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$EVWUDFW��&OXVWHULQJ�LV�D�PRVWO\�XQVXSHUYLVHG�SURFHGXUH�DQG�WKH�PDMRULW\�RI�WKH�FOXVWHULQJ�
DOJRULWKPV�GHSHQG�RQ�FHUWDLQ�DVVXPSWLRQV�LQ�RUGHU�WR�GHILQH�WKH�VXEJURXSV�SUHVHQW�LQ�D�GDWD�
VHW��0RUHRYHU��WKH\�PD\�EHKDYH�LQ�D�GLIIHUHQW�ZD\�GHSHQGLQJ�RQ�WKH�IHDWXUHV�RI�WKH�GDWD�VHW�
DQG�WKHLU� LQSXW�SDUDPHWHUV¶�YDOXHV��7KHUHIRUH�� LQ�PRVW�DSSOLFDWLRQV� WKH�UHVXOWLQJ�FOXVWHULQJ�
VFKHPH�UHTXLUHV�VRPH�VRUW�RI�HYDOXDWLRQ�DV�UHJDUGV�LWV�YDOLGLW\��
,Q�WKLV�SDSHU�D�QHZ�YDOLGLW\�LQGH[��&'EZ��LV�GHILQHG�EDVHG�RQ�ZHOO�NQRZQ�FOXVWHULQJ�FULWHULD�
HQDEOLQJ�� L�� WKH� ILQGLQJ�RI� WKH�RSWLPDO� LQSXW�SDUDPHWHUV¶� YDOXHV� IRU� D� FOXVWHULQJ� DOJRULWKP�
WKDW� UHVXOWV� LQ� WKH�RSWLPDO�SDUWLWLRQLQJ�RI�D�GDWD� VHW�� LL�� WKH�VHOHFWLRQ�RI� WKH�DOJRULWKP� WKDW�
SURYLGHV� WKH� RSWLPDO� SDUWLWLRQLQJ� RI� D� GDWD� VHW�� &'EZ� SXWV� HPSKDVLV� RQ� WKH� JHRPHWULF�
IHDWXUHV� RI� FOXVWHUV�� KDQGOLQJ� HIILFLHQWO\� DUELWUDU\� VKDSHG� FOXVWHUV�� ,W� DFKLHYHV� WKLV� E\�
UHSUHVHQWLQJ�HDFK�FOXVWHU�E\�D� FHUWDLQ� IL[HG�QXPEHU�RI�FOXVWHUV� UDWKHU� WKDQ�D� VLQJOH�FHQWHU�
SRLQW���2XU�H[SHULPHQWDO�UHVXOWV�FRQILUP�WKH�UHOLDELOLW\�RI�RXU�LQGH[�VKRZLQJ�WKDW�LW�SHUIRUPV�
IDYRUDEO\�LQ�DOO�FDVHV�VHOHFWLQJ�LQGHSHQGHQWO\�RI�FOXVWHULQJ�DOJRULWKP�WKH�VFKHPH�WKDW�EHVW�
ILWV�WKH�GDWD�XQGHU�FRQVLGHUDWLRQ��

��� ,QWURGXFWLRQ��
,Q� WKH� OLWHUDWXUH� D� ZLGH� YDULHW\� RI� DOJRULWKPV� KDYH� EHHQ� SURSRVHG� IRU� GLIIHUHQW�
DSSOLFDWLRQV�DQG�W\SHV�RI�GDWD�VHWV�>��@�� �7KH�DSSOLFDWLRQ�RI�DQ�DOJRULWKP�WR�D�GDWD�VHW�
DLPV� DW�� DVVXPLQJ� WKDW� WKH� GDWD� VHW� RIIHUV� D� FOXVWHULQJ� WHQGHQF\�� GLVFRYHULQJ� LWV� UHDO�
SDUWLWLRQV��7KLV�LPSOLHV�WKDW�L��DOO�WKH�SRLQWV�WKDW�QDWXUDOO\�EHORQJ�WR�WKH�VDPH�FOXVWHU�ZLOO�
HYHQWXDOO\� EH� DWWDFKHG� WR� LW� E\� WKH� DOJRULWKP�� LL�� QR� DGGLWLRQDO� GDWD� VHW� SRLQWV� �L�H���
RXWOLHUV�RU�SRLQWV�RI�DQRWKHU�FOXVWHU��ZLOO�EH�DWWDFKHG�WR�WKH�FOXVWHU��

,Q�PRVW�DOJRULWKPV¶�H[SHULPHQWDO�HYDOXDWLRQV�>��������������������@��'�GDWD�VHWV�DUH�
XVHG� LQ�RUGHU� WKH� UHDGHU� LV� DEOH� WR�YLVXDOO\�YHULI\� WKH�YDOLGLW\�RI� WKH� UHVXOWV� �L�H��� KRZ�
ZHOO�WKH�FOXVWHULQJ�DOJRULWKP�GLVFRYHUHG�WKH�FOXVWHUV�RI�WKH�GDWD�VHW���,W�LV�FOHDU�WKDW�WKH�
YLVXDOL]DWLRQ�RI�WKH�GDWD�VHW�LV�D�FUXFLDO�YHULILFDWLRQ�RI�WKH�FOXVWHULQJ�UHVXOWV��,Q�WKH�FDVH�
RI� ODUJH� PXOWLGLPHQVLRQDO� GDWD� VHWV� �H�J�� PRUH� WKDQ� WKUHH� GLPHQVLRQV�� HIIHFWLYH�
YLVXDOL]DWLRQ�RI�WKH�GDWD�VHW�FDQ�EH�GLIILFXOW��0RUHRYHU�WKH�SHUFHSWLRQ�RI�FOXVWHUV�XVLQJ�
DYDLODEOH�YLVXDOL]DWLRQ�WRROV�LV�D�GLIILFXOW�WDVN�IRU�WKH�KXPDQV�WKDW�DUH�QRW�DFFXVWRPHG�WR�
KLJKHU�GLPHQVLRQDO�VSDFHV���

,W�LV�REYLRXV�WKHQ�WKDW�D�PDMRU�SUREOHP�LQ�FOXVWHULQJ�LV�WR�GHFLGH�WKH�RSWLPDO�QXPEHU�
RI�FOXVWHUV� WKDW� ILWV�D�GDWD� VHW��7KH�YDULRXV�FOXVWHULQJ�DOJRULWKPV�EHKDYH� LQ�D�GLIIHUHQW�
ZD\�GHSHQGLQJ�RQ��L��WKH�IHDWXUHV�RI�WKH�GDWD�VHW��JHRPHWU\�DQG�GHQVLW\�GLVWULEXWLRQ�RI�
FOXVWHUV���LL��WKH�LQSXW�SDUDPHWHUV�YDOXHV�

�$VVXPLQJ� WKDW� WKH� GDWD� VHW� LQFOXGHV� GLVWLQFW� SDUWLWLRQV� �L�H��� LQKHUHQWO\� VXSSRUWV�
FOXVWHULQJ� WHQGHQF\��� WKH� VHFRQG� LVVXH� EHFRPHV� YHU\� LPSRUWDQW�� ,Q� WKH� IROORZLQJ� ZH�
VKRZ�WKDW�GLIIHUHQW�LQSXW�SDUDPHWHUV�YDOXHV�RI�FOXVWHULQJ�DOJRULWKPV�PD\�UHVXOW�LQ�JRRG�
RU�EDG�UHVXOWV�LQ�SDUWLWLRQLQJ�WKH�GDWD�VHW��

)RU�LQVWDQFH�LQ�)LJXUH���ZH�FDQ�VHH�WKH�ZD\�D�VSHFLILF�DOJRULWKP��H�J���.�PHDQV>�@��
SDUWLWLRQV�D�GDWD�VHW�KDYLQJ�GLIIHUHQW�LQSXW�SDUDPHWHU�YDOXHV��,W�LV�FOHDU�WKDW�WKH�GDWD�VHW�LV�
IDOVHO\�SDUWLWLRQHG�LQ�PRVW�RI� WKH�FDVHV��2QO\�VRPH�VSHFLILF�YDOXHV� IRU� WKH�DOJRULWKPV¶�
LQSXW�SDUDPHWHUV�OHDG�WR�RSWLPDO�SDUWLWLRQLQJ�RI�WKH�GDWD�VHW��0RUHRYHU��LQ�)LJXUH���ZH�
FDQ�VHH�WKH�ZD\�GLIIHUHQW�DOJRULWKPV��'%6&$1�>�@��.�0HDQV�>�@��SDUWLWLRQ�D�GDWD�VHW��,W�
LV�FOHDU�IURP�)LJXUH��D�DQG�)LJXUH��E�WKDW�.�PHDQV�PD\�SDUWLWLRQ�WKH�GDWD�VHW�LQWR�WKH�
FRUUHFW�QXPEHU�RI�FOXVWHUV��L�H���WKUHH�FOXVWHUV��EXW�LQ�D�ZURQJ�ZD\��2Q�WKH�RWKHU�KDQG��
'%6&$1��VHH�)LJXUH�F��LV�PRUH�HIILFLHQW�VLQFH�LW�SDUWLWLRQHG�WKH�GDWD�VHW�LQ�WKH�LQKHUHQW�



WKUHH�FOXVWHUV�XQGHU�WKH�FRQVLGHUDWLRQ�RI�WKH�VXLWDEOH�LQSXW�SDUDPHWHUV¶�YDOXHV��$V�LW� LV�
HYLGHQW�� LI� WKHUH� LV� QR� YLVXDO� SHUFHSWLRQ� RI� WKH� FOXVWHUV� LW� LV� LPSRVVLEOH� WR� DVVHVV� WKH�
YDOLGLW\� RI� WKH� SDUWLWLRQLQJ�� ,W� LV� LPSRUWDQW� WKHQ� WR� EH� DEOH� WR� FKRRVH� WKH� RSWLPDO�
SDUWLWLRQLQJ�RI�D�GDWD�VHW�DV�D�UHVXOW�RI�DSSO\LQJ�GLIIHUHQW�DOJRULWKPV�ZLWK�GLIIHUHQW�LQSXW�
SDUDPHWHU�YDOXHV��

:KDW� LV� WKHQ� QHHGHG� LV� D� YLVXDO�DLGV�IUHH� DVVHVVPHQW� RI� VRPH�REMHFWLYH� FULWHULRQ��
LQGLFDWLQJ� WKH� YDOLGLW\� RI� WKH� UHVXOWV� RI� D� FOXVWHULQJ� DOJRULWKP� DSSOLFDWLRQ� RQ� D�
SRWHQWLDOO\� KLJK� GLPHQVLRQDO� GDWD� VHW�� ,Q� WKLV� SDSHU� ZH� GHILQH� DQG� HYDOXDWH� D� FOXVWHU�
YDOLGLW\�LQGH[��&'EZ��&RPSRVH�'HQVLW\�EHWZHHQ�DQG�ZLWKLQ�FOXVWHUV���$VVXPLQJ�D�GDWD�
VHW�6��WKH�LQGH[�HQDEOHV�WKH�VHOHFWLRQ�RI�RSWLPDO�LQSXW�SDUDPHWHU�YDOXHV�IRU�D�FOXVWHULQJ�
DOJRULWKP�WKDW�EHVW�SDUWLWLRQ�6��0RUHRYHU��&'EZ�DGMXVWV�ZHOO�WR�QRQ�VSKHULFDO�FOXVWHUV�
FRQWUDU\�WR�WKH�YDOLGLW\�LQGLFHV�SURSRVHG�LQ�WKH�OLWHUDWXUH��,W�DFKLHYHV�WKLV�E\�FRQVLGHULQJ�
PXOWL�UHSUHVHQWDWLYH�SRLQWV�SHU�FOXVWHU��

7KH�UHVW�RI� WKH�SDSHU� LV�RUJDQL]HG�DV� IROORZV��6HFWLRQ���VXUYH\V� WKH�UHODWHG�ZRUN��
:H�PRWLYDWH�DQG�GHILQH� WKH�YDOLGLW\� LQGH[� LQ�6HFWLRQ����)XUWKHUPRUH�� LQ�6HFWLRQ���ZH�
SUHVHQW�DQ�H[SHULPHQWDO�VWXG\�RI�RXU�DSSURDFK�XVLQJ�V\QWKHWLF�GDWDVHW�ZKLOH�ZH�FRPSDUH�
RXU�DSSURDFK�WR�RWKHU�YDOLGLW\� LQGLFHV�� ,Q�6HFWLRQ���ZH�FRQFOXGH�E\�EULHIO\�SUHVHQWLQJ�
RXU�FRQWULEXWLRQV�DQG�LQGLFDWH�GLUHFWLRQV�IRU�IXUWKHU�UHVHDUFK��
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)LJXUH� ��� 7KH� GLIIHUHQW� SDUWLWLRQV� UHVXOWLQJ� IURP� UXQQLQJ� .�0HDQV� ZLWK� GLIIHUHQW� LQSXW�
SDUDPHWHU�YDOXHV��
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��� 5HODWHG�:RUN�
7KH� IXQGDPHQWDO� FOXVWHULQJ� SUREOHP� LV� WR� SDUWLWLRQ� D� JLYHQ� GDWD� VHW� LQWR� JURXSV�
�FOXVWHUV���VXFK�WKDW�WKH�GDWD�SRLQWV�LQ�D�FOXVWHU�DUH�PRUH�VLPLODU�WR�HDFK�RWKHU�WKDQ�SRLQWV�
LQ�GLIIHUHQW�FOXVWHUV�>��@��,Q�WKH�FOXVWHULQJ�SURFHVV��WKHUH�DUH�QR�SUHGHILQHG�FODVVHV�DQG�
QR�H[DPSOHV� WKDW�ZRXOG�VKRZ�ZKDW�NLQG�RI�GHVLUDEOH� UHODWLRQV� VKRXOG�EH�YDOLG�DPRQJ�
WKH�GDWD�>�@��7KLV�LV�ZKDW�GLVWLQJXLVKHV�FOXVWHULQJ�IURP�FODVVLILFDWLRQ�>����@���

7KHUH�LV�D�PXOWLWXGH�RI�FOXVWHULQJ�PHWKRGV�DYDLODEOH�LQ�WKH�OLWHUDWXUH��ZKLFK�FDQ�EH�
EURDGO\� FODVVLILHG� LQWR� WKH� IROORZLQJ� W\SHV� >���� ��@�� L�� 3DUWLWLRQDO� FOXVWHULQJ�
LL�+LHUDUFKLFDO�FOXVWHULQJ��LLL��'HQVLW\�EDVHG�FOXVWHULQJ��LY��*ULG�EDVHG�FOXVWHULQJ���
)RU�HDFK�RI�WKHVH�W\SHV�WKHUH�H[LVWV�D�ZHDOWK�RI�VXEW\SHV�DQG�GLIIHUHQW�DOJRULWKPV�>���

������������������������������@�IRU�ILQGLQJ�WKH�FOXVWHUV��,Q�JHQHUDO�WHUPV��WKH�FOXVWHULQJ�
DOJRULWKPV� DUH� EDVHG� RQ� D� FULWHULRQ� IRU� MXGJLQJ� WKH� YDOLGLW\� RI� D� JLYHQ� SDUWLWLRQLQJ��
0RUHRYHU��WKH\�GHILQH�D�SDUWLWLRQLQJ�RI�D�GDWD�VHW�EDVHG�RQ�FHUWDLQ�DVVXPSWLRQV�DQG�QRW�
WKH�RSWLPDO�RQH�WKDW�ILWV�WKH�GDWD�VHW��
6LQFH�FOXVWHULQJ�DOJRULWKPV�GLVFRYHU�FOXVWHUV��ZKLFK�DUH�QRW�NQRZQ�D�SULRUL�� WKH�ILQDO�

SDUWLWLRQ� RI� D� GDWD� VHW� UHTXLUHV� VRPH� VRUW� RI� HYDOXDWLRQ� LQ� PRVW� DSSOLFDWLRQV� >��@�� $�
SDUWLFXODUO\�GLIILFXOW�SUREOHP��ZKLFK�LV�RIWHQ�LJQRUHG�LQ�FOXVWHULQJ�DOJRULWKPV�LV� �³KRZ�
PDQ\�FOXVWHUV�DUH�WKHUH�LQ�WKH�GDWD�VHW"´���
3UHYLRXVO\� GHVFULEHG� UHTXLUHPHQWV� IRU� WKH� HYDOXDWLRQ� RI� FOXVWHULQJ� UHVXOWV� LV� ZHOO�

NQRZQ�LQ�WKH�UHVHDUFK�FRPPXQLW\�DQG�D�QXPEHU�RI�HIIRUWV�KDYH�EHHQ�PDGH�HVSHFLDOO\�LQ�
WKH� DUHD� RI� SDWWHUQ� UHFRJQLWLRQ� >��@�� +RZHYHU�� WKH� LVVXH� RI� FOXVWHU� YDOLGLW\� LV� UDWKHU�
XQGHU�DGGUHVVHG� LQ� WKH� DUHD� RI� GDWDEDVHV� DQG� GDWD� PLQLQJ� DSSOLFDWLRQV�� HYHQ� WKRXJK�
UHFRJQL]HG� DV� LPSRUWDQW�� ,Q� JHQHUDO� WHUPV�� WKHUH� DUH� WKUHH� DSSURDFKHV� WR� LQYHVWLJDWH�
FOXVWHU� YDOLGLW\� >��@�� 7KH� ILUVW� LV� EDVHG� RQ� H[WHUQDO� FULWHULD�� 7KLV� LPSOLHV� WKDW� ZH�
HYDOXDWH�WKH�UHVXOWV�RI�D�FOXVWHULQJ�DOJRULWKP�EDVHG�RQ�D�SUH�VSHFLILHG�VWUXFWXUH��ZKLFK�LV�
LPSRVHG�RQ�D�GDWD�VHW�DQG�UHIOHFWV�RXU�LQWXLWLRQ�DERXW�WKH�FOXVWHULQJ�VWUXFWXUH�RI�WKH�GDWD�
VHW��7KH�VHFRQG�DSSURDFK�LV�EDVHG�RQ�LQWHUQDO�FULWHULD��:H�PD\�HYDOXDWH�WKH�UHVXOWV�RI�D�
FOXVWHULQJ� DOJRULWKP� LQ� WHUPV� RI� TXDQWLWLHV� WKDW� LQYROYH� WKH� YHFWRUV� RI� WKH� GDWD� VHW�
WKHPVHOYHV� �H�J���SUR[LPLW\�PDWUL[���7KH� WKLUG�DSSURDFK�RI�FOXVWHULQJ�YDOLGLW\� LV�EDVHG�
RQ� UHODWLYH� FULWHULD��+HUH� WKH� EDVLF� LGHD� LV� WKH� HYDOXDWLRQ� RI� D� FOXVWHULQJ� VWUXFWXUH� E\�
FRPSDULQJ� LW�ZLWK�RWKHU� FOXVWHULQJ� VFKHPHV�� UHVXOWLQJ�E\� WKH� VDPH�DOJRULWKP�EXW�ZLWK�
GLIIHUHQW� SDUDPHWHU� YDOXHV�� $� QXPEHU� RI� YDOLGLW\� LQGLFHV� KDYH� EHHQ� GHILQHG� DQG�
SURSRVHG�LQ�WKH�OLWHUDWXUH�IRU�HDFK�RI�DERYH�DSSURDFKHV�>��@��$�FOXVWHU�YDOLGLW\�LQGH[�IRU�
FULVS� FOXVWHULQJ� SURSRVHG� LQ� >�@�� DWWHPSWV� WR� LGHQWLI\� ³FRPSDFW� DQG� ZHOO�VHSDUDWHG�
FOXVWHUV´��2WKHU�YDOLGLW\�LQGLFHV�IRU�FULVS�FOXVWHULQJ�KDYH�EHHQ�SURSRVHG�LQ�>�@�DQG�>��@��
7KH� LPSOHPHQWDWLRQ� RI� PRVW� RI� WKHVH� LQGLFHV� LV� YHU\� FRPSXWDWLRQDOO\� H[SHQVLYH��
HVSHFLDOO\�ZKHQ�WKH�QXPEHU�RI�FOXVWHUV�DQG�QXPEHU�RI�REMHFWV�LQ�WKH�GDWD�VHW�JURZV�YHU\�
ODUJH� >��@�� ,Q� >��@�� DQ� HYDOXDWLRQ� VWXG\� RI� WKLUW\� YDOLGLW\� LQGLFHV� SURSRVHG� LQ� WKH�
OLWHUDWXUH� LV� SUHVHQWHG�� 7KH� UHVXOWV� RI� WKLV� VWXG\� SODFH� &DOLVNL� DQG� +DUDEDV]��������
-H����-H���� �������� &�LQGH[� �������� *DPPD� DQG� %HDOH� DPRQJ� WKH� VL[� EHVW� LQGLFHV��
+RZHYHU��LW�LV�QRWHG�WKDW�DOWKRXJK�WKH�UHVXOWV�FRQFHUQLQJ�WKHVH�PHWKRGV�DUH�HQFRXUDJLQJ�
WKH\� DUH� OLNHO\� WR� EH� GDWD� GHSHQGHQW�� )RU� IX]]\� FOXVWHULQJ� >��@�� %H]GHN� SURSRVHG� WKH�
SDUWLWLRQ� FRHIILFLHQW� ������� DQG� WKH� FODVVLILFDWLRQ� HQWURS\� �������� 7KH� OLPLWDWLRQV� RI�
WKHVH�LQGLFHV�DUH�>�@��L��WKHLU�PRQRWRQRXV�GHSHQGHQF\�RQ�WKH�QXPEHU�RI�FOXVWHUV��DQG�LL��
WKH� ODFN�RI�GLUHFW�FRQQHFWLRQ� WR� WKH�JHRPHWU\�RI� WKH�GDWD��2WKHU� IX]]\�YDOLGLW\� LQGLFHV�
DUH�SURSRVHG�LQ�>���������@��:H�VKRXOG�PHQWLRQ�WKDW�WKH�HYDOXDWLRQ�RI�SURSRVHG�LQGLFHV�
DQG�WKH�DQDO\VLV�RI�WKHLU�UHOLDELOLW\�DUH�OLPLWHG���

$QRWKHU� DSSURDFK� IRU� ILQGLQJ� WKH�EHVW� QXPEHU�RI� FOXVWHU�RI� D�GDWD� VHW� SURSRVHG� LQ�
>��@�� ,W� LQWURGXFHV� D� SUDFWLFDO� FOXVWHULQJ� DOJRULWKP� EDVHG� RQ� 0RQWH� &DUOR� FURVV�
YDOLGDWLRQ�� 7KLV� DSSURDFK� GLIIHUV� VLJQLILFDQWO\� IURP� WKH� RQH� ZH� SURSRVH�� :KLOH� ZH�
HYDOXDWH�FOXVWHULQJ�VFKHPHV�EDVHG�RQ�ZLGHO\�UHFRJQL]HG�YDOLGLW\�FULWHULD�RI�FOXVWHULQJ��
WKH�HYDOXDWLRQ�DSSURDFK�SURSRVHG� LQ�>��@� LV�EDVHG�RQ�GHQVLW\� IXQFWLRQV�FRQVLGHUHG�IRU�
WKH�GDWD�VHW��7KXV�� LW�XVHV�FRQFHSWV�UHODWHG� WR�SUREDELOLVWLF�PRGHOV� LQ�RUGHU� WR�HVWLPDWH�



WKH�QXPEHU�RI�FOXVWHUV��EHWWHU�ILWWLQJ�D�GDWD�VHW��ZKLOH�ZH�XVH�FRQFHSWV�GLUHFWO\�UHODWHG�WR�
WKH�GDWD��

��� ,QWURGXFLQJ�D�QHZ�YDOLGLW\�LQGH[��
$FFRUGLQJ� WR� WKH� OLWHUDWXUH� >��@� WKH� FOXVWHULQJ� YDOLGLW\� FULWHULD� DUH� FODVVLILHG� LQWR�� L��
LQWHUQDO�� LL�� H[WHUQDO�� DQG� LLL�� UHODWLYH�� &ULWHULD� RI� WKH� FDWHJRULHV� L�� DQG� LL�� DUH� TXLWH�
FRPSOH[� GXH� WR� XVDJH� RI�0RQWH� &DUOR� VLPXODWLRQ� ZKLFK� VFDQV� WKH� GDWD� VHWV� PXOWLSOH�
WLPHV� UHVXOWLQJ� LQ� H[SRQHQWLDO� FRPSOH[LWLHV�� ,Q� WKLV� UHVHDUFK� HIIRUW� ZH� IRFXVHG� RQ�
UHODWLYH�FULWHULD�ZKHUH�WKH�DOJRULWKP�LV�UXQQLQJ�UHSHWLWLYHO\�XVLQJ�GLIIHUHQW�LQSXW�YDOXHV�
DQG�WKH�UHVXOWLQJ�FOXVWHUV�DUH�FRPSDUHG�DV�IRU�WKHLU�YDOLGLW\��

7KH�FULWHULD�ZLGHO\�DFFHSWHG�IRU�SDUWLWLRQLQJ�D�GDWD�VHW�LQWR�D�QXPEHU�RI�FOXVWHUV�DUH��
L�� WKH� VHSDUDWLRQ� RI� WKH� FOXVWHUV�� DQG� LL�� WKHLU� FRPSDFWQHVV�� 7KXV� WKHVH� FULWHULD� DUH�
REYLRXVO\�JRRG�FDQGLGDWHV�IRU�FKHFNLQJ�WKH�YDOLGLW\�RI�FOXVWHULQJ�UHVXOWV���

,QSXW�SDUDPHWHU�YDOXHV��7KH�H[DPSOHV�GLVFXVVHG�LQ�6HFWLRQ����)LJXUH���DQG�)LJXUH����
LOOXVWUDWH� WKDW� WKH� FOXVWHULQJ� DOJRULWKP¶V� LQSXW� SDUDPHWHU� YDOXHV� DUH� FUXFLDO� IRU�
GLVFRYHULQJ�WKH�RSWLPDO�SDUWLWLRQLQJ�RI�D�GDWD�VHW�GXULQJ�WKH�FOXVWHULQJ�SURFHVV��7KH�GDWD�
VHW� LV� IDOVHO\� SDUWLWLRQHG� LQ� PRVW� RI� WKH� FDVHV� �.�PHDQV�� '%6&$1��� ZKHUHDV� RQO\�
VSHFLILF�YDOXHV�IRU� WKH�DOJRULWKPV¶� LQSXW�SDUDPHWHUV� OHDG� WR�RSWLPDO�SDUWLWLRQLQJ�RI� WKH�
GDWD�VHW��+HUH� WKH� WHUP�³RSWLPDO´� LPSOLHV�SDUDPHWHUV� WKDW� OHDG� WR�SDUWLWLRQV� WKDW�DUH�DV�
FORVH�DV�SRVVLEOH��LQ�WHUPV�RI�VLPLODULW\��WR�WKH�UHDO�SDUWLWLRQV�RI�WKH�GDWD�VHW��

7KHUHIRUH� RXU� REMHFWLYH� LV� WKH� GHILQLWLRQ� RI� D� UHODWLYH� >��@� DOJRULWKP�LQGHSHQGHQW�
YDOLGLW\�LQGH[��IRU�DVVHVVLQJ�WKH�TXDOLW\�RI�SDUWLWLRQLQJ�IRU�HDFK�VHW�RI�WKH�LQSXW�YDOXHV��
6XFK�D�YDOLGLW\�LQGH[�VKRXOG�EH�DEOH�WR�VHOHFW�IRU�HDFK�DOJRULWKP�XQGHU�FRQVLGHUDWLRQ�WKH�
RSWLPDO�VHW�RI�LQSXW�SDUDPHWHUV�ZLWK�UHJDUG�WR�D�VSHFLILF�GDWD�VHW���

7KH� FULWHULD� �L�H��� FRPSDFWQHVV� DQG� VHSDUDWLRQ�� RQ� ZKLFK� WKH� SURSRVHG� LQGH[� LV�
SDUWLDOO\�EDVHG�DUH�WKH�IXQGDPHQWDO�FULWHULD�RI�FOXVWHULQJ��+RZHYHU��WKH�DOJRULWKPV�DLP�
DW� VDWLVI\LQJ� WKHVH� FULWHULD� EDVHG� RQ� LQLWLDO� DVVXPSWLRQV� �H�J�� LQLWLDO� ORFDWLRQV� RI� WKH�
FOXVWHU� FHQWHUV�� RU� LQSXW� SDUDPHWHU� YDOXHV� �H�J�� WKH� QXPEHU� RI� FOXVWHUV�� PLQLPXP�
GLDPHWHU� RU� QXPEHU� RI� SRLQWV� LQ� D� FOXVWHU��� )RU� LQVWDQFH� WKH� DOJRULWKP� '%6&$1>�@�
GHILQHV�FOXVWHUV�EDVHG�RQ�GHQVLW\�YDULDWLRQV��FRQVLGHULQJ�YDOXHV� IRU� WKH�FDUGLQDOLW\�DQG�
UDGLXV�RI�DQ�REMHFW¶V�QHLJKERUKRRG��,W�ILQGV�WKH�EHVW�SDUWLWLRQV�IRU�WKH�JLYHQ�LQSXW�YDOXHV�
EXW�ZH�GRQ¶W�NQRZ�LI�WKH�UHVXOWLQJ�SDUWLWLRQV�DUH�WKH�RSWLPDO�RU�HYHQ�WKH�RQHV�SUHVHQWHG�
LQ�WKH�XQGHUO\LQJ�GDWD�VHW���

7KH�DERYH�PRWLYDWHG�XV�WR�WDNH�LQWR�DFFRXQW�GHQVLW\�YDULDWLRQV�DPRQJ�FOXVWHUV��:H�
GHILQH�RXU�YDOLGLW\� LQGH[��&'EZ�� FRPELQLQJ�ERWK�FOXVWHULQJ�FULWHULD� �FRPSDFWQHVV�DQG�
VHSDUDWLRQ�� LQ� WHUPV� RI� LQWHU�� DQG� LQWUD�� FOXVWHU� GHQVLW\��0RUHRYHU�� WKH� FOXVWHU� LQGLFHV�
SURSRVHG�LQ�WKH�OLWHUDWXUH�FDQQRW�KDQGOH�SURSHUO\�DUELWUDU\�VKDSHG�FOXVWHUV��,Q�WKLV�ZRUN��
ZH� FRQVLGHU� PXOWL�UHSUHVHQWDWLYH� SRLQWV� WR� UHSUHVHQW� WKH� FOXVWHUV� GHILQHG� E\� DQ�
DOJRULWKP��7KH�UHVXOW�LV�D�EHWWHU�GHVFULSWLRQ�RI�WKH�FOXVWHUV¶�VWUXFWXUH�WKDQ�WKLV�DFKLHYHG�
E\� RWKHUV� DSSURDFKHV�� ZKLFK� FRQVLGHU� D� VLQJOH� FHQWHU� SRLQW�� +DYLQJ� PRUH� WKDQ� RQH�
UHSUHVHQWDWLYH�SRLQWV�SHU� FOXVWHU� DOORZV�&'EZ� WR� DGMXVW�ZHOO� WR� WKH� JHRPHWU\�RI� QRQ�
VSKHULFDO�VKDSHV���

���� �,QGH[�GHILQLWLRQ�

,Q�WKH�VHTXHO��ZH�IRUPDOL]H�RXU�FOXVWHULQJ�YDOLGLW\�LQGH[�EDVHG�RQ���
L�� FOXVWHUV¶�FRPSDFWQHVV��LQ�WHUPV�RI�LQWUD�FOXVWHU�GHQVLW\���DQG��
LL�� FOXVWHUV¶�VHSDUDWLRQ���FRPELQLQJ�WKH�GLVWDQFH�EHWZHHQ�FOXVWHUV�DQG�WKH�LQWHU�FOXVWHU�

GHQVLW\���
/HW�' ^9��«��9F`�D�SDUWLWLRQLQJ�RI�D�GDWD�VHW�6�LQWR�F�FRQYH[�FOXVWHUV�ZKHUH�9L�LV�WKH�
VHW� RI� UHSUHVHQWDWLYH� SRLQWV� RI� FOXVWHU� L�� WKDW� LV�� 9L � ^YL��«�� YLU� _� U QXPEHU� RI�
UHSUHVHQWDWLYHV� SHU� FOXVWHU`�ZKHUH� YLM� LV� WKH� MWK� UHSUHVHQWDWLYH� RI� FOXVWHU� L� DV� LW� UHVXOWV�
IURP�DSSO\LQJ�D�FOXVWHULQJ�DOJRULWKP�WR�6��(DFK�FOXVWHU�LV�UHSUHVHQWHG�E\�D�FHUWDLQ�IL[HG�



QXPEHU�RI�SRLQWV�WKDW�DUH�JHQHUDWHG�E\�VHOHFWLQJ�ZHOO�VFDWWHUHG�SRLQWV�RI�WKH�FOXVWHU��7KH�
SURFHGXUH�IRU�GHILQLQJ�WKH�UHSUHVHQWDWLYHV�RI�D�FOXVWHU�FM�LV�DQ�LWHUDWLYH�SURFHGXUH��,Q�WKH�
ILUVW� LWHUDWLRQ�� WKH� SRLQW� IDUWKHVW� IURP� WKH� PHDQ� RI� WKH� FOXVWHU� XQGHU� FRQVLGHUDWLRQ� LV�
FKRVHQ�DV�WKH�ILUVW�VFDWWHUHG�SRLQW��,Q�HDFK�VXEVHTXHQW�LWHUDWLRQ��D�SRLQW�IRUP�WKH�FOXVWHU�
LV�FKRVHQ�WKDW�LV�IDUWKHVW�IURP�WKH�SUHYLRXVO\�FKRVHQ�VFDWWHUHG�SRLQWV��

/HW�VWGHY�EH�WKH�DYHUDJH�VWDQGDUG�GHYLDWLRQ�RI�FOXVWHUV�GHILQHG�DV� ¦
 

 
F

L

L
Y

F �

��
�

VVWGHY �

�
)XUWKHU�WKH�WHUP�__[__�LV�GHILQHG�DV���__[__� ��[7[������ZKHUH�[�LV�D�YHFWRU��7KHQ�WKH�RYHUDOO�
LQWHU�FOXVWHU�GHQVLW\�LV�GHILQHG�DV��
'HILQLWLRQ����,QWHU�FOXVWHU�'HQVLW\��,'����,W�HYDOXDWHV�WKH�DYHUDJH�GHQVLW\�LQ�WKH�UHJLRQ�
DPRQJ�FOXVWHUV��7KH�JRDO�LV�WKH�GHQVLW\�LQ�WKH�DUHD�DPRQJ�FOXVWHUV�WR�EH�VLJQLILFDQW�ORZ��
7KHQ��FRQVLGHULQJ�D�SDUWLWLRQLQJ�RI�WKH�GDWD�VHW�LQWR�PRUH�WKDQ�WZR�FOXVWHUV��L�H���F!���WKH�
LQWHU�FOXVWHU�GHQVLW\�LV�GHILQHG�DV�IROORZV��
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ZKHUH�FORVBUHSL���FORVBUHSM�DUH�WKH�FORVHVW�UHSUHVHQWDWLYH�SRLQWV�EHWZHHQ�FOXVWHUV�L�DQG�M�
DQG�Q�WKH�QXPEHU�RI�SRLQWV�LQ�D�GDWD�VHW��
$OVR�� XLM� LV� WKH� PLGGOH� SRLQW� RI� WKH� OLQH� VHJPHQW� GHILQHG� E\� WKH� FORVHVW� FOXVWHUV¶�
UHSUHVHQWDWLYHV�FORVBUHSL� �� FORVBUHSM� �VHH�)LJXUH�����7KH� WHUP�GHQVLW\�XLM�� LV� GHILQHG� LQ�
HTXDWLRQ�����
�
�
�
�

�����

�
�

ZKHUH�FORVBUHSL��FORVBUHSM�DUH�WKH�FORVHVW�UHSUHVHQWDWLYH�SRLQWV�EHWZHHQ�FOXVWHU�FL�DQG�FM�
DQG�Q� WKH�QXPEHU�RI�SRLQWV� LQ�D�GDWD� VHW�� ,W� UHSUHVHQWV� WKH�SHUFHQWDJH�RI�SRLQWV� LQ� WKH�
FOXVWHU�L�DQG�WKH�FOXVWHU�M�WKDW�EHORQJ�WR�WKH�QHLJKERUKRRG�RI�XLM��7KH�QHLJKERUKRRG�RI�D�
GDWD� SRLQW�� XLM�� LV� GHILQHG� WR� EH� D� K\SHU�VSKHUH� ZLWK� FHQWHU� XLM� DQG� UDGLXV� WKH� DYHUDJH�
VWDQGDUG� GHYLDWLRQ� RI� WKH� FOXVWHUV� EHWZHHQ� ZKLFK� ZH� HVWLPDWH� WKH� GHQVLW\�� $OVR�� WKH�
IXQFWLRQ�I�[��XLM��LV�GHILQHG�DV���
�
�
�

�����

,W� LV� REYLRXV� WKDW� D�SRLQW�EHORQJV� LQ� WKH� QHLJKERUKRRG�RI�XLM� LI� LWV� GLVWDQFH� IURP�XLM� LV�
VPDOOHU�WKDQ�WKH�DYHUDJH�VWDQGDUG�GHYLDWLRQ�RI�FOXVWHUV��
+RZHYHU��WKH�DFWXDO�DUHD�EHWZHHQ�FOXVWHUV��ZKRVH�GHQVLW\�ZH�DUH�LQWHUHVWHG�WR�HVWLPDWH��
LV�GHILQHG�WR�EH�WKH�DUHD�EHWZHHQ�WKH�FORVHVW�UHSUHVHQWDWLYH�SRLQWV��7KXV��ZH�FRQVLGHU�DV�
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)LJXUH����,QWHU�FOXVWHU�GHQVLW\�GHILQLWLRQ�
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GHQVLW\� EHWZHHQ� FOXVWHUV� �L�H��� ,WUHU�FOXVWHU� GHQVLW\�� WKH�
ML

ML

VWGHYVWHGHY

UHSFORVUHSFORVG

�

�B�B� �

SHUFHQWDJH�RI�SRLQWV�WKDW�EHORQJ�WR�WKH�QHLJKERUKRRG�RI�XLM��
,Q�FDVH�WKDW�HDFK�SRLQW�LV�D�VHSDUDWH�FOXVWHU��L�H���F Q�WKH�VWHGYL ������L ��«�F�DQG�WKXV�
GHQVLW\�XLM� ���7KHQ��ZH�FRQVLGHU�WKDW�WKH�LQWHU�FOXVWHU�GHQVLW\�LV�HTXDO�WR����7KDW�LV�

,QWHUBGHQV�Q� ��
'HILQLWLRQ����&OXVWHUV¶� VHSDUDWLRQ� �6HS��� ,W� HYDOXDWHV� WKH� VHSDUDWLRQ�RI� FOXVWHUV� WDNLQJ�
LQWR�DFFRXQW�ERWK�WKH�GLVWDQFHV�EHWZHHQ�WKH�FORVHVW�FOXVWHUV�DQG�WKH�,QWHU�FOXVWHU�GHQVLW\��
7KH�JRDO�LV�WKH�GLVWDQFHV�DPRQJ�FOXVWHUV�WR�EH�KLJK�ZKLOH�WKH�GHQVLW\�LQ�WKH�DUHD�DPRQJ�
WKHP�WR�EH�ORZ��7KHQ��WKH�FOXVWHUV¶�VHSDUDWLRQ�LV�JLYHQ�E\�WKH�HTXDWLRQ������
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ZKHUH�FORVBUHSL���FORVBUHSM�DUH�WKH�FORVHVW�UHSUHVHQWDWLYH�SRLQWV�EHWZHHQ�FOXVWHUV�FL�DQG�
FM���

'HILQLWLRQ����,QWUD�FOXVWHU�GHQVLW\��7KH�DYHUDJH�GHQVLW\�ZLWKLQ�FOXVWHUV�LV�GHILQHG�DV�WKH�
SHUFHQWDJH� RI� SRLQWV� WKDW� EHORQJ� WR� WKH� QHLJKERUKRRG� RI� UHSUHVHQWDWLYH� SRLQWV� RI� WKH�
FRQVLGHUHG�FOXVWHUV��7KH�JRDO� LV� WKH�GHQVLW\�ZLWKLQ�FOXVWHUV� WR�EH�VLJQLILFDQW�KLJK�� ,W� LV�
JLYHQ�E\�WKH�IROORZLQJ�HTXDWLRQ��
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ZKHUH�YLM�FRUUHVSRQGV� WR� WKH� M� UHSUHVHQWDWLYH�SRLQW�RI� WKH�FOXVWHU� L� VKULQNHG� WRZDUG� WKH�
FHQWHU�RI�WKH�FOXVWHU��YLM��E\�D�VSHFLILHG�IUDFWLRQ��
7KH�WHUP�GHQVLW\��YLM��LV�GHILQHG�LQ�HTXDWLRQ������

� �����

�
ZKHUH�QL�LV�WKH�QXPEHU�RI�WXSOHV�WKDW�EHORQJ�WR�WKH�FOXVWHU�FL��L�H���[O� �FL���6��,W�UHSUHVHQWV�
WKH�QXPEHU�RI�SRLQWV�LQ�WKH�QHLJKERUKRRG�RI�WKH�YLM�UHSUHVHQWDWLYH�RI�WKH��FOXVWHU�L��,Q�RXU�
ZRUN��WKH�QHLJKERUKRRG�RI�D�GDWD�SRLQW��YLM��LV�GHILQHG�WR�EH�D�K\SHU�VSKHUH�ZLWK�FHQWHU�
YLM�DQG�UDGLXV�WKH�DYHUDJH�VWDQGDUG�GHYLDWLRQ�RI�WKH�FOXVWHUV��VWGHY��7KH�IXQFWLRQ�I�[��YLM��
LV�GHILQHG�DV��
�
�
�
�

�����

,Q�FDVH�WKDW�HDFK�SRLQW�LV�D�VHSDUDWH�FOXVWHU��L�H���F Q�WKH�VWHGYL ������L ��«�F�DQG�WKXV�
GHQVLW\�YLM� ���7KHQ��ZH�FRQVLGHU�WKDW�WKH�LQWUD�FOXVWHU�GHQVLW\�LV�HTXDO�WR����7KDW�LV��

,WUDBGHQV�Q�� ��

7KHQ�WKH�YDOLGLW\�LQGH[�&'EZ�LV�GHILQHG�DV���
����B�� F6HSFGHQV,QWUDF&'EZ � ��F!��� �����

7KH�DERYH�GHILQLWLRQV�UHIHU�WR�WKH�FDVH�WKDW�D�FOXVWHU�SUHVHQWV�FOXVWHULQJ�WHQGHQF\��L�H���LW�
FDQ�EH�SDUWLWLRQHG�LQWR�DW�OHDVW�WZR�FOXVWHUV��7KH�LQGH[�LV�QRW�GHILQHG�IRU�F ���
,Q�D�JRRG�FOXVWHULQJ�VFKHPH�ERWK�WHUPV�RI�&'EZ�SUHVHQW�KLJK�YDOXHV�ZKLFK�FRQYHUJHV�
WR�D�PD[LPXP�IRU�WKH�RSWLPDO�SDUWLWLRQLQJ��$OVR��&'EZ�H[KLELWV�QR�WUHQGV�ZLWK�UHJDUGV�
WR�WKH�QXPEHU�RI�FOXVWHUV�DQG�WKXV�LQ�WKH�SORW�RI�&'EZ�YHUVXV�WKH�QXPEHU�RI�FOXVWHUV�ZH�
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VHHN� WKH�PD[LPXP�YDOXH�RI�&'EZ��7KH�DEVHQFH�RI�D�ORFDO�PD[LPXP�LQ�WKH�SORW�LV�DQ�
LQGLFDWLRQ�WKDW�WKH�GDWD�VHW�XQGHU�FRQVLGHUDWLRQ�SRVVHVVHV�QR�FOXVWHULQJ�VWUXFWXUH��$OVR��
&'EZ�H[KLELWV�QR� WUHQGV�ZLWK�UHJDUG� WR� WKH�QXPEHU�RI�FOXVWHUV�DQG�WKXV� LQ� WKH�SORW�RI�
&'EZ� YHUVXV� WKH� QXPEHU� RI� FOXVWHUV� ZH� VHHN� WKH� PD[LPXP� YDOXH� RI� &'EZ�� 7KH�
DEVHQFH� RI� D� ORFDO� PD[LPXP� LQ� WKH� SORW� LV� DQ� LQGLFDWLRQ� WKDW� WKH� GDWD� VHW� XQGHU�
FRQVLGHUDWLRQ�SRVVHVVHV�QR�FOXVWHULQJ�VWUXFWXUH��

����7LPH�&RPSOH[LW\��
7KH�FRPSOH[LW\�RI�WKH�YDOLGLW\�LQGH[�&'EZ��LV�EDVHG�RQ�WKH�FRPSOH[LW\�RI�LWV�WZR�WHUPV�
DV� GHILQHG� LQ� HTXDWLRQV� ���� DQG� ����� $VVXPLQJ� G� WKH� QXPEHU� RI� DWWULEXWHV� �GDWD� VHW�
GLPHQVLRQ���F�LV�WKH�QXPEHU�RI�FOXVWHUV��Q�LV�WKH�QXPEHU�RI�GDWDEDVH�WXSOHV��U�WKH�QXPEHU�
RI� D� FOXVWHU¶� V� UHSUHVHQWDWLYHV�� 7KHQ� WKH� FRPSOH[LW\� RI� VHOHFWLQJ� WKH� FORVHVW�
UHSUHVHQWDWLYH� SRLQWV� RI� F� FOXVWHUV� LV�2�GF�U���� 7KH� LQWUD�FOXVWHU� GHQVLW\� FRPSOH[LW\� LV�
2�QFUG�� ZKLOH� WKH� FRPSOH[LW\� RI� LQWHU�FOXVWHU� GHQVLW\� LV� 2�QGF���� 7KHQ� &'EZ�
FRPSOH[LW\�LV�2�QGU�F����8VXDOO\��F��G��U���Q��WKHUHIRUH�WKH�FRPSOH[LW\�RI�RXU�LQGH[�IRU�D�
VSHFLILF� FOXVWHULQJ� VFKHPH� LV� 2�Q��� 7KH� JUDSKV� LQ� )LJXUH� �� VKRZ� WKH� UHVXOWV� RI� DQ�
H[SHULPHQWDO�VWXG\�UHIHUULQJ�WR�WKH�H[HFXWLRQ�WLPH�RI�RXU�DSSURDFK��7KH�FRQVLGHUHG�GDWD�
VHWV� IRU� WKHVH� H[SHULPHQWV� DUH� V\QWKHWLFDOO\� JHQHUDWHG� DFFRUGLQJ� WR� WKH� QRUPDO�
GLVWULEXWLRQ�� )LJXUH� �D� GHPRQVWUDWHV� WKDW� WKH� H[HFXWLRQ� WLPH� LV� DOPRVW� OLQHDU� WR� WKH�
QXPEHU� RI� SRLQWV� DV� H[SHFWHG� IURP� WKH� SUHFHGLQJ� FRPSOH[LW\� VWXG\�� )XUWKHUPRUH�� ZH�
PHDVXUHG� WKH�H[HFXWLRQ� WLPH� IRU�GDWD� VHWV�RI� KLJKHU�GLPHQVLRQDOLW\� �WZR�� IRXU�DQG�VL[�
GLPHQVLRQV���)LJXUH��E�VKRZV�WKH�H[HFXWLRQ�WLPH�DV�IXQFWLRQ�RI�WKH�QXPEHU�RI�FOXVWHUV��
7KH� H[HFXWLRQ� WLPH�� DV� H[SHFWHG�� LV� QHDUO\� TXDGUDWLF� ZLWK� UHVSHFW� WR� WKH� QXPEHU� RI�
FOXVWHUV�EXW�DV�F�LV�XVXDOO\�D�VPDOO�LQWHJHU��LW�FUHDWHV�QR�SUREOHP��

��� ([SHULPHQWDO�HYDOXDWLRQ�
,Q�WKLV�VHFWLRQ�&'EZ�LV�H[SHULPHQWDOO\�WHVWHG�XVLQJ�UHSUHVHQWDWLYH�FOXVWHULQJ�DOJRULWKPV�
RI�GLIIHUHQW�FDWHJRULHV��SDUWLWLRQDO��KLHUDUFKLFDO�DQG�GHQVLW\�EDVHG��

:H� H[SHULPHQW� ZLWK� V\QWKHWLF� PXOWLGLPHQVLRQDO� GDWD� VHWV� FRQWDLQLQJ� GLIIHUHQW�
QXPEHU� RI� FOXVWHUV�� ,Q� DOO� FDVHV� RXU� DSSURDFK� SHUIRUPV� IDYRUDEO\� VHOHFWLQJ� WKH� EHVW�
SDUWLWLRQLQJ�DPRQJ�WKHVH�SURSRVHG�E\�DQ�DOJRULWKP��$GGLWLRQDOO\�ZH�FRPSDUH�&'EZ�WR�
RWKHU� YDOLGLW\� LQGLFHV� IRXQG� LQ� WKH� OLWHUDWXUH�� ,Q� WKH� VHTXHO�� GXH� WR� ODFN� RI� VSDFH�� ZH�
SUHVHQW�RQO\�VRPH�UHSUHVHQWDWLYH�H[DPSOHV�RI�RXU�H[SHULPHQWDO�VWXG\��

���� 6HOHFWLRQ�RI�WKH�RSWLPDO�SDUWLWLRQLQJ�GHILQHG�E\�D�FOXVWHULQJ�DOJRULWKP��

7KH�JRDO�RI�WKLV�H[SHULPHQW�LV�WR�HYDOXDWH�RXU�LQGH[�ZLWK�UHJDUGV�WR�WKH�VHOHFWLRQ�RI�WKH�
RSWLPDO� FOXVWHULQJ� VFKHPH� E\� D� VSHFLILF� FOXVWHULQJ� DOJRULWKP�� 0RUH� VSHFLILFDOO\�� ZH�
FRQVLGHU�D���GLPHQVLRQDO�GDWD�VHW�FRQVLVWLQJ�RI�IRXU�FOXVWHUV��VHH�)LJXUH��D���:H�GHILQH�
D�QXPEHU�RI�GLIIHUHQW�FOXVWHULQJ�VFKHPHV�RI�RXU�GDWD�VHW�XVLQJ�WKH�.�0HDQV�DOJRULWKP��

�
)LJXUH� ��� ([HFXWLRQ� WLPH� LQ� VHFRQGV� DV� IXQFWLRQ� RI� �D�� WKH� QXPEHU� RI� SRLQWV� �E�� WKH�
QXPEHU�RI�FOXVWHUV�
�

�D�� �E��



ZLWK�LWV�LQSXW�SDUDPHWHUV��QXPEHU�RI�FOXVWHUV��UDQJLQJ�EHWZHHQ���DQG����7KH�EHKDYLRU�RI�
&'EZ�LV�GHSLFWHG�LQ�)LJXUH��D��,W�LV�FOHDU�WKDW�WKH�FRUUHFW�QXPEHU�RI�FOXVWHUV�LV�SURSRVHG�
�L�H���IRXU���DV�DW�WKLV�YDOXH�WKH�LQGH[�UHDFKHV�LWV�PD[LPXP��

6LPLODUO\��ZH�DVVXPH�WKH�FOXVWHULQJ�VFKHPHV�RI�'DWD6HW���VHH�)LJXUH��E��DV�GHILQHG�
E\�&85(�ZKHQ�WKH�QXPEHU�RI�FOXVWHUV�UDQJHV�EHWZHHQ���DQG����7KHQ��ZH�HYDOXDWHG�WKH�
GHILQHG�FOXVWHULQJ�VFKHPHV�EDVHG�RQ�WKH�&'EZ�LQGH[�VR�DV�WR�ILQG�ZKLFK�RI�WKHP�EHVW�
ILWV�WKH�XQGHUO\LQJ�GDWD��$V�)LJXUH��E�VKRZV�WKH�FOXVWHULQJ�VFKHPH�RI�VHYHQ�FOXVWHUV�LV�
SURSRVHG�DV�WKH�EHVW�SDUWLWLRQLQJ�RI�'DWD6HW��
$� PXOWLGLPHQVLRQDO� GDWD� VHW�� ,Q� WKH� VHTXHO�� ZH� GHPRQVWUDWH� WKDW� RXU� LQGH[� ZRUNV�
SURSHUO\� LQ�PXOWLGLPHQVLRQDO�GDWD� VHWV��7KH�YDOLGLW\�RI�FOXVWHULQJ� UHVXOWV� �L�H��� WKDW� WKH�
VHW�KDV�EHHQ�RSWLPDOO\�SDUWLWLRQHG��FDQ�EH�YLVXDOO\�YHULILHG�RQO\�LQ��'�RU��'�FDVHV��,Q�
KLJKHU� GLPHQVLRQV� LW� LV� GLIILFXOW� WR� YHULI\� WKH� UHVXOWLQJ� FOXVWHUV�� 7KH� SURSRVHG� LQGH[��
&'EZ��RIIHUV�D� VROXWLRQ� WR� WKLV�SUREOHP�JLYLQJ�DQ� LQGLFDWLRQ�RI� WKH�RSWLPDO�FOXVWHULQJ�
VFKHPH�ZLWKRXW�YLVXDOL]DWLRQ�RI� WKH�GDWD� VHW��:H�FRQVLGHU� D� V\QWKHWLF� VL[�GLPHQVLRQDO�
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GDWD� VHW�� IXUWKHU� UHIHUUHG� DV� 0'B6HW�� FRQWDLQLQJ� WKUHH� GLVWLQFW� FOXVWHUV�� 7KLV� LV� DOVR�
YHULILHG�E\�&'EZ��$V�)LJXUH���GHSLFWV��&'EZ�ILQGV�WKH�FRUUHFW�QXPEHU�RI�FOXVWHUV�DV�LW�
WDNHV�LWV�PD[LPXP�YDOXH�ZKHQ�F ���

����7KH�LQGH[�LV�LQGHSHQGHQW�RI�FOXVWHULQJ�DOJRULWKP�

$V� PHQWLRQHG� LQ� SUHYLRXV� VHFWLRQV�� GLIIHUHQW� LQSXW� YDOXHV� IRU� FOXVWHULQJ� DOJRULWKPV�
DSSOLHG�WR�D�GDWD�VHW�UHVXOW�LQ�GLIIHUHQW�SDUWLWLRQLQJ�VFKHPHV��,Q�WKH�IROORZLQJ�ZH�VKRZ�
WKDW� &'EZ� VHOHFWV� WKH� RSWLPDO� SDUWLWLRQLQJ� DPRQJ� WKRVH� GHILQHG� E\� D� FOXVWHULQJ�
DOJRULWKP� LQGHSHQGHQWO\� RI� WKH� DOJRULWKP� XVHG�� $OVR�� WKH� FOXVWHULQJ� DOJRULWKP� WKDW�
GHILQHV�WKH�SDUWLWLRQLQJ�EHVW� ILWWLQJ� WKH�GDWD�FDQ�EH�VHOHFWHG��:H�XVH�WKUHH�ZHOO�NQRZQ�
DOJRULWKPV��RQH� IURP�HDFK�RI� WKH�SRSXODU�DOJRULWKP�FDWHJRULHV��.�0HDQV� �SDUWLWLRQDO���
'%6&$1��GHQVLW\�EDVHG��DQG�&85(��KLHUDUFKLFDO���
7DEOH��D�SUHVHQWV�WKH�&'EZ�YDOXHV�IRU�WKH�FOXVWHULQJ�VFKHPHV�RI�WKH�V\QWKHWLF�GDWD�VHW�
'DWD6HW�� �VHH�)LJXUH� �D�� DV� GHILQHG� E\�.�0HDQV��'%6&$1�DQG�&85(� UHVSHFWLYHO\��
0RUH� VSHFLILFDOO\�� ZH� FRQVLGHU� WKH� FOXVWHULQJ� VFKHPHV� UHYHDOHG� E\� WKH� DOJRULWKPV�
PHQWLRQHG�DERYH�ZKLOH�WKHLU�LQSXW�SDUDPHWHUV�YDOXHV�DUH�GHSLFWHG�LQ�7DEOH����,Q�WKH�FDVH�
RI�'DWD6HW���DOO�WKUHH�DOJRULWKPV�SURSRVH�IRXU�FOXVWHUV�DV�WKH�RSWLPDO�FOXVWHULQJ�VFKHPHV�
�VHH�7DEOH��D����

,Q� VRPH� FDVHV�� KRZHYHU�� DQ� DOJRULWKP� PD\� SDUWLWLRQ� D� GDWD� VHW� LQWR� WKH� FRUUHFW�
QXPEHU�RI�FOXVWHUV�EXW�LQ�D�ZURQJ�ZD\��&'EZ�FDQ�EH�FRQVLGHUHG�WR�HYDOXDWH�WKH�UHVXOWV�
RI� GLIIHUHQW� FOXVWHULQJ� DOJRULWKPV� DQG� VHOHFW� WKH� RSWLPDO� SDUWLWLRQLQJ� DPRQJ� WKRVH�
SURSRVHG��L�H���WR�VHOHFW�WKH�RSWLPDO�DOJRULWKP�IRU�RXU�GDWD�VHW��$FFRUGLQJ�WR�7DEOH��E��LQ�
FDVH�RI�'DWD6HW���&'EZ� WDNHV� LWV�PD[LPXP�YDOXH� IRU� WKH�SDUWLWLRQLQJ�RI� IRXU�FOXVWHUV�
GHILQHG�E\�'%6&$1��7KLV�LV�DOVR�WKH�QXPEHU�RI�DFWXDO�FOXVWHUV�LQ�WKH�GDWD�VHW��)LJXUH�
�F�SUHVHQWV�WKH�SDUWLWLRQLQJ�RI�'DWDVHW��LQWR�IRXU�FOXVWHUV�DV�GHILQHG�E\�'%6&$1�ZKLOH�
WKH�FOXVWHULQJ�UHVXOW�RI�.�0HDQV�DQG�&85(�LQWR�IRXU�FOXVWHUV�LV�SUHVHQWHG�LQ�)LJXUH��D�
DQG� )LJXUH� �E� UHVSHFWLYHO\�� ,W� LV� REYLRXV� WKDW� .�0HDQV� DQG� &85(� IDLOV� WR� SDUWLWLRQ�
'DWD6HW�� SURSHUO\� HYHQ� LQ� FDVH� WKDW� WKH� FRUUHFW� QXPEHU� RI� FOXVWHUV� �L�H��� F ��� LV�
FRQVLGHUHG��

6LPLODUO\��ZH�FRQVLGHUHG�DQRWKHU�GDWD�VHW��'DWDVHW���FRQWDLQLQJ�FOXVWHUV�ZLWK�VWUDQJH�
JHRPHWULHV��$V�)LJXUH���GHSLFWV��WKH�DFWXDO�FOXVWHUV�LQ�'DWD6HW��DUH�WKUHH��+RZHYHU��WKH�
PDMRULW\�RI�FOXVWHULQJ�DOJRULWKPV� IDLO� WR�SDUWLWLRQ� LW� LQ�D�ULJKW�ZD\��)LJXUH���D���)LJXUH�
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��E��DQG�)LJXUH����F��SUHVHQW�WKH�SURSRVHG�SDUWLWLRQLQJ�RI�'DWD6HW��LQWR�WKUHH�FOXVWHUV�DV�
GHILQHG�E\�.�0HDQV��&85(�DQG�'%6&$1�UHVSHFWLYHO\��,W�LV�REYLRXV�WKDW�'%6&$1�LV�
WKH�RQO\�DOJRULWKP�WKDW�DFKLHYHV�WR�LGHQWLI\�WKH�DFWXDO�FOXVWHUV��L�H���WKH�FOXVWHUV�WKDW�ILWV�
'DWD6HW����7KLV�LV�DOVR�YHULILHG�E\�7DEOH�F��ZKLFK�SUHVHQWV�WKH�YDOXHV�RI�&'EZ�IRU�WKH�
FOXVWHULQJ� VFKHPHV� GHILQHG� E\� WKH� FRQVLGHUHG� FOXVWHULQJ� DOJRULWKPV��&'EZ� WDNHV� LWV�
PD[LPXP�YDOXH�IRU�WKH�FOXVWHULQJ�VFKHPH�RI�WKUHH�FOXVWHUV�DV�GHILQHG�E\�'%6&$1��

%DVHG�RQ�WKH�DERYH�H[SHULPHQWDO�VWXG\�ZH�PD\�FRQFOXGH�WKDW�&'EZ�GRHV�QRW�RQO\�
VHOHFW� WKH�RSWLPDO�SDUWLWLRQLQJ�DPRQJ�WKH�UHVXOWV�RI�D�VSHFLILF�FOXVWHULQJ�DOJRULWKP�EXW�
FDQ�DOVR�DVVLVW�WR�ILQG�WKH�SDUWLWLRQLQJ�WKDW�EHVW�ILWV�WKH�FRQVLGHUHG�GDWD�DPRQJ�WKH�UHVXOWV�
RI� GLIIHUHQW� DOJRULWKPV�� 7KXV�� LW� VHOHFWV� WKH� DOJRULWKP� DQG� LWV� SDUDPHWHUV� YDOXHV� IRU�
ZKLFK� WKH� RSWLPDO� SDUWLWLRQLQJ� RI� D� GDWD� VHW� LV� GHILQHG�� 0RUHRYHU�� &'EZ� KDQGOHV�
HIILFLHQWO\�DUELWUDU\�VKDSHG�FOXVWHUV�VLQFH�LWV�GHILQLWLRQ�LV�EDVHG�RQ�PXOWL�UHSUHVHQWDWLYH�
SRLQWV�GHVFULELQJ�WKH�VWUXFWXUH�RI�FOXVWHUV��

����&RPSDULVRQ�WR�RWKHU�YDOLGLW\�LQGLFHV�

:H� FRQVLGHU� WKH� NQRZQ� YDOLGLW\� LQGLFHV� SURSRVHG� LQ� WKH� OLWHUDWXUH�� VXFK� DV� 56�
50667'>��@��'%>��@��6'>��@�DQG�WKH�PRVW�UHFHQW�RQH�6B'EZ�>��@��50667'�DQG�56�
KDYH� WR� EH� WDNHQ� LQWR� DFFRXQW� VLPXOWDQHRXVO\� LQ� RUGHU� WR� ILQG� WKH� FRUUHFW� QXPEHU� RI�
FOXVWHUV��7KH�RSWLPDO�YDOXHV�RI�WKH�QXPEHU�RI�FOXVWHUV�DUH�WKRVH�IRU�ZKLFK�D�VLJQLILFDQW�
ORFDO�FKDQJH� LQ�YDOXHV�RI�56�DQG�50667'�RFFXUV��$V�UHJDUGV�'%��6'�DQG�6B'EZ�DQ�
LQGLFDWLRQ�RI� WKH�RSWLPDO�FOXVWHULQJ�VFKHPH�LV� WKH�SRLQW�DW�ZKLFK� LW� WDNHV� LWV�PLQLPXP�
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YDOXH��:H�FDUULHG�DQ�HYDOXDWLRQ�VWXG\�FRPSDULQJ�&'EZ�WR�WKH�LQGLFHV�PHQWLRQHG�DERYH��
:H�XVHG�WKH���GLPHQVLRQDO�GDWD�VHWV�'DWD6HW���VHH�)LJXUH��D��DQG�'DWD6HW���VHH�)LJXUH�
����$OVR�ZH�FRQVLGHU�WKH�VL[�GLPHQVLRQDO�GDWD�VHW��0'B6HW��GHVFULEHG�LQ�6HFWLRQ������

7DEOH��� VXPPDUL]HV� WKH� UHVXOWV�RI� WKH� YDOLGLW\� LQGLFHV� �56��5066'7��'%��6'� DQG�
6B'EZ���IRU�GLIIHUHQW�FOXVWHULQJ�VFKHPHV�RI�WKH�DERYH�PHQWLRQHG�GDWD�VHWV�DV�UHVXOWLQJ�
IURP�D�FOXVWHULQJ�DOJRULWKP��.�0HDQV��&85(�RU�'%6&$1��� ,Q�FDVH�RI�'DWD6HW��DQG�
1GB6HW�ZH�XVH�WKH�UHVXOWV�RI�WKH�DOJRULWKP�.�0HDQV�DQG�&85(��,QGLFHV�56��50667'�
SURSRVH�WKH�SDUWLWLRQLQJ�RI�'DWD6HW��LQWR�WKUHH�FOXVWHUV�ZKLOH�'%�VHOHFWV�VL[�FOXVWHUV�DV�
WKH�EHVW�SDUWLWLRQLQJ��2Q�WKH�RWKHU�KDQG��6'�DQG�6B'EZ��&'EZ�VHOHFW� IRXU�FOXVWHUV�DV�
WKH�RSWLPDO�SDUWLWLRQLQJ�IRU�'DWD6HW���ZKLFK�LV�DOVR�WKH�FRUUHFW�QXPEHU�RI�FOXVWHUV�ILWWLQJ�
WKH� XQGHUO\LQJ� GDWD��$V� UHJDUGV�0'B6HW� DOO� LQGLFHV� SURSRVH� WKUHH� FOXVWHUV� DV� LWV� EHVW�
SDUWLWLRQLQJ��ZKLFK�LV�DOVR�WKH�DFWXDO�FOXVWHUV�LQ�WKH�GDWD�VHW��,Q�WKH�FDVH�RI�'DWD6HW���ZH�
FRQVLGHU� WKH� UHVXOWV�RI�'%6&$1�VLQFH� LW� KDQGOHV� HIILFLHQWO\� DUELWUDU\� VKDSHG�FOXVWHUV��
7KXV�&'EZ�ILQGV�WKH�FRUUHFW�QXPEHU�RI�FOXVWHUV��IRXU��IRU�'DWD6HW���RQ�WKH�FRQWUDU\�WR�
56� ±� 50667'�� 6B'EZ� DQG� '%� LQGLFHV�� ZKLFK� SURSRVH� WKUHH� FOXVWHUV� DV� WKH� EHVW�
SDUWLWLRQLQJ�DQG�6'�WKDW�SURSRVHV�WKH�SDUWLWLRQLQJ�RI�WZR�FOXVWHUV���
,Q� DOO� FDVHV�&'EZ� ILQGV� WKH� RSWLPDO�QXPEHU�RI� FOXVWHUV� ILWWLQJ� D�GDWD� VHW��ZKLOH�RWKHU�
YDOLGLW\�LQGLFHV�IDLO�LQ�VRPH�FDVHV��

��� &RQFOXVLRQV�DQG�)XUWKHU�:RUN�
,Q� WKLV� SDSHU� ZH� DGGUHVVHG� WKH� LPSRUWDQW� LVVXH� RI�DVVHVVLQJ� WKH� YDOLGLW\� RI� FOXVWHULQJ�
DOJRULWKPV¶� UHVXOWV�� L�H���KRZ� FORVH�DUH� WKH� UHVXOWV� WR� WKH� UHDO�SDUWLWLRQV�RI� WKH�GDWD� VHW�
�DVVXPLQJ�WKDW�WKH�GDWD�VHW�SUHVHQWV�FOXVWHULQJ�WHQGHQF\���,Q�PRVW�RI�WKH�FDVHV�WKH�XVHUV�
YLVXDOO\� YHULI\� WKH� FOXVWHULQJ� UHVXOWV�� +RZHYHU�� LQ� WKH� FDVH� RI� YROXPLQRXV� DQG�RU�
PXOWLGLPHQVLRQDO�GDWD�VHWV�ZKHUH�HIILFLHQW�YLVXDOL]DWLRQ�LV�GLIILFXOW�RU�HYHQ�LPSRVVLEOH��
LW�EHFRPHV�WHGLRXV�WR�NQRZ�LI�WKH�UHVXOWV�RI�FOXVWHULQJ�DUH�YDOLG�RU�QRW�:H�KDYH�GHILQHG�
D� QHZ� YDOLGLW\� LQGH[�� &'EZ�� IRU� DVVHVVLQJ� WKH� UHVXOWV� RI� FOXVWHULQJ� DOJRULWKPV�� 7KH�
LQGH[� LV�RSWLPL]HG� IRU�GDWD� VHWV� WKDW� LQFOXGH�FRPSDFW�DQG�ZHOO�VHSDUDWHG�FOXVWHUV��7KH�
FRPSDFWQHVV� RI� WKH� GDWD� VHW� LV� PHDVXUHG� E\� WKH� LQWUD�FOXVWHU� GHQVLW\� ZKHUHDV� WKH�
VHSDUDWLRQ�E\�WKH�GHQVLW\�EHWZHHQ�FOXVWHUV��:H�KDYH�SURYHG�&'EZ�UHOLDELOLW\�DQG�YDOXH�
XVLQJ�YDULRXV�GDWD�VHWV�RI�QRQ�VWDQGDUG�JHRPHWULHV�FRYHULQJ�DOVR�WKH�PXOWLGLPHQVLRQDO�
FDVH��7KH�LQGH[�UHVXOWV��DV�LQGLFDWHG�E\�H[SHULPHQWV��DUH�QRW�GHSHQGHQW�RQ�WKH�FOXVWHULQJ�
DOJRULWKP�XVHG��DQG�DOZD\V�LQGLFDWH�WKH�RSWLPDO�LQSXW�SDUDPHWHUV�IRU�WKH�DOJRULWKP�XVHG�
LQ�HDFK�FDVH���

$V� IXUWKHU� ZRUN�� ZH� SODQ� DQ� H[WHQVLRQ� RI� WKLV� HIIRUW� WR� EH� GLUHFWHG� WRZDUGV� DQ�
LQWHJUDWHG�DOJRULWKP�IRU�FOXVWHU�GLVFRYHU\�SXWWLQJ�HPSKDVLV�RQ�WKH�JHRPHWULF�IHDWXUHV�RI�
FOXVWHUV��XVLQJ�VHWV�RI�UHSUHVHQWDWLYH�SRLQWV��RU�HYHQ�PXOWLGLPHQVLRQDO�FXUYHV�UDWKHU�WKDQ�
D�VLQJOH�FHQWHU�SRLQW���

$FNQRZOHGJHPHQWV�
:H�DUH�JUDWHIXO�WR�&��5RGRSRXORV�DQG�&��$PDQDWLGLV�IRU�WKH�LPSOHPHQWDWLRQ�RI�&85(�DOJRULWKP�
DV�ZHOO�DV�WR�'UV�-RHUJ�6DQGHU�DQG�(XL�+RQJ��6DP��+DQ�IRU�SURYLGLQJ�LQIRUPDWLRQ�DQG�WKH�VRXUFH�
FRGH�IRU�'%6&$1�DQG�&85(�DOJRULWKPV�UHVSHFWLYHO\��
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