUQV� IRU� RXWOLHU�
�<DPDQLVKL�DQG�7DNHXFKL���������7KH�PDLQ�SUREOHP�ZLWK�WKLV�PHWKRG�LV� WKDW� LW�DVVXPHV�WKDW� WKH�
XQGHUO\LQJ�GDWD�GLVWULEXWLRQ�LV�NQRZQ�D�SULRU��+RZHYHU��IRU�PDQ\�DSSOLFDWLRQV��LW�LV�DQ�LPSUDFWLFDO�
DVVXPSWLRQ��$QG��WKH�FRVW�IRU�ILWWLQJ�GDWD�ZLWK�VWDQGDUG�GLVWULEXWLRQ�LV�VLJQLILFDQWO\�FRQVLGHUDEOH��

'HSWK�EDVHG� LV� WKH� VHFRQG� FDWHJRU\� IRU� RXWOLHU� PLQLQJ� LQ� VWDWLVWLFV� �1XWV� DQG� 5RXVVHHXZ��
�������%DVHG�RQ�VRPH�GHILQLWLRQ�RI�GHSWK��GDWD�REMHFWV�DUH�RUJDQL]HG�LQ�FRQYH[�KXOO�OD\HUV�LQ�GDWD�
VSDFH� DFFRUGLQJ� WR�SHHOLQJ�GHSWK�� DQG�RXWOLHUV� DUH� H[SHFWHG� WR�EH� IRXQG� IURP�GDWD� REMHFWV�ZLWK�
VKDOORZ�GHSWK�YDOXHV��,Q�WKHRU\��GHSWK�EDVHG�PHWKRGV�FRXOG�ZRUN�LQ�KLJK�GLPHQVLRQDO�GDWD�VSDFH��
+RZHYHU��GXH� WR� UHO\LQJ�RQ� WKH�FRPSXWDWLRQ�RI�N�G�FRQYH[�KXOOV�� WKHVH� WHFKQLTXHV�KDYH�D� ORZHU�
ERXQG�FRPSOH[LW\�RI� : �1 N�����ZKHUH�1 LV�QXPEHU�RI�GDWD�REMHFWV�DQG�N LV�WKH�GLPHQVLRQDOLW\�RI�
WKH�GDWDVHW��7KLV�PDNHV�WKHVH�WHFKQLTXHV�LQIHDVLEOH�IRU�ODUJH�GDWDVHW�ZLWK�KLJK�GLPHQVLRQV��

'LVWDQFH�EDVHG�RXWOLHU� LV�SUHVHQWHG�E\�.QRUU�DQG�1J� ��������$�GLVWDQFH�EDVHG�RXWOLHU� LQ�D�
GDWDVHW�' LV�D�GDWD�REMHFW�ZLWK�SFW� RI�WKH�REMHFWV�LQ�' KDYLQJ�D�GLVWDQFH�RI�PRUH�WKDQ�G PLQ�DZD\�
IURP�LW��7KLV�QRWLRQ�JHQHUDOL]HV�PDQ\�FRQFHSWV�IURP�GLVWULEXWLRQ�EDVHG�DSSURDFK�DQG�HQMR\V�EHWWHU�
FRPSXWDWLRQDO� FRPSOH[LW\�� ,W� LV� IXUWKHU� H[WHQGHG� EDVHG� RQ� WKH� GLVWDQFH� RI� D� SRLQW� IURP� LWV� NWK�
QHDUHVW�QHLJKERU��5DPDVZDP\��HW�DO����������$IWHU�UDQNLQJ�SRLQWV�E\�WKH�GLVWDQFH�WR�LWV�NWK�QHDUHVW�
QHLJKERU��WKH�WRS�N�SRLQWV�DUH�LGHQWLILHG�DV�RXWOLHUV��(IILFLHQW�DOJRULWKPV�IRU�PLQLQJ�WRS�N�RXWOLHUV�
DUH� JLYHQ�� $OWHUQDWLYHO\�� LQ� WKH� DOJRULWKP� SURSRVHG� E\� $QJLXOOL� DQG� 3L]]XWL� �������� WKH� RXWOLHU�



IDFWRU�RI�HDFK�GDWD�SRLQW� LV� FRPSXWHG�DV� WKH� VXP�RI�GLVWDQFHV� IURP� LWV�N�QHDUHVW�QHLJKERUV��7KH�
DERYH�WKUHH�DOJRULWKPV�GHILQH�RXWOLHUV�E\�XVLQJ�WKH�IXOO�GLPHQVLRQDO�GLVWDQFHV�RI�WKH�SRLQWV�IURP�
RQH DQRWKHU��+RZHYHU��UHFHQW�UHVHDUFK�UHVXOWV�VKRZ�WKDW�LQ�KLJK�GLPHQVLRQDO�VSDFH��WKH�FRQFHSW�RI�
SUR[LPLW\� PD\� QRW� EH� TXDOLWDWLYHO\� PHDQLQJIXO� �%H\HU�� HW� DO��� ������� 7KHUHIRUH�� WKH� GLUHFW�
DSSOLFDWLRQ�RI�GLVWDQFH�EDVHG�PHWKRGV� WR�KLJK�GLPHQVLRQDO�SUREOHPV�RIWHQ�UHVXOWV� LQ�XQH[SHFWHG�
SHUIRUPDQFH�DQG�TXDOLWDWLYH�FRVWV�GXH�WR�WKH�FXUVH�RI�GLPHQVLRQDOLW\�� �

'HYLDWLRQ�EDVHG�WHFKQLTXHV�LGHQWLI\�RXWOLHUV�E\�LQVSHFWLQJ�WKH�FKDUDFWHULVWLFV�RI�REMHFWV�DQG�
FRQVLGHU�DQ�REMHFW�WKDW�GHYLDWHV�WKHVH�IHDWXUHV�DV�DQ�RXWOLHU��$UQLQJ��HW�DO����������

%UHXQLJ�� HW� DO�� ������� LQWURGXFHG� WKH� FRQFHSW�RI� ³ORFDO�RXWOLHU´��7KH�RXWOLHU� UDQN�RI� D�GDWD�
REMHFW�LV�GHWHUPLQHG�E\�WDNLQJ�LQWR�DFFRXQW�WKH�FOXVWHULQJ�VWUXFWXUH�LQ�D�ERXQGHG�QHLJKERUKRRG�RI�
WKH�REMHFW��ZKLFK�LV�IRUPDOO\�GHILQHG�DV�³ORFDO�RXWOLHU�IDFWRU´ �/2)���7KHLU�QRWLRQV�RI�RXWOLHUV�DUH�
EDVHG�RQ�WKH�VDPH�WKHRUHWLFDO�IRXQGDWLRQ�RI�GHQVLW\�EDVHG�FOXVWHULQJ��(VWHU��HW�DO����������)RU�WKH�
FRPSXWDWLRQ� RI� ³GHQVLW\´� LV� UHO\LQJ� RQ� IXOO� GLPHQVLRQDO� GLVWDQFH� EHWZHHQ� REMHFWV�� LQ� KLJK�
GLPHQVLRQDO�VSDFH��SUREOHP�H[LVWV�LQ�GLVWDQFH�EDVHG�PHWKRGV�ZLOO�EH�HQFRXQWHUHG�DJDLQ��

&OXVWHULQJ� DOJRULWKPV� OLNH� 52&.� �*XKD�� HW� DO��� ������� &�3 �1DQRSRXORV�� HW� DO��� �������
'%6&$1��(VWHU��HW�DO���������FDQ�DOVR�KDQGOH�RXWOLHUV��EXW�WKHLU�PDLQ�FRQFHUQ�LV�WR�ILQG�FOXVWHUV��
WKH� RXWOLHUV� LQ� WKH� FRQWH[W� RI� FOXVWHULQJ� DUH� RIWHQ� UHJDUGHG� DV� QRLVH�� ,Q� JHQHUDO�� RXWOLHUV� DUH�
W\SLFDOO\�MXVW�LJQRUHG�RU�WROHUDWHG�LQ�WKH�FOXVWHULQJ�SURFHVV�IRU�WKHVH�DOJRULWKPV�DUH�RSWLPL]HG�IRU�
SURGXFLQJ�PHDQLQJIXO�FOXVWHUV��ZKLFK�SUHYHQWV�JLYLQJ�JRRG�UHVXOWV�RQ�RXWOLHU�GHWHFWLRQ��$QG�WKHUH�
DUH�WKH�IROORZLQJ�VKRUWFRPLQJV�LQ�WKH�LQLWLDO�ZRUN��6X��HW�DO���������<X��HW�DO���������WKDW�DGGUHVVHG�
FOXVWHULQJ�EDVHG�RXWOLHU�GHWHFWLRQ��6X��HW�DO���������RQO\�UHJDUGHG�VPDOO�FOXVWHUV�DV�RXWOLHUV�DQG�D�
PHDVXUH�IRU�LGHQWLI\LQJ�WKH�GHJUHH�RI�HDFK�REMHFW�EHLQJ�DQ�RXWOLHU�LV�QRW�SUHVHQWHG��)RU�PRVW�RI�WKH�
GDWD�SRLQWV�LQ�D�GDWDVHW�DUH�QRW�RXWOLHUV��LW�LV�PHDQLQJIXO�WR�LGHQWLI\�RQO\�WRS�Q�RXWOLHUV�+HQFH��WKH�
PHWKRG�SURSRVHG�E\�6X�� HW� DO�� ������� IDLOHG� WR� IXOILOO� WKLV� WDVN� HIIHFWLYHO\�� )XUWKHUPRUH�� KRZ� WR�
GLVWLQJXLVK� VPDOO� FOXVWHUV� IRUP� WKH� UHVW� LV� QRW� DGGUHVVHG� LQ� WKHLU� PHWKRG�� <X�� HW� DO�� �������
LQWURGXFHG�)LQG2XW� D�PHWKRG� EDVHG� RQ�ZDYHOHW� WUDQVIRUP�� WKDW� LGHQWLILHV� RXWOLHUV� E\� UHPRYLQJ�
FOXVWHUV�IURP�WKH�RULJLQDO�GDWDVHW�� �

$JJDUZDO� DQG� <X� ������� GLVFXVVHG� D� QHZ� WHFKQLTXH� IRU� RXWOLHU� GHWHFWLRQ�� ZKLFK� ILQGV�
RXWOLHUV�E\�REVHUYLQJ�WKH�GHQVLW\�GLVWULEXWLRQ�RI�SURMHFWLRQV�IURP�WKH�GDWD��7KDW�LV��WKHLU�GHILQLWLRQ�
FRQVLGHUV�D�SRLQW�WR�EH�DQ�RXWOLHU��LI�LQ�VRPH�ORZHU�GLPHQVLRQDO�SURMHFWLRQ��LW�LV�SUHVHQW�LQ�D�ORFDO�
UHJLRQ�RI�DEQRUPDOO\�ORZ�GHQVLW\��

7KH�UHSOLFDWRU�QHXWUDO�QHWZRUN��511��LV�HPSOR\HG�WR�GHWHFW�RXWOLHUV�E\�+DUNLQV��HW�DO����������
7KH�DSSURDFK�LV�EDVHG�RQ�WKH�REVHUYDWLRQ�WKDW� WKH� WUDLQHG�QHXWUDO�QHWZRUN�ZLOO�UHFRQVWUXFW�VRPH�
VPDOO� QXPEHU� RI� LQGLYLGXDOV� SRRUO\�� DQG� WKHVH� LQGLYLGXDOV� FDQ� EH� FRQVLGHUHG� DV� RXWOLHUV�� 7KH�
RXWOLHU�IDFWRU�IRU�UDQNLQJ�GDWD�LV�PHDVXUHG�DFFRUGLQJ�WR�WKH�PDJQLWXGH�RI�WKH�UHFRQVWUXFWLRQ�HUURU��

$Q�LQWHUHVWLQJ�UHFHQW� WHFKQLTXH�ILQGV�RXWOLHUV�E\�LQFRUSRUDWLQJ�VHPDQWLF�NQRZOHGJH�VXFK�DV�
WKH�FODVV� ODEHOV�RI�HDFK�GDWD�SRLQW� LQ� WKH�GDWDVHW� �+H��'HQJ�DQG�;X��������� ,Q�YLHZ�RI� WKH�FODVV�
LQIRUPDWLRQ��D�VHPDQWLF�RXWOLHU�LV�D�GDWD�SRLQW��ZKLFK�EHKDYHV�GLIIHUHQWO\�ZLWK�RWKHU�GDWD�SRLQWV�LQ�
WKH�VDPH�FODVV��
���&OXVWHU�%DVHG�/RFDO�2XWOLHU�

,Q� WKLV� VHFWLRQ��ZH�SURSRVH� D�QHZ�GHILQLWLRQ� IRU�RXWOLHU��FOXVWHU�EDVHG� ORFDO�RXWOLHU� %HIRUH�
IRUPDOL]LQJ�WKH�QHZ�GHILQLWLRQ�IRU�RXWOLHUV��ZH�ILUVW�JLYH�DQ�H[DPSOH�WR�LOOXVWUDWH�RXU�EDVLF�LGHDV��
&RQVLGHULQJ� WKH���G�GDWD� VHW� LQ�)LJXUH����7KHUH� DUH��� FOXVWHUV� LQ� WKLV� ILJXUH��&�� &�� &� DQG�&��



2EYLRXVO\�� WKH� GDWD� SRLQWV� LQ� ERWK�&� DQG�&� VKRXOG� EH� UHJDUGHG� DV� RXWOLHUV� DQG� FDSWXUHG� E\�
SURSRVHG�GHILQLWLRQV�� ,QWXLWLYHO\��ZH� FDOO� GDWD�SRLQWV� LQ�&� DQG�&� RXWOLHUV� EHFDXVH� WKH\�GLG�QRW�
EHORQJH�WR�WKH�FOXVWHU�&� DQG�&�� 7KXV��LW�LV�UHDVRQDEOH�WR�GHILQH�WKH�RXWOLHUV�IURP�WKH�SRLQW�RI�YLHZ�
RI FOXVWHUV�DQG�LGHQWLI\�WKRVH�GDWD�SRLQWV�WKDW�GRQ¶W�OLH�LQ�DQ\�ODUJH�FOXVWHUV�DV�RXWOLHUV��+HUH��WKH�
QXPEHU�RI�GDWD�SRLQWV�LQ�&� DQG�&� DUH�GRPLQDQW�LQ�WKH�GDWD�VHW��)XUWKHUPRUH��WR�FDSWXUH�WKH�VSLULW�
RI ³ORFDO´ SURSRVHG�E\�%UHXQLJ��HW�DO����������WKH�FOXVWHU�EDVHG�RXWOLHUV�VKRXOG�VDWLVI\�WKDW�WKH\�DUH�
³ORFDO´�WR�VSHFLILHG�FOXVWHUV��)RU�H[DPSOH��GDWD�SRLQWV�LQ�&� DUH�³ORFDO´ WR�&��

7R�LGHQWLI\�WKH�SK\VLFDO�VLJQLILFDQFH�RI�WKH�GHILQLWLRQ�RI�DQ�RXWOLHU��ZH�DVVLJQ�WR�HDFK�REMHFW�
DQ� RXWOLHU� IDFWRU�� QDPHO\�&%/2)� �&OXVWHU�%DVHG� /RFDO�2XWOLHU� )DFWRU�� ZKLFK� LV�PHDVXUHG� E\�
ERWK�WKH�VL]H�RI�WKH�FOXVWHU�WKH�REMHFW�EHORQJV�WR�DQG�WKH�GLVWDQFH�EHWZHHQ�WKH�REMHFW�DQG�LWV�FORVHVW�
FOXVWHU��LI�WKH�REMHFW�OLHV�LQ�D�VPDOO�FOXVWHU���
�

)LJ�������G�GDWD�VHW�'6��
�

%HIRUH� ZH� SUHVHQW� WKH� FRQFHSW� RI� FOXVWHU�EDVHG� ORFDO� RXWOLHUV� DQG� GHVLJQ� WKH� PHDVXUH� IRU�
RXWOLHU�IDFWRU��OHW¶V�ILUVW�ORRN�DW�WKH�FRQFHSW�DERXW�FOXVWHULQJ��7KURXJKRXW�WKH�SDSHU��ZH�XVH�_6_ WR�
GRQDWH�WKH�VL]H�RI�6� ZKHUH�6 LQ�JHQHUDO�D�VHW�FRQWDLQLQJ�VRPH�HOHPHQWV��
�
'HILQLWLRQ����/HW�$�� «��$P EH�D� VHW�RI�DWWULEXWHV�ZLWK�GRPDLQV�'��«��'P UHVSHFWLYHO\��/HW� WKH�
GDWDVHW�' EH D� VHW� RI� UHFRUGV�ZKHUH� HDFK� UHFRUG� W�� W� '�u«u'P� 7KH� UHVXOWV� RI� D� FOXVWHULQJ�
DOJRULWKP� H[HFXWHG� RQ� ' LV� GHQRWHG� DV�� &  � ^&�� &�� «�� &N` ZKHUH� &L � &M I DQG� &�

� &�� «�� &N� '� 7KH�QXPEHU�RI�FOXVWHU�LV�N�
+HUH�� WKH�FOXVWHULQJ�DOJRULWKP�XVHG� IRU�SDUWLWLRQLQJ� WKH�GDWDVHW� LQWR�GLVMRLQW� VHWV�RI� UHFRUGV�

FDQ�EH�FKRVHQ�IUHHO\��7KH�RQO\�UHTXLUHPHQW�IRU�WKH�VHOHFWHG�FOXVWHULQJ�DOJRULWKP�LV� WKDW�LW�VKRXOG�
KDYH�WKH�DELOLW\�WR�SURGXFH�JRRG�FOXVWHULQJ�UHVXOWV��

$ FULWLFDO�SUREOHP�WKDW�PXVW�EH�VROYHG�EHIRUH�GHILQLQJ�WKH�FOXVWHU�EDVHG�ORFDO�RXWOLHU�LV�KRZ�
WR�LGHQWLI\�ZKHWKHU�D�FOXVWHU�LV�ODUJH�RU�VPDOO� 7KLV�SUREOHP�LV�GLVFXVVHG�LQ�GHILQLWLRQ����

�
'HILQLWLRQ���� �ODUJH�DQG�VPDOO�FOXVWHU��6XSSRVH�&  �^&�� &�� «��&N` LV� WKH�VHW�RI�FOXVWHUV� LQ�WKH�
VHTXHQFH� WKDW� _&�_t _&�_t «t _&N_��*LYHQ� WZR�QXPHULF�SDUDPHWHUVD DQG E � ZH�GHILQH�E DV� WKH�
ERXQGDU\�RI�ODUJH�DQG�VPDOO�FOXVWHU�LI�RQH�RI�IROORZLQJ�IRUPXODV�KROGV��
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7KHQ��WKH�VHW�RI�ODUJH�FOXVWHU�LV�GHILQHG�DV��/&� �^&L�_�Ld E`�DQG�WKH�VHW�RI�VPDOO�FOXVWHU�LV�GHILQHG�
DV��6&� �^&M_M!E`�

'HILQLWLRQ���JLYHV�TXDQWLWDWLYH�PHDVXUH�WR�GLVWLQJXLVK� ODUJH�DQG�VPDOO�FOXVWHUV��)RUPXOD�����
FRQVLGHUV�WKH�IDFW�WKDW�PRVW�GDWD�SRLQWV�LQ�WKH�GDWD�VHW�DUH�QRW�RXWOLHUV��7KHUHIRUH��FOXVWHUV�WKDW�KROG�
D ODUJH�SRUWLRQ�RI�GDWD�SRLQWV�VKRXOG�EH�WDNHQ�DV�ODUJH�FOXVWHUV��)RU�H[DPSOH��LID LV�VHW�WR������ZH�
LQWHQG�WR�UHJDUG�FOXVWHUV�FRQWDLQ�����RI�GDWD�SRLQWV�DV� ODUJH�FOXVWHUV��)RUPXOD�����FRQVLGHUV�WKH�
IDFW�WKDW�ODUJH�DQG�VPDOO�FOXVWHUV�VKRXOG�KDYH�VLJQLILFDQW�GLIIHUHQFHV�LQ�VL]H��)RU�LQVWDQFH��LW�LV�HDV\�
WR�JHW� WKDW�� LI�ZH�VHW� E WR���� WKH� VL]H�RI�DQ\�FOXVWHU� LQ�/&� LV� DW� OHDVW��� WLPHV�RI� WKH� VL]H�RI� WKH�
FOXVWHU�LQ�6&�
'HILQLWLRQ� ��� �&OXVWHU�%DVHG�/RFDO�2XWOLHU�)DFWRU� 6XSSRVH�&  � ^&�� &�� «��&N` LV� WKH� VHW� RI�
FOXVWHUV�LQ�WKH�VHTXHQFH�WKDW�_&�_t _&�_t «t _&N_ DQG�WKH�PHDQLQJV�RI� D � E � E � /&�DQG�6&�DUH�
WKH�VDPH�DV�WKH\�DUH�IRUPDOL]HG�LQ�'HILQLWLRQ����)RU�DQ\�UHFRUG�W� WKH�FOXVWHU�EDVHG�ORFDO�RXWOLHU�
IDFWRU�RI�W�LV�GHILQHG�DV�� �
� _�&L_
PLQ��GLVWDQFH��W��&M��� ZKHUH�W�&L� &L�6&�DQG�&M�/&�IRU�M ��WR�E�
&%/2)��W�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
� _�&L_
��GLVWDQFH��W��&L� ZKHUH�W�&L DQG�&L�/&�
�

)URP�'HILQLWLRQ���� WKH�&%/2)�RI�D� UHFRUG� LV�GHWHUPLQHG�E\� WKH�VL]H�RI� LWV�FOXVWHU�� DQG� WKH�
GLVWDQFH� EHWZHHQ� WKH� UHFRUG� DQG� LWV� FORVHVW� FOXVWHU� �LI� WKLV� UHFRUG� OLHV� LQ� VPDOO� FOXVWHU�� RU� WKH�
GLVWDQFH�EHWZHHQ�WKH�UHFRUG�DQG�WKH�FOXVWHU�LW�EHORQJV�WR��LI�WKLV�UHFRUG�EHORQJV�WR�ODUJH�FOXVWHU���
ZKLFK�SURYLGHV�LPSRUWDQFH�WR�WKH�ORFDO�GDWD�EHKDYLRU�� �

)RU�WKH�FRPSXWDWLRQ�RI�GLVWDQFH�EHWZHHQ�WKH�UHFRUG�DQG�WKH�FOXVWHU�� LW� LV�VXIILFLHQW� WR�DGRSW�
WKH�VLPLODULW\�PHDVXUH�XVHG�LQ�WKH�FOXVWHULQJ�DOJRULWKP��
��� $OJRULWKP�IRU�'HWHFWLQJ�&OXVWHU�%DVHG�/RFDO�2XWOLHUV�
�

:LWK�WKH�RXWOLHU�IDFWRU�&%/2)� ZH�FDQ�GHWHUPLQH�WKH�GHJUHH�RI�D�UHFRUG¶V�GHYLDWLRQ��,Q�WKLV�
VHFWLRQ��ZH�ZLOO�GHVFULEH�RXU�DOJRULWKP�IRU�GHWHFWLQJ�RXWOLHUV�DFFRUGLQJ�WR�'HILQLWLRQ����
� 7R� FRPSXWH�&%/2)� �W�� ZH� QHHG� D� FOXVWHULQJ� DOJRULWKP� ILUVW�� ,Q� WKLV� SDSHU�� WKH� FOXVWHULQJ�
DOJRULWKP� XVHG� LV� WKH� 6TXHH]HU� DOJRULWKP� �+H�� ;X� DQG� 'HQJ�� ������� ZKLFK� FDQ� SURGXFH� JRRG�
FOXVWHULQJ�UHVXOWV�DQG�DW�WKH�VDPH�WLPH�GHVHUYHV�JRRG�VDODELOLW\��)RU�WKH�SURFHVV�RI�PLQLQJ�RXWOLHUV�
LV�WLJKWO\�FRXSOHG�ZLWK�WKH�FOXVWHULQJ�DOJRULWKP��ZH�JLYH�DQ�LQWURGXFWLRQ�RQ�6TXHH]HU�DOJRULWKP�� �
�
����7KH�6TXHH]HU�$OJRULWKP�
�

/HW�$�� «��$P EH�D�VHW�RI�FDWHJRULFDO�DWWULEXWHV�ZLWK�GRPDLQV�'��«��'P UHVSHFWLYHO\��/HW�
WKH�GDWDVHW�' EH D�VHW�RI�WXSOHV�ZKHUH�HDFK�WXSOH�W� W�'�u«u'P� /HW�7,'�EH�WKH�VHW�RI�XQLTXH�,'�



RI�HYHU\�WXSOH��)RU�HDFK�WLG�7,'� WKH�DWWULEXWH�YDOXH�IRU�$L RI�FRUUHVSRQGLQJ�WXSOH�LV�UHSUHVHQWHG�
DV�WLG�$L�

'HILQLWLRQ�����&OXVWHU� &OXVWHU� �^WLG�_�WLG�7,'` LV�VXEVHW�RI�7,'�
'HILQLWLRQ����*LYHQ�D�&OXVWHU�&� WKH�VHW�RI�GLIIHUHQW�DWWULEXWH�YDOXHV�RQ�$L ZLWK�UHVSHFW�WR�& LV�

GHILQHG�DV��9$/L �&� �^WLG�$L _ WLG�&` ZKHUH��d LdP�
'HILQLWLRQ����*LYHQ�D�&OXVWHU�&� OHW�DL�'L� WKH�VXSSRUW�RI�DL LQ�& ZLWK�UHVSHFW�WR�$L LV�GHILQHG�

DV��6XS��DL�  �_^WLG�_�WLG�$L  DL `_�
'HILQLWLRQ�����6XPPDU\� *LYHQ�D�&OXVWHU�&� WKH�6XPPDU\�IRU�& LV�GHILQHG�DV�� �

6XPPDU\� �^96L _ �d LdP` ZKHUH�96L  ^�DL� 6XS��DL���_�DL�9$/L��&�`��
,QWXLWLYHO\�� WKH�6XPPDU\� RI�D�&OXVWHU� FRQWDLQV� VXPPDU\� LQIRUPDWLRQ� DERXW� WKLV�&OXVWHU� ,Q�

JHQHUDO��HDFK�6XPPDU\�ZLOO�FRQVLVWV�RI�P HOHPHQWV��ZKHUH�P LV�QXPEHU�RI�DWWULEXWHV��7KH�HOHPHQW�
LQ�6XPPDU\�LV�WKH�VHW�RI�SDLUV�RI�DWWULEXWH�YDOXHV�DQG�WKHLU�FRUUHVSRQGLQJ�VXSSRUWV�� �

'HILQLWLRQ�����&OXVWHU�6WUXFWXUH��&6� *LYHQ�D�&OXVWHU�&� WKH�&OXVWHU�6WUXFWXUH��&6��IRU�& LV�
GHILQHG�DV��&6� �^&OXVWHU��6XPPDU\`�

'HILQLWLRQ����*LYHQ�D�&OXVWHU�& DQG�D�WXSOH�W ZLWK�WLG�7,'� WKH�VLPLODULW\�EHWZHHQ�& DQG�WLG�
LV�GHILQHG�DV�� �
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�
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���
��� ZKHUH�WLG�$L  DL�

)URP�WKH�GHILQLWLRQ����LW�LV�FOHDU�WKDW�WKH�VLPLODULW\�XVHG�KHUH�LV�VWDWLVWLFV�EDVHG��,Q�RWKHU�ZRUGV��
LI� WKH� VLPLODULW\� EHWZHHQ� D� WXSOH� DQG� DQ� H[LVWHG� FOXVWHU� LV� ODUJH� HQRXJK�� LW� PHDQV� WKDW� WKH�
SUREDELOLW\�RI�WKH�WXSOH�EHORQJV�WR�WKLV�FOXVWHU�LV�ODUJHU��,Q�WKH�6TXHH]HU�DOJRULWKP��WKLV�PHDVXUH�LV�
XVHG�WR�GHWHUPLQH�ZKHWKHU�WKH�WXSOH�VKRXOG�EH�SXW�LQWR�WKH�FOXVWHU�RU�QRW�� �

7KH�6TXHH]HU�DOJRULWKP�KDV�Q� WXSOHV�DV�LQSXW�DQG�SURGXFH�FOXVWHUV�DV�ILQDO�UHVXOWV�� ,QLWLDOO\��
WKH�ILUVW�WXSOH�LQ�WKH�GDWDEDVH�LV�UHDG�LQ�DQG�D�&OXVWHU�6WUXFWXUH��&6��LV�FRQVWUXFWHG�ZLWK�&  ^�`�� �
7KHQ��WKH�FRQVHTXHQW�WXSOHV�DUH�UHDG�LWHUDWLYHO\�� �

)RU� HYHU\� WXSOH�� E\� WKH� VLPLODULW\� IXQFWLRQ�� ZH� FRPSXWH� LWV� VLPLODULWLHV� ZLWK� DOO� H[LVWLQJ�
FOXVWHUV�� ZKLFK� DUH� UHSUHVHQWHG� DQG� HPERGLHG� LQ� WKH� FRUUHVSRQGLQJ�&6V� 7KH� ODUJHVW� YDOXH� RI�
VLPLODULW\�LV�VHOHFWHG�RXW��,I�LW�LV�ODUJHU�WKDQ�WKH�JLYHQ�WKUHVKROG��GRQDWHG�DV�V� WKH�WXSOH�ZLOO�EH�SXW�
LQWR�WKH�FOXVWHU�WKDW�KDV�WKH�ODUJHVW�YDOXH�RI�VLPLODULW\��7KH�&6�LV�DOVR�XSGDWHG�ZLWK�WKH�QHZ�WXSOH��
,I�WKH�DERYH�FRQGLWLRQ�GRHV�QRW�KROG��D�QHZ�FOXVWHU�PXVW�EH�FUHDWHG�ZLWK�WKLV�WXSOH��

7KH�DOJRULWKP�FRQWLQXHV�XQWLO�LW�KDV�WUDYHUVHG�DOO�WKH�WXSOHV�LQ�WKH�GDWDVHW��,W�LV�REYLRXV�WKDW�
WKH� 6TXHH]HU� DOJRULWKP� RQO\� PDNHV� RQH� VFDQ� RYHU� WKH� GDWDVHW�� WKXV�� KLJKO\� HIILFLHQW� IRU� GLVN�
UHVLGHQW�GDWDVHWV�ZKHUH�WKH�,�2�FRVW�EHFRPHV�WKH�ERWWOHQHFN�RI�HIILFLHQF\��

7KH�6TXHH]HU� DOJRULWKP� LV� SUHVHQWHG� LQ�)LJXUH���� ,W� DFFHSWV� DV� LQSXW� WKH�GDWDVHW�' DQG� WKH�
YDOXH�RI�WKH�GHVLUHG�VLPLODULW\�WKUHVKROG��7KH�DOJRULWKP�IHWFKHV�WXSOHV�IURP�' LWHUDWLYHO\�� �

,QLWLDOO\�� WKH�ILUVW� WXSOH�LV�UHDG�LQ��DQG�WKH�VXE�IXQFWLRQ�DGG1HZ&OXVWHU6WUXFWXUH��� LV�XVHG�WR�
HVWDEOLVK�D�QHZ�&OXVWHULQJ�6WUXFWXUH� ZKLFK�LQFOXGHV�6XPPDU\�DQG�&OXVWHU��6WHS������� �

)RU� WKH� FRQVHTXHQW� WXSOHV�� WKH� VLPLODULW\� EHWZHHQ� DQ� H[LVWHG�&OXVWHU�& DQG� HDFK� WXSOH� LV�
FRPSXWHG�XVLQJ�VXE�IXQFWLRQ�VLP&RPSXWDWLRQ����6WHS�������:H�JHW�WKH�PD[LPDO�YDOXH�RI�VLPLODULW\�
�GRQDWHG�E\�VLPBPD[� DQG�WKH�FRUUHVSRQGLQJ�LQGH[�RI�&OXVWHU��GRQDWHG�E\�LQGH[� IURP�WKH�DERYH�
FRPSXWLQJ� UHVXOWV� �6WHS� ������ 7KHQ�� LI� WKH� VLPBPD[� LV� ODUJHU� WKDQ� WKH� LQSXW� WKUHVKROG� V�
VXE�IXQFWLRQ� DGG7XSOH7R&OXVWHU��� ZLOO� EH� FDOOHG� WR� DVVLJQ� WKH� WXSOH� WR� VHOHFWHG� &OXVWHU� �6WHS�
��������,I�LW�LV�QRW�WKH�FDVH��WKH�VXE�IXQFWLRQ�DGG1HZ&OXVWHU6WUXFWXUH���ZLOO�EH�FDOOHG�WR�FRQVWUXFW�
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��� � � � HOVH �̂
��� � � � � � � IRU�HDFK�H[LVWHG�FOXVWHU�&
��� � VLP&RPSXWDWLRQ�&�WXSOH�� �
��� � � � � � � JHW�WKH�PD[�YDOXH�RI�VLPLODULW\��VLPBPD[�
��� � � � � � � JHW�WKH�FRUUHVSRQGLQJ�&OXVWHU�,QGH[��LQGH[
���� � � � � � � LI�VLPBPD[�! �V
���� � DGG7XSOH7R&OXVWHU�WXSOH��LQGH[��
���� � � � � � � HOVH�
���� � � � � � � � � � DGG1HZ&OXVWHU6WUXFWXUH��WXSOH�WLG��`
���� � �̀
���� � RXWSXW&OXVWHULQJ5HVXOW����
(QG�
)LJ�����6TXHH]HU�$OJRULWKP�

&KRRVLQJ�WKH�6TXHH]HU�DOJRULWKP�DV�WKH�EDFNJURXQG�FOXVWHULQJ�DOJRULWKP�IRU�RXWOLHU�GHWHFWLRQ�
LQ�WKLV�OLWHUDWXUH�LV�EDVHG�RQ�WKH�FRQVLGHUDWLRQ�WKDW�WKLV�DOJRULWKP�KDV�WKH�IROORZLQJ�QRYHO�IHDWXUHV��

9 ,W�DFKLHYHV�ERWK�KLJK�TXDOLW\�RI�FOXVWHULQJ�UHVXOWV�DQG�VFDODELOLW\��
9 ,WV�DELOLW\�IRU�KDQGOLQJ�KLJK�GLPHQVLRQDO�GDWDVHWV�HIIHFWLYHO\��
9 ,W� GRHV� QRW� UHTXLUH� WKH� QXPEHU� RI� GHVLUHG� FOXVWHUV� DV� DQ� LQSXW� SDUDPHWHU� DQG� LW� FDQ�

SURGXFH� PRUH� QDWXUDO� FOXVWHUV� ZLWK� VLJQLILFDQW� GLIIHUHQW� VL]HV�� 7KLV� IHDWXUH� LV�
XQGRXEWHGO\�LPSRUWDQW�IRU�GLVFRYHULQJ�RXWOLHUV�GHILQHG�LQ�6HFWLRQ���� � �

�
����7KH�)LQG&%/2)�$OJRULWKP�
�

7KH�DOJRULWKP�)LQG&%/2)�IRU�GHWHFWLQJ�RXWOLHUV�LV�OLVWHG�LQ�)LJXUH����
7KH�DOJRULWKP�)LQG&%/2)�ILUVW�SDUWLWLRQV�WKH�GDWDVHW� LQWR�FOXVWHUV�ZLWK�6TXHH]HU�DOJRULWKP�

�6WHS� ������ 7KH� VHWV� RI� ODUJH� FOXVWHUV� DQG� VPDOO� FOXVWHUV�� /&� DQG� 6&� DUH� GHULYHG� XVLQJ� WKH�
SDUDPHWHUV�DFFRUGLQJ�WR�GHILQLWLRQ����6WHS�����7KHQ��IRU�HYHU\�GDWD�SRLQW�LQ�WKH�GDWD�VHW��WKH�YDOXH�
RI &%/2)�LV�FRPSXWHG�ZLWK�GHILQLWLRQ����6WHS�������� �



$OJRULWKP�)LQG&%/2)�

,QSXW�� � � ' �$�� «��$P��� ���WKH�GDWD�VHW�
� 7KH�SDUDPHWHU� D DQG� � E ���SDUDPHWHUV�
� 2XWSXW�� 7KH�YDOXHV�RI�&%/2)�IRU�DOO�UHFRUGV� � ��LQGLFDWHV�WKH�GHJUHH�RI�GHYLDWLRQ�
�
���EHJLQ�
��� &OXVWHULQJ�WKH�GDWDVHW�' �$�� «��$P���XVLQJ�6TXHH]HU�DOJRULWKP�
��� �
�3URGXFHG�FOXVWHUV��&  �^&�� &�� «��&N` DQG�_&�_! _&�_! �«! _&N_ 
��
��� *HW�/&�DQG�6&�ZLWK�WKH���SDUDPHWHUV� � ��JHW�WKH�VHW�RI�ODUJH�DQG�VPDOO�FOXVWHUV�
��� IRUHDFK�UHFRUG�W LQ�WKH�GDWDVHW�GR�EHJLQ� �
��� � LI�W EHORQJV�WR�&L DQG�&L EHORQJV�WR�6&�GR�EHJLQ�
��� � &%/2) _&L�_
PLQ �GLVWDQFH��W��&M��� ���&M EHORQJV�WR�/&�
��� � HOVH� �
��� � &%/2)� _&L�_
GLVWDQFH�W��&L� ���&L EHORQJV�WR�/&�
��� � UHWXUQ�&%/2)�
��� HQG�
��� � HQG�

)LJ�����7KH�)LQG&%/2)�$OJRULWKP�
$OJRULWKP�)LQG&%/2)�KDV�WZR�SDUWV�����&OXVWHULQJ�WKH�GDWDVHW�DQG����&RPSXWLQJ�WKH�YDOXH�

RI &%/2)� IRU� HDFK� UHFRUG�� 7KH� 6TXHH]HU� GHWHUPLQHV� WKH� FRVW� RI� SDUW� ��� )URP� WKH� H[HFXWLRQ�
SURFHVV�RI�6TXHH]HU� LW�QHHGV�RQO\�RQH�VFDQ�RYHU� WKH�GDWDVHW��7KXV�� WKH�FRVW�RI�SDUW���VKRXOG�EH�
2�1���ZKHUH�1 LV�QXPEHU�RI�WKH�UHFRUGV�LQ�WKH�GDWDVHW��$V�WR�WKH�SDUW����RQH�VFDQ�RYHU�WKH�GDWDVHW�LV�
DOVR�UHTXLUHG��7KHUHIRUH��WKH�RYHUDOO�FRVW�IRU�WKH�)LQG&%/2)�DOJRULWKP�LV�2 �1��

)URP�WKH�DERYH�DQDO\VLV��ZH�FDQ�VHH�WKDW�OLQHDU�VFDODELOLW\�LV�DFKLHYHG�ZLWK�UHVSHFW�WR�WKH�VL]H�
RI GDWDVHW��ZKLFK�PDNHV�WKH�)LQG&%/2)�DOJRULWKP�TXDOLILHG�IRU�KDQGOLQJ�ODUJH�GDWDVHW��

�
��� ([SHULPHQWDO�5HVXOWV�
�

$ FRPSUHKHQVLYH�SHUIRUPDQFH�VWXG\�KDV�EHHQ�FRQGXFWHG� WR�HYDOXDWH�RXU�DOJRULWKP�� ,Q� WKLV�
VHFWLRQ��ZH�GHVFULEH� WKRVH�H[SHULPHQWV�DQG� WKHLU� UHVXOWV��:H� UDQ�RXU�DOJRULWKP�RQ�ERWK� UHDO�OLIH�
GDWDVHWV� REWDLQHG� IURP� WKH� 8&,� 0DFKLQH� /HDUQLQJ� 5HSRVLWRU\� �0HU]� DQG� 0HUSK\�� ������ DQG�
V\QWKHWLF�GDWDVHWV��2XU�DOJRULWKP�ZDV�LPSOHPHQWHG�LQ�-DYD��$OO�H[SHULPHQWV�ZHUH�FRQGXFWHG�RQ�D�
3HQWLXP �����PDFKLQH�ZLWK�����0�RI�5$0�DQG�UXQQLQJ�:LQGRZV������6HUYHU��
� :H� XVHG� WKUHH� UHDO� OLIH� GDWDVHWV� WR� GHPRQVWUDWH� WKH� HIIHFWLYHQHVV� RI� RXU� DOJRULWKPV� DJDLQVW�
RWKHU�DOJRULWKPV��)RU�DOO� WKH�H[SHULPHQWV�� WKH� WZR�SDUDPHWHUV�QHHGHG�E\�)LQG&%/2)�DUH� VHW� WR�
���� DQG� �� VHSDUDWHO\�� )RU� WKH� .11� DOJRULWKP� �5DPDVZDP\�� HW� DO��� ������� WKH� UHVXOWV� ZHUH�
REWDLQHG�XVLQJ�WKH���QHDUHVW�QHLJKERXU� WKH�UHVXOWV�GLGQ¶W�FKDQJH�VLJQLILFDQWO\�ZKHQ�WKH�SDUDPHWHU�
N LV�VSHFLILHG�WR�DOWHUQDWLYH�YDOXHV��6LQFH�WKH�6TXHH]HU�DOJRULWKP�RSHUDWHV�RQ�FDWHJRULFDO�GDWDVHW��
WKH�$QQHDOLQJ�GDWDVHW�DUH�GLVUHWL]HG�XVLQJ� WKH�DXWRPDWLF�GLVFUHWL]DWLRQ�IXQFWLRQDOLW\�SURYLGHG�E\�
WKH�&%$��/LX��HW�DO���������VRIWZDUH��



���� $QQHDOLQJ�'DWD�
7KH�ILUVW�GDWDVHW�XVHG�LV�WKH�$QQHDOLQJ�GDWD�VHW��ZKLFK�KDV�����LQVWDQFHV�ZLWK����DWWULEXWHV��

7KH�GDWD�VHW�FRQWDLQV�D�WRWDO�RI����QRQ�HPSW\��FODVVHV��&ODVV���KDV�WKH�ODUJHVW�QXPEHU�RI�LQVWDQFHV��
7KH�UHPDLQHG�FODVVHV�DUH�UHJDUGHG�DV�UDUH�FODVV�ODEHOV�IRU�WKH\�DUH�VPDOO�LQ�VL]H��7KH�FRUUHVSRQGLQJ�
FODVV�GLVWULEXWLRQ�LV�LOOXVWUDWHG�LQ�7DEOH���� �
�

7DEOH���&ODVV�'LVWULEXWLRQ�RI�$QQHDOLQJ�'DWD�6HW�
&DVH� &ODVV�FRGHV� 3HUFHQWDJH�RI�LQVWDQFHV�

&RPPRQO\�2FFXUULQJ�&ODVVHV� �� ������
5DUH�&ODVVHV� ���������8� ������

$V�SRLQWHG�RXW�E\�$JJDUZDO�DQG�<X���������RQH�ZD\�WR�WHVW�KRZ�ZHOO� WKH�RXWOLHU�GHWHFWLRQ�
DOJRULWKP�ZRUNHG� LV� WR� UXQ� WKH�PHWKRG� RQ� WKH� GDWDVHW� DQG� WHVW� WKH� SHUFHQWDJH� RI� SRLQWV� ZKLFK�
EHORQJ�WR�WKH�UDUH�FODVVHV��,I�RXWOLHU�GHWHFWLRQ�ZRUNV�ZHOO��LW�LV�H[SHFWHG�WKDW�WKH�UDUH�FODVVHV�ZRXOG�
EH�RYHU�UHSUHVHQWHG�LQ�WKH�VHW�RI�SRLQWV�IRXQG��7KHVH�NLQGV�RI�FODVVHV�DUH�DOVR�LQWHUHVWLQJ�IURP�D�
SUDFWLFDO�SHUVSHFWLYH�� �

7DEOH���VKRZV�WKH�UHVXOWV�SURGXFHG�E\�WKH�)LQG&%/2)�DOJRULWKP�DJDLQVW�WKH�.11�DOJRULWKP�
�5DPDVZDP\��HW�DO����������+HUH��WKH�WRS�UDWLR�LV�UDWLR�RI�WKH�QXPEHU�RI�UHFRUGV�VSHFLILHG�DV�WRS�N�
RXWOLHUV�WR�WKDW�RI�WKH�UHFRUGV�LQ�WKH�GDWDVHW��7KH�FRYHUDJH�LV�UDWLR�RI�WKH�QXPEHU�RI�GHWHFWHG�UDUH�
FODVVHV�WR�WKDW�RI�WKH�UDUH�FODVVHV�LQ�WKH�GDWDVHW��)RU�H[DPSOH��ZH�OHW�)LQG&%/2)�DOJRULWKP�ILQG�
WKH�WRS�����RXWOLHUV�ZLWK�WKH�WRS�UDWLR�RI������%\�H[DPLQLQJ�WKHVH�����SRLQWV��ZH�IRXQG�WKDW�����
RI�WKHP�EHORQJHG�WR�WKH�UDUH�FODVVHV��,Q�FRQWUDVW��ZKHQ�ZH�UDQ�WKH�.11�DOJRULWKP�RQ�WKLV�GDWDVHW��
ZH�IRXQG�WKDW�RQO\����RI�����WRS�RXWOLHUV�EHORQJHG�WR�UDUH�FODVVHV�� �

�
7DEOH���'HWHFWHG�5DUH�&ODVVHV�LQ�$QQHDOLQJ�'DWDVHW�

1XPEHU�RI�5DUH�&ODVVHV�,QFOXGHG��&RYHUDJH��7RS�5DWLR��1XPEHU�RI�
5HFRUGV�� )LQG&%/2)� .11�
��������� ��������� ���������
��������� ��������� ���������
��������� ��������� ���������
��������� ���������� ���������
��������� ���������� ���������

)URP�7DEOH����WKH�SHUIRUPDQFH�RI�WKH�)LQG&%/2)�DOJRULWKP�RXWSHUIRUPHG�WKDW�RI�WKH�.11�
DOJRULWKP� LQ� DOO� WKH� ILYH� FDVHV�� HVSHFLDOO\��ZKHQ� WKH� WRS� UDWLR� LV� UHODWLYH� VPDOO�� WKH�)LQG&%/2)�
DOJRULWKP�ZRUNHG�PXFK�EHWWHU��
�
���� /\PSKRJUDSK\�'DWD�

7KH� VHFRQG� GDWDVHW� XVHG� LV� WKH� /\PSKRJUDSK\� GDWD� VHW�� ZKLFK� KDV� ���� LQVWDQFHV�ZLWK� ���
DWWULEXWHV��7KH�GDWD�VHW�FRQWDLQV�D�WRWDO�RI���FODVVHV��&ODVVHV���DQG���KDYH�WKH� ODUJHVW�QXPEHU�RI�
LQVWDQFHV��7KH� UHPDLQHG�FODVVHV�DUH� UHJDUGHG�DV� UDUH�FODVV� ODEHOV� IRU� WKH\�DUH� VPDOO� LQ� VL]H��7KH�
FRUUHVSRQGLQJ�FODVV�GLVWULEXWLRQ�LV�LOOXVWUDWHG�LQ�7DEOH����



7DEOH���&ODVV�'LVWULEXWLRQ�RI�/\PSKRJUDSK\�'DWD�6HW�
&DVH� &ODVV�FRGHV� 3HUFHQWDJH�RI�LQVWDQFHV�

&RPPRQO\�2FFXUULQJ�&ODVVHV� ����� ������
5DUH�&ODVVHV� ����� �����

7DEOH���VKRZV�WKH�UHVXOWV�SURGXFHG�E\�WKH�)LQG&%/2)�DOJRULWKP�DJDLQVW�WKH�.11�DOJRULWKP��
,Q�WKLV�H[SHULPHQW��WKH�)LQG&%/2)�DOJRULWKP�FDQ�ILQG�DOO�WKH�UHFRUGV�LQ�UDUH�FODVVHV�ZKHQ�WKH�WRS�
UDWLR�UHDFKHG������0RUHRYHU��LW�FDQ�ILQG�PDMRULW\�RI�WKH�UHFRUGV�LQ�WKH�UDUH�FODVVHV�HYHQ�WKH�WRS�
UDWLR�LV�VHW�WR�UHODWLYH�VPDOO��,Q�FRQWUDVW��WKH�SHUIRUPDQFH�RI�.11�DOJRULWKP�LV�QRW�VDWLVILHG��

�
7DEOH����'HWHFWHG�5DUH�&ODVVHV�LQ�/\PSKRJUDSK\�'DWDVHW�

1XPEHU�RI�5DUH�&ODVVHV�,QFOXGHG��&RYHUDJH��7RS�5DWLR��1XPEHU�RI�
5HFRUGV�� )LQG&%/2)� .11�
������� �������� ��������
�������� �������� ��������
�������� �������� ��������
�������� ��������� ��������

����:LVFRQVLQ�%UHDVW�&DQFHU�'DWD�
7KH�WKLUG�GDWDVHW�XVHG�LV�WKH�:LVFRQVLQ�EUHDVW�FDQFHU�GDWD�VHW��ZKLFK�KDV�����LQVWDQFHV�ZLWK���

DWWULEXWHV�� (DFK� UHFRUG� LV� ODEHOHG� DV� EHQLJQ� ����� RU� ������� RU�PDOLJQDQW� ����� RU� ��������:H�
IROORZ�WKH�H[SHULPHQWDO� WHFKQLTXH�RI�+DUNLQV��HW�DO�� �������E\�UHPRYLQJ�VRPH�RI� WKH�PDOLJQDQW�
UHFRUGV� WR� IRUP� D� YHU\� XQEDODQFHG� GLVWULEXWLRQ�� WKH� UHVXOWDQW� GDWDVHW� KDG� ��� ����� PDOLJQDQW�
UHFRUGV�DQG�����������EHQLJQ�UHFRUGV��

)RU�WKLV�GDWDVHW��RXU�DLP�LV�WR�WHVW�WKH�SHUIRUPDQFH�RI�RXU�DOJRULWKP�ZLWK�WKH�.11�DOJRULWKP�
DQG�WKH�511�EDVHG�RXWOLHU�GHWHFWLRQ�DOJRULWKP��+DUNLQV��HW�DO����������7KH�UHVXOWV�RI�511�EDVHG�
RXWOLHU�GHWHFWLRQ�DOJRULWKP�RQ�WKLV�GDWDVHW�DUH�UHSRUWHG�IURP�+DUNLQV��HW�DO���������� �

7DEOH� �� VKRZV� WKH� UHVXOWV� SURGXFHG� E\� WKH�)LQG&%/2)� DOJRULWKP� DJDLQVW� ERWK� WKH� .11�
DOJRULWKP�DQG�WKH�511�EDVHG�RXWOLHU�GHWHFWLRQ�DOJRULWKP�� �

2QH� LPSRUWDQW� REVHUYDWLRQ� IURP�7DEOH���ZDV� WKDW� RXU� DOJRULWKP�SHUIRUPHG� WKH�EHVW� IRU� DOO�
FDVHV�DQG�QHYHU�SHUIRUPHG�WKH�ZRUVW��7KDW�LV�WR�VD\��WKH�)LQG&%/2)�DOJRULWKP�LV�PRUH�FDSDEOH�WR�
HIIHFWLYHO\�GHWHFW�RXWOLHUV�WKDQ�WKH�RWKHU�WZR�DOJRULWKPV��

$QRWKHU� LPSRUWDQW�REVHUYDWLRQ�ZDV� WKDW� WKH�)LQG&%/2)�DOJRULWKP�IRXQG�DOO� WKH�PDOLJQDQW�
UHFRUGV�ZLWK� WKH� WRS�UDWLR�DW������ ,Q�FRQWUDVW�� IRU� WKH�511�EDVHG�RXWOLHU�GHWHFWLRQ�DOJRULWKP�� LW�
DFKLHYHG�WKLV�JRDO�ZLWK�WKH�WRS�UDWLR�DW������ZKLFK�LV�DOPRVW�WKH�WZLFH�IRU�WKDW�RI�)LQG&%/2)�

,Q�VXPPDU\��WKH�DERYH�H[SHULPHQWDO�UHVXOWV�RQ�WKH�WKUHH�GDWDVHWV�VKRZ�WKDW�WKH�)LQG&%/2)�
DOJRULWKP�FDQ�RXWOLHUV�PRUH�HIILFLHQWO\� WKDQ�H[LVWLQJ�DOJRULWKPV�� IURP�ZKLFK�ZH�FDQ�FRQILGHQWO\�
DVVHUW�WKDW�WKH�QHZ�FRQFHSW�RI�FOXVWHU�EDVHG�ORFDO�RXWOLHU�LV�SURPLVLQJ�LQ�SUDFWLFH��

�

� 7KH�UHVXOWDQW�GDWDVHW�LV�SXEOLF�DYDLODEOH�DW��KWWS���UHVHDUFK�FPLV�FVLUR�DX�URKDQE�RXWOLHUV�EUHDVW�FDQFHU��



7DEOH���'HWHFWHG�0DOLJQDQW�5HFRUGV�LQ�:LVFRQVLQ�%UHDVW�&DQFHU�'DWDVHW�
1XPEHU�RI�0DOLJQDQW�,QFOXGHG��&RYHUDJH��7RS�5DWLR��1XPEHU�

RI�5HFRUGV�� )LQG&%/2)� 511� .11�
������� ���������� ���������� ����������
������ ����������� ���������� �����������
������ ����������� ����������� �����������
������� ������������ ������������ �����������
������� ������������ ������������ ������������
������� ������������ ������������ ������������
�������� ������������ ������������ ������������
�������� ������������ ������������ ������������
�������� ������������ ������������ ������������
�������� ������������� ������������ ������������
�������� ������������� ������������ ������������
�������� ������������� ������������ ������������
��������� ������������� ������������ ������������
��������� ������������� ������������� ������������

���� 6FDODELOLW\�7HVWV�
,Q� WKLV� VHFWLRQ�� ZH� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� FRPSXWDWLRQ� RI�&%/2)� 7KH� GDWDVHWV�

ZHUH� JHQHUDWHG� XVLQJ� D� GDWD� JHQHUDWRU�� LQ� ZKLFK� DOO� SRVVLEOH� YDOXHV� DUH� SURGXFHG� ZLWK�
�DSSUR[LPDWHO\��HTXDO�SUREDELOLW\��DQG�WKH�QXPEHU�RI�DWWULEXWH�YDOXHV�IRU�HDFK�DWWULEXWH�VHW�WR�����
7R� ILQG� RXW� KRZ� WKH� QXPEHU� RI� UHFRUGV� DQG� DWWULEXWHV� DIIHFW� WKH� DOJRULWKP�� ZH� UDQ� D� VHULHV� RI�
H[SHULPHQWV�ZLWK�LQFUHDVLQJ�QXPEHU�RI�UHFRUGV�DQG�DWWULEXWHV��7KH�QXPEHU�RI�UHFRUGV�YDULHG�IURP�
��� PLOOLRQ� WR�����PLOOLRQ��DQG� WKH�QXPEHU�RI�DWWULEXWHV�YDULHG� IURP���� WR�����7KH�HODSVHG� WLPH�
PHDVXUHG�LV�VKRZQ�LQ�)LJXUH����
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)LJ�����5XQWLPH�IRU�WKH�FRPSXWDWLRQ�RI�&%/2)V�ZLWK�GLIIHUHQW�GDWDVHW�VL]HV�DQG�GLIIHUHQW�QXPEHU�RI�DWWULEXWHV� � �

�
)URP�WKLV�ILJXUH��ZH�FDQ�VHH�WKDW�OLQHDU�VFDODELOLW\�LV�DFKLHYHG�ZLWK�UHVSHFW�WR�WKH�QXPEHU�RI�

UHFRUGV�DQG�DWWULEXWHV��7KLV�SURSHUW\�TXDOLILHV�RXU�DOJRULWKP�IRU�GLVFRYHULQJ�RXWOLHUV�LQ�YHU\�ODUJH�
GDWDEDVHV�� � � �
�



� &RQFOXVLRQV�
�

,Q� WKLV� SDSHU��ZH�SUHVHQW� D�QHZ�GHILQLWLRQ� IRU� RXWOLHU�� FOXVWHU�EDVHG� ORFDO�RXWOLHU� ZKLFK� LV�
LQWXLWLYH� DQG� SURYLGHV� LPSRUWDQFH� WR� WKH� ORFDO� GDWD� EHKDYLRU�� $� PHDVXUH� IRU� LGHQWLI\LQJ� WKH�
SK\VLFDO�VLJQLILFDQFH�RI�DQ�RXWOLHU��QDPHO\�&%/2)��&OXVWHU�%DVHG�/RFDO�2XWOLHU�)DFWRU�� LV�DOVR�
GHILQHG�� )XUWKHUPRUH�� ZH� SURSRVH� WKH� )LQG&%/2)� DOJRULWKP� IRU� GLVFRYHULQJ� RXWOLHUV�� 7KH�
H[SHULPHQWDO� UHVXOWV� VKRZ� WKDW� RXU� DSSURDFK� RXWSHUIRUPHG� H[LVWLQJ� PHWKRGV� RQ� LGHQWLI\LQJ�
PHDQLQJIXO�DQG�LQWHUHVWLQJ�RXWOLHUV�� �

)RU� IXWXUH�ZRUN��ZH�ZLOO� LQWHJUDWH� WKH�)LQG&%/2)� DOJRULWKP�PRUH� WLJKWO\�ZLWK� FOXVWHULQJ�
DOJRULWKPV�WR�PDNH�WKH�GHWHFWLQJ�SURFHVV�PRUH�HIILFLHQW��7KH�GHVLJQLQJ�RI�HIIHFWLYH�WRS�N�RXWOLHUV¶�
GHWHFWLRQ�DOJRULWKP�ZLOO�EH�DOVR�DGGUHVVHG��
�
$FNQRZOHGJHPHQWV� �
�
7KH�FRPPHQWV� DQG� VXJJHVWLRQV� IURP� WKH� DQRQ\PRXV� UHYLHZHUV� JUHDWO\� LPSURYH� WKLV� SDSHU��7KH�
DXWKRUV� ZLVK� WR� WKDQN� )DEUL]LR� $QJLXOOL� IRU� VHQGLQJ� XV� WKHLU� 3.''¶��� SDSHU�� 6SHFLDO�
DFNQRZOHGJHPHQW�JRHV� WR�0EDOH� -DPHVRQ� IRU�KLV�KHOS�RQ�(QJOLVK� HGLWLQJ��7KH�1DWLRQDO�1DWXUH�
6FLHQFH�)RXQGDWLRQ�RI�3��5��&KLQD��1R������������DQG�WKH�,%0�685�5HVHDUFK�)XQG�VXSSRUWHG�
WKLV�UHVHDUFK��
�
5HIHUHQFHV�
$JJDUZDO &���<X 3� ������2XWOLHU�GHWHFWLRQ�IRU�KLJK�GLPHQVLRQDO�GDWD��,Q��3URFHHGLQJV�RI�6,*02'¶����6DQWD�

%DUEDUD��&$��86$��SS���������
$QJLXOOL��)���3L]]XWL��&���������)DVW�RXWOLHU�GHWHFWLRQ�LQ�KLJK�GLPHQVLRQDO�VSDFHV��,Q��3URFHHGLQJV�RI�3.''¶����
$UQLQJ�� $��� $JUDZDO�� 5��� 5DJKDYDQ�� 3��� ������ $� OLQHDU� PHWKRG� IRU� GHYLDWLRQ� GHWHFWLRQ� LQ� ODUJH� GDWDEDVHV�� ,Q��

3URFHHGLQJV�RI�.''¶����3RUWODQG�25��86$��SS�����������
%DUQHWW��9���/HZLV��7���������2XWOLHUV�LQ�VWDWLVWLFDO�GDWD��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��������
%H\HU�� .��� *ROGVWHLQ�� -��� 5DPDNULVKQDQ�� 5��� 6KDIW�� 8��� ������ :KHQ� LV� ³QHDUHVW� QHLJKERUV´� PHDQLQJIXO"� ,Q��

3URFHHGLQJV�RI�,&'7¶����-HUXVDOHP��,VUDHO��SS�����������
%UHXQLJ��0��0��� .ULHJHO�� +�� 3��� 1J�� 5�� 7��� 6DQGHU�� -��� ������ /2)�� LGHQWLI\LQJ� GHQVLW\�EDVHG� ORFDO� RXWOLHUV�� ,Q��

3URFHHGLQJV�RI�6,*02'¶����'DOODV��7H[DV��SS�����������
(VWHU��0���.ULHJHO��+�� 3��� 6DQGHU�� -���;X��;��� ������$� GHQVLW\�EDVHG� DOJRULWKP� IRU� GLVFRYHULQJ� FOXVWHUV� LQ� ODUJH�

VSDWLDO�GDWDEDVHV´��,Q��3URFHHGLQJV�RI�.''¶����3RUWODQG�25��86$��SS�����������
*XKD�� 6��� 5DVWRJL�� 5��� .\XVHRN�� 6��� ������ 52&.�� $� UREXVW� FOXVWHULQJ� DOJRULWKP� IRU� FDWHJRULFDO� DWWULEXWHV�� ,Q��

3URFHHGLQJV�RI�,&'(¶����6\GQH\��$XVWUDOLD��SS�����������
+DUNLQV��6���+H��+���:LOODPV��*��-���%DVWHU��5��$���������2XWOLHU�GHWHFWLRQ�XVLQJ�UHSOLFDWRU�QHXUDO�QHWZRUNV��,Q��3URF��

RI� WKH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 'DWD� :DUHKRXVLQJ� DQG� .QRZOHGJH� 'LVFRYHU\�� $L[�HQ�3URYHQFH��
)UDQFH��SS�����������

+H��=���'HQJ��6���;X��;���������2XWOLHU�GHWHFWLRQ�LQWHJUDWLQJ�VHPDQWLF�NQRZOHGJH��,Q��3URF��RI�WKH��WK�,QW¶O�&RQI��
RQ�:HE�$JH�,QIRUPDWLRQ�0DQDJHPHQW� %HLMLQJ��&KLQD��SS����������

+H�� =��� ;X�� ;��� 'HQJ�� 6��� ������ 6TXHH]HU� $Q� HIILFLHQW� DOJRULWKP� IRU� FOXVWHULQJ� FDWHJRULFDO� GDWD�� -RXUQDO� RI�



&RPSXWHU�6FLHQFH�DQG�7HFKQRORJ\������������������
-LDQJ�� 0�� )��� 7VHQJ�� 6�� 6��� 6X�� &�� 0��� ������ 7ZR�SKDVH� FOXVWHULQJ� SURFHVV� IRU� RXWOLHUV� GHWHFWLRQ�� 3DWWHUQ�

5HFRJQLWLRQ�/HWWHUV��������������������
.QRUU��(��0���1J��5��7���������$OJRULWKPV�IRU�PLQLQJ�GLVWDQFH�EDVHG�RXWOLHUV�LQ�ODUJH�GDWDVHWV�� � ,Q��3URFHHGLQJV�RI�

9/'%¶����1HZ�<RUN��86$��SS�����������
/LX��%���+VX��:���0D��<���������,QWHJUDWLQJ�FODVVLILFDWLRQ�DQG�DVVRFLDWLRQ�UXOH�PLQLQJ��,Q��3URFHHGLQJV�RI�.''¶����

1HZ�<RUN��86$��SS���������
0HU]�� &�� -��� 0HUSK\�� 3��� ������ 8&,� 5HSRVLWRU\� RI� 0DFKLQH� /HDUQLQJ� 'DWDEDVHV�� 85/��

+WWS���ZZZ�LFV�XFL�HGX�aPOHDUQ�0/55HSRVLWRU\�KWPO�
1DQRSRXORV��$���7KHRGRULGLV��<���0DQRORSRXORV��<���������&�3��&OXVWHULQJ�EDVHG�RQ�FORVHVW�SDLUV��,Q��3URFHHGLQJV�

RI�9/'%¶����5RPH�,WDO\��SS�����������
1XWV��5���5RXVVHHXZ��3��� ������&RPSXWLQJ�GHSWK� FRQWRXUV�RI�ELYDULDWH�SRLQW� FORXGV�� � -RXUQDO�RI�&RPSXWDWLRQDO�

6WDWLVWLFV�DQG�'DWD�$QDO\VLV��YRO��������������
5DPDVZDP\��6���5DVWRJL��5���.\XVHRN��6���������(IILFLHQW�DOJRULWKPV�IRU�PLQLQJ�RXWOLHUV�IURP�ODUJH�GDWD�VHWV��,Q��

3URFHHGLQJV�RI�6,*02'¶����'DOODV��7H[DV��SS����������
<DPDQLVKL��.���7DNHXFKL��-���������'LVFRYHULQJ�RXWOLHU�ILOWHULQJ�UXOHV�IURP�XQODEHOHG�GDWD�FRPELQLQJ�D�VXSHUYLVHG�

OHDUQHU�ZLWK�DQ�XQVXSHUYLVHG�/HDUQHU��,Q��3URFHHGLQJV�RI�.''¶����SS�����������
<DPDQLVKL��.���7DNHXFKL��-���:LOOLDPV��*���������2Q�OLQH�XQVXSHUYLVHG�RXWOLHU�GHWHFWLRQ�XVLQJ�ILQLWH�PL[WXUHV�ZLWK�

GLVFRXQWLQJ�OHDUQLQJ�DOJRULWKPV��,Q��3URFHHGLQJV�RI�.''¶����%RVWRQ��0$��86$��SS�����������
<X��'���6KHLNKROHVODPL��*���=KDQJ��$��� ������)LQG2XW��)LQGLQJ�RXW�RXWOLHUV� LQ� ODUJH�GDWDVHWV��7HFKQLTXH�5HSRUW��

6WDWH�8QLYHUVLW\�RI�1HZ�<RUN�DW�%XIIDOR��������


