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,Q������(XURVWDW�WRRN�WKH�LQLWLDWLYH�RI�VHWWLQJ�XS�
&HQWUHV�RI�([FHOOHQFH��&(1(;���7KH�LGHD�EHKLQG�WKLV�
VFKHPH�LV�WR�FRPELQH�WKH�VWUHQJWKV�RI�WKH�OHDGLQJ�
1DWLRQDO�6WDWLVWLFDO�,QVWLWXWHV��16,V��LQ�(XURSH�RQ�D�
FHUWDLQ�WRSLF��2IWHQ�LQ�VHYHUDO�16,V�VPDOO�LVRODWHG�
JURXSV�DUH�ZRUNLQJ�RQ�VSHFLILF�WRSLFV��2WKHU�16,V�HYHQ�
ODFN�WKH�UHVRXUFHV�WR�SD\�HQRXJK�DWWHQWLRQ�WR�FHUWDLQ�
PHWKRGRORJLFDO�LVVXHV��7KLV�VLWXDWLRQ�OHG�WR�WKH�
(XURVWDW�LQLWLDWLYH�RQ�&HQWUHV�RI�([FHOOHQFH��$�&(1(;�
FRXOG�EULQJ�WRJHWKHU�WKH�NQRZOHGJH�RQ�D�FHUWDLQ�WRSLF�DW�
D KLJKHU�OHYHO�E\�VXSSRUWLQJ�WKH�UHVHDUFK�LQ�WKH�OHDGLQJ�
FRXQWULHV�DQG�WR�VSUHDG�WKLV�ZRUN�WR�WKH�RWKHU�16,V��
6WDWLVWLFDO�'LVFORVXUH�&RQWURO��6'&��ZDV�VHOHFWHG�DV�D�
SLORW�WRSLF��2QH�RI�WKH�UHDVRQV�IRU�VHOHFWLQJ�6'&�ZDV�D�
ORQJHU�WUDGLWLRQ�LQ�WKH�ILHOG�RI�6'&�ZLWK�UHVSHFW�WR�
(XURSHDQ�FRRSHUDWLRQ��OLNH�WKH�(8�IUDPHZRUN�SURMHFWV�
6'&�DQG�&$6&���

2QH�RI�WKH�WDVNV�RI�WKLV�&(1(;�SURMHFW��JUDQW�
DJUHHPHQW�1R��������������������������ZDV�WR�ZULWH�
D KDQGERRN�RQ�6WDWLVWLFDO�'LVFORVXUH�&RQWURO��7KH�
ZULWLQJ�RI�WKH�KDQGERRN�ZDV�FRRUGLQDWHG�E\�$QFR�
+XQGHSRRO��ZKR�DOVR�ZURWH�SDUWV�RI�WKH�VRIWZDUH��-DQH�
/RQJKXUVW�DQG�/XLVD�)UDQFRQL�ZURWH�WKH�LQWURGXFWLRQ�
FKDSWHU����ZKLOH�(ULF�6FKXOWH�1RUGKROW�ZURWH�WKH�
UHJXODWLRQ�FKDSWHU����-RVHS�'RPLQJR�)HUUHU�ZDV�
UHVSRQVLEOH�IRU�WKH�PLFURGDWD�FKDSWHU���ZLWK�
FRQWULEXWLRQV�E\�$QFR�+XQGHSRRO��/XLVD�)UDQFRQL��-DQH�
/RQJKXUVW�DQG�3HWHU�3DXO�GH�:ROI��6DUDK�*LHVVLQJ�ZDV�
UHVSRQVLEOH�IRU�WKH�PDJQLWXGH�FKDSWHU���DQG�-DQH�
/RQJKXUVW�IRU�WKH�IUHTXHQF\�FKDSWHU����7KH�UHPRWH�
DFFHVV�FKDSWHU���ZDV�ZULWWHQ�E\�$QFR�+XQGHSRRO�DQG�
-DQH�/RQJKXUVW��%XW�YDULRXV�RWKHU�&(1(;�SDUWQHUV�
FRQWULEXWHG�VPDOOHU�SDUWV��*OzULD�3XMRO�&UHVSR�DQG�
&DUROLQH�7XGRU�GLG�YDOXDEOH�SURRIUHDGLQJ��$OVR�WKH�ZRUN�
RI�WKH�(661HW�SDUWQHUV��ZKR�GLG�WKH�FXPEHUVRPH�WDVN�
RI�SURRIUHDGLQJ�DQG�KHOSLQJ�ZLWK�YDOXDEOH�FRPPHQWV��
PXVW�EH�DFNQRZOHGJHG���

7KH�DXWKRUV�VHH�WKLV�YHUVLRQ�RI�WKH�KDQGERRN�RQO\�DV�
DQ�LQWHUPHGLDWH�YHUVLRQ�RI�D�ERRN�WKDW�KRSHIXOO\�ZLOO�EH�
XVHG�DQG�H[SDQGHG�LQ�WKH�IXWXUH��7KHUHIRUH�ZH�ZLOO�
DSSUHFLDWH�\RXU�FRPPHQWV�DQG�VXJJHVWLRQV�IRU�
LPSURYHPHQWV��3OHDVH�VHQG�\RXU�FRPPHQWV�WR�$QFR�
+XQGHSRRO��6WDWLVWLFV�1HWKHUODQGV��3�2��%R[��������
�����+$�7KH�+DJXH��7KH�1HWKHUODQGV��HPDLO��
DM�KXQGHSRRO#FEV�QO�
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1DWLRQDO�6WDWLVWLFDO�,QVWLWXWHV��16,V��SXEOLVK�D�ZLGH�
UDQJH�RI�WUXVWHG��KLJK�TXDOLW\�VWDWLVWLFDO�RXWSXWV��7R�
DFKLHYH�WKHLU�REMHFWLYH�RI�VXSSO\LQJ�VRFLHW\�ZLWK�ULFK�
VWDWLVWLFDO�LQIRUPDWLRQ�WKHVH�RXWSXWV�DUH�DV�GHWDLOHG�DV�
SRVVLEOH��+RZHYHU��WKLV�REMHFWLYH�FRQIOLFWV�ZLWK�WKH�
REOLJDWLRQ�16,V�KDYH�WR�SURWHFW�WKH�FRQILGHQWLDOLW\�RI�WKH�
LQIRUPDWLRQ�SURYLGHG�E\�WKH�UHVSRQGHQWV��6WDWLVWLFDO�
'LVFORVXUH�&RQWURO��6'&��RU�6WDWLVWLFDO�'LVFORVXUH�
/LPLWDWLRQ��6'/��VHHNV�WR�SURWHFW�VWDWLVWLFDO�GDWD�LQ�
VXFK�D�ZD\�WKDW�WKH\�FDQ�EH�UHOHDVHG�ZLWKRXW�JLYLQJ�
DZD\�FRQILGHQWLDO�LQIRUPDWLRQ�WKDW�FDQ�EH�OLQNHG�WR�
VSHFLILF�LQGLYLGXDOV�RU�HQWLWLHV��

,Q�DGGLWLRQ�WR�RIILFLDO�VWDWLVWLFV�WKHUH�DUH�VHYHUDO�RWKHU�
DUHDV�RI�DSSOLFDWLRQ�RI�6'&�WHFKQLTXHV��LQFOXGLQJ��

• +HDOWK�LQIRUPDWLRQ� 7KLV�LV�RQH�RI�WKH�PRVW�VHQVLWLYH�
DUHDV�UHJDUGLQJ�SULYDF\���

• (�FRPPHUFH� (OHFWURQLF�FRPPHUFH�UHVXOWV�LQ�WKH�
DXWRPDWHG�FROOHFWLRQ�RI�ODUJH�DPRXQWV�RI�FRQVXPHU�
GDWD��7KLV�ZHDOWK�RI�LQIRUPDWLRQ�LV�YHU\�XVHIXO�WR�
FRPSDQLHV��ZKLFK�DUH�RIWHQ�LQWHUHVWHG�LQ�VKDULQJ�LW�
ZLWK�WKHLU�VXEVLGLDULHV�RU�SDUWQHUV��6XFK�FRQVXPHU�
LQIRUPDWLRQ�WUDQVIHU�LV�VXEMHFW�WR�VWULFW�UHJXODWLRQV��

7KLV�KDQGERRN�DLPV�WR�SURYLGH�WHFKQLFDO�JXLGDQFH�RQ�
VWDWLVWLFDO�GLVFORVXUH�FRQWURO�IRU�16,V�RQ�KRZ�WR�
DSSURDFK�WKLV�SUREOHP�RI�EDODQFLQJ�WKH�QHHG�WR�SURYLGH�
XVHUV�ZLWK�VWDWLVWLFDO�RXWSXWV�DQG�WKH�QHHG�WR�SURWHFW�
WKH�FRQILGHQWLDOLW\�RI�UHVSRQGHQWV��6WDWLVWLFDO�GLVFORVXUH�
FRQWURO�VKRXOG�EH�FRPELQHG�ZLWK�RWKHU�WRROV�
�DGPLQLVWUDWLYH��OHJDO��,7��LQ�RUGHU�WR�GHILQH�D�SURSHU�
GDWD�GLVVHPLQDWLRQ�VWUDWHJ\�EDVHG�RQ�D�ULVN�
PDQDJHPHQW�DSSURDFK���

$ GDWD�GLVVHPLQDWLRQ�VWUDWHJ\�RIIHUV�PDQ\�GLIIHUHQW�
VWDWLVWLFDO�RXWSXWV�FRYHULQJ�D�UDQJH�RI�GLIIHUHQW�WRSLFV�
IRU�PDQ\�W\SHV�RI�XVHUV��'LIIHUHQW�RXWSXWV�UHTXLUH�
GLIIHUHQW�DSSURDFKHV�WR�6'&�DQG�GLIIHUHQW�PL[WXUH�RI�
WRROV���

7DEXODU�GDWD�SURWHFWLRQ�LV�WKH�ROGHVW�DQG�EHVW�
HVWDEOLVKHG�SDUW�RI�6'&��EHFDXVH�WDEXODU�GDWD�KDYH�
EHHQ�WKH�WUDGLWLRQDO�RXWSXW�RI�16,V��7KH�JRDO�KHUH�LV�WR�
SXEOLVK�VWDWLF�DJJUHJDWH�LQIRUPDWLRQ��L�H��WDEOHV��LQ�VXFK�
D ZD\�WKDW�QR�FRQILGHQWLDO�LQIRUPDWLRQ�RQ�VSHFLILF�
LQGLYLGXDOV�DPRQJ�WKRVH�WR�ZKLFK�WKH�WDEOH�UHIHUV�FDQ�
EH�LQIHUUHG��,Q�WKH�PDMRULW\�RI�FDVHV�FRQILGHQWLDOLW\�
SURWHFWLRQ�LV�DFKLHYHG�RQO\�E\�VWDWLVWLFDO�WRROV�GXH�WR�
WKH�DEVHQFH�RI�OHJDO�DQG�,7�UHVWULFWLRQV��

7KH�VFHQDULR�KHUH�LV�D�GDWDEDVH�WR�ZKLFK�WKH�XVHU�FDQ�
VXEPLW�VWDWLVWLFDO�TXHULHV��VXPV��DYHUDJHV�HWF����7KH�
DJJUHJDWH�LQIRUPDWLRQ�REWDLQHG�DV�D�UHVXOW�RI�VXFFHVVLYH�

7DEXODU�GDWD�SURWHFWLRQ�

'\QDPLF�GDWDEDVHV�
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TXHULHV�VKRXOG�QRW�DOORZ�KLP�WR�LQIHU�LQIRUPDWLRQ�RQ�
VSHFLILF�LQGLYLGXDOV��7KH�PL[WXUH�RI�WRROV�KHUH�PD\�YDU\�
DFFRUGLQJ�WR�WKH�VHWWLQJ�DQG�WKH�GDWD�SURYLGHG��

,Q�UHFHQW�\HDUV��ZLWK�WKH�ZLGHVSUHDG�XVH�RI�SHUVRQDO�
FRPSXWHUV�DQG�WKH�SXEOLF�GHPDQG�IRU�GDWD��PLFURGDWD�
�WKDW�LV�GDWD�VHWV�FRQWDLQLQJ�IRU�HDFK�UHVSRQGHQW�WKH�
VFRUHV�RQ�D�QXPEHU�RI�YDULDEOHV��DUH�EHLQJ�
GLVVHPLQDWHG�WR�XVHUV�LQ�XQLYHUVLWLHV��UHVHDUFK�
LQVWLWXWHV�DQG�LQWHUHVW�JURXSV��8QHFH���������0LFURGDWD�
SURWHFWLRQ�LV�WKH�\RXQJHVW�VXEGLVFLSOLQH�DQG�KDV�
H[SHULHQFHG�FRQWLQXRXV�HYROXWLRQ�LQ�WKH�ODVW�\HDUV��,I�
PLFURGDWD�DUH�IUHHO\�GLVVHPLQDWHG�WKHQ�VWDWLVWLFDO�
GLVFORVXUH�OLPLWDWLRQ�PHWKRGV�ZLOO�EH�YHU\�VHYHUH�WR�
SURWHFW�FRQILGHQWLDOLW\�RI�UHVSRQGHQWV��LI��RQ�WKH�RWKHU�
KDQG��OHJDO�UHVWULFWLRQV�DUH�LQ�SODFH��VXFK�DV�
&RPPLVVLRQ�5HJXODWLRQ�����������VHH�VHFWLRQ������D�
GLIIHUHQW�DPRXQW�RI�LQIRUPDWLRQ�PD\�EH�UHOHDVHG��

7KH�QHHG�WR�DOORZ�DFFHVV�WR�PLFURGDWD�KDV�HQFRXUDJHG�
WKH�FUHDWLRQ�RI�0LFURGDWD�/DERUDWRULHV��6DIH�&HQWUHV��LQ�
PDQ\�16,��'XH�WR�DQ�,7�SURWHFWHG�HQYLURQPHQW��OHJDO�
DQG�DGPLQLVWUDWLYH�UHVWULFWLRQV�XVHUV�PD\�DQDO\VH�
GHWDLOHG�PLFURGDWD��&KHFNLQJ�WKH�RXWSXW�RI�WKHVH�
DQDO\VHV�WR�DYRLG�FRQILGHQWLDOLW\�EUHDFKHV�LV�DQRWKHU�
ILHOG�ZKLFK�LV�GHYHORSLQJ�LQ�6'&�UHVHDUFK��

7KLV�KDQGERRN�SURYLGHV�JXLGDQFH�RQ�KRZ�WR�SURWHFW�
FRQILGHQWLDOLW\�IRU�DOO�RI�WKHVH�W\SHV�RI�RXWSXW�XVLQJ�
VWDWLVWLFDO�PHWKRGV��

7KLV�ILUVW�FKDSWHU�SURYLGHV�D�EULHI�LQWURGXFWLRQ�WR�VRPH�
RI�WKH�NH\�FRQFHSWV�DQG�GHILQLWLRQV�LQYROYHG�ZLWK�WKLV�
ILHOG�RI�ZRUN�DV�ZHOO�DV�D�KLJK�OHYHO�RYHUYLHZ�RI�KRZ�WR�
DSSURDFK�SUREOHPV�DVVRFLDWHG�ZLWK�FRQILGHQWLDOLW\��

����&RQFHSWV�DQG�'HILQLWLRQV�

$ GLVFORVXUH�RFFXUV�ZKHQ�D�SHUVRQ�RU�RUJDQLVDWLRQ�
UHFRJQLVHV�RU�OHDUQV�VRPHWKLQJ�WKDW�WKH\�GLG�QRW�NQRZ�
DOUHDG\�DERXW�DQRWKHU�SHUVRQ�RU�RUJDQLVDWLRQ��YLD�
UHOHDVHG�GDWD��7KHUH�DUH�WZR�W\SHV�RI�GLVFORVXUH�ULVN��
LGHQWLW\�GLVFORVXUH�DQG�DWWULEXWH�GLVFORVXUH���

,GHQWLW\�GLVFORVXUH�RFFXUV�ZLWK�WKH�DVVRFLDWLRQ�RI�D�
UHVSRQGHQW·V�LGHQWLW\�ZLWK�D�GLVVHPLQDWHG�GDWD�UHFRUG�
FRQWDLQLQJ�FRQILGHQWLDO�LQIRUPDWLRQ���'XQFDQ��HW�DO�
���������

$WWULEXWH�GLVFORVXUH�RFFXUV�ZLWK�WKH�DVVRFLDWLRQ�RI�
HLWKHU�DQ�DWWULEXWH�YDOXH�LQ�WKH�GLVVHPLQDWHG�GDWD�RU�DQ�
HVWLPDWHG�DWWULEXWH�YDOXH�EDVHG�RQ�WKH�GLVVHPLQDWHG�
GDWD�ZLWK�WKH�UHVSRQGHQW���'XQFDQ��HW�DO����������

6RPH�16,V�PD\�DOVR�EH�FRQFHUQHG�ZLWK�WKH�SHUFHSWLRQ�
RI�GLVFORVXUH�ULVN��)RU�H[DPSOH�LI�VPDOO�YDOXHV�DSSHDU�LQ�
WDEXODU�RXWSXW�XVHUV�PD\�SHUFHLYH�WKDW�QR��RU�

0LFURGDWD�SURWHFWLRQ�

3URWHFWLRQ�RI�RXWSXW�RI�
VWDWLVWLFDO�DQDO\VHV�

'LVFORVXUH�
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LQVXIILFLHQW��SURWHFWLRQ�KDV�EHHQ�DSSOLHG��0RUH�
HPSKDVLV�KDV�EHHQ�SODFHG�RQ�WKLV�W\SH�RI�GLVFORVXUH�
ULVN�LQ�UHFHQW�\HDUV�EHFDXVH�RI�GHFOLQLQJ�UHVSRQVH�UDWHV�
DQG�GHFUHDVLQJ�GDWD�TXDOLW\��

6WDWLVWLFDO�GLVFORVXUH�FRQWURO��6'&��WHFKQLTXHV�FDQ�EH�
GHILQHG�DV�WKH�VHW�RI�PHWKRGV�WR�UHGXFH�WKH�ULVN�RI�
GLVFORVLQJ�LQIRUPDWLRQ�RQ�LQGLYLGXDOV��EXVLQHVVHV�RU�
RWKHU�RUJDQLVDWLRQV��6'&�PHWKRGV�PLQLPLVH�WKH�ULVN�RI�
GLVFORVXUH�WR�DQ�DFFHSWDEOH�OHYHO�ZKLOH�UHOHDVLQJ�DV�
PXFK�LQIRUPDWLRQ�DV�SRVVLEOH��7KHUH�DUH�WZR�W\SHV�RI�
6'&�PHWKRGV��SHUWXUEDWLYH�DQG�QRQ�SHUWXUEDWLYH�
PHWKRGV��

3HUWXUEDWLYH�PHWKRGV�IDOVLI\�WKH�GDWD�EHIRUH�SXEOLFDWLRQ�
E\�LQWURGXFLQJ�DQ�HOHPHQW�RI�HUURU�SXUSRVHO\�IRU�
FRQILGHQWLDOLW\�UHDVRQV��1RQ�SHUWXUEDWLYH�PHWKRGV�
UHGXFH�WKH�DPRXQW�RI�LQIRUPDWLRQ�UHOHDVHG�E\�
VXSSUHVVLRQ�RU�DJJUHJDWLRQ�RI�GDWD���

$ ZLGH�UDQJH�RI�GLIIHUHQW�6'&�PHWKRGV�DUH�DYDLODEOH�IRU�
GLIIHUHQW�W\SHV�RI�RXWSXWV��7KHUH�DUH�WZR�W\SHV�RI�
WDEXODU�RXWSXW��PDJQLWXGH�DQG�IUHTXHQF\�WDEOHV��

,Q�D�PDJQLWXGH�WDEOH�HDFK�FHOO�YDOXH�UHSUHVHQWV�WKH�VXP�
RI�D�SDUWLFXODU�UHVSRQVH��DFURVV�DOO�UHVSRQGHQWV�WKDW�
EHORQJ�WR�WKDW�FHOO��0DJQLWXGH�WDEOHV�DUH�FRPPRQO\�
XVHG�IRU�EXVLQHVV�RU�HFRQRPLF�GDWD�SURYLGLQJ��IRU�
H[DPSOH��WXUQRYHU�RI�DOO�EXVLQHVVHV�RI�D�SDUWLFXODU�
LQGXVWU\�ZLWKLQ�D�UHJLRQ��

,Q�D�IUHTXHQF\�WDEOH�HDFK�FHOO�YDOXH�UHSUHVHQWV�WKH�
QXPEHU�RI�UHVSRQGHQWV�WKDW�IDOO�LQWR�WKDW�FHOO��
)UHTXHQF\�WDEOHV�DUH�FRPPRQO\�XVHG�IRU�&HQVXV�RU�
VRFLDO�GDWD�SURYLGLQJ��IRU�H[DPSOH�WKH�QXPEHU�RI�
LQGLYLGXDOV�ZLWKLQ�D�UHJLRQ�ZKR�DUH�XQHPSOR\HG��

0LFURGDWD��RU�XQLW�UHFRUG�GDWD��LV�WKH�IRUP�IURP�ZKLFK�
DOO�RWKHU�GDWD�RXWSXWV�DUH�GHULYHG�DQG�LV�WKH�SULPDU\�
IRUP�WKDW�GDWD�LV�VWRUHG�LQ��:KLOH�LQ�WKH�SDVW�16,V�
VLPSO\�GHULYHG�RXWSXWV�RI�RWKHU�IRUPV��PRUH�DQG�PRUH��
PLFURGDWD�LV�EHFRPLQJ�D�NH\�RXWSXW�E\�LWVHOI��

16,V�VKRXOG�DLP�WR�GHWHUPLQH�RSWLPDO�6'&�PHWKRGV�
DQG�VROXWLRQV�WKDW�PLQLPL]H�GLVFORVXUH�ULVN�ZKLOH�
PD[LPL]LQJ�WKH�XWLOLW\�RI�WKH�GDWD��)LJXUH�����FRQWDLQV�
DQ�5�8�FRQILGHQWLDOLW\�PDS�GHYHORSHG�E\�'XQFDQ��HW��DO��
�������ZKHUH�5�LV�D�TXDQWLWDWLYH�PHDVXUH�RI�GLVFORVXUH�
ULVN�DQG�8�LV�D�TXDQWLWDWLYH�PHDVXUH�RI�GDWD�XWLOLW\���

6WDWLVWLFDO�GLVFORVXUH�
FRQWURO�

0DJQLWXGH�WDEOH�

)UHTXHQF\�WDEOH�

0LFURGDWD�

5LVN�DQG�8WLOLW\�
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)LJXUH������5�8�&RQILGHQWLDOLW\�PDS�

,Q�WKH�ORZHU�OHIW�KDQG�TXDGUDQW�RI�WKH�JUDSK�ORZ�
GLVFORVXUH�ULVN�LV�DFKLHYHG�EXW�DOVR�ORZ�XWLOLW\��ZKHUH�QR�
GDWD�LV�UHOHDVHG�DW�DOO��,Q�WKH�XSSHU�ULJKW�KDQG�TXDGUDQW�
RI�WKH�JUDSK�KLJK�GLVFORVXUH�ULVN�LV�UHDOLVHG�EXW�DOVR�
KLJK�XWLOLW\��UHSUHVHQWHG�E\�WKH�SRLQW�ZKHUH�WKH�RULJLQDO�
GDWD�LV�UHOHDVHG��7KH�16,�PXVW�VHW�WKH�PD[LPXP�
WROHUDEOH�GLVFORVXUH�ULVN�EDVHG�RQ�VWDQGDUGV��SROLFLHV�
DQG�JXLGHOLQHV��7KH�JRDO�LQ�WKLV�GLVFORVXUH�ULVN²GDWD�
XWLOLW\�GHFLVLRQ�SUREOHP�LV�WR�WKHQ�ILQG�WKH�EDODQFH�LQ�
PDLQWDLQLQJ�WKH�XWLOLW\�RI�WKH�GDWD�EXW�UHGXFLQJ�WKH�ULVN�
EHORZ�WKH�PD[LPXP�WROHUDEOH�WKUHVKROG���

����$Q�DSSURDFK�WR�6WDWLVWLFDO�'LVFORVXUH�&RQWURO�

7KLV�VHFWLRQ�GHVFULEHV�WKH�DSSURDFK�WKDW�D�GDWD�
SURYLGHU�ZLWKLQ�DQ�16,�VKRXOG�WDNH�LQ�RUGHU�WR�PHHW�
GDWD�XVHUV·�QHHGV�ZKLOH�PDQDJLQJ�FRQILGHQWLDOLW\�ULVNV��
$ JHQHUDO�IUDPHZRUN�IRU�DGGUHVVLQJ�WKH�TXHVWLRQ�RI�
FRQILGHQWLDOLW\�SURWHFWLRQ�IRU�GLIIHUHQW�VWDWLVWLFDO�RXWSXWV�
LV�SURSRVHG�EDVHG�RQ�WKH�IROORZLQJ�ILYH�NH\�VWDJHV�DQG�
ZH�RXWOLQH�KRZ�WKH�KDQGERRN�SURYLGHV�JXLGDQFH�RQ�WKH�
GLIIHUHQW�DVSHFWV�RI�WKLV�SURFHVV��

• :K\�LV�FRQILGHQWLDOLW\�SURWHFWLRQ�QHHGHG"�

• :KDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�DQG�XVHV�RI�WKH�
GDWD"�

• :KDW�GLVFORVXUH�ULVNV�QHHG�WR�EH�SURWHFWHG�DJDLQVW"�

• 'LVFORVXUH�FRQWURO�PHWKRGV�

• ,PSOHPHQWDWLRQ�

'
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0D[LPXP�WROHUDEOH�ULVN�

1R�GDWD� 5HOHDVHG�GDWD�

2ULJLQDO�GDWD�

'DWD�XWLOLW\��4XDQWLWDWLYH�PHDVXUH�RQ�WKH�VWDWLVWLFDO�
TXDOLW\�
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7KHUH�DUH�WKUHH�PDLQ�UHDVRQV�ZK\�FRQILGHQWLDOLW\�
SURWHFWLRQ�LV�QHHGHG�IRU�VWDWLVWLFDO�RXWSXWV��

•� ,W�LV�D�IXQGDPHQWDO�SULQFLSOH�IRU�2IILFLDO�6WDWLVWLFV�
WKDW�WKH�VWDWLVWLFDO�UHFRUGV�RI�LQGLYLGXDO�SHUVRQV��
EXVLQHVVHV�RU�HYHQWV�XVHG�WR�SURGXFH�2IILFLDO�
6WDWLVWLFV�DUH�VWULFWO\�FRQILGHQWLDO��DQG�DUH�WR�EH�XVHG�
RQO\�IRU�VWDWLVWLFDO�SXUSRVHV��3ULQFLSOH���RI�WKH�81�
(FRQRPLF�&RPPLVVLRQ�UHSRUW�
)XQGDPHQWDO�
3ULQFLSOHV�IRU�2IILFLDO�6WDWLVWLFV
��$SULO������VWDWHV��

,QGLYLGXDO�GDWD�FROOHFWHG�E\�VWDWLVWLFDO�DJHQFLHV�IRU�
VWDWLVWLFDO�FRPSLODWLRQ��ZKHWKHU�WKH\�UHIHU�WR�QDWXUDO�
RU�OHJDO�SHUVRQV��DUH�WR�EH�VWULFWO\�FRQILGHQWLDO�DQG�
XVHG�H[FOXVLYHO\�IRU�VWDWLVWLFDO�SXUSRVHV
��7KH�
GLVFORVXUH�FRQWURO�PHWKRGV�DSSOLHG�IRU�WKH�RXWSXWV�
IURP�DQ�16,�VKRXOG�PHHW�WKH�UHTXLUHPHQWV�RI�WKLV�
SULQFLSOH���

•� 7KHUH�PD\�EH�OHJLVODWLRQ�WKDW�SODFHV�D�OHJDO�REOLJDWLRQ�
RQ�DQ�16,�WR�SURWHFW�LQGLYLGXDO�EXVLQHVV�DQG�
SHUVRQDO�GDWD��,Q�DGGLWLRQ�ZKHUH�SXEOLF�VWDWHPHQWV�
DUH�PDGH�DERXW�WKH�SURWHFWLRQ�RI�FRQILGHQWLDOLW\�RU�
SOHGJHV�DUH�PDGH�WR�UHVSRQGHQWV�RI�EXVLQHVV�RU�
VRFLDO�VXUYH\V�WKHVH�SODFH�D�GXW\�RI�FRQILGHQFH�RQ�
WKH�16,�WKDW�WKH�16,�PXVW�OHJDOO\�FRPSO\�ZLWK���

•� 2QH�RI�WKH�UHDVRQV�ZK\�WKH�GDWD�FROOHFWHG�E\�16,V�LV�
RI�VXFK�KLJK�TXDOLW\�LV�WKDW�GDWD�VXSSOLHUV�RU�
UHVSRQGHQWV�KDYH�FRQILGHQFH�DQG�WUXVW�LQ�WKH�16,�WR�
SUHVHUYH�WKH�FRQILGHQWLDOLW\�RI�LQGLYLGXDO�LQIRUPDWLRQ���
,W�LV�HVVHQWLDO�WKDW�WKLV�FRQILGHQFH�DQG�WUXVW�LV�
PDLQWDLQHG�DQG�WKDW�LGHQWLILDEOH�LQIRUPDWLRQ�LV�KHOG�
VHFXUHO\��RQO\�XVHG�IRU�VWDWLVWLFDO�SXUSRVHV�DQG�QRW�
UHYHDOHG�LQ�SXEOLVKHG�RXWSXWV���

0RUH�LQIRUPDWLRQ�RQ�UHJXODWLRQV�DQG�OHJLVODWLRQ�LV�
SURYLGHG�LQ�&KDSWHU����

:KHQ�FRQVLGHULQJ�FRQILGHQWLDOLW\�SURWHFWLRQ�RI�D�
VWDWLVWLFDO�RXWSXW�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�NH\�
FKDUDFWHULVWLFV�RI�WKH�GDWD�VLQFH�DOO�RI�WKHVH�IDFWRUV�
LQIOXHQFH�ERWK�GLVFORVXUH�ULVNV�DQG�DSSURSULDWH�
GLVFORVXUH�FRQWURO�PHWKRGV��7KLV�LQFOXGHV�NQRZLQJ�WKH�
W\SH�RI�GDWD��H�J��IXOO�SRSXODWLRQ�RU�VDPSOH�VXUYH\��
VDPSOH�GHVLJQ��DQ�DVVHVVPHQW�RI�TXDOLW\�H�J��WKH�OHYHO�RI�
QRQ�UHVSRQVH�DQG�FRYHUDJH�RI�WKH�GDWD��YDULDEOHV�DQG�
ZKHWKHU�WKH\�DUH�FDWHJRULFDO�RU�FRQWLQXRXV��W\SH�RI�
RXWSXWV��H�J��PLFURGDWD��PDJQLWXGH�RU�IUHTXHQF\�WDEOHV��
3URGXFHUV�RI�VWDWLVWLFV�VKRXOG�GHVLJQ�SXEOLFDWLRQV�
DFFRUGLQJ�WR�WKH�QHHGV�RI�XVHUV��DV�D�ILUVW�SULRULW\��,W�LV�
WKHUHIRUH�YLWDO�WR�LGHQWLI\�WKH�PDLQ�XVHUV�RI�WKH�
VWDWLVWLFV��DQG�XQGHUVWDQG�ZK\�WKH\�QHHG�WKH�ILJXUHV�
DQG�KRZ�WKH\�ZLOO�XVH�WKHP��7KLV�LV�QHFHVVDU\�WR�HQVXUH�
WKDW�WKH�GHVLJQ�RI�WKH�RXWSXW�LV�UHOHYDQW�DQG�WKH�
DPRXQW�RI�GLVFORVXUH�SURWHFWLRQ�XVHG�KDV�WKH�OHDVW�

:K\�LV�FRQILGHQWLDOLW\�
SURWHFWLRQ�QHHGHG"�

:KDW�DUH�WKH�NH\�
FKDUDFWHULVWLFV�DQG�XVHV�

RI�WKH�GDWD"�
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SRVVLEOH�DGYHUVH�LPSDFW�RQ�WKH�XVHIXOQHVV�RI�WKH�
VWDWLVWLFV��6HFWLRQ�����DGGUHVVHV�VRPH�H[DPSOHV�RQ�KRZ�
WR�FDUU\�RXW�WKLV�LQLWLDO�DQDO\VLV��

'LVFORVXUH�ULVN�DVVHVVPHQW�WKHQ�FRPELQHV�WKH�
XQGHUVWDQGLQJ�JDLQHG�DERYH�ZLWK�D�PHWKRG�WR�LGHQWLI\�
VLWXDWLRQV�ZKHUH�WKHUH�LV�D�OLNHOLKRRG�RI�GLVFORVXUH��5LVN�
LV�D�IXQFWLRQ�RI�OLNHOLKRRG��UHODWHG�WR�WKH�GHVLJQ�RI�WKH�
RXWSXW���DQG�LPSDFW�RI�GLVFORVXUH��UHODWHG�WR�WKH�QDWXUH�
RI�WKH�XQGHUO\LQJ�GDWD���,Q�RUGHU�WR�EH�H[SOLFLW�DERXW�WKH�
GLVFORVXUH�ULVNV�WR�EH�PDQDJHG�RQH�VKRXOG�FRQVLGHU�D�
UDQJH�RI�SRWHQWLDOO\�GLVFORVLYH�VLWXDWLRQV�RU�VFHQDULRV�
DQG�WDNH�DFWLRQ�WR�SUHYHQW�WKHP��$�GLVFORVXUH�VFHQDULR�
GHVFULEHV��L��ZKLFK�LQIRUPDWLRQ�LV�SRWHQWLDOO\�DYDLODEOH�
WR�DQ�¶LQWUXGHU·�DQG��LL��KRZ�WKH�LQWUXGHU�ZRXOG�XVH�WKH�
LQIRUPDWLRQ�WR�LGHQWLI\�DQ�LQGLYLGXDO��$�UDQJH�RI�
LQWUXGHU�VFHQDULRV�VKRXOG�EH�GHWHUPLQHG�IRU�GLIIHUHQW�
RXWSXWV�WR�SURYLGH�DQ�H[SOLFLW�VWDWHPHQW�RI�ZKDW�WKH�
GLVFORVXUH�ULVNV�DUH��DQG�ZKDW�HOHPHQWV�RI�WKH�RXWSXW�
SRVH�DQ�XQDFFHSWDEOH�ULVN�RI�GLVFORVXUH��,VVXHV�LQ�
GHYHORSLQJ�GLVFORVXUH�VFHQDULRV�DUH�SURYLGHG�LQ�VHFWLRQ�
�������5LVN�DVVHVVPHQW�PHWKRGV�IRU�PLFURGDWD�DUH�
FRYHUHG�LQ�VHFWLRQ�����DQG�GLIIHUHQW�UXOHV�DSSOLHG�WR�
DVVHVV�WKH�ULVN�RI�PDJQLWXGH�DQG�IUHTXHQF\�WDEOHV�DUH�
GHVFULEHG�LQ�&KDSWHU���DQG���UHVSHFWLYHO\��

2QFH�DQ�DVVHVVPHQW�RI�ULVN�KDV�EHHQ�XQGHUWDNHQ�DQ�
16,�PXVW�WKHQ�WDNH�VWHSV�WR�PDQDJH�DQ\�LGHQWLILHG�
ULVNV��7KH�ULVN�ZLWKLQ�WKH�GDWD�LV�QRW�HQWLUHO\�HOLPLQDWHG�
EXW�LV�UHGXFHG�WR�DQ�DFFHSWDEOH�OHYHO��WKLV�FDQ�EH�
DFKLHYHG�HLWKHU�WKURXJK�WKH�DSSOLFDWLRQ�RI�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO�PHWKRGV�RU�WKURXJK�WKH�FRQWUROOHG�
XVH�RI�RXWSXWV��RU�WKURXJK�D�FRPELQDWLRQ�RI�ERWK��
6HYHUDO�IDFWRUV�PXVW�EH�EDODQFHG�WKURXJK�WKH�FKRLFH�RI�
DSSURDFK��6RPH�PHDVXUH�RI�LQIRUPDWLRQ�ORVV�DQG�
LPSDFW�RQ�PDLQ�XVHV�RI�WKH�GDWD�FDQ�EH�XVHG�WR�
FRPSDUH�DOWHUQDWLYHV��$Q\�PHWKRG�PXVW�EH�
LPSOHPHQWHG�ZLWKLQ�D�JLYHQ�SURGXFWLRQ�V\VWHP�VR�
DYDLODEOH�VRIWZDUH�DQG�HIILFLHQF\�ZLWKLQ�GHPDQGLQJ�
SURGXFWLRQ�WLPHWDEOHV�PXVW�EH�FRQVLGHUHG��6WDWLVWLFDO�
GLVFORVXUH�FRQWURO�PHWKRGV�XVHG�WR�UHGXFH�WKH�ULVN�RI�
PLFURGDWD��PDJQLWXGH�WDEOHV�DQG�IUHTXHQF\�WDEOHV�DUH�
FRYHUHG�LQ�FKDSWHU������DQG���UHVSHFWLYHO\��&KDSWHU���
SURYLGHV�LQIRUPDWLRQ�RQ�KRZ�GLVFORVXUH�ULVN�FDQ�EH�
PDQDJHG�E\�UHVWULFWLQJ�DFFHVV��

7KH�ILQDO�VWDJH�LQ�WKLV�DSSURDFK�WR�D�GLVFORVXUH�FRQWURO�
SUREOHP�LV�LPSOHPHQWDWLRQ�RI�WKH�PHWKRGV�DQG�
GLVVHPLQDWLRQ�RI�WKH�VWDWLVWLFV��7KLV�ZLOO�LQFOXGH�
LGHQWLILFDWLRQ�RI�WKH�VRIWZDUH�WR�EH�XVHG�DORQJ�ZLWK�DQ\�
RSWLRQV�DQG�SDUDPHWHUV��7KH�SURSRVHG�JXLGDQFH�ZLOO�
DOORZ�GDWD�SURYLGHUV�WR�VHW�GLVFORVXUH�FRQWURO�UXOHV�DQG�
VHOHFW�DSSURSULDWH�GLVFORVXUH�FRQWURO�PHWKRGV�WR�SURWHFW�
GLIIHUHQW�W\SHV�RI�RXWSXWV��7KH�PRVW�LPSRUWDQW�
FRQVLGHUDWLRQ�LV�PDLQWDLQLQJ�FRQILGHQWLDOLW\�EXW�WKHVH�

:KDW�GLVFORVXUH�ULVNV�
QHHG�WR�EH�SURWHFWHG�

DJDLQVW"�

'LVFORVXUH�FRQWURO�
PHWKRGV�

,PSOHPHQWDWLRQ�
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GHFLVLRQV�ZLOO�DOVR�DFFRPPRGDWH�WKH�QHHG�IRU�FOHDU��
FRQVLVWHQW�DQG�SUDFWLFDO�VROXWLRQV�WKDW�FDQ�EH�
LPSOHPHQWHG�ZLWKLQ�D�UHDVRQDEOH�WLPH�DQG�XVLQJ�
DYDLODEOH�UHVRXUFHV��7KH�PHWKRGV�XVHG�ZLOO�EDODQFH�WKH�
ORVV�RI�LQIRUPDWLRQ�DJDLQVW�WKH�OLNHOLKRRG�RI�LQGLYLGXDOV·�
LQIRUPDWLRQ�EHLQJ�GLVFORVHG��'DWD�SURYLGHUV�VKRXOG�EH�
RSHQ�DQG�WUDQVSDUHQW�LQ�WKLV�SURFHVV�DQG�GRFXPHQW�
WKHLU�GHFLVLRQV�DQG�WKH�ZKROH�ULVN�DVVHVVPHQW�SURFHVV�
VR�WKDW�WKHVH�FDQ�EH�UHYLHZHG��8VHUV�VKRXOG�EH�DZDUH�
WKDW�D�GDWDVHW�KDV�EHHQ�DVVHVVHG�IRU�GLVFORVXUH�ULVN��
DQG�ZKHWKHU�PHWKRGV�RI�SURWHFWLRQ�KDYH�EHHQ�DSSOLHG��
)RU�TXDOLW\�SXUSRVHV��XVHUV�RI�D�GDWDVHW�VKRXOG�EH�
SURYLGHG�ZLWK�DQ�LQGLFDWLRQ�RI�WKH�QDWXUH�DQG�H[WHQW�RI�
DQ\�PRGLILFDWLRQ�GXH�WR�WKH�DSSOLFDWLRQ�RI�GLVFORVXUH�
FRQWURO�PHWKRGV��$Q\�WHFKQLTXH�V��XVHG�PD\�EH�
VSHFLILHG��EXW�WKH�OHYHO�RI�GHWDLO�PDGH�DYDLODEOH�VKRXOG�
QRW�EH�VXIILFLHQW�WR�DOORZ�WKH�XVHU�WR�UHFRYHU�GLVFORVLYH�
GDWD��(DFK�FKDSWHU�RI�WKH�KDQGERRN�SURYLGHV�GHWDLOV�RI�
VRIWZDUH�WKDW�FDQ�EH�XVHG�WR�DVVHVV�DQG�PDQDJH�
GLVFORVXUH�ULVN�RI�WKH�GLIIHUHQW�VWDWLVWLFDO�RXWSXWV��

����7KH�FKDSWHUV�RI�WKH�KDQGERRN�

7KLV�ERRN�VWDUWV�ZLWK�DQ�RYHUYLHZ�RI�UHJXODWLRQV�
GHVFULELQJ�WKH�OHJDO�XQGHUSLQQLQJ�RI�6WDWLVWLFDO�
'LVFORVXUH�&RQWURO�LQ�&KDSWHU����0LFURGDWD�DUH�FRYHUHG�
LQ�&KDSWHU����PDJQLWXGH�WDEOHV�DUH�DGGUHVVHG�LQ�
&KDSWHU���DQG�&KDSWHU���SURYLGHV�JXLGDQFH�IRU�
IUHTXHQF\�WDEOHV��&KDSWHU���GHVFULEHV�WKH�
FRQILGHQWLDOLW\�SUREOHPV�DVVRFLDWHG�ZLWK�PLFURGDWD�
DFFHVV�LVVXHV��:LWKLQ�HDFK�VHFWLRQ�GLIIHUHQW�DSSURDFKHV�
WR�DVVHVVLQJ�DQG�PDQDJLQJ�GLVFORVXUH�ULVNV�DUH�
GHVFULEHG�DQG�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
GLIIHUHQW�6'&�PHWKRGV�DUH�GLVFXVVHG��:KHUH�
DSSURSULDWH�UHFRPPHQGDWLRQV�DUH�PDGH�IRU�EHVW�
SUDFWLFH��

,Q�&KDSWHU���D�JORVVDU\�RI�VWDWLVWLFDO�WHUPV�XVHG�LQ�
6WDWLVWLFDO�'LVFORVXUH�&RQWURO�KDV�EHHQ�LQFOXGHG��
�

����5HIHUHQFHV�

'XQFDQ��*���.HOOHU�0F1XOW\��6���DQG�6WRNHV��6���������
'LVFORVXUH�5LVN�YV��'DWD�8WLOLW\��WKH�5�8�&RQILGHQWLDOLW\�
0DS��7HFKQLFDO�5HSRUW�/$�85����������6WDWLVWLFDO�
6FLHQFHV�*URXS��/RV�$ODPRV��1�0���/RV�$ODPRV�1DWLRQDO�
/DERUDWRU\�

7UHZLQ��'�HW�DO���������3ULQFLSOHV�DQG�JXLGHOLQHV�RI�JRRG�
SUDFWLFH�IRU�PDQDJLQJ�VWDWLVWLFDO�FRQILGHQWLDOLW\�DQG�
PLFURGDWD�DFFHVV��81(&(�8QLWHG�1DWLRQV�(FRQRPLF�
FRPPLVVLRQ�IRU�(XURSH��
KWWS���ZZZ�XQHFH�RUJ�VWDWV�GRFXPHQWV�WIFP�KWP�

http://www.unece.org/stats/documents/tfcm.htm
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����,QWURGXFWLRQ�

8S�WR�WKH�ODWH�����·V�PLFURGDWD�ZHUH�UDUHO\�VHQW�WR�
(XURVWDW��WKH�(XURSHDQ�VWDWLVWLFDO�RIILFH��7KHUH�ZDV�D�
JHQHUDO�UHOLDQFH�RQ�VXEPLVVLRQ�E\�1DWLRQDO�6WDWLVWLFDO�
,QVWLWXWHV��16,V��RI�DJUHHG�WDEXODU�GDWD��1DWLRQDO�
FRQILGHQWLDOLW\�UXOHV�LQ�VRPH�RI�WKH�(XURSHDQ�FRXQWULHV�
PDGH�LW�LPSRVVLEOH�WR�KDUPRQLVH�(XURSHDQ�VWDWLVWLFV��
7KLV�ZDV�DQ�XQZDQWHG�VLWXDWLRQ�IRU�DOO�16,V��DQG�
HVSHFLDOO\�IRU�(XURVWDW��7KHUHIRUH��D�UHJXODWLRQ�RQ�WKH�
WUDQVPLVVLRQ�RI�FRQILGHQWLDO�GDWD�WR�(XURVWDW�KDV�EHHQ�
SUHSDUHG�DQG�ZDV�ILQDOO\�DGRSWHG�E\�WKH�&RXQFLO�LQ�
-XQH������DV�5HJXODWLRQ����������

,Q�-DQXDU\�������WKHVH�PHDVXUHV�KDYH�EHHQ�GHILQHG�
DQG�IRUPDOO\�DGRSWHG�E\�WKH�0HPEHU�6WDWHV�WKURXJK�WKH�
&RPPLWWHH�RQ�6WDWLVWLFDO�&RQILGHQWLDOLW\��&6&���7KLV�
&RPPLWWHH�PHW�DW�OHDVW�RQFH�D�\HDU�DW�WKH�(XURVWDW�
RIILFH�LQ�/X[HPERXUJ��7KLV�&RPPLWWHH�GLVFXVVHG�WKH�
LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ�RI�(XURSHDQ�
5HJXODWLRQV�RQ�WKH�GLVVHPLQDWLRQ�RI�PLFURGDWD�DQG�
WDEXODU�GDWD��$OVR�UHYLVLRQV�WR�WKH�EDVLF�VWDWLVWLFDO�OHJDO�
IUDPHZRUN�ZHUH�FRQVLGHUHG��7KH�ODVW�PHHWLQJ�RI�WKH�
&6&�ZDV�KHOG�LQ�������

$QRWKHU�UHOHYDQW�&RXQFLO�5HJXODWLRQ�LV�1R��������RI�
)HEUXDU\�������7KLV�5HJXODWLRQ�GHILQHG�WKH�JHQHUDO�
SULQFLSOHV�JRYHUQLQJ�&RPPXQLW\�VWDWLVWLFV��WKH�
SURFHVVHV�IRU�WKH�SURGXFWLRQ�RI�WKHVH�VWDWLVWLFV�DQG�
HVWDEOLVKHG�GHWDLOHG�UXOHV�RQ�FRQILGHQWLDOLW\��7KLV�
5HJXODWLRQ�FRXOG�EH�FRQVLGHUHG�DV�WKH�JHQHUDO�
VWDWLVWLFDO�ODZ�RI�WKH�(XURSHDQ�8QLRQ��

$�QHZ�VWDWLVWLFDO�OHJDO�IUDPHZRUN�ZDV�LQWURGXFHG�LQ�
������2QH�RI�WKH�QHZ�DVSHFWV�FRQFHUQ�VWDWLVWLFDO�
FRQILGHQWLDOLW\��WKH�QHHG�WR�HQKDQFH�WKH�UROH�RI�WKH�16,V�
DQG�(XURVWDW�IRU�RUJDQLVDWLRQDO��FR�RUGLQDWLRQ�DQG�
UHSUHVHQWDWLRQ�SXUSRVHV�ZDV�QRWHG��,Q�WKLV�FRQWH[W�WKH�
IRUPHU�6WDWLVWLFDO�3URJUDPPH�&RPPLWWHH�ZDV�UHSODFHG�
E\�D�QHZ�&RPPLWWHH��WKH�(XURSHDQ�6WDWLVWLFDO�6\VWHP�
&RPPLWWHH��(66&���7KLV�QHZ�&RPPLWWHH�LV�DOVR�
HQWUXVWHG�ZLWK�WKH�IXQFWLRQV�RI�WKH�&6&��ZKLFK�WKXV�
FHDVHG�WR�H[LVW��

7KH�(XURSHDQ�6WDWLVWLFDO�6\VWHP��(66��LV�GHILQHG�E\�
5HJXODWLRQ����������RQ�(XURSHDQ�VWDWLVWLFV�RQ���$SULO�
�����DV�WKH�SDUWQHUVKLS�EHWZHHQ�WKH�&RPPXQLW\�
VWDWLVWLFDO�DXWKRULW\��WKH�&RPPLVVLRQ��(XURVWDW���DQG�DOO�
QDWLRQDO�DXWKRULWLHV�UHVSRQVLEOH�IRU�WKH�GHYHORSPHQW��

&RPPLWWHH�RQ�6WDWLVWLFDO�
&RQILGHQWLDOLW\�

(XURSHDQ�6WDWLVWLFDO�
6\VWHP�&RPPLWWHH�
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SURGXFWLRQ�DQG�GLVVHPLQDWLRQ�RI�(XURSHDQ�6WDWLVWLFV�
�(6���

7KH�DYDLODELOLW\�RI�FRQILGHQWLDO�GDWD�IRU�WKH�QHHGV�RI�WKH�
(66�LV�RI�SDUWLFXODU�LPSRUWDQFH�LQ�RUGHU�WR�PD[LPLVH�
WKH�EHQHILWV�RI�WKH�GDWD�ZLWK�WKH�DLP�RI�LQFUHDVLQJ�WKH�
TXDOLW\�RI�(XURSHDQ�VWDWLVWLFV�DQG�WR�HQVXUH�D�IOH[LEOH�
UHVSRQVH�WR�WKH�QHZO\�HPHUJLQJ�&RPPXQLW\�VWDWLVWLFDO�
QHHGV��

7KH�WUDQVPLVVLRQ�RI�FRQILGHQWLDO�GDWD�EHWZHHQ�(66�
SDUWQHUV�LV�DOORZHG�LI�QHFHVVDU\�IRU�WKH�SURGXFWLRQ��
GHYHORSPHQW�DQG�GLVVHPLQDWLRQ�RI�(6�DQG�DOVR�IRU�
LQFUHDVLQJ�WKH�TXDOLW\�RI�WKHVH�VWDWLVWLFV��7KH�FRQGLWLRQV�
IRU�WKHLU�IXUWKHU�WUDQVPLVVLRQ��LQ�SDUWLFXODU�IRU�VFLHQWLILF�
SXUSRVHV��DUH�DOVR�VWULFWO\�GHILQHG��

7KH�(66&�LV�FRQVXOWHG�RQ�DOO�GUDIW�FRPLWRORJ\�PHDVXUHV�
VXEPLWWHG�E\�WKH�&RPPLVVLRQ�LQ�WKH�GRPDLQ�RI�
VWDWLVWLFDO�FRQILGHQWLDOLW\��

7KLV�VHFWLRQ�JLYHV�VRPH�EDFNJURXQG�E\�GLVFXVVLQJ�D�IHZ�
HWKLFDO�FRGHV�DQG�ODZV��,W�GRHV�QRW�FRQWDLQ�DQ\�QDWLRQDO�
VSHFLDOLWLHV��

����(WKLFDO�FRGHV�

0DQ\�0HPEHU�6WDWHV�KDYH�DQ�HWKLFDO�FRGH�WKDW�IRUPV�
WKH�EDVLV�RI�WKH�SURGXFWLRQ�RI�RIILFLDO�VWDWLVWLFV��

$IWHU�DQ�LQWHQVH�SUHSDUDWLRQ�SURFHVV�WDNLQJ�SODFH�IURP�
�����WR�������WKH�,QWHUQDWLRQDO�6WDWLVWLFDO�,QVWLWXWH�
�,6,��DGRSWHG�WKH�,6,�'HFODUDWLRQ�RQ�3URIHVVLRQDO�(WKLFV��
LQ�������7KLV�'HFODUDWLRQ�LV�VWLOO�DSSOLFDEOH��)RU�
VWDWLVWLFDO�GLVFORVXUH�FRQWURO�WKH�FODXVHV�����DQG�����RI�
WKH�'HFODUDWLRQ�DUH�RI�LPSRUWDQFH�DQG�WKHUHIRUH�WKH\�
DUH�FLWHG�EHORZ��

����0DLQWDLQLQJ�FRQILGHQWLDOLW\�RI�UHFRUGV�

6WDWLVWLFDO�GDWD�DUH�XQFRQFHUQHG�ZLWK�LQGLYLGXDO�
LGHQWLWLHV��7KH\�DUH�FROOHFWHG�WR�DQVZHU�TXHVWLRQV�VXFK�
DV�¶KRZ�PDQ\"·�RU�¶ZKDW�SURSRUWLRQ"·��QRW�¶ZKR"·��7KH�
LGHQWLWLHV�DQG�UHFRUGV�RI�FR�RSHUDWLQJ��RU�QRQ�FRRSHUDWLQJ��
VXEMHFWV�VKRXOG�WKHUHIRUH�EH�NHSW�FRQILGHQWLDO��ZKHWKHU�
RU�QRW�FRQILGHQWLDOLW\�KDV�EHHQ�H[SOLFLWO\�SOHGJHG��

����,QKLELWLQJ�GLVFORVXUH�RI�LGHQWLWLHV�

6WDWLVWLFLDQV�VKRXOG�WDNH�DSSURSULDWH�PHDVXUHV�WR�
SUHYHQW�WKHLU�GDWD�IURP�EHLQJ�SXEOLVKHG�RU�RWKHUZLVH�
UHOHDVHG�LQ�D�IRUP�WKDW�ZRXOG�DOORZ�DQ\�VXEMHFW·V�
LGHQWLW\�WR�EH�GLVFORVHG�RU�LQIHUUHG��

2Q����)HEUXDU\������WKH�6WDWLVWLFDO�3URJUDPPH�
&RPPLWWHH�DGRSWHG�WKH�(XURSHDQ�6WDWLVWLFV�&RGH�RI�
3UDFWLFH���7KLV�&RGH�RI�3UDFWLFH��KDV�WKH�GXDO�SXUSRVH�
RI��

,6,�'HFODUDWLRQ�RQ�
3URIHVVLRQDO�(WKLFV�

(XURSHDQ�6WDWLVWLFV�&RGH�
RI�3UDFWLFH�
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•� ,PSURYLQJ�WUXVW�DQG�FRQILGHQFH�LQ�WKH�
LQGHSHQGHQFH��LQWHJULW\�DQG�DFFRXQWDELOLW\�RI�ERWK�
1DWLRQDO�6WDWLVWLFDO�$XWKRULWLHV�DQG�(XURVWDW��DQG�LQ�
WKH�FUHGLELOLW\�DQG�TXDOLW\�RI�WKH�VWDWLVWLFV�WKH\�
SURGXFH�DQG�GLVVHPLQDWH��L�H��DQ�H[WHUQDO�IRFXV���

•� 3URPRWLQJ�WKH�DSSOLFDWLRQ�RI�EHVW�LQWHUQDWLRQDO�
VWDWLVWLFDO�SULQFLSOHV��PHWKRGV�DQG�SUDFWLFHV�E\�DOO�
SURGXFHUV�RI�(XURSHDQ�6WDWLVWLFV�WR�HQKDQFH�WKHLU�
TXDOLW\��L�H��DQ�LQWHUQDO�IRFXV���

7KH�&RGH�RI�3UDFWLFH�LV�EDVHG�RQ����3ULQFLSOHV��
*RYHUQDQFH�DXWKRULWLHV�DQG�VWDWLVWLFDO�DXWKRULWLHV�LQ�
WKH�(XURSHDQ�8QLRQ�FRPPLW�WKHPVHOYHV�WR�DGKHULQJ�WR�
WKH�SULQFLSOHV�IL[HG�LQ�WKLV�FRGH�DQG�WR�UHYLHZLQJ�LWV�
LPSOHPHQWDWLRQ�SHULRGLFDOO\�E\�WKH�XVH�RI�,QGLFDWRUV�RI�
*RRG�3UDFWLFH�IRU�HDFK�RI�WKH����3ULQFLSOHV��ZKLFK�DUH�WR�
EH�XVHG�DV�UHIHUHQFHV��3ULQFLSOH���FRQFHUQV�VWDWLVWLFDO�
FRQILGHQWLDOLW\�DQG�LV�FLWHG�EHORZ��

3ULQFLSOH����6WDWLVWLFDO�&RQILGHQWLDOLW\�

7KH�SULYDF\�RI�GDWD�SURYLGHUV��KRXVHKROGV��HQWHUSULVHV��
DGPLQLVWUDWLRQV�DQG�RWKHU�UHVSRQGHQWV���WKH�
FRQILGHQWLDOLW\�RI�WKH�LQIRUPDWLRQ�WKH\�SURYLGH�DQG�LWV�XVH�
RQO\�IRU�VWDWLVWLFDO�SXUSRVHV�PXVW�EH�DEVROXWHO\�
JXDUDQWHHG��

,QGLFDWRUV�

�� 6WDWLVWLFDO�FRQILGHQWLDOLW\�LV�JXDUDQWHHG�LQ�ODZ��

�� 6WDWLVWLFDO�DXWKRULW\�VWDII�VLJQ�OHJDO�FRQILGHQWLDOLW\�
FRPPLWPHQWV�RQ�DSSRLQWPHQW��

�� 6XEVWDQWLDO�SHQDOWLHV�DUH�SUHVFULEHG�IRU�DQ\�ZLOIXO�
EUHDFKHV�RI�VWDWLVWLFDO�FRQILGHQWLDOLW\��

�� ,QVWUXFWLRQV�DQG�JXLGHOLQHV�DUH�SURYLGHG�RQ�WKH�
SURWHFWLRQ�RI�VWDWLVWLFDO�FRQILGHQWLDOLW\�LQ�WKH�
SURGXFWLRQ�DQG�GLVVHPLQDWLRQ�SURFHVVHV��7KHVH�
JXLGHOLQHV�DUH�VSHOOHG�RXW�LQ�ZULWLQJ�DQG�PDGH�
NQRZQ�WR�WKH�SXEOLF��

�� 3K\VLFDO�DQG�WHFKQRORJLFDO�SURYLVLRQV�DUH�LQ�SODFH�WR�
SURWHFW�WKH�VHFXULW\�DQG�LQWHJULW\�RI�VWDWLVWLFDO�
GDWDEDVHV��

�� 6WULFW�SURWRFROV�DSSO\�WR�H[WHUQDO�XVHUV�DFFHVVLQJ�
VWDWLVWLFDO�PLFURGDWD�IRU�UHVHDUFK�SXUSRVHV��

7KH������&RQIHUHQFH�RI�(XURSHDQ�6WDWLVWLFLDQV��&(6��RI�
WKH�8QLWHG�1DWLRQV�6WDWLVWLFDO�&RPPLVVLRQ�DQG�
(FRQRPLF�&RPPLVVLRQ�IRU�(XURSH�LQVWDOOHG�D�7DVN�
)RUFH��FKDLUHG�E\�'HQQLV�7UHZLQ��DW�WKDW�WLPH�WKH�
$XVWUDOLDQ�6WDWLVWLFLDQ���WR�GUDIW�3ULQFLSOHV�DQG�
*XLGHOLQHV�RI�*RRG�3UDFWLFH�IRU�0DQDJLQJ�6WDWLVWLFDO�
&RQILGHQWLDOLW\�DQG�0LFURGDWD�$FFHVV��,Q�WKHLU�ILQDO�
UHSRUW�RI������WKH�IROORZLQJ�WZR�NH\�REMHFWLYHV�LQ�WKHVH�
JXLGHOLQHV�DUH�PHQWLRQHG��

81(&(�3ULQFLSOHV�DQG�
*XLGHOLQHV�RI�*RRG�

3UDFWLFH�IRU�0DQDJLQJ�
6WDWLVWLFDO�&RQILGHQWLDOLW\�
DQG�0LFURGDWD�$FFHVV�
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•� 7R�IRVWHU�JUHDWHU�XQLIRUPLW\�RI�DSSURDFK�E\�
FRXQWULHV�ZKLOVW�IDFLOLWDWLQJ�EHWWHU�DFFHVV�WR�
PLFURGDWD�E\�WKH�UHVHDUFK�FRPPXQLW\�IRU�
ZRUWKZKLOH�SDSHUV��

•� 7KURXJK�WKHVH�JXLGHOLQHV�DQG�VXSSRUWLQJ�FDVH�
VWXGLHV��WR�HQDEOH�FRXQWULHV�WR�LPSURYH�WKHLU�
DUUDQJHPHQWV�IRU�SURYLGLQJ�DFFHVV�WR�PLFURGDWD��

7KH�VL[WK�8QLWHG�1DWLRQV�)XQGDPHQWDO�3ULQFLSOH�RI�
2IILFLDO�6WDWLVWLFV��ZKLFK�ZDV�PHQWLRQHG�LQ�6HFWLRQ�����
RI�WKLV�KDQGERRN��LV�YHU\�FOHDU�RQ�VWDWLVWLFDO�
FRQILGHQWLDOLW\��´,QGLYLGXDO�GDWD�FROOHFWHG�E\�VWDWLVWLFDO�
DJHQFLHV�IRU�VWDWLVWLFDO�FRPSLODWLRQ��ZKHWKHU�WKH\�UHIHU�
WR�QDWXUDO�RU�OHJDO�SHUVRQV��DUH�WR�EH�VWULFWO\�
FRQILGHQWLDO�DQG�XVHG�H[FOXVLYHO\�IRU�VWDWLVWLFDO�
SXUSRVHVµ��$Q\�SULQFLSOHV�IRU�PLFURGDWD�DFFHVV�PXVW�EH�
FRQVLVWHQW�ZLWK�WKLV�)XQGDPHQWDO�3ULQFLSOH��

$FFRUGLQJ�WR�WKH�UHSRUW�E\�7UHZLQ�F�V��WKH�IROORZLQJ�
SULQFLSOHV�VKRXOG�EH�XVHG�IRU�PDQDJLQJ�WKH�
FRQILGHQWLDOLW\�RI�PLFURGDWD��(DFK�LV�GLVFXVVHG�LQ�WKH�
IROORZLQJ�SDUDJUDSKV��

3ULQFLSOH����,W�LV�DSSURSULDWH�IRU�PLFURGDWD�FROOHFWHG�IRU�
RIILFLDO�VWDWLVWLFDO�SXUSRVHV�WR�EH�XVHG�IRU�VWDWLVWLFDO�
DQDO\VLV�WR�VXSSRUW�UHVHDUFK�DV�ORQJ�DV�FRQILGHQWLDOLW\�
LV�SURWHFWHG��

3ULQFLSOH����0LFURGDWD�VKRXOG�RQO\�EH�PDGH�DYDLODEOH�
IRU�VWDWLVWLFDO�SXUSRVHV��

3ULQFLSOH����3URYLVLRQ�RI�PLFURGDWD�VKRXOG�EH�FRQVLVWHQW�
ZLWK�OHJDO�DQG�RWKHU�QHFHVVDU\�DUUDQJHPHQWV�WKDW�
HQVXUH�WKDW�FRQILGHQWLDOLW\�RI�WKH�UHOHDVHG�PLFURGDWD�LV�
SURWHFWHG��

3ULQFLSOH����7KH�SURFHGXUHV�IRU�UHVHDUFKHU�DFFHVV�WR�
PLFURGDWD��DV�ZHOO�DV�WKH�XVHV�DQG�XVHUV�RI�PLFURGDWD��
VKRXOG�EH�WUDQVSDUHQW�DQG�SXEOLFO\�DYDLODEOH��

0DNLQJ�PLFURGDWD�DYDLODEOH�IRU�UHVHDUFK�LV�QRW�LQ�
FRQWUDGLFWLRQ�ZLWK�WKH�VL[WK�81�)XQGDPHQWDO�3ULQFLSOH�
DV�ORQJ�DV�LW�LV�QRW�SRVVLEOH�WR�LGHQWLI\�GDWD�UHIHUULQJ�WR�
DQ�LQGLYLGXDO��3ULQFLSOH���GRHV�QRW�FRQVWLWXWH�DQ�
REOLJDWLRQ�WR�SURYLGH�PLFURGDWD��7KH�1DWLRQDO�6WDWLVWLFDO�
2IILFH�VKRXOG�EH�WKH�RQH�WR�GHFLGH�ZKHWKHU�WR�SURYLGH�
PLFURGDWD�RU�QRW��7KHUH�PD\�EH�RWKHU�FRQFHUQV��IRU�
H[DPSOH��TXDOLW\��WKDW�PDNH�LW�LQDSSURSULDWH�WR�SURYLGH�
DFFHVV�WR�PLFURGDWD��2U�WKHUH�PD\�EH�VSHFLILF�SHUVRQV�
RU�LQVWLWXWLRQV�WR�ZKLFK�LW�ZRXOG�EH�LQDSSURSULDWH�WR�
SURYLGH�PLFURGDWD��

)RU�3ULQFLSOH����D�GLVWLQFWLRQ�KDV�WR�EH�PDGH�EHWZHHQ�
VWDWLVWLFDO�RU�DQDO\WLFDO�XVHV�DQG�DGPLQLVWUDWLYH�XVHV��,Q�
WKH�FDVH�RI�VWDWLVWLFDO�RU�DQDO\WLFDO�XVH��WKH�DLP�LV�WR�
GHULYH�VWDWLVWLFV�WKDW�UHIHU�WR�D�JURXS��EH�LW�RI�SHUVRQV�RU�
OHJDO�HQWLWLHV���,Q�WKH�FDVH�RI�DGPLQLVWUDWLYH�XVH��WKH�DLP�
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LV�WR�GHULYH�LQIRUPDWLRQ�DERXW�D�SDUWLFXODU�SHUVRQ�RU�
OHJDO�HQWLW\�WR�PDNH�D�GHFLVLRQ�WKDW�PD\�EULQJ�EHQHILW�RU�
KDUP�WR�WKH�LQGLYLGXDO��)RU�H[DPSOH��VRPH�UHTXHVWV�IRU�
GDWD�PD\�EH�OHJDO��D�FRXUW�RUGHU��EXW�LQFRQVLVWHQW�ZLWK�
WKLV�SULQFLSOH��,W�LV�LQ�WKH�LQWHUHVW�RI�SXEOLF�FRQILGHQFH�
LQ�WKH�RIILFLDO�VWDWLVWLFDO�V\VWHP�WKDW�WKHVH�UHTXHVWV�DUH�
UHIXVHG��,I�WKH�XVH�RI�WKH�PLFURGDWD�LV�LQFRPSDWLEOH�ZLWK�
VWDWLVWLFDO�RU�DQDO\WLFDO�SXUSRVHV��WKHQ�PLFURGDWD�
DFFHVV�VKRXOG�QRW�EH�SURYLGHG��(WKLFV�FRPPLWWHHV�RU�D�
VLPLODU�DUUDQJHPHQW�PD\�DVVLVW�LQ�VLWXDWLRQV�ZKHUH�
WKHUH�LV�XQFHUWDLQW\�ZKHWKHU�WR�SURYLGH�DFFHVV�RU�QRW��

5HVHDUFKHUV�DUH�DFFHVVLQJ�PLFURGDWD�IRU�UHVHDUFK�
SXUSRVHV�EXW�WR�VXSSRUW�WKLV�UHVHDUFK�WKH\�PD\�QHHG�WR�
FRPSLOH�VWDWLVWLFDO�DJJUHJDWLRQV�RI�YDULRXV�IRUPV��
FRPSLOH�VWDWLVWLFDO�GLVWULEXWLRQV��ILW�VWDWLVWLFDO�PRGHOV��
RU�DQDO\VH�VWDWLVWLFDO�GLIIHUHQFHV�EHWZHHQ�VXE�
SRSXODWLRQV��7KHVH�XVHV�ZRXOG�EH�FRQVLVWHQW�ZLWK�
VWDWLVWLFDO�SXUSRVHV��7R�WKH�H[WHQW�WKDW�WKLV�LV�KRZ�WKH�
PLFURGDWD�DUH�EHLQJ�XVHG��LW�FRXOG�DOVR�EH�VDLG�WR�
VXSSRUW�UHVHDUFK�SXUSRVHV��

:LWK�UHVSHFW�WR�3ULQFLSOH����OHJDO�DUUDQJHPHQWV�WR�
SURWHFW�FRQILGHQWLDOLW\�VKRXOG�EH�LQ�SODFH�EHIRUH�DQ\�
PLFURGDWD�DUH�UHOHDVHG��+RZHYHU��WKH�OHJDO�
DUUDQJHPHQWV�KDYH�WR�EH�FRPSOHPHQWHG�ZLWK�
DGPLQLVWUDWLYH�DQG�WHFKQLFDO�PHDVXUHV�WR�UHJXODWH�WKH�
DFFHVV�WR�PLFURGDWD�DQG�WR�HQVXUH�WKDW�LQGLYLGXDO�GDWD�
FDQQRW�EH�GLVFORVHG��7KH�H[LVWHQFH�DQG�YLVLELOLW\�RI�VXFK�
DUUDQJHPHQWV��ZKHWKHU�LQ�ODZ�RU�VXSSOHPHQWDU\�
UHJXODWLRQV��RUGLQDQFHV��HWF���DUH�QHFHVVDU\�WR�LQFUHDVH�
SXEOLF�FRQILGHQFH�WKDW�PLFURGDWD�ZLOO�EH�XVHG�
DSSURSULDWHO\��/HJDO�DUUDQJHPHQWV�DUH�FOHDUO\�SUHIHUDEOH�
EXW�LQ�VRPH�FRXQWULHV�WKLV�PD\�QRW�EH�SRVVLEOH�DQG�
VRPH�RWKHU�IRUP�RI�DGPLQLVWUDWLYH�DUUDQJHPHQW�VKRXOG�
EH�SXW�LQ�SODFH��7KH�OHJDO��RU�RWKHU�DUUDQJHPHQWV��
VKRXOG�DOVR�EH�FOHDUHG�ZLWK�WKH�SULYDF\�DXWKRULWLHV�RI�
FRXQWULHV�ZKHUH�WKH\�H[LVW�EHIRUH�WKH\�DUH�HVWDEOLVKHG�
E\�ODZ��,I�VXFK�DXWKRULWLHV�GR�QRW�H[LVW��WKHUH�PD\�EH�
1*2V�ZKR�KDYH�D�´ZDWFKGRJµ�UROH�RQ�SULYDF\�PDWWHUV��,W�
ZRXOG�EH�VHQVLEOH�WR�JHW�WKHLU�VXSSRUW�IRU�DQ\�OHJDO�RU�
RWKHU�DUUDQJHPHQWV��RU�DW�OHDVW�WR�DGGUHVV�DQ\�VHULRXV�
FRQFHUQV�WKH\�PLJKW�KDYH��

,Q�VRPH�FRXQWULHV��DXWKRULVLQJ�OHJLVODWLRQ�GRHV�QRW�
H[LVW��$W�D�PLQLPXP��UHOHDVH�RI�PLFURGDWD�VKRXOG�EH�
VXSSRUWHG�E\�VRPH�IRUP�RI�DXWKRULW\��+RZHYHU��DQ�
DXWKRULVLQJ�OHJLVODWLRQ�LV�D�SUHIHUDEOH�DSSURDFK��

3ULQFLSOH���LV�LPSRUWDQW�WR�LQFUHDVH�SXEOLF�FRQILGHQFH�
WKDW�PLFURGDWD�DUH�EHLQJ�XVHG�DSSURSULDWHO\�DQG�WR�
VKRZ�WKDW�GHFLVLRQV�DERXW�PLFURGDWD�UHOHDVH�DUH�WDNHQ�
RQ�DQ�REMHFWLYH�EDVLV��,W�LV�XS�WR�WKH�162�WR�GHFLGH�
ZKHWKHU��KRZ�DQG�WR�ZKRP�PLFURGDWD�FDQ�EH�UHOHDVHG��
%XW�WKHLU�GHFLVLRQV�VKRXOG�EH�WUDQVSDUHQW��7KH�162�
ZHE�VLWH�LV�DQ�HIIHFWLYH�ZD\�RI�HQVXULQJ�FRPSOLDQFH�DQG�
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DOVR�IRU�SURYLGLQJ�LQIRUPDWLRQ�RQ�KRZ�WR�DFFHVV�
UHVHDUFK�UHSRUWV�EDVHG�RQ�UHOHDVHG�PLFURGDWD��

7KH�JXLGHOLQHV�RI�WKH�UHSRUW�ZHUH�HQGRUVHG�E\�WKH�&(6�
SOHQDU\�VHVVLRQ�LQ�������7KH\�DGGUHVVHG�WKH�QHHG�WR�
XQLI\�WKH�DSSURDFKHV�LQWHUQDWLRQDOO\�DQG�WR�DJUHH�RQ�
FRUH�SULQFLSOHV�IRU�GLVVHPLQDWLRQ�RI�PLFURGDWD��7KH\�
DOVR�VXJJHVWHG�PRYLQJ�WRZDUGV�D�ULVN�PDQDJHPHQW�
UDWKHU�WKDQ�D�ULVN�DYRLGDQFH�DSSURDFK�LQ�WKH�SURYLVLRQ�
RI�PLFURGDWD��

7KH�UHSRUW�RULJLQDOO\�FRQWDLQHG�DQ�DQQH[�ZLWK����FDVH�
VWXGLHV�GHVFULELQJ�JRRG�SUDFWLFHV�LQ�GLIIHUHQW�FRXQWULHV��
,W�LV�D�G\QDPLF�GRFXPHQW�WKDW�LV�XSGDWHG�IURP�WLPH�WR�
WLPH��

,Q������DQG������D�&(6�7DVN�)RUFH�FKDLUHG�E\�%ULDQ�
3LQN��WKH�FXUUHQW�$XVWUDOLDQ�6WDWLVWLFLDQ��GUDIWHG�
3ULQFLSOHV�DQG�*XLGHOLQHV�RQ�&RQILGHQWLDOLW\�$VSHFWV�RI�
'DWD�,QWHJUDWLRQ��

'DWD�LQWHJUDWLRQ�LV�FRQFHUQHG�ZLWK�LQWHJUDWLQJ�XQLW�
UHFRUG�GDWD�IURP�GLIIHUHQW�DGPLQLVWUDWLYH�DQG�RU�VXUYH\�
VRXUFHV�WR�FRPSLOH�QHZ�RIILFLDO�VWDWLVWLFV�ZKLFK�FDQ�
WKHQ�EH�UHOHDVHG�LQ�WKHLU�RZQ�ULJKW��,Q�DGGLWLRQ�WKHVH�
LQWHJUDWHG�GDWD�VHWV�PD\�EH�XVHG�WR�VXSSRUW�D�UDQJH�RI�
HFRQRPLF�DQG�VRFLDO�UHVHDUFK�QRW�SRVVLEOH�XVLQJ�
WUDGLWLRQDO�VRXUFHV��

7KH�GUDIWHG�SULQFLSOHV�DQG�DVVRFLDWHG�JXLGHOLQHV�
H[SDQG�RQ�WKH�VL[WK�81�)XQGDPHQWDO�3ULQFLSOH�E\�
SURYLGLQJ�D�FRPPRQ�IUDPHZRUN�IRU�DVVHVVLQJ�DQG�
PLWLJDWLQJ�OHJLVODWLYH�DQG�RWKHU�FRQILGHQWLDOLW\�DVSHFWV�
RI�WKH�FUHDWLRQ�DQG�XVH�RI�LQWHJUDWHG�GDWDVHWV�IRU�
VWDWLVWLFDO�DQG�DVVRFLDWHG�UHVHDUFK�SXUSRVHV��,Q�
SDUWLFXODU�WKH\�UHFRJQLVH�WKDW�WKH�IXQGDPHQWDO�
SULQFLSOHV�RI�RIILFLDO�VWDWLVWLFV�DSSO\�HTXDOO\�WR�
LQWHJUDWHG�GDWD�VHWV�DV�WR�DQ\�RWKHU�VRXUFH�RI�RIILFLDO�
VWDWLVWLFV��

,Q�GHYHORSLQJ�WKHVH�SULQFLSOHV��LW�LV�UHFRJQLVHG�WKDW�
LQWHJUDWLRQ�RI�VWDWLVWLFDO�GDWD�VHWV�KDV�EHFRPH�D�QRUPDO�
SDUW�RI�WKH�RSHUDWLRQV�RI�D�QXPEHU�RI�VWDWLVWLFDO�RIILFHV�
DQG�LV�JHQHUDOO\�PRVW�DGYDQFHG�LQ�WKRVH�FRXQWULHV�
ZKHUH�D�KHDY\�UHOLDQFH�LV�SODFHG�RQ�REWDLQLQJ�VWDWLVWLFDO�
LQIRUPDWLRQ�IURP�DGPLQLVWUDWLYH�UHJLVWHUV��&RXQWULHV�
WKDW�UHJXODUO\�XQGHUWDNH�VWDWLVWLFDO�LQWHJUDWLRQ�XVXDOO\�
DOUHDG\�KDYH�D�VWURQJ�OHJLVODWLYH�EDVLV�DQG�FOHDU�UXOHV�
DERXW�SURWHFWLRQ�RI�WKH�FRQILGHQWLDOLW\�RI�SHUVRQDO�DQG�
LQGLYLGXDO�EXVLQHVV�GDWD�LUUHVSHFWLYH�RI�ZKHWKHU�WKH�
GDWD�KDV�EHHQ�LQWHJUDWHG�IURP�GLIIHUHQW�VRXUFHV�RU�QRW��

+RZHYHU��IRU�PDQ\�RWKHU�FRXQWULHV�WKH�QRWLRQ�RI�
LQWHJUDWLQJ�GDWD�IURP�GLIIHUHQW�VRXUFHV�IRU�VWDWLVWLFDO�
DQG�UHODWHG�UHVHDUFK�SXUSRVHV�LV�UHODWLYHO\�QHZ��7KH�
GUDIWHG�SULQFLSOHV�DQG�DVVRFLDWHG�JXLGHOLQHV�DUH�

81(&(�3ULQFLSOHV�DQG�
*XLGHOLQHV�RQ�

&RQILGHQWLDOLW\�$VSHFWV�
RI�'DWD�,QWHJUDWLRQ�
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GHVLJQHG�WR�SURYLGH�VRPH�FODULW\�DQG�FRQVLVWHQF\�RI�
DSSOLFDWLRQ��

7KHVH�3ULQFLSOHV�DQG�*XLGHOLQHV�ZHUH�HQGRUVHG�E\�WKH�
&RQIHUHQFH�RI�(XURSHDQ�6WDWLVWLFLDQV�DW�WKHLU�-XQH�
�����PHHWLQJ��

����/DZV�

)RU�VWDWLVWLFDO�GLVFORVXUH�FRQWURO�WKH�IROORZLQJ�WZR�ODZV�
DUH�RI�LPSRUWDQFH��

•� &RPPLVVLRQ�5HJXODWLRQ��(&��1R����������RI����
0D\������LPSOHPHQWLQJ�&RXQFLO�5HJXODWLRQ��(&��
1R��������RQ�&RPPXQLW\�6WDWLVWLFV��FRQFHUQLQJ�
DFFHVV�WR�FRQILGHQWLDO�GDWD�IRU�VFLHQWLILF�
SXUSRVHV��7KLV�5HJXODWLRQ�DLPV�WR�VHUYH�VFLHQWLILF�
XVHUV��PDLQO\�UHVHDUFKHUV�RI�XQLYHUVLWLHV�DQG�OHJDOO\�
HVWDEOLVKHG�UHVHDUFK�LQVWLWXWHV��RI�(XURSHDQ�
PLFURGDWD��$GPLVVLRQ�RI�QHZ�XVHUV�UHTXLUHV�H[SOLFLW�
DSSURYDO�RI�WKH�0HPEHU�6WDWHV��'LVFXVVLRQV�DERXW�
WKH�OHYHO�RI�GHWDLO�IRU�WKH�PLFURGDWD��WR�ZKLFK�WKH�
UHVHDUFKHUV�JHW�UHVWULFWHG�DFFHVV��WDNH�SODFH�LQ�WKH�
UHOHYDQW�:RUNLQJ�*URXSV��2ULJLQDOO\��WKLV�5HJXODWLRQ�
FRYHUHG�IRXU�VXUYH\V��/DERXU�)RUFH�6XUYH\��/)6���
&RQWLQXLQJ�9RFDWLRQDO�7UDLQLQJ�6XUYH\��&976���
(XURSHDQ�&RPPXQLW\�+RXVHKROG�3DQHO��(&+3��DQG�
&RPPXQLW\�,QQRYDWLRQ�6XUYH\��&,6���)URP������WKH�
(XURSHDQ�8QLRQ�6WDWLVWLFV�RQ�,QFRPH�DQG�/LYLQJ�
&RQGLWLRQV��(8�6,/&��UHSODFHG�WKH�(&+3��7KH�
6WUXFWXUH�RI�(DUQLQJV�6XUYH\��6(6��ZDV�DGGHG�WR�
WKLV�5HJXODWLRQ�E\�&RPPLVVLRQ�5HJXODWLRQ��(&��1R�
����������RI����-XO\�������/DWHU�DOVR�WKH�$GXOW�
(GXFDWLRQ�6XUYH\��$(6��DQG�WKH�)DUP�6WUXFWXUH�
6XUYH\��)66��EHFDPH�SDUW�RI�WKLV�5HJXODWLRQ��$UWLFOH�
��RI�WKLV�&RPPLVVLRQ�5HJXODWLRQ�IRUHVHHV�D�IDLUO\�
VWUDLJKWIRUZDUG�DQG�VLPSOH�UHTXHVW�SURFHVV�IRU�
UHVHDUFKHUV�IURP�WKH�IROORZLQJ�FDWHJRULHV�RU�
RUJDQLVDWLRQV��

R� XQLYHUVLWLHV�DQG�RWKHU�KLJKHU�HGXFDWLRQ�
RUJDQLVDWLRQV�HVWDEOLVKHG�XQGHU�
&RPPXQLW\�ODZ�RU�E\�WKH�ODZ�RI�D�0HPEHU�
6WDWH��

R� RUJDQLVDWLRQV�RU�LQVWLWXWLRQV�IRU�VFLHQWLILF�
UHVHDUFK�HVWDEOLVKHG�XQGHU�&RPPXQLW\�
ODZ�RU�E\�WKH�ODZ�RI�D�0HPEHU�6WDWH��

R� QDWLRQDO�VWDWLVWLFDO�LQVWLWXWHV�RI�WKH�
0HPEHU�6WDWHV��

R� WKH�(XURSHDQ�&HQWUDO�%DQN�DQG�WKH�
QDWLRQDO�FHQWUDO�EDQNV�RI�WKH�0HPEHU�
6WDWHV��VLQFH��������
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)RU�RWKHU�ERGLHV��DUWLFOH���RI�WKH�UHJXODWLRQ�OD\V�
GRZQ�WKH�FRQGLWLRQ�WKDW�WKH\�PXVW�ILUVW�EH�DSSURYHG�
E\�WKH�&RPPLWWHH�RQ�6WDWLVWLFDO�&RQILGHQWLDOLW\�
�&6&��LI�WKH\�ZLVK�WR�PDNH�UHTXHVWV�WR�DFFHVV�
FRQILGHQWLDO�GDWD�IRU�VFLHQWLILF�SXUSRVHV��7KH�
SUHUHTXLVLWH�WR�DFKLHYH�DGPLVVLELOLW\�LV�WKDW�WKH�
LQVWLWXWLRQ�KDV�GHPRQVWUDWHG�WKDW�LW�IXOILOV�D�VHW�RI�
FULWHULD��

7KH�H[LVWLQJ�&RPPLVVLRQ�5HJXODWLRQ����������
FRQWLQXHV�WR�DSSO\�EXW�LWV�UHYLVLRQ�LV�QHFHVVDU\�LQ�
RUGHU�WR�EHWWHU�FRUUHVSRQG�WR�WKH�QHZ�UHJXODWRU\�
IUDPHZRUN�DQG�WR�WDNH�DFFRXQW�RI�RWKHU�
GHYHORSPHQWV�VLQFH�������

7KH�(XURSHDQ�6WDWLVWLFDO�6\VWHP�&RPPLWWHH��(66&��
VXJJHVWHG�DW�LWV�ILUVW�PHHWLQJ�LQ�0D\������WR�OHDYH�
WKH�GHFLVLRQ�RQ�WKH�ZD\�WKH�UHYLVLRQ�RI�WKH�
5HJXODWLRQ�ZLOO�EH�FDUULHG�RXW�WR�WKH�+LJK�OHYHO�
:RUNLQJ�*URXS�RQ�6WDWLVWLFDO�&RQILGHQWLDOLW\�
�+/:*6&���7KH�ILUVW�PHHWLQJ�RI�WKH�+/:*6&�WRRN�
SODFH�LQ�2FWREHU������DQG�LW�ZDV�GHFLGHG�WKHUH�WR�
DSSRLQW�D�7DVN�)RUFH�WR�GHDO�ZLWK�WKDW�VXEMHFW��,Q�
'HFHPEHU������WKH�ILUVW�PHHWLQJ�RI�WKLV�7DVN�)RUFH�
RQ�WKH�UHYLVLRQ�RI�&RPPLVVLRQ�5HJXODWLRQ����������
WRRN�SODFH��

•� &RPPLVVLRQ�5HJXODWLRQ��(&��1R����������RI�WKH�
(XURSHDQ�3DUOLDPHQW�DQG�&RXQFLO�RI����0DUFK�
�����RQ�(XURSHDQ�VWDWLVWLFV��7KLV�UHJXODWLRQ�KDV�
HQWHUHG�LQWR�IRUFH�RQ�WKH���$SULO������DQG�UHSODFHG�
WKH�5HJXODWLRQ��������RQ�&RPPXQLW\�6WDWLVWLFV�DQG�
5HJXODWLRQ������������SUHYLRXVO\����������RQ�WKH�
WUDQVPLVVLRQ�RI�GDWD�VXEMHFW�WR�VWDWLVWLFDO�
FRQILGHQWLDOLW\��

7KLV�5HJXODWLRQ�HVWDEOLVKHV�WKH�OHJDO�IUDPHZRUN�IRU�
WKH�GHYHORSPHQW��SURGXFWLRQ�DQG�GLVVHPLQDWLRQ�RI�
(XURSHDQ�VWDWLVWLFV��LQFOXGLQJ�WKH�UXOHV�RQ�
FRQILGHQWLDOLW\��

$UWLFOH����FODXVH���H��GHILQHV�VWDWLVWLFDO�
FRQILGHQWLDOLW\�DV��WKH�SURWHFWLRQ�RI�FRQILGHQWLDO�GDWD�
UHODWHG�WR�VLQJOH�VWDWLVWLFDO�XQLWV�ZKLFK�DUH�REWDLQHG�
GLUHFWO\�IRU�VWDWLVWLFDO�SXUSRVHV�RU�LQGLUHFWO\�IURP�
DGPLQLVWUDWLYH�RU�RWKHU�VRXUFHV�DQG�LPSO\LQJ�WKH�
SURKLELWLRQ�RI�XVH�IRU�QRQ�VWDWLVWLFDO�SXUSRVHV�RI�WKH�
GDWD�REWDLQHG�DQG�RI�WKHLU�XQODZIXO�GLVFORVXUH���

&RQILGHQWLDO�GDWD�DUH�GHILQHG�DV��GDWD�ZKLFK�DOORZ�
VWDWLVWLFDO�XQLWV�WR�EH�LGHQWLILHG��HLWKHU�GLUHFWO\�RU�
LQGLUHFWO\��WKHUHE\�GLVFORVLQJ�LQGLYLGXDO�LQIRUPDWLRQ��
7R�GHWHUPLQH�ZKHWKHU�D�VWDWLVWLFDO�XQLW�LV�
LGHQWLILDEOH��DFFRXQW�VKDOO�EH�WDNHQ�RI�DOO�UHOHYDQW�
PHDQV�WKDW�PLJKW�UHDVRQDEO\�EH�XVHG�E\�D�WKLUG�
SDUW\�WR�LGHQWLI\�WKH�VWDWLVWLFDO�XQLW���
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&KDSWHU�9�
6WDWLVWLFDO�&RQILGHQWLDOLW\
�GHVFULEHV�LQ�
GHWDLO�UXOHV�DQG�PHDVXUHV�WKDW�VKDOO�DSSO\�WR�HQVXUH�
WKDW�FRQILGHQWLDO�GDWD�DUH�H[FOXVLYHO\�XVHG�IRU�
VWDWLVWLFDO�SXUSRVHV�DQG�KRZ�WKHLU�XQODZIXO�
GLVFORVXUH�VKDOO�EH�SUHYHQWHG��$UWLFOHV����������
$UWLFOH�����LQ�SDUWLFXODU��PDNHV�SURYLVLRQ�IRU�WKH�
DFFHVV�WR�FRQILGHQWLDO�GDWD�IRU�VFLHQWLILF�SXUSRVHV��

����5HIHUHQFHV�

&RPPLVVLRQ�5HJXODWLRQ��(&��1R����������FRQFHUQLQJ�DFFHVV�
WR�FRQILGHQWLDO�GDWD�IRU�VFLHQWLILF�SXUSRVHV�
KWWS���HXU�
OH[�HXURSD�HX�/H[8UL6HUY�/H[8UL6HUY�GR"XUL 2-�/������
��������������(1�3')�

&RPPLVVLRQ�5HJXODWLRQ��(&��1R����������RQ�(XURSHDQ�
VWDWLVWLFV��KWWS���HXU�
OH[�HXURSD�HX�/H[8UL6HUY�/H[8UL6HUY�GR"XUL 2-�/������
��������������HQ�3')�

&RXQFLO�5HJXODWLRQ����������KWWS���HXU�
OH[�HXURSD�HX�/H[8UL6HUY�/H[8UL6HUY�GR"XUL &(/(;���
���5�����(1�+70/�

&RXQFLO�5HJXODWLRQ���������KWWS���HXU�
OH[�HXURSD�HX�/H[8UL6HUY�/H[8UL6HUY�GR"XUL &(/(;���
���5�����(1�+70/�

(XURSHDQ�6WDWLVWLFV�&RGH�RI�3UDFWLFH�
KWWS���HSS�HXURVWDW�FHF�HX�LQW�SRUWDO�SDJH"BSDJHLG ���
���������������B��������	BGDG SRUWDO	BVFKHPD 32
57$/�

,6,��������'HFODUDWLRQ�RQ�3URIHVVLRQDO�(WKLFV��
KWWS���LVL�FEV�QO�HWKLFV�KWP�

3LQN��%�HW�DO���������3ULQFLSOHV�DQG�*XLGHOLQHV�RQ�
&RQILGHQWLDOLW\�$VSHFWV�RI�'DWD�,QWHJUDWLRQ��81(&(�
8QLWHG�1DWLRQV�(FRQRPLF�FRPPLVVLRQ�IRU�(XURSH��
KWWS���ZZZ�XQHFH�RUJ�VWDWV�SXEOLFDWLRQV�&RQILGHQWLDOLW
\BDVSHFWVBGDWDBLQWHJUDWLRQ�SGI�

7UHZLQ��'�HW�DO���������3ULQFLSOHV�DQG�*XLGHOLQHV�RI�*RRG�
3UDFWLFH�IRU�0DQDJLQJ�6WDWLVWLFDO�&RQILGHQWLDOLW\�DQG�
0LFURGDWD�$FFHVV��81(&(�8QLWHG�1DWLRQV�(FRQRPLF�
FRPPLVVLRQ�IRU�(XURSH��
KWWS���ZZZ�XQHFH�RUJ�VWDWV�GRFXPHQWV�WIFP���H�SGI�

�

�

http://www.unece.org/stats/documents/tfcm.1.e.pdf
http://www.unece.org/stats/publications/Confidentiality_aspects_data_integration.pdf
http://www.unece.org/stats/publications/Confidentiality_aspects_data_integration.pdf
http://isi.cbs.nl/ethics.htm
http://epp.eurostat.cec.eu.int/portal/page?_pageid=2273,49535429,2273_49541374&_dad=portal&_schema=PORTAL
http://epp.eurostat.cec.eu.int/portal/page?_pageid=2273,49535429,2273_49541374&_dad=portal&_schema=PORTAL
http://epp.eurostat.cec.eu.int/portal/page?_pageid=2273,49535429,2273_49541374&_dad=portal&_schema=PORTAL
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31997R0322:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31997R0322:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31997R0322:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31990R1588:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31990R1588:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31990R1588:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:087:0164:0173:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:087:0164:0173:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:087:0164:0173:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:133:0007:0009:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:133:0007:0009:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:133:0007:0009:EN:PDF
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7KHUH�LV�D�VWURQJ��ZLGHVSUHDG�DQG�LQFUHDVLQJ�GHPDQG�
IRU�16,V�WR�UHOHDVH�0LFURGDWD�)LOHV��0)���WKDW�LV��GDWD�
VHWV�FRQWDLQLQJ�IRU�HDFK�UHVSRQGHQW�WKH�VFRUH�RQ�D�
QXPEHU�RI�YDULDEOHV��0LFURGDWD�ILOHV�DUH�VDPSOHV�
JHQHUDWHG�IURP�EXVLQHVV�RU�VRFLDO�VXUYH\V�RU�IURP�WKH�
&HQVXV�RU�RULJLQDWH�IURP�DGPLQLVWUDWLYH�VRXUFHV��,W�LV�LQ�
WKH�LQWHUHVW�RI�XVHUV�WR�PDNH�WKH�PLFURGDWD�DV�GHWDLOHG�
DV�SRVVLEOH�EXW�WKLV�LQWHUHVW�FRQIOLFWV�ZLWK�WKH�REOLJDWLRQ�
WKDW�16,V�KDYH�WR�SURWHFW�WKH�FRQILGHQWLDOLW\�RI�WKH�
LQIRUPDWLRQ�SURYLGHG�E\�WKH�UHVSRQGHQW��

,Q�6HFWLRQ�����WZR�GHILQLWLRQV�RI�GLVFORVXUH�ZHUH�
SURYLGHG��UH�LGHQWLILFDWLRQ�GLVFORVXUH�DQG�DWWULEXWH�
GLVFORVXUH��,Q�WKH�PLFURGDWD�VHWWLQJ�WKH�UH�LGHQWLILFDWLRQ�
GLVFORVXUH�FRQFHSW�LV�XVHG�DV�ZH�DUH�UHOHDVLQJ�
LQIRUPDWLRQ�DW�LQGLYLGXDO�OHYHO��:KHQ�UHOHDVLQJ�
PLFURGDWD��DQ�16,�PXVW�DVVHVV�WKH�ULVN�RI�UH�LGHQWLI\LQJ�
VWDWLVWLFDO�XQLWV�DQG�GLVFORVLQJ�FRQILGHQWLDO�LQIRUPDWLRQ��
7KHUH�DUH�GLIIHUHQW�RSWLRQV�DYDLODEOH�WR�16,V�IRU�
PDQDJLQJ�WKHVH�GLVFORVXUH�ULVNV��QDPHO\�DSSO\LQJ�
VWDWLVWLFDO�GLVFORVXUH�FRQWURO�WHFKQLTXHV��UHVWULFWLQJ�
DFFHVV�RU�D�FRPELQDWLRQ�RI�WKH�WZR��

$SSO\LQJ�6'&�PHWKRGV�OHDGV�WR�D�ORVV�RI�LQIRUPDWLRQ�
DQG�VWDWLVWLFDO�FRQWHQW�DQG�DIIHFWV�WKH�LQIHUHQFHV�WKDW�
XVHUV�DUH�DEOH�WR�PDNH�RQ�WKH�GDWD��7KH�JRDO�IRU�DQ�
HIIHFWLYH�VWDWLVWLFDO�GLVFORVXUH�FRQWURO�VWUDWHJ\�LV�WR�
FKRRVH�RSWLPXP�6'&�WHFKQLTXHV�ZKLFK�PD[LPL]H�WKH�
XWLOLW\�RI�WKH�GDWD�ZKLOH�PLQLPL]LQJ�WKH�GLVFORVXUH�ULVN���

,Q�JHQHUDO�WZR�W\SHV�RI�PLFURGDWD�ILOHV�DUH�UHOHDVHG�E\�
16,V��QDPHO\�SXEOLF�XVH�ILOHV��38)��DQG�UHVHDUFK�XVH�
ILOHV��0)5���7KH�GLVFORVXUH�ULVN�LQ�SXEOLF�XVH�ILOHV�LV�
HQWLUHO\�PDQDJHG�E\�WKH�GHVLJQ�RI�WKH�ILOH�DQG�WKH�
DSSOLFDWLRQ�RI�6'&�PHWKRGV��)RU�UHVHDUFK�XVH�
PLFURGDWD�ILOHV�6'&�PHWKRGV�ZLOO�EH�DSSOLHG�LQ�DGGLWLRQ�
WR�VRPH�UHVWULFWLRQV�RQ�DFFHVV�DQG�XVH��H�J��XQGHU�D�
OLFHQFH�RU�DFFHVV�DJUHHPHQW��VXFK�DV�WKRVH�SURYLGHG�E\�
&RPPLVVLRQ�5HJXODWLRQ�����������VHH�VHFWLRQ������
1HFHVVDULO\�WKH�UHVHDUFK�UHOHDVH�ILOHV�FRQWDLQ�PRUH�
GHWDLO�WKDQ�WKH�SXEOLF�XVH�ILOHV��

6RPH�16,V�ZLOO�DOVR�SURYLGH�DFFHVV�WR�PLFURGDWD�LQ�
GDWDODERUDWRULHV�UHVHDUFK�FHQWUHV�RU�YLD�UHPRWH�
DFFHVV�H[HFXWLRQ��'DWDODEV�DOORZ�DSSURYHG�XVHUV�RQ�
VLWH�DFFHVV�WR�PRUH�LGHQWLILDEOH�PLFURGDWD��7\SLFDOO\�
GDWDODE�XVHUV�DUH�OHJDOO\�SURKLELWHG�IURP�GLVFORVLQJ�
LQIRUPDWLRQ�DQG�DUH�VXEMHFW�WR�YDULRXV�VWULQJHQW�
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FRQWUROV��H�J��FORVH�VXSHUYLVLRQ�RQ�VLWH�WR�SURWHFW�WKH�
VHFXULW\�RI�WKH�GDWD�DQG�RXWSXW�FKHFNLQJ��WR�DVVLVW�ZLWK�
GLVFORVXUH�FRQWURO��)RU�UHPRWH�H[HFXWLRQ�UHVHDUFKHUV�
DUH�SURYLGHG�ZLWK�D�IXOO�GHVFULSWLRQ�RI�WKH�PLFURGDWD��
7KH\�WKHQ�VHQG�SUHSDUHG�VFULSWV�WR�WKH�16,�ZKR�UXQ�WKH�
DQDO\VLV��FKHFN�DQG�UHWXUQ�WKH�UHVXOWV��5HPRWH�DFFHVV�
LV�D�VHFXUH�RQ�OLQH�IDFLOLW\�ZKHUH�WKH�UHVHDUFKHUV�
FRQQHFW�WR�WKH�16,·V�VHUYHU��YLD�SDVVZRUGV�DQG�RWKHU�
VHFXULW\�GHYLFHV��ZKHUH�WKH�GDWD�DQG�SURJUDPV�DUH�
ORFDWHG��7KH�UHVHDUFKHUV�FDQ�VXEPLW�FRGH�IRU�DQDO\VLV�RI�
PLFURGDWD�RU�LQ�VRPH�LQVWDQFHV�VHH�WKH�ILOHV�DQG�
SURJUDPV�¶YLUWXDOO\·�RQ�WKHLU�GHVNWRSV��&RQILGHQWLDOLW\�
SURWHFWLRQ�LV�E\�D�FRPELQDWLRQ�RI�PLFURGDWD�
PRGLILFDWLRQ��DXWRPDWLF�FKHFNV�RQ�RXWSXW�UHTXHVWHG��
PDQXDO�DXGLWLQJ�RI�RXWSXW�DQG�D�FRQWUDFWXDO�
DJUHHPHQW��7KH�UHVHDUFKHU�GRHV�QRW�KDYH�FRPSOHWH�
DFFHVV�WR�WKH�ZKROH�GDWD�LWVHOI��KRZHYHU�WKH\�PD\�KDYH�
DFFHVV�WR�D�VPDOO�DPRXQW�RI�XQLW�UHFRUG�LQIRUPDWLRQ�IRU�
WKH�SXUSRVH�RI�VHHLQJ�WKH�GDWD�VWUXFWXUH�EHIRUH�FDUU\LQJ�
RXW�WKHLU�DQDO\VLV���

6HFWLRQ�����JRHV�WKURXJK�WKH�ZKROH�SURFHVV�RI�FUHDWLQJ�
D�PLFURGDWD�ILOH�IRU�H[WHUQDO�XVHUV�IURP�WKH�RULJLQDO�
PLFURGDWD��7KH�DLP�RI�VXFK�VHFWLRQ�LV�WR�EULHIO\�DQDO\VH�
WKH�GLIIHUHQW�VWDJHV�RI�WKH�GLVFORVXUH�SURFHVV�SURYLGLQJ�
UHIHUHQFHV�WR�WKH�UHOHYDQW�VHFWLRQV�ZKHUH�HDFK�VWHS�ZLOO�
EH�GHVFULEHG�LQ�PRUH�GHWDLOV��6HFWLRQ����� LV�GHGLFDWHG�
WR�WKH�VRIWZDUH���6HFWLRQV�����DQG�����SURYLGH�VRPH�
H[DPSOHV��)XUWKHU�DQG�PRUH�GHWDLOHG�H[DPSOHV�FDQ�EH�
IRXQG�LQ�WKH�&DVH�VWXGLHV��7KHVH�&DVH�VWXGLHV�DUH�
DYDLODEOH�RQ�WKH�&$6&�ZHEVLWH��VHFWLRQ�KDQGERRN���
&KDSWHU���RI�WKLV�KDQGERRN�SURYLGHV�PRUH�GHWDLOV�RQ�
GLIIHUHQW�PLFURGDWD�DFFHVV�LVVXHV�VXFK�DV�UHVHDUFK�
FHQWUHV��UHPRWH�DFFHVV�H[HFXWLRQ�DQG�OLFHQVLQJ��

����$�URDGPDS�WR�WKH�UHOHDVH�RI�D�PLFURGDWD�ILOH�

7KLV�VHFWLRQ�DLPV�DW�LQWURGXFLQJ�WKH�UHDGHU�WR�WKH�
SURFHVV�WKDW��VWDUWLQJ�IURP�WKH�RULJLQDO�PLFURGDWD�ILOH�DV�
LW�LV�SURGXFHG�E\�VXUYH\�VSHFLDOLVWV��HQGV�ZLWK�WKH�
FUHDWLRQ�RI�D�ILOH�IRU�H[WHUQDO�XVHUV��7KLV�URDGPDS�ZLOO�
GULYH�\RX�WKURXJK�WKH�ILYH�VWDJH�SURFHVV�IRU�GLVFORVXUH�
RXWOLQHG�LQ�6HFWLRQ�����L�H��

��� ZK\�LV�FRQILGHQWLDOLW\�SURWHFWLRQ�QHHGHG��

��� ZKDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�DQG�XVH�RI�WKH�
GDWD��

��� GLVFORVXUH�ULVN��

��� GLVFORVXUH�FRQWURO�PHWKRGV��

��� LPSOHPHQWDWLRQ�

http://neon.vb.cbs.nl/casc/handbook.htm


(661HW�KDQGERRN�6'&�

�������

�

6SHFLI\LQJ��IRU�HDFK�VWDJH��WKH�SHFXOLDULWLHV�RI�
PLFURGDWD�UHOHDVH��,Q�7DEOH�����ZH�SUHVHQW�DQ�RYHUYLHZ�
RI�WKH�SURFHVV��

7DEOH�����5RDGPDS�WR�UHOHDVLQJ�D�PLFURGDWD�ILOH�

6WDJH�RI�GLVFORVXUH�
SURFHVV�
�

$QDO\VHV�WR�EH�FDUULHG�RXW���SUREOHP�WR�EH�DGGUHVVHG��
������������������⇓�

5HVXOWV�H[SHFWHG��

���:K\�LV�
FRQILGHQWLDOLW\�
SURWHFWLRQ�QHHGHG�

'RHV�WKH�GDWD�UHIHU�WR�LQGLYLGXDOV�RU�OHJDO�HQWLW\"�

������������������������⇓�

:H�QHHG�WR�SURWHFW�WKH�VWDWLVWLFDO�XQLW�

$QDO\VLV�RI�WKH�W\SH�VWUXFWXUH�RI�WKH�GDWD�

������������������������⇓�

&OHDU�YLVLRQ�RI�ZKLFK�XQLWV�QHHG�SURWHFWLRQV�
$QDO\VLV�RI�VXUYH\�PHWKRGRORJ\�

������������������������⇓�

7\SH�RI�VDPSOLQJ�IUDPH��VDPSOH�FRPSOHWH�HQXPHUDWLRQ�RI�
VWUDWD��IXUWKHU�DQDO\VLV�RI�VXUYH\�PHWKRGRORJ\��FDOLEUDWLRQ�
$QDO\VLV�RI�16,�REMHFWLYHV�

������������������������⇓�

7\SH�RI�UHOHDVH��38)��0)5��GLVVHPLQDWLRQ�SROLFLHV��
SHFXOLDULWLHV�RI�WKH�SKHQRPHQRQ��FRKHUHQFH�EHWZHHQ�
PXOWLSOH�UHOHDVHV��38)�DQG�0)5���FRKHUHQFH�ZLWK�UHOHDVHG�
WDEOHV�DQG�RQ�OLQH�GDWDEDVHV��HWF��
$QDO\VLV�RI�XVHU�QHHGV�

������������������������⇓�

3ULRULWLHV�IRU�YDULDEOHV��W\SH�RI�DQDO\VLV��HWF��

���:KDW�DUH�WKH�NH\�
FKDUDFWHULVWLFV�DQG�
XVH�RI�WKH�GDWD�
�

$QDO\VLV�RI�WKH�TXHVWLRQQDLUH�

������������������������⇓�

/LVW�RI�YDULDEOHV�WR�EH�UHPRYHG��YDULDEOHV�WR�EH�LQFOXGHG��
VRPH�LGHDV�RI�OHYHO�RI�GHWDLOV�RI�VWUXFWXUDO�YDULDEOHV�
'LVFORVXUH�VFHQDULR��

������������������������⇓�

/LVW�RI�LGHQWLI\LQJ�YDULDEOHV�
'HILQLWLRQ�RI�ULVN��

���'LVFORVXUH�ULVN�
�

5LVN�DVVHVVPHQW��

������������������������⇓�

,I�WKH�ULVN�LV�GHHPHG�WRR�KLJK�QHHG�RI�GLVFORVXUH�OLPLWDWLRQ�
PHWKRGV�
�$QDO\VLV�RI�W\SH�RI�GDWD�LQYROYHG��16,�SROLFLHV�DQG�XVHUV�
QHHGV���
������������������������⇓�

,GHQWLILFDWLRQ�RI�D�GLVFORVXUH�OLPLWDWLRQ�PHWKRG�

���'LVFORVXUH�
OLPLWDWLRQ�PHWKRGV�
�

,QIRUPDWLRQ�ORVV�DQDO\VLV�

���,PSOHPHQWDWLRQ� &KRLFH�RI�VRIWZDUH��SDUDPHWHUV�DQG�WKUHVKROGV�IRU��
GLIIHUHQW�PHWKRGV�

��

7KH�LGHD�LV�WR�LGHQWLI\�IRU�HDFK�VWDJH�RI�WKH�SURFHVV�
FKRLFHV�WKDW�KDYH�WR�EH�PDGH��DQDO\VHV�WKDW�QHHG�WR�EH�
GRQH��SUREOHPV�WKDW�QHHG�WR�EH�DGGUHVVHG�DQG�PHWKRGV�
WR�EH�VHOHFWHG��5HIHUHQFHV�WR�WKH�UHOHYDQW�VHFWLRQV�ZKHUH�
WHFKQLFDO�WRSLFV�DUH�GLVFXVVHG�LQ�GHWDLO�ZLOO�KHOS�WKH�
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EHJLQQHUV�LQ�IROORZLQJ�WKH�SURFHVV�ZLWKRXW�JHWWLQJ�ORVW�
LQ�WRR�WHFKQLFDO�DVSHFWV���

:H�QRZ�DQDO\VH�LQ�WXUQ�HDFK�RI�WKH�ILYH�VWDJHV��

������1HHG�RI�FRQILGHQWLDOLW\�SURWHFWLRQ�

7KH�VWDUWLQJ�SRLQW�GHDOV�ZLWK�WKH�QHHG�RI�FRQILGHQWLDOLW\�
SURWHFWLRQ�ZKLFK�LV�DW�WKH�EDVH�RI�DQ\�UHOHDVH�RI�
PLFURGDWD��,I�WKH�PLFURGDWD�GR�QRW�UHIHU�WR�OHJDO�HQWLW\�
RU�LQGLYLGXDO�SHUVRQV�LW�FDQ�EH�UHOHDVHG�ZLWKRXW�
FRQILGHQWLDOLW\�SURWHFWLRQ��DQ�H[DPSOH�LV�WKH�DPRXQW�RI�
UDLQ�IDOO�LQ�D�UHJLRQ��,I�PLFURGDWD�SHUWDLQ�RQO\�RI�SXEOLF�
YDULDEOHV�WKH\�PLJKW�EH�UHOHDVHG�DFFRUGLQJ�WR�FHUWDLQ�
OHJLVODWLRQ��+RZHYHU��LQ�JHQHUDO��GDWD�UHIHU�WR�LQGLYLGXDO�
RU�HQWHUSULVHV�DQG�FRQWDLQV�FRQILGHQWLDO�YDULDEOHV�
�LQFRPH��WXUQRYHU��H[SHQVHV��HWF���DQG�WKHUHIRUH�QHHG�WR�
EH�SURWHFWHG���

������&KDUDFWHULVWLFV�DQG�XVHV�RI�PLFURGDWD�

2I�FRXUVH�GLIIHUHQW�OHYHOV�RI�SURWHFWLRQ�DUH�QHHGHG�IRU�
GLIIHUHQW�W\SH�RI�XVHUV��7KLV�WKHPH�OHDGV�XV�WR�WKH�
VHFRQG�VWDJH�RI�WKH�SURFHVV�L�H��WKH�VWXG\�RI�WKH�NH\�
XVHV�DQG�FKDUDFWHULVWLFV�RI�WKH�GDWD��+HUH�WKH�LQLWLDO�
TXHVWLRQ�LV�ZKHWKHU�WKH�PLFURGDWD�ILOH�ZH�DUH�JRLQJ�WR�
UHOHDVH�LV�LQWHQGHG�IRU�D�JHQHUDO�SXEOLF��SXEOLF�XVH�ILOH��
RU�ZKHWKHU�LW�LV�FUHDWHG�IRU�UHVHDUFK�SXUSRVH��UHVHDUFK�
XVH�ILOHV���,Q�WKH�ODWWHU�FDVH�WKH�PLFURGDWD�ZLOO�EH�
UHOHDVHG�DFFRUGLQJ�WR�SUHGHILQHG�SURFHGXUHV�DQG�OHJDO�
ELQGLQJ��VHH�DOVR�6HFWLRQ�������7KH�GLIIHUHQFH�LQ�XVHU·V�
W\SH�LPSOLHV�GLIIHUHQW�XVHU·V�QHHGV��GLIIHUHQW�GLVFORVXUH�
VFHQDULRV��GLIIHUHQW�W\SHV�RI�DQDO\VHV�ZH�H[SHFW�WR�EH�
SHUIRUPHG�ZLWK�WKH�UHOHDVHG�GDWD��GLIIHUHQW�VWDWLVWLFV�ZH�
PD\�LQWHQG�WR�SUHVHUYH�DQG�GLIIHUHQW�DPRXQW�RI�
SURWHFWLRQ�ZH�LQWHQG�WR�DSSO\��:H�QRZ�DQDO\VH�DOO�WKHVH�
LVVXHV�LQ�WHUPV��

$QDO\VLV�RI�XVHU�QHHGV�LQYROYHV�ILUVW�D�VWXG\�RI�WKH�
VXUYH\�LQIRUPDWLRQ�FRQWHQW��7KLV�VKRXOG�EH�GRQH�
WRJHWKHU�ZLWK�D�VXUYH\�H[SHUW�WKDW�KDV�D�GHHSHU�
NQRZOHGJH�RI�WKH�GDWD��SKHQRPHQRQ�DQG�SRVVLEOH�W\SHV�
RI�DQDO\VLV�WKDW�FDQ�EH�SHUIRUPHG�RQ�WKH�GDWD��

7\SLFDO�TXHVWLRQV�WKDW�QHHG�WR�EH�DGGUHVVHG�DUH��

:KLFK�VWDWLVWLFDO�XQLWV�DUH�LQYROYHG�LQ�WKH�VXUYH\"�
,QGLYLGXDO��HQWHUSULVHV��KRXVHKROG��HWF��7KH�W\SH�RI�
XQLWV�KDV�D�ELJ�LQIOXHQFH�RQ�WKH�ULVN�DVVHVVPHQW�VWDJH��

'R�GDWD�SUHVHQW�D�SDUWLFXODU�VWUXFWXUH"�+LHUDUFKLFDO�
GDWD��VWXGHQWV�LQVLGH�VFKRROV��JUDGXDWHV�LQVLGH�
XQLYHUVLWLHV��HPSOR\HHV�LQVLGH�DQ�HQWHUSULVH��LQGLYLGXDO�
LQVLGH�KRXVHKROG�HWF��,I�WKLV�LV�WKH�FDVH�FDUH�QHHGV�WR�EH�
WDNHQ�LQ�FKHFNLQJ�ERWK�OHYHOV�W\SHV�RI�XQLWV�LQYROYHG��

7\SH�DQG�VWUXFWXUH�RI�
GDWD�
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(�J��'R�VFKRROV��XQLYHUVLWLHV��HQWHUSULVHV�QHHG�WR�EH�
SURWHFWHG�EHVLGHV�VWXGHQWV��JUDGXDWHV�HPSOR\HHV"�

:KDW�W\SH�RI�VDPSOLQJ�GHVLJQ�KDV�EHHQ�XVHG"�$UH�WKHUH�
VWUDWD�ZKLFK�KDYH�EHHQ�FHQVXUHG"�2I�FRXUVH�D�FRPSOHWH�
HQXPHUDWLRQ�RI�D�VWUDWD��W\SLFDO�LQ�EXVLQHVV�VXUYH\V��
LPSOLHV�GLIIHUHQW�DQG�KLJKHU�ULVNV�WKDQ�D�VDPSOH��

$Q�DQDO\VLV�RI�WKH�TXHVWLRQQDLUH�LV�XVHIXO�WR�DQDO\VH�WKH�
W\SH�RI�LQIRUPDWLRQ�SUHVHQW�LQ�WKH�ILOH��SRVVLEOH�
LGHQWLI\LQJ�YDULDEOHV��FRQILGHQWLDO�YDULDEOHV�DQG�
VHQVLWLYH�YDULDEOHV���

,Q�WKLV�VWDJH�WKH�VHWWLQJ�RI�REMHFWLYHV�IURP�WKH�YLHZSRLQW�
RI�WKH�16,�DQG�WKH�XVHU�DUH�GHILQHG��)URP�WKH�16,�VLGH�
GLVVHPLQDWLRQ�SROLFLHV�DUH�FODULILHG��H�J��OHYHO�RI�
GLVVHPLQDWLRQ�RI�1$&(��JHRJUDSK\��HWF��RU�FRKHUHQFH�
ZLWK�SXEOLVKHG�WDEOHV���)URP�WKH�XVHU�SRLQW�RI�YLHZ�D�
OLVW�RI�SULRULWLHV�LQ�WKH�VWUXFWXUDO�YDULDEOHV�RI�WKH�VXUYH\��
UHTXHVWV�IRU�PLQLPXP�OHYHO�RI�GHWDLOV�IRU�VXFK�YDULDEOHV�
DQG�W\SH�RI�DQDO\VLV�WR�EH�SHUIRUPHG��UDWLRV���ZHLJKWHG�
WRWDOV��UHJUHVVLRQV��HWF����

7KH�FKDUDFWHULVWLFV�RI�WKH�SKHQRPHQRQ�XQGHU�VWXG\�
VKRXOG�DOVR�EH�FRQVLGHUHG�DV�ZHOO�DV�WKH�GLVVHPLQDWLRQ�
SROLF\�RI�WKH�6WDWLVWLFDO�,QVWLWXWH��7KLV�LV�SDUWLFXODUO\�
WUXH�IRU�H[DPSOH�LQ�EXVLQHVV�GDWD�ZKHUH�VRPH�1$&(�
FODVVLILFDWLRQV�PD\�QHYHU�EH�UHOHDVHG�E\�WKHLU�RZQ��EXW�
DOZD\V�DJJUHJDWHG�ZLWK�RWKHUV��6XFK�D�SULRUL�
DJJUHJDWLRQV�JHQHUDOO\�GHSHQG�RQ�WKH�HFRQRPLF�
VWUXFWXUH�RI�WKH�FRXQWU\��,W�LV�QRW�D�VDPSOLQJ�RU�
GLVVHPLQDWLRQ�SUREOHP��EXW�UDWKHU�D�IHDWXUH�RI�WKH�
VXUYH\HG�SKHQRPHQRQ��7KLV�ZLOO�EULQJ�WR�DJJUHJDWLRQ�RI�
FDWHJRULHV�RI�VRPH�LGHQWLI\LQJ�YDULDEOHV�GHHPHG�WRR�
GHWDLOHG��

7KH�RXWSXW�RI�WKLV�TXHVWLRQQDLUH�DQDO\VLV�VKRXOG�EH�D�
SUHOLPLQDU\�OLVW�RI�YDULDEOHV�WR�EH�UHPRYHG�DQG�WKRVH�WR�
EH�UHOHDVHG��EHFDXVH�UHOHYDQW�WR�XVHUV�QHHG��WRJHWKHU�
ZLWK�VRPH�LGHDV�RI�WKHLU�OHYHO�RI�GHWDLOV��GHSHQGLQJ�RQ�
ZKHWKHU�ZH�DUH�UHOHDVLQJ�D�SXEOLF�XVH�ILOH�RU�D�UHVHDUFK�
XVH�ILOH���6RPH�H[DPSOHV�WR�FODULI\�WKHVH�LGHDV��
9DULDEOHV�WKDW�VKRXOGQ·W�EH�UHOHDVHG�FRPSULVH�YDULDEOHV�
XVHG�DV�LQWHUQDO�FKHFNV��IODJV�IRU�LPSXWDWLRQ��YDULDEOHV�
WKDW�ZHUH�QRW�YDOLGDWHG��YDULDEOHV�GHHPHG�DV�QRW�XVHIXO�
EHFDXVH�FRQWDLQLQJ�WRR�PDQ\�PLVVLQJ�YDOXHV��
LQIRUPDWLRQ�RQ�WKH�GHVLJQ�VWUDWXP�IURP�ZKLFK�WKH�XQLW�
FRPHV�IURP�HWF��2EYLRXVO\�DOVR�GLUHFW�LGHQWLILHUV�VKRXOG�
QRW�EH�UHOHDVHG��7KH�FDVH�VWXGLHV�$��DQG�$��RQ�
PLFURGDWD�UHOHDVH�SURYLGH�H[DPSOHV�RI�VXFK�VWDJH��

&DWHJRULHV�RI�LGHQWLI\LQJ�YDULDEOHV�ZLWK�WRR�VLJQLILFDQW�
LGHQWLI\LQJ�SRZHU�DUH�FRPPRQO\�DJJUHJDWHG�LQWR�D�VLQJOH�
FDWHJRU\��

7KLV�LV�SDUWLFXODUO\�WUXH�ZKHQ�UHOHDVLQJ�SXEOLF�XVH�ILOHV�
DV�FHUWDLQ�YDULDEOHV�ZKHQ�WRR�GHWDLOHG�FRXOG�UHWDLQ�D�

3UHOLPLQDU\�ZRUN�RQ�
YDULDEOHV��
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OHYHO�RI�´VHQVLWLYLW\µ��7KLV�PD\�QRW�EH�IHOW�XVHIXO�DQG�RU�
DSSURSULDWH�IRU�WKH�JHQHUDO�SXEOLF��)RU�H[DPSOH��LQ�DQ�
KRXVHKROG�H[SHQGLWXUH�VXUYH\�ZH�PLJKW�DYRLG�UHOHDVLQJ�
IRU�WKH�SXEOLF�XVH�ILOH�YHU\�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�
H[SHQGLWXUH�IRU�KRXVLQJ��PRUWJDJH��UHQW��RU�GHWDLOHG�
LQIRUPDWLRQ�RQ�WKH�DJH�RI�WKH�KRXVH�RU�LWV�QXPEHU�RI�
URRPV��ZKHQ�WKLV�LV�YHU\�KLJK��DV�WKHVH�PLJKW�EH�
FRQVLGHUHG�DV�JLYLQJ�WRR�PXFK�LQIRUPDWLRQ�IRU�
SDUWLFXODU�RXWO\LQJ�FDVHV���

$QRWKHU�H[DPSOH�LV�UHODWHG�WR�WKH�OHYHO�RI�JHRJUDSKLFDO�
GHWDLOV�WKDW�PD\EH�GLIIHUHQW�IRU�D�SXEOLF�XVH�ILOH�RU�D�
UHVHDUFK�XVH�ILOH��HVSHFLDOO\�LI�D�GDWD�OLPLWDWLRQ�
WHFKQLTXH�LV�XVHG���7KLV�KDSSHQV�EHFDXVH�JHRJUDSKLFDO�
LQIRUPDWLRQ�LV�D�VWURQJO\�LGHQWLI\LQJ�YDULDEOH��0RUHRYHU��
WKH�JHRJUDSKLFDO�LQIRUPDWLRQ�FROOHFWHG�IURP�WKH�
UHVSRQGHQW�PD\�EH�DYDLODEOH�LQ�GLIIHUHQW�YDULDEOHV�IRU�
GLIIHUHQW�SXUSRVHV��SODFH�RI�ELUWK��SODFH�RI�UHVLGHQFH��
SODFH�RI�ZRUN��SODFH�RI�VWXG\��FRPPXWLQJ��HWF����$OO�VXFK�
JHRJUDSKLFDO�GHWDLOV�QHHG�WR�EH�FRKHUHQW�FRQVLVWHQW�
WKURXJKRXW�WKH�ILOH��7R�WKLV�HQG�LW�PD\�EH�FRQYHQLHQW�
UHOHDVLQJ�UHODWLYH�LQIRUPDWLRQ�LQVWHDG�RI�DEVROXWH�RQH��
IRU�H[DPSOH�SODFH�RI�UHVLGHQFH�FDQ�EH�JLYHQ�DW�D�FHUWDLQ�
GHWDLO��H�J��UHJLRQ��DQG�WKHQ�WKH�RWKHU�JHRJUDSKLFDO�
LQIRUPDWLRQ��SODFH�RI�ZRUN��VWXG\�HWF���FDQ�EH�UHOHDVHG�
ZLWK�UHVSHFW�WR�WKLV�RQH��H[DPSOHV�RI�SRVVLEOH�UHODWLYH�
UHFRGLQJV��H�J��ZLWK�UHVSHFW�WR�UHJLRQ�RI�UHVLGHQFH��DUH��
UHJLRQ�RI�ZRUN�VDPH�DV�UHJLRQ�RI�UHVLGHQFH��GLIIHUHQW�
UHJLRQ�EXW�VDPH�PDFURUHJLRQ��GLIIHUHQW�PDFURUHJLRQ����

$W�WKLV�LQLWLDO�VWDJH�RI�WKH�DQDO\VLV�LQIRUPDWLRQ�VKRXOG�
EH�FROOHFWHG�RQ�ZKDW�KDV�DOUHDG\�EHHQ�SXEOLVKHG�ZKDW�
LW�LV�JRLQJ�WR�EH�UHOHDVHG�IURP�WKH�PLFURGDWD�VHW��
GLVVHPLQDWLRQ�SODQ��ZKLFK�W\SH�RI�WDEOHV�DQG�ZKDW�
FODVVLILFDWLRQ�DJJUHJDWLRQ�ZDV�XVHG�IRU�WKH�YDULDEOHV��
7KLV�LV�WR�DYRLG�GLIIHUHQW�FODVVLILFDWLRQV�LQ�GLIIHUHQW�
UHOHDVH���WKH�JHRJUDSKLFDO�EUHDNGRZQ��DV�ZHOO�DV�
FODVVLILFDWLRQ�RI�RWKHU�YDULDEOHV�LQ�WKH�VXUYH\��H�J��DJH��
W\SH�RI�ZRUN�HWF����VKRXOG�EH�FRKHUHQW�ZLWK�WKH�
SXEOLVKHG�PDUJLQDOV��)RU�H[DPSOH��LI�D�FHUWDLQ�
FODVVLILFDWLRQ�RI�WKH�YDULDEOH�DJH�LV�SXEOLVKHG�LQ�D�WDEOH�
WKH�PLFURGDWD�ILOH�VKRXOG�XVH�D�FODVVLILFDWLRQ�ZKLFK�KDV�
FRPSDWLEOH�EUHDN�SRLQWV�VR�WKDW�WR�DYRLG�JDLQLQJ�
LQIRUPDWLRQ�E\�GLIIHUHQFLQJ��5HOHDVH�RI�GDWH�RI�ELUWK�LV�
KLJKO\�GLVFRXUDJHG��$OVR��DV�IDU�DV�SRVVLEOH��SXEOLVKHG�
WRWDOV�VKRXOG�EH�SUHVHUYHG�IRU�WUDQVSDUHQF\����

������'LVFORVXUH�ULVN�

0RUHRYHU��LQ�FDVH�RI�PXOWLSOH�UHOHDVH�RI�WKH�VDPH�VXUYH\�
�H�J���38)�DQG�PLFURGDWD�IRU�UHVHDUFK��FRKHUHQFH�VKRXOG�
EH�PDLQWDLQHG�DOVR�EHWZHHQ�GLIIHUHQW�UHOHDVHG�ILOHV�LQ�
WKH�VHQVH�WKDW�UHOHDVLQJ�GLIIHUHQW�ILOHV�DW�WKH�VDPH�WLPH�
VKRXOGQ·W�DOORZ�WKH�JDLQLQJ�RI�PRUH�LQIRUPDWLRQ�WKDQ�IRU�

*HRJUDSK\�

&RKHUHQFH�ZLWK�
SXEOLVKHG�WDEOHV�
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RQH�ILOH�DORQH��VHH��7URWWLQL�HW�DO����������7KH�SULQFLSOHV�
DSSO\�DOVR�WR�WKH�UHOHDVH�RI�ORQJLWXGLQDO�RU�SDQHO�
PLFURGDWD��ZKHUH�WKH�GLIIHUHQFHV�EHWZHHQ�UHFRUGV�
SHUWDLQLQJ�WR�WKH�VDPH�FDVH�LQ�GLIIHUHQW�ZDYHV�ZLOO�UHOHFW�
¶HYHQWV·�WKDW�KDYH�RFFXUUHG�WR�WKDW�FDVH��DV�ZHOO�DV�WKH�
DWWULEXWHV�RI�WKH�LQGLYLGXDOV��

2QFH�WKH�FKDUDFWHULVWLFV�DQG�XVHV�RI�WKH�VXUYH\�GDWD�
DUH�FOHDU��LW�LV�WLPH�WR�VWDUW�WKH�UHDO�DQDO\VLV�RI�WKH�
GLVFORVXUH�ULVN���7KLV�LPSOLHV�ILUVW�D�GHILQLWLRQ�RI�
SRVVLEOH�VLWXDWLRQV�DW�ULVN��GLVFORVXUH�VFHQDULRV��DQG�
VHFRQG�D�SURSHU�GHILQLWLRQ�RI�WKH�´ULVNµ�LQ�RUGHU�WR�
TXDQWLI\�WKH�SKHQRPHQRQ��ULVN�DVVHVVPHQW����

$�GLVFORVXUH�VFHQDULR�LV�WKH�GHILQLWLRQ�RI�UHDOLVWLF�
DVVXPSWLRQV�DERXW�ZKDW�DQ�LQWUXGHU�PLJKW�NQRZ�DERXW�
UHVSRQGHQWV�DQG�ZKDW�LQIRUPDWLRQ�ZRXOG�EH�DYDLODEOH�
WR�KLP�WR�PDWFK�DJDLQVW�WKH�PLFURGDWD�WR�EH�UHOHDVHG�
DQG�SRWHQWLDOO\�PDNH�DQ�LGHQWLILFDWLRQ�DQG�GLVFORVXUH��

$JDLQ�GLIIHUHQW�W\SHV�RI�UHOHDVHV�PD\�UHTXLUH�GLIIHUHQW�
GLVFORVXUH�VFHQDULRV�DQG�GLIIHUHQW�GHILQLWLRQV�RI�ULVN��
)RU�H[DPSOH�WKH�QRV\�QHLJKERXUKRRG�VFHQDULR�
GHVFULEHG�LQ�6HFWLRQ��������SRVVLEO\�ZLWK�NQRZOHGJH�RI�
WKH�SUHVHQFH�RI�WKH�UHVSRQGHQW�LQ�WKH�VDPSOH��LPSO\LQJ�
WKDW�VDPSOH�XQLTXHV�DUH�D�UHOHYDQW�TXDQWLW\�RI�LQWHUHVW�
IRU�ULVN�GHILQLWLRQ���PD\EH�GHHPHG�DGHTXDWH�IRU�D�SXEOLF�
XVH�ILOH��$�GLIIHUHQW�WUXVW�PLJKW�EH�SXW�LQ�D�UHVHDUFKHU�
WKDW�QHHGV�WR�SHUIRUP�DQ�DQDO\VLV�IRU�UHVHDUFK�
SXUSRVHV��7KLV�LPSOLHV��DV�D�PLQLPXP�VWHS��D�KLJKHU�
OHYHO�RI�DFFHSWDEOH�ULVN�DQG�D�GLIIHUHQW�VFHQDULR�WKH�
VSRQWDQHRXV�LGHQWLILFDWLRQ�VFHQDULR��

6SRQWDQHRXV�UHFRJQLWLRQ�ZKHUH�WKH�UHVHDUFKHUV�PLJKW�
XQLQWHQWLRQDOO\�UHFRJQL]H�VRPH�XQLWV��)RU�H[DPSOH��
ZKHQ�UHOHDVLQJ�HQWHUSULVH�PLFURGDWD��LW�LV�SXEOLFO\�
NQRZQ�WKDW�WKH�ODUJHVW�HQWHUSULVHV�DUH�JHQHUDOO\�
LQFOXGHG�LQ�WKH�PLFURGDWD�ILOH�EHFDXVH�RI�WKHLU�
VLJQLILFDQW�LPSDFW�RQ�WKH�VWXGLHG�SKHQRPHQRQ��
0RUHRYHU��WKH�ODUJHVW�HQWHUSULVHV�DUH�DOVR�WKH�PRVW�
LGHQWLILDEOH�RQHV�DV�UHFRJQLVDEOH�E\�DOO��WKH�ODUJHVW�FDU�
SURGXFHU�IDFWRU\��WKH�QDWLRQDO�PDLO�GHOLYHU\�HQWHUSULVH��
HWF����&RQVHTXHQWO\��D�VSRQWDQHRXV�LGHQWLILFDWLRQ�RU�
UHFRJQLWLRQ�PLJKW�RFFXU���$�GHVFULSWLRQ�RI�GLIIHUHQW�
VFHQDULRV�LV�SUHVHQWHG�LQ�6HFWLRQ��������H[DPSOHV�RI�
VSRQWDQHRXV�LGHQWLILFDWLRQ�VFHQDULRV�IRU�0)5�DUH�
UHSRUWHG�LQ�FDVH�VWXGLHV�$��DQG�$����)URP�WKH�DGRSWHG�
VFHQDULR�ZH�FDQ�H[WUDFW�WKH�OLVW�RI�LGHQWLI\LQJ�YDULDEOHV�
L�H��WKH�YDULDEOHV�WKDW�PD\�DOORZ�WKH�LGHQWLILFDWLRQ�RI�D�
XQLW��7KHVH�ZLOO�EH�WKH�EDVLV�IRU�GHILQLQJ�WKH�ULVN�RI�
GLVFORVXUH��,QWXLWLYHO\��D�XQLW�LV�DW�ULVN�RI�LGHQWLILFDWLRQ�
ZKHQ�LW�FDQQRW�EH�FRQIXVHG�ZLWK�VHYHUDO�RWKHU�XQLWV��
7KH�GLIILFXOW\�LV�WR�H[SUHVV�WKLV�VLPSOH�FRQFHSW�XVLQJ�
VRXQG�VWDWLVWLFDO�PHWKRGRORJ\��

'LVFORVXUH�VFHQDULR�

6SRQWDQHRXV�UHFRJQLWLRQ��

'HILQLWLRQ�RI�ULVN�
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'LIIHUHQW�DSSURDFKHV�DUH�XVHG�LI�WKH�LGHQWLI\LQJ�
YDULDEOHV�DUH�FDWHJRULFDO�RI�FRQWLQXRXV��,Q�WKH�IRUPHU�
FDVH�DW�WKH�EDVLV�RI�WKH�GHILQLWLRQ�LV�WKH�FRQFHSW�RI�NH\�
�L�H��WKH�FRPELQDWLRQ�RI�FDWHJRULHV�RI�WKH�LGHQWLI\LQJ�
YDULDEOHV���VHH�6HFWLRQ�������IRU�D�FODVVLILFDWLRQ�RI�
GLIIHUHQW�GHILQLWLRQV��:KHUHDV�LI�FRQWLQXRXV�LGHQWLI\LQJ�
YDULDEOHV�DUH�SUHVHQW�LQ�WKH�ILOH�D�SRVVLELOLW\�LV�WR�XVH�
WKH�FRQFHSW�RI�GHQVLW\��VHH�,FKLP��������IRU�D�GHWDLOHG�
DQDO\VLV�RI�GHILQLWLRQV�RI�ULVN�LQ�WKH�FDVH�RI�FRQWLQXRXV�
YDULDEOHV��2I�FRXUVH��WKH�SUREOHP�LV�HYHQ�PRUH�
FRPSOLFDWHG�ZKHQ�ZH�GHDO�ZLWK�D�PL[WXUH�RI�FDWHJRULFDO�
DQG�QXPHULFDO�NH\�YDULDEOHV��IRU�DQ�H[DPSOH�RI�WKLV�
VLWXDWLRQ��TXLWH�FRPPRQ�LQ�HQWHUSULVH�PLFURGDWD��VHH�
FDVH�VWXG\�$���&RPPXQLW\�,QQRYDWLRQ�6XUYH\���

2QFH�D�IRUPDO�GHILQLWLRQ�RI�ULVN�KDV�EHHQ�FKRVHQ�ZH�
QHHG�WR�PHDVXUH�HVWLPDWH�LW��7KHUH�DUH�VHYHUDO�
SRVVLELOLWLHV�IRU�FDWHJRULFDO�LGHQWLI\LQJ�YDULDEOHV��WKHVH�
DUH�UHSRUWHG�LQ�YDULRXV�VXEVHFWLRQV�RI������DQG�IRU�D�
PL[WXUH�RI�FDWHJRULFDO�DQG�FRQWLQXRXV�LGHQWLI\LQJ�
YDULDEOH�ZH�KDYH�DOUHDG\�PHQWLRQHG�&DVH�VWXG\�$���7KH�
ILQDO�VWHS�RI�WKH�ULVN�DVVHVVPHQW�LV�WKH�GHILQLWLRQ�RI�D�
WKUHVKROG�WR�GHILQH�ZKHQ�D�XQLW�RU�D�ILOH�SUHVHQWV�DQ�
DFFHSWDEOH�ULVN�DQG�ZKHQ��RQ�WKH�FRQWUDU\��LW�KDV�WR�EH�
FRQVLGHUHG�DW�ULVN��7KLV�WKUHVKROG�GHSHQGV�RI�FRXUVH�RQ�
WKH�W\SH�RI�PHDVXUH�DGRSWHG�DQG�GHWDLOV�RQ�KRZ�WR�
FKRRVH�D�WKUHVKROG�DUH�UHSRUWHG�LQ�WKH�UHOHYDQW�
VXEVHTXHQW�VHFWLRQV��

&KRLFH�RI�VFHQDULRV�DQG�OHYHO�RI�DFFHSWDEOH�ULVN�DUH�
H[WUHPHO\�GHSHQGHQW�RQ�GLIIHUHQW�FXOWXUDO�VLWXDWLRQV�LQ�
GLIIHUHQW�PHPEHU�VWDWHV��GLIIHUHQW�SROLFLHV�DSSOLHG�E\�
GLIIHUHQW�LQVWLWXWHV��GLIIHUHQW�DSSURDFKHV�WR�VWDWLVWLFDO�
DQDO\VLV��GLIIHUHQW�SHUFHLYHG�ULVN��7R�WKLV�HQG�LW�PXVW�EH�
VWUHVVHG�WKDW�GLIIHUHQW�FRXQWULHV�PD\�KDYH�H[WUHPHO\�
GLIIHUHQW�VLWXDWLRQ�SKHQRPHQRQ�WKHUHIRUH�GLIIHUHQW�
VFHQDULRV�DQG�ULVN�PHWKRGV�DUH�LQGHHG�QHFHVVDU\���

&XUUHQWO\�WKHUH�LV�QR�JHQHUDO�DJUHHPHQW�RQ�ZKLFK�ULVN�
PHWKRGRORJ\�LV�EHVW�DOWKRXJK�GLIIHUHQW�PHWKRGV�JLYH�LQ�
JHQHUDO�VLPLODU�DQVZHUV�IRU�WKH�H[WUHPH�FDVHV��+RZHYHU��
DV�DOUHDG\�VWDWHG�LQ�6HFWLRQ��������WKHUH�LV�D�VWURQJ�
QHHG�WR�IXUWKHU�FRPSDUH�DQG�XQGHUVWDQG�GLIIHUHQFHV�
EHWZHHQ�DYDLODEOH�PHWKRGV��3URV�DQG�FRQV�RI�HDFK�
PHWKRG�DUH�GHVFULEHG�LQ�WKH�UHOHYDQW�VHFWLRQV�PD\�EH�
XVHG�DV�D�JXLGHOLQHV�IRU�WKH�PRVW�DSSURSULDWH�FKRLFH�RI�
WKH�ULVN�HVWLPDWLRQ�LQ�GLIIHUHQW�VLWXDWLRQV��)XUWKHU�
DGYLFH�FDQ�EH�JDLQHG�E\�VWXG\LQJ�RI�WKH�H[DPSOHV�DQG�
FDVH�VWXGLHV���

������6'&�PHWKRGV�

,I�WKH�ULVN�DVVHVVPHQW�VWDJH�VKRZV�WKDW�WKH�GLVFORVXUH�
ULVN�LV�KLJK�WKHQ�WKH�DSSOLFDWLRQ�RI�VWDWLVWLFDO�GLVFORVXUH�

5LVN�DVVHVVPHQW�
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OLPLWDWLRQ�PHWKRGV�LV�QHFHVVDU\�WR�SURGXFH�D�PLFURGDWD�
ILOH�IRU�H[WHUQDO�XVHUV���

0LFURGDWD�SURWHFWLRQ�PHWKRGV�FDQ�JHQHUDWH�D�SURWHFWHG�
PLFURGDWD�VHW�HLWKHU�E\�PDVNLQJ�RULJLQDO�GDWD��L�H��
JHQHUDWLQJ�D�PRGLILHG�YHUVLRQ�RI�WKH�RULJLQDO�PLFURGDWD�
VHW�RU�E\�JHQHUDWLQJ�V\QWKHWLF�GDWD�WKDW�SUHVHUYH�VRPH�
VWDWLVWLFDO�SURSHUWLHV�RI�WKH�RULJLQDO�GDWD��6\QWKHWLF�GDWD�
DUH�VWLOO�GLIILFXOW�WR�LPSOHPHQW��D�GHVFULSWLRQ�FDQ�EH�
IRXQG�LQ�6HFWLRQ���������0DVNLQJ�PHWKRGV�DUH�GLYLGHG�
LQWR�WZR�FDWHJRULHV�GHSHQGLQJ�RQ�WKHLU�HIIHFW�RQ�WKH�
RULJLQDO�GDWD��:LOOHQERUJ�DQG�'H:DDO���������
SHUWXUEDWLYH�DQG�QRQ�SHUWXUEDWLYH�PDVNLQJ�PHWKRGV���

3HUWXUEDWLYH�PHWKRGV�HLWKHU�PRGLI\�WKH�LGHQWLI\LQJ�
YDULDEOHV�RU�PRGLI\�WKH�FRQILGHQWLDO�YDULDEOHV�EHIRUH�
SXEOLFDWLRQ��,Q�WKH�IRUPHU�ZD\��XQLTXH�FRPELQDWLRQV�RI�
VFRUHV�RI�LGHQWLI\LQJ�YDULDEOHV�LQ�WKH�RULJLQDO�GDWDVHW�
PD\�GLVDSSHDU�DQG�QHZ�XQLTXH�FRPELQDWLRQV�PD\�
DSSHDU�LQ�WKH�SHUWXUEHG�GDWDVHW��,Q�WKLV�ZD\�D�XVHU�
FDQQRW�EH�FHUWDLQ�RI�DQ�LGHQWLILFDWLRQ��$OWHUQDWLYHO\�
FRQILGHQWLDO�YDULDEOHV�FDQ�EH�PRGLILHG��LQ�WKLV�FDVH�HYHQ�
LI�DQ�LGHQWLILFDWLRQ�RFFXUV��WKH�ZURQJ�YDOXH�LV�DVVRFLDWHG�
DQG�GLVFORVXUH�RI�WKH�RULJLQDO�YDOXH�LV�DYRLGHG��IRU�DQ�
H[DPSOH�RI�WKLV�FDVH�VHH�FDVH�VWXG\�$�����)RU�D�
GHVFULSWLRQ�RI�D�YDULHW\�RI�SHUWXUEDWLYH�PHWKRGV�VHH�
�������������DQG�������DQG��������

1RQ�SHUWXUEDWLYH�PHWKRGV�GR�QRW�DOWHU�WKH�YDOXHV�RI�WKH�
YDULDEOHV��HLWKHU�LGHQWLI\LQJ�RU�FRQILGHQWLDO���UDWKHU��WKH\�
SURGXFH�D�UHGXFWLRQ�RI�GHWDLO�LQ�WKH�RULJLQDO�GDWDVHW��
([DPSOHV�RI�QRQ�SHUWXUEDWLYH�PDVNLQJ�DUH�SUHVHQWHG�LQ�
VHFWLRQ���������

7KH�FKRLFH�EHWZHHQ�D�GDWD�UHGXFWLRQ�DQG�D�GDWD�
SHUWXUEDWLRQ�PHWKRG�VWURQJO\�GHSHQGV�RQ�WKH�SROLF\�RI�
DQ�LQVWLWXWH�DQG�RQ�WKH�W\SH�RI�GDWD�VXUYH\�WR�EH�
UHOHDVHG��:KLOH�WKH�SROLF\�RI�DQ�LQVWLWXWH�LV�RXWVLGH�RI�
WKLV�GHEDWH��WHFKQLFDO�UHDVRQV�PD\�VXJJHVW�WKH�XVH�RI�
SHUWXUEDWLYH�PHWKRGV�IRU�WKH�SURWHFWLRQ�RI�FRQWLQXRXV�
YDULDEOHV��PDLQO\�EXVLQHVV�GDWD���$QDO\VLV�RI�
LQIRUPDWLRQ�ORVV�VKRXOG�DOZD\V�EH�SDUW�RI�WKH�VHOHFWLRQ�
SURFHVV��7KH�XVXDO�GLIIHUHQFH�EHWZHHQ�W\SHV�RI�UHOHDVH�
UHPDLQV�YDOLG�DQG�LW�LV�OLQNHG�WR�WKH�GLIIHUHQFH�EHWZHHQ�
XVHUV�QHHGV��$JDLQ�WKH�H[DPSOHV�DQG�WKH�FDVH�VWXGLHV�
$��DQG�$��PD\�KHOS�LQ�FODULI\LQJ�GLIIHUHQW�VLWXDWLRQV��

)URP�WKH�QHHGV�RI�WKH�XVHUV�DQG�WKH�W\SHV�RI�DQDO\VHV�
WKDW�FRXOG�EH�SHUIRUPHG�RQ�WKH�GDWD�RQH�FRXOG�JDLQ�
LQIRUPDWLRQ�IRU�WKH�FKRLFH�RI�WKH�W\SH�RI�SURWHFWLRQ�WKDW�
FRXOG�EH�DSSOLHG�WR�WKH�PLFURGDWD��$OVR�XVHUV�FRXOG�
H[SUHVV�SULRULWLHV�LQ�WKH�QHHG�RI�PDLQWDLQLQJ�VRPH�
YDULDEOHV�LQWDFW��H�J���IRU�EXVLQHVV�XVXDOO\�1$&(�LV�WKH�
PRVW�LPSRUWDQW�YDULDEOH��WKHQ�HPSOR\HHV��DQG�VR�RQ���
)RU�UHVHDUFK�SXUSRVHV�PD\EH�ZH�FRXOG�EH�LQWHUHVWHG�LQ�
PDLQWDLQLQJ�WKH�SRVVLELOLW\�RI�EHLQJ�DEOH�WR�UHSURGXFH�

0DVNLQJ�PHWKRGV��

8VHU�QHHGV�DQG�W\SHV�RI�
SURWHFWLRQ�
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WKH�SXEOLVKHG�WDEOHV��)RU�D�SXEOLF�XVH�ILOH�PD\EH�ZH�
FRXOG�DYRLG��DV�PXFK�DV�SRVVLEOH��WKH�XVH�RI�ORFDO�
VXSSUHVVLRQ�DV�WKLV�PD\�UHQGHU�GDWD�DQDO\VLV�GLIILFXOW�
IRU�QRQ�VRSKLVWLFDWHG�XVHUV��,Q�JHQHUDO��WKH�
LPSOHPHQWDWLRQ�RI�SHUWXUEDWLYH�PHWKRGV�VKRXOG�WDNH�
LQWR�DFFRXQW�ZKDW�YDULDEOHV�DQG�UHODWLRQVKLSV�DPRQJ�
WKHP�QHHG�WR�EH�NHSW�IURP�WKH�XVHU�SRLQW�RI�YLHZ��$Q�
DVVHVVPHQW�RI�LQIRUPDWLRQ�ORVV�FDXVHG�E\�WKH�
SURWHFWLRQ�PHWKRGV�DGRSWHG�LV�KLJKO\�UHFRPPHQGHG��$�
EULHI�GHVFULSWLRQ�RI��LQIRUPDWLRQ�ORVV�PHDVXUHV�LV�
UHSRUWHG�LQ�VHFWLRQ������H[DPSOHV�RI�KRZ�WR�FKHFN�LQ�
SUDFWLFH�WKH�DPRXQW�RI�GLVWRUWLRQ�RU�PRGLILFDWLRQ�LQ�WKH�
SURWHFWHG�PLFURGDWD�LV�SUHVHQWHG�LQ�FDVH�VWXGLHV�$��DQG�
$����

)LQDOO\��HYHU\�WLPH�D�GDWD�SHUWXUEDWLRQ�PHWKRG�LV�
DSSOLHG�DWWHQWLRQ�VKRXOG�EH�SODFHG�DW�UHODWLRQVKLSV�
EHWZHHQ�GLIIHUHQW�W\SHV�RI�UHOHDVH��38)��0)5��WDEOHV��VR�
DV�WR�DYRLG�DV�PXFK�DV�SRVVLEOH��GLIIHUHQW�PDUJLQDO�
WRWDOV�IURP�GLIIHUHQW�VRXUFHV����

$Q�H[DPSOH�RI�WKH�DSSOLFDWLRQ�RI�WKLV�UHDVRQLQJ�IRU�WKH�
GHILQLWLRQ�RI�D�GLVVHPLQDWLRQ�VWUDWHJ\�FDQ�EH�IRXQG��IRU�
H[DPSOH��LQ�7URWWLQL�HW�DO�����������

������,PSOHPHQWDWLRQ�

7KH�ODVW�VWDJH�LV�WKH�LPSOHPHQWDWLRQ�RI�WKH�ZKROH�
SURFHGXUH��FKRLFH�RI�VRIWZDUH��SDUDPHWHUV�DQG�OHYHOV�RI�
DFFHSWDEOH�ULVNV���

'RFXPHQWDWLRQ�LV�DQ�HVVHQWLDO�SDUW�RI�DQ\�
GLVVHPLQDWLRQ�VWUDWHJ\�ERWK�IRU�DXGLWLQJ�IURP�H[WHUQDO�
DXWKRULWLHV�DQG�WUDQVSDUHQF\�WRZDUGV�XVHUV��7KH�IRUPHU�
PD\�LQFOXGH�GHVFULSWLRQ�RI�OHJDO�DQG�DGPLQLVWUDWLYH�
VWHSV�IRU�D�ULVN�PDQDJHPHQW�SROLF\�WRJHWKHU�ZLWK�WKH�
WHFKQLFDO�VROXWLRQ�DSSOLHG��7KH�ODWWHU�LV�HVVHQWLDO�IRU�D�
XVHU�WR�XQGHUVWDQG�ZKDW�KDV�EHHQ�FKDQJHG�RU�OLPLWHG�
LQ�WKH�GDWD�EHFDXVH�RI�FRQILGHQWLDOLW\�FRQVWUDLQWV��,I�D�
GDWD�SHUWXUEDWLRQ�PHWKRG�KDV�EHHQ�DSSOLHG�WKHQ��IRU�
WUDQVSDUHQF\�UHDVRQV��WKLV�VKRXOG�EH�FOHDUO\�VWDWHG��
,QIRUPDWLRQ�RQ�ZKLFK�VWDWLVWLFV�KDYH�EHHQ�SUHVHUYHG�
DQG�ZKLFK�KDYH�EHHQ�PRGLILHG�DQG�VRPH�RUGHU�RI�
PDJQLWXGH�RI�SRVVLEOH�FKDQJHV�VKRXOG�EH�SURYLGHG�DV�
IDU�DV�SRVVLEOH��,I�D�GDWD�UHGXFWLRQ�PHWKRG�KDV�EHHQ�
DSSOLHG�ZLWK�VRPH�ORFDO�VXSSUHVVLRQ�WKHQ�WKH�
GLVWULEXWLRQ�RI�VXFK�VXSSUHVVLRQV�VKRXOG�EH�JLYHQ�IRU�D�
VHULHV�RI�GLIIHUHQW�GLPHQVLRQV�RI�LQWHUHVW��GLVWULEXWLRQ�E\�
YDULDEOHV��E\�KRXVHKROG�VL]H��KRXVHKROG�W\SH��HWF���DQG�
DQ\�RWKHU�VWDWLVWLFV�WKDW�DUH�GHHPHG�UHOHYDQW�IRU�WKH�
XVHU��7KH�UHOHDVHG�PLFURGDWD�VKRXOG�EH�REYLRXVO\�
DFFRPSDQLHG�E\�DOO�QHFHVVDU\�PHWDGDWD�DQG�
LQIRUPDWLRQ�RQ�PHWKRGRORJLHV�XVHG�DW�YDULRXV�VWDJH�RI�
WKH�VXUYH\�SURFHVV��VDPSOLQJ��LPSXWDWLRQ��YDOLGDWLRQ��

,QIRUPDWLRQ�ORVV�
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HWF���WRJHWKHU�ZLWK�LQIRUPDWLRQ�RQ�PDJQLWXGH�RI�
VDPSOLQJ�HUURUV��HVWLPDWLRQ�GRPDLQV�HWF���

����5LVN�DVVHVVPHQW�

������2YHUYLHZ�

0LFURGDWD�KDV�PDQ\�DQDO\WLFDO�DGYDQWDJHV�RYHU�
DJJUHJDWHG�GDWD��EXW�DOVR�SRVHV�PRUH�VHULRXV�GLVFORVXUH�
LVVXHV�EHFDXVH�RI�WKH�PDQ\�YDULDEOHV�WKDW�DUH�
GLVVHPLQDWHG�LQ�RQH�ILOH��)RU�PLFURGDWD��GLVFORVXUH�
RFFXUV�ZKHQ�WKHUH�LV�D�SRVVLELOLW\�WKDW�DQ�LQGLYLGXDO�
FDQ�EH�UH�LGHQWLILHG�E\�DQ�LQWUXGHU�XVLQJ�LQIRUPDWLRQ�
FRQWDLQHG�LQ�WKH�ILOH��DQG�ZKHQ�RQ�WKH�EDVLV�RI�WKDW��
FRQILGHQWLDO�LQIRUPDWLRQ�LV�REWDLQHG��0LFURGDWD�DUH�
UHOHDVHG�RQO\�DIWHU�WDNLQJ�RXW�GLUHFWO\�LGHQWLI\LQJ�
YDULDEOHV��VXFK�DV�QDPHV��DGGUHVVHV��DQG�LGHQWLW\�
QXPEHUV��+RZHYHU��RWKHU�YDULDEOHV�LQ�WKH�PLFURGDWD�
FDQ�EH�XVHG�DV�LQGLUHFW�LGHQWLI\LQJ�YDULDEOHV��)RU�
LQGLYLGXDO�PLFURGDWD�WKLV�DUH�YDULDEOHV�VXFK�DV�JHQGHU��
DJH��RFFXSDWLRQ��SODFH�RI�UHVLGHQFH��FRXQWU\�RI�ELUWK��
IDPLO\�VWUXFWXUH��HWF��DQG�IRU�EXVLQHVV�PLFURGDWD�
YDULDEOHV�VXFK�DV�HFRQRPLF�DFWLYLW\��QXPEHU�RI�
HPSOR\HHV��HWF��7KHVH��LQGLUHFW��LGHQWLI\LQJ�YDULDEOHV�DUH�
PDLQO\�SXEOLFO\�DYDLODEOH�YDULDEOHV�RU�YDULDEOHV�WKDW�DUH�
SUHVHQW�LQ�SXEOLF�GDWDEDVHV�VXFK�DV�UHJLVWHUV��

,I�WKH�LGHQWLI\LQJ�YDULDEOHV�DUH�FDWHJRULFDO�WKHQ�WKH�
FRPSRXQGLQJ��FURVV�FODVVLILFDWLRQ��RI�WKHVH�YDULDEOHV�
GHILQHV�D�NH\���7KH�GLVFORVXUH�ULVN�LV�D�IXQFWLRQ�RI�VXFK�
LGHQWLI\LQJ�YDULDEOHV�NH\V�HLWKHU�LQ�WKH�VDPSOH�DORQH�RU�
LQ�ERWK�WKH�VDPSOH�DQG�WKH�SRSXODWLRQ���

7R�DVVHVV�WKH�GLVFORVXUH�ULVN��ZH�ILUVW�QHHG�WR�PDNH�
UHDOLVWLF�DVVXPSWLRQV�DERXW�ZKDW�DQ�LQWUXGHU�PLJKW�
NQRZ�DERXW�UHVSRQGHQWV�DQG�ZKDW�LQIRUPDWLRQ�ZLOO�EH�
DYDLODEOH�WR�KLP�WR�PDWFK�DJDLQVW�WKH�PLFURGDWD�DQG�
SRWHQWLDOO\�PDNH�DQ�LGHQWLILFDWLRQ�DQG�GLVFORVXUH��7KHVH�
DVVXPSWLRQV�DUH�NQRZQ�DV�GLVFORVXUH�ULVN�VFHQDULRV�
DQG�PRUH�GHWDLOV�DQG�H[DPSOHV�DUH�SURYLGHG�LQ�WKH�QH[W�
VHFWLRQ�RI�WKLV�KDQGERRN��%DVHG�RQ�WKH�GLVFORVXUH�ULVN�
VFHQDULR��WKH�LGHQWLI\LQJ�YDULDEOHV�DUH�GHWHUPLQHG��7KH�
RWKHU�YDULDEOHV�LQ�WKH�ILOH�DUH�FRQILGHQWLDO�RU�VHQVLWLYH�
YDULDEOHV�DQG�UHSUHVHQW�WKH�GDWD�QRW�WR�EH�GLVFORVHG��
16,V�XVXDOO\�YLHZ�DOO�QRQ�SXEOLFO\�DYDLODEOH�YDULDEOHV�DV�
FRQILGHQWLDO�VHQVLWLYH�YDULDEOHV�UHJDUGOHVV�RI�WKHLU�
VSHFLILF�FRQWHQW��WKRXJK�WKHUH�FDQ�EH�VRPH�YDULDEOHV��
H�J��VH[XDO�LGHQWLW\��KHDOWK�FRQGLWLRQV��LQFRPH��WKDW�FDQ�
EH�PRUH�VHQVLWLYH��

,Q�RUGHU�WR�XQGHUWDNH�D�ULVN�DVVHVVPHQW�RI�PLFURGDWD��
16,V�PLJKW�UHO\�RQ�DG�KRF�PHWKRGV��H[SHULHQFH�DQG�
FKHFNOLVWV�EDVHG�RQ�DVVHVVLQJ�WKH�GHWDLO�DQG�DYDLODELOLW\�
RI�LGHQWLI\LQJ�YDULDEOHV��7KHUH�LV�D�FOHDU�QHHG�IRU�
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REWDLQLQJ�TXDQWLWDWLYH�DQG�REMHFWLYH�GLVFORVXUH�ULVN�
PHDVXUHV�IRU�WKH�ULVN�RI�UH�LGHQWLILFDWLRQ�LQ�WKH�
PLFURGDWD��)RU�PLFURGDWD�FRQWDLQLQJ�FHQVXVHV�RU�
UHJLVWHUV��WKH�GLVFORVXUH�ULVN�LV�NQRZQ�DV�ZH�KDYH�DOO�
LGHQWLI\LQJ�YDULDEOHV�DYDLODEOH�IRU�WKH�ZKROH�SRSXODWLRQ��
+RZHYHU��IRU�PLFURGDWD�FRQWDLQLQJ�VDPSOHV�WKH�
SRSXODWLRQ�EDVH�LV�XQNQRZQ�RU�SDUWLDOO\�NQRZQ�WKURXJK�
PDUJLQDO�GLVWULEXWLRQV��7KHUHIRUH��SUREDELOLVWLF�
PRGHOOLQJ�RU�KHXULVWLFV�DUH�XVHG�WR�HVWLPDWH�GLVFORVXUH�
ULVN�PHDVXUHV�DW�SRSXODWLRQ�OHYHO��EDVHG�RQ�WKH�
LQIRUPDWLRQ�DYDLODEOH�LQ�WKH�VDPSOH��7KLV�VHFWLRQ�
SURYLGHV�DQ�RYHUYLHZ�RI�PHWKRGV�DQG�WRROV�WKDW�DUH�
DYDLODEOH�LQ�RUGHU�WR�HVWLPDWH�TXDQWLWDWLYH�GLVFORVXUH�
ULVN�PHDVXUHV���

,QWXLWLYHO\��D�XQLW�LV�DW�ULVN�LI�ZH�DUH�DEOH�WR�VLQJOH�LW�RXW�
IURP�WKH�UHVW��7KH�LGHD�DW�WKH�EDVH�RI�WKH�GHILQLWLRQ�RI�
ULVN�LV�D�ZD\�WR�PHDVXUH�UDUHQHVV�RI�D�XQLW�HLWKHU�LQ�WKH�
VDPSOH�RU�LQ�WKH�SRSXODWLRQ���

:KHQ�WKH�LGHQWLI\LQJ�YDULDEOHV�DUH�FDWHJRULFDO��DV�LW�LV�
XVXDOO\�WKH�FDVH�LQ�VRFLDO�VXUYH\V��WKH�ULVN�LV�FDVW�LQ�
WHUPV�RI�WKH�FHOOV�RI�WKH�FRQWLQJHQF\�WDEOH�EXLOW�E\�
FURVV�WDEXODWLQJ�WKH�LGHQWLI\LQJ�YDULDEOHV��WKH�NH\V��
&RQVHTXHQWO\�DOO�WKH�UHFRUGV�LQ�WKH�VDPH�FHOO�KDYH�WKH�
VDPH�YDOXH�RI�WKH�ULVN���

6HYHUDO�GHILQLWLRQV�RI�ULVN�KDYH�EHHQ�SURSRVHG�LQ�WKH�
OLWHUDWXUH��KHUH�ZH�IRFXV�PDLQO\�RQ�WKRVH�IRU�ZKLFK�WRROV�
DUH�DYDLODEOH�WR�FRPSXWH�HVWLPDWH�WKHP�HDVLO\��:H�FDQ�
EURDGO\�FODVVLI\�GLVFORVXUH�ULVN�PHDVXUHV�LQWR�WKUHH�
W\SHV��ULVN�PHDVXUHV�EDVHG�RQ�NH\V�LQ�WKH�VDPSOH��
WKRVH�EDVHG�RQ�NH\V�LQ�WKH�SRSXODWLRQ�DQG�WKDW�PDNH�
XVH�RI�VWDWLVWLFDO�PRGHOV�RU�KHXULVWLFV�WR�HVWLPDWH�WKH�
TXDQWLWLHV�RI�LQWHUHVW�DQG�WKRVH�EDVHG�RQ�WKH�WKHRU\�RI�
UHFRUG�OLQNDJH��:KHUHDV�WKH�ILUVW�WZR�FODVVHV�DUH�
GHYRWHG�WR�ULVN�DVVHVVPHQW�IRU�FDWHJRULFDO�LGHQWLI\LQJ�
YDULDEOHV�WKH�WKLUG�RQH�PD\�EH�XVHG�IRU�FDWHJRULFDO�DQG�
FRQWLQXRXV�YDULDEOHV��

)RU�WKH�ILUVW�FODVV�RI�ULVN�PHDVXUHV�D�XQLW�LV�DW�ULVN�LI�LWV�
FRPELQDWLRQ�RI�VFRUHV�RQ�WKH�LGHQWLI\LQJ�YDULDEOHV�LV�
EHORZ�D�JLYHQ�WKUHVKROG��7KH�WKUHVKROG�UXOH�XVHG�ZLWKLQ�
WKH�VRIWZDUH�SDFNDJH� �$5*86��DV�SUHVHQWHG�LQ�6HFWLRQ�
���LV�DQ�H[DPSOH�RI�WKLV�FODVV�RI�ULVN�PHDVXUHV��

)RU�WKH�VHFRQG�W\SH�RI�DSSURDFK�ZH�DUH�FRQFHUQHG�ZLWK�
WKH�ULVN�RI�D�XQLW�DV�GHWHUPLQHG�E\�LWV�FRPELQDWLRQ�RI�
VFRUHV�RQ�WKH�LGHQWLI\LQJ�YDULDEOHV�ZLWKLQ�WKH�
SRSXODWLRQ�RU�LWV�SUREDELOLW\�RI�UH�LGHQWLILFDWLRQ��7KH�
LGHD�WKHQ�LV�WKDW�D�XQLW�LV�DW�ULVN�LI�VXFK�TXDQWLW\�LV�
DERYH�D�JLYHQ�WKUHVKROG��%HFDXVH�WKH�IUHTXHQF\�LQ�WKH�
SRSXODWLRQ�LV�JHQHUDOO\�XQNQRZQ��LW�PD\�EH�HVWLPDWHG�
WKURXJK�D�PRGHOOLQJ�SURFHVV��([DPSOHV�RI�WKLV�
UHDVRQLQJ�DUH�WKH�LQGLYLGXDO�ULVN�RI�GLVFORVXUH�EDVHG�RQ�
WKH�1HJDWLYH�%LQRPLDO�GLVWULEXWLRQ�GHYHORSHG�E\�

$�FODVVLILFDWLRQ�RI�ULVN�
PHDVXUHV�

5LVN�EDVHG�RQ�NH\V�LQ�
WKH�VDPSOH��

5LVN�EDVHG�RQ�NH\V�LQ�
WKH�SRSXODWLRQ��
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%HQHGHWWL�DQG�)UDQFRQL��������DQG�)UDQFRQL�DQG�
3ROHWWLQL���������ZKLFK�LV�RXWOLQHG�LQ�6HFWLRQ��������DQG�
WKH�RQH�EDVHG�RQ�WKH�3RLVVRQ�GLVWULEXWLRQ�DQG�ORJ�OLQHDU�
PRGHOV�GHYHORSHG�E\�6NLQQHU�DQG�+ROPHV��������DQG�
(ODPLU�DQG�6NLQQHU��������ZKLFK�LV�GHVFULEHG�LQ�
6HFWLRQ�������DORQJ�ZLWK�FXUUHQW�UHVHDUFK�RQ�RWKHU�
SUREDELOLVWLF�PHWKRGV��$QRWKHU�DSSURDFK�EDVHG�RQ�NH\V�
LQ�WKH�SRSXODWLRQ�LV�WKH�6SHFLDO�8QLTXHV�'HWHFWLRQ�
�68'$��$OJRULWKP�GHYHORSHG�E\�(OOLRW�HW�DO���������WKDW�
XVHV�D�KHXULVWLF�PHWKRG�WR�HVWLPDWH�WKH�ULVN��WKLV�LV�
RXWOLQHG�LQ�6HFWLRQ��������

:KHQ�LGHQWLI\LQJ�YDULDEOHV�DUH�FRQWLQXRXV�ZH�FDQQRW�
H[SORLW�WKH�FRQFHSW�RI�UDUHQHVV�RI�WKH�NH\V�DQG�ZH�
WUDQVIRUP�VXFK�FRQFHSW�LQWR�UDUHQHVV�LQ�WKH�
QHLJKERXUKRRG�RI�WKH�UHFRUG��$�ZD\�WR�PHDVXUH�
UDUHQHVV�LQ�WKH�QHLJKERXUKRRG�LV�WKURXJK�UHFRUG�
OLQNDJH�WHFKQLTXHV��7KLV�WKLUG�FODVV�RI�GLVFORVXUH�ULVN�LV�
FRYHUHG�LQ�6HFWLRQ��������

6HFWLRQ�������SURYLGHV�DQ�LQWURGXFWLRQ�WR�GLVFORVXUH�
ULVN�VFHQDULRV�DQG�6HFWLRQ�������LQWURGXFHV�FRQFHSWV�
DQG�QRWDWLRQ�XVHG�WKURXJKRXW�WKLV�FKDSWHU��6HFWLRQV���
WR�������GHVFULEH�GLIIHUHQW�DSSURDFKHV�WR�PLFURGDWD�ULVN�
DVVHVVPHQW�DV�VSHFLILHG�DERYH��+RZHYHU��DV�PLFURGDWD�
ULVN�DVVHVVPHQW�LV�D�QRYHOW\�LQ�VWDWLVWLFDO�UHVHDUFK�WKHUH�
LVQ·W�\HW�DJUHHPHQW�RQ�ZKDW�PHWKRG�LV�WKH�EHVW��RU�DW�
OHDVW�EHVW�XQGHU�JLYHQ�FLUFXPVWDQFHV��,Q�WKH�IROORZLQJ�
VHFWLRQV�ZH�FRPPHQW�RQ�YDULRXV�DSSURDFKHV�WR�ULVN�
PHDVXUHV�DQG�WU\�WR�JLYH�DGYLFH�RQ�VLWXDWLRQV�ZKHUH�
WKH\�FRXOG�RU�FRXOG�QRW�EH�DSSOLHG��,Q�DQ\�FDVH��LW�KDV�
EHHQ�UHFRJQLVHG�WKDW�UHVHDUFK�VKRXOG�EH�XQGHUWDNHQ�WR�
HYDOXDWH�WKHVH�GLIIHUHQW�DSSURDFKHV�WR�PLFURGDWD�ULVN�
DVVHVVPHQW��VHH�IRU�H[DPSOH�6KORPR�DQG�%DUWRQ����������

7KH�IRFXV�RI�WKHVH�PHWKRGV�DQG�WKLV�VHFWLRQ�RI�WKH�
KDQGERRN�LV�IRU�PLFURGDWD�VDPSOHV�IURP�VRFLDO�VXUYH\V��
)RU�PLFURGDWD�VDPSOHV�IURP�FHQVXVHV�RU�UHJLVWHUV�WKH�
GLVFORVXUH�ULVN�LV�NQRZQ��%XVLQHVV�VXUYH\�PLFURGDWD�
DUH�QRW�W\SLFDOO\�UHOHDVHG�GXH�WR�WKHLU�GLVFORVLYH�QDWXUH�
�VNHZHG�GLVWULEXWLRQV�DQG�YHU\�KLJK�VDPSOLQJ�
IUDFWLRQV���

,Q�VHFWLRQ�����ZH�PDNH�VRPH�VXJJHVWLRQV�RQ�SUDFWLFDO�
LPSOHPHQWDWLRQ�DQG�LQ�VHFWLRQ�����ZH�JLYH�H[DPSOHV�RI�
UHDO�GDWD�VHWV�DQG�ZD\V�LQ�ZKLFK�ULVN�DVVHVVPHQW�FRXOG�
EH�FDUULHG�RXW��

������'LVFORVXUH�ULVN�VFHQDULRV�

7KH�GHILQLWLRQ�RI�D�GLVFORVXUH�VFHQDULR�LV�D�ILUVW�VWHS�
WRZDUGV�WKH�GHYHORSPHQW�RI�D�VWUDWHJ\�IRU�SURGXFLQJ�D�
´VDIHµ�PLFURGDWD�ILOH��0)���$�VFHQDULR�V\QWKHWLFDOO\�
GHVFULEHV��L��ZKLFK�LV�WKH�LQIRUPDWLRQ�SRWHQWLDOO\�
DYDLODEOH�WR�WKH�LQWUXGHU��DQG��LL��KRZ�WKH�LQWUXGHU�

5LVN�EDVHG�RQ�UHFRUG�
OLQNDJH�
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ZRXOG�XVH�VXFK�LQIRUPDWLRQ�WR�LGHQWLI\�DQ�LQGLYLGXDO�L�H��
WKH�LQWUXGHU·V�DWWDFN�PHDQV�DQG�VWUDWHJ\��2IWHQ��
GHILQLQJ�PRUH�WKDQ�RQH�VFHQDULR�PLJKW�EH�FRQYHQLHQW��
EHFDXVH�GLIIHUHQW�VRXUFHV�RI�LQIRUPDWLRQ�PLJKW�EH�
DOWHUQDWLYHO\�RU�VLPXOWDQHRXVO\�DYDLODEOH�WR�WKH�
LQWUXGHU��0RUHRYHU��UH�LGHQWLILFDWLRQ�ULVN�FDQ�EH�
DVVHVVHG�NHHSLQJ�LQWR�DFFRXQW�GLIIHUHQW�VFHQDULRV�DW�WKH�
VDPH�WLPH���

:H�UHIHU�WR�WKH�LQIRUPDWLRQ�DYDLODEOH�WR�WKH�LQWUXGHU�DV�
DQ�([WHUQDO�$UFKLYH��($���ZKHUH�LQIRUPDWLRQ�LV�SURYLGHG�
DW�LQGLYLGXDO�OHYHO��MRLQWO\�ZLWK�GLUHFWO\�LGHQWLI\LQJ�GDWD��
VXFK�DV�QDPH��VXUQDPH��HWF��7KH�GLVFORVXUH�VFHQDULR�LV�
EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�($�DYDLODEOH�WR�WKH�
LQWUXGHU�LV�DQ�LQGLYLGXDO�PLFURGDWD�DUFKLYH��7KDW�LV��IRU�
HDFK�LQGLYLGXDO�GLUHFWO\�LGHQWLI\LQJ�YDULDEOHV��DQG�VRPH�
RWKHU�YDULDEOHV�DUH�DYDLODEOH��6RPH�RI�WKHVH�IXUWKHU�
YDULDEOHV�DUH�DVVXPHG�WR�EH�DYDLODEOH�DOVR�LQ�WKH�0)�
WKDW�ZH�ZDQW�WR�SURWHFW��7KH�LQWUXGHU·V�VWUDWHJ\�RI�
DWWDFN�ZRXOG�EH�WR�XVH�WKLV�RYHUODSSLQJ�LQIRUPDWLRQ�WR�
PDWFK�GLUHFW�LGHQWLILHU�WR�D�UHFRUG�LQ�WKH�0)��7KH�
PDWFKLQJ�YDULDEOHV�DUH�WKHQ�WKH�LGHQWLI\LQJ�YDULDEOHV��

:H�FRQVLGHU�WZR�GLIIHUHQW�W\SHV�RI�UH�LGHQWLILFDWLRQ��
VSRQWDQHRXV�UHFRJQLWLRQ�DQG�UH�LGHQWLILFDWLRQ�YLD�UHFRUG�
PDWFKLQJ��RU�OLQNDJH��DFFRUGLQJ�WR�WKH�LQIRUPDWLRQ�ZH�
DVVXPH�WR�EH�DYDLODEOH�WR�WKH�LQWUXGHU��,Q�WKH�ILUVW�FDVH�
ZH�FRQVLGHU�WKDW�WKH�LQWUXGHU�PLJKW�UHO\�RQ�SHUVRQDO�
NQRZOHGJH�DERXW�RQH�RU�D�IHZ�WDUJHW�LQGLYLGXDOV��DQG�
VSRQWDQHRXVO\�UHFRJQL]H�D�VXUYH\HG�LQGLYLGXDO��1RV\�
1HLJKERXU�VFHQDULR���,Q�VXFK�D�FDVH�WKH�([WHUQDO�
$UFKLYH�FRQWDLQV�RQH��RU�D�IHZ��UHFRUGV�UHODWLYH�WR�
GHWDLOHG�SHUVRQDO�LQIRUPDWLRQ��,Q�WKH�VHFRQG�FDVH��ZH�
DVVXPH�WKDW�WKH�LQWUXGHU��ZKR�PLJKW�EH�DQ�0)�XVHU��
KDV�DFFHVV�WR�D�SXEOLF�UHJLVWHU�DQG�WKDW�KH�RU�VKH�WULHV�
WR�PDWFK�WKH�LQIRUPDWLRQ�SURYLGHG�E\�WKLV�($��ZLWK�WKDW�
SURYLGHG�E\�WKH�0)��LQ�RUGHU�WR�LGHQWLI\�VXUYH\HG�XQLWV��
,Q�VXFK�D�FDVH��WKH�LQWUXGHU·V�FKDQFH�RI�LGHQWLI\LQJ�D�
XQLW�GHSHQGV�RQ�WKH�($�PDLQ�FKDUDFWHULVWLFV��VXFK�DV�
FRPSOHWHQHVV��DFFXUDF\�DQG�GDWD�FODVVLILFDWLRQ��%URDGO\�
VSHDNLQJ��ZH�DVVXPH�WKDW�WKH�LQWUXGHU�KDV�D�ORZHU�
FKDQFH�RI�FRUUHFWO\�LGHQWLI\LQJ�DQ�LQGLYLGXDO�ZKHQ�WKH�
LQIRUPDWLRQ�SURYLGHG�E\�WKH�($�LV�QRW�XSGDWH��FRPSOHWH��
DFFXUDWH��RU�LV�FODVVLILHG�DFFRUGLQJ�WR�VWDQGDUGV�
GLIIHUHQW�E\�WKRVH�XVHG�LQ�WKH�VWDWLVWLFDO�VXUYH\��

0RUHRYHU��DV�IDU�DV�VWDWLVWLFDO�GLVFORVXUH�FRQWURO�LV�
FRQFHUQHG��H[SHUWV�DUH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�
VRFLDO�DQG�HFRQRPLF�PLFURGDWD��ZLWKRXW�ORVV�RI�
JHQHUDOLW\�ZH�FDQ�FRQVLGHU�UHVSHFWLYHO\�LQGLYLGXDOV�DQG�
HQWHUSULVHV���,Q�IDFW��WKH�FRQFHSW�RI�GLVFORVXUH�ULVN�LV�
PDLQO\�EDVHG�RQ�WKH�LGHD�RI�UDUHQHVV�ZLWK�UHVSHFW�WR�D�
VHW�RI�LGHQWLI\LQJ�YDULDEOHV��)RU�VRFLDO�VXUYH\�PLFURGDWD��
EHFDXVH�RI�WKH�FKDUDFWHULVWLFV�RI�WKH�SRSXODWLRQ�XQGHU�
LQYHVWLJDWLRQ�DQG�WKH�QDWXUH�RI�WKH�GDWD�FROOHFWHG��
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LGHQWLI\LQJ�YDULDEOHV�DUH�PDLQO\��RU�H[FOXVLYHO\��
FDWHJRULFDO��)RU�PXFK�RI�WKH�LQIRUPDWLRQ�FROOHFWHG�RQ�
HQWHUSULVHV�KRZHYHU�WKH�LGHQWLI\LQJ�YDULDEOHV�RIWHQ�WDNH�
WKH�IRUP�RI�TXDQWLWDWLYH�YDULDEOHV�ZLWK�DV\PPHWULF�
GLVWULEXWLRQV��:LOOHQERUJ�DQG�GH�:DDO���������
'LVFORVXUH�VFHQDULRV�DUH�WKHQ�GHVFULEHG�DFFRUGLQJ�WR�
WKLV�VWDWHPHQW���

7KH�FDVH�VWXG\�SDUW�RI�WKH�+DQGERRN��FRQWDLQV�
H[DPSOHV�RI�WKH�1RV\�1HLJKERXU�VFHQDULR�DQG�WKH�($�
VFHQDULR�IRU�VRFLDO�VXUYH\�GDWD��7KH�LVVXHV�LQYROYHG�ZLWK�
KLHUDUFKLFDO�DQG�ORQJLWXGLQDO�GDWD�DUH�DOVR�DGGUHVVHG��
)LQDOO\��VFHQDULRV�IRU�EXVLQHVV�VXUYH\�GDWD�DUH�
GLVFXVVHG��

,Q�DQ\�FDVH�WKH�GHILQLWLRQ�RI�WKH�VFHQDULR�LV�HVVHQWLDO�DV�
LW�GHILQHV�WKH�K\SRWKHVLV�XQGHUQHDWK�WKH�ULVN�
HVWLPDWLRQ�DQG�WKH�VXEVHTXHQW�SURWHFWLRQ�RI�WKH�GDWD���

������&RQFHSWV�DQG�QRWDWLRQ�

)RU�PLFURGDWD��GLVFORVXUH�ULVN�PHDVXUHV�TXDQWLI\�WKH�
ULVN�RI�UH�LGHQWLILFDWLRQ��,QGLYLGXDO�SHU�UHFRUG�GLVFORVXUH�
ULVN�PHDVXUHV�DUH�XVHIXO�IRU�LGHQWLI\LQJ�KLJK�ULVN�
UHFRUGV�DQG�WDUJHWLQJ�WKH�6'&�PHWKRGV��7KHVH�
LQGLYLGXDO�ULVN�PHDVXUHV�FDQ�EH�DJJUHJDWHG�WR�REWDLQ�
JOREDO�ILOH�OHYHO�GLVFORVXUH�ULVN�PHDVXUHV��7KHVH�JOREDO�
ULVN�PHDVXUHV�DUH�SDUWLFXODUO\�XVHIXO�WR�16,V�IRU�WKHLU�
GHFLVLRQ�PDNLQJ�SURFHVV�RQ�ZKHWKHU�WKH�PLFURGDWD�LV�
VDIH�WR�EH�UHOHDVHG�DQG�DOORZV�FRPSDULVRQV�DFURVV�
GLIIHUHQW�ILOHV���

'LVFORVXUH�LQ�D�PLFURGDWD�FRQWH[W�PHDQV�D�FRUUHFW�
UHFRUG�UH�LGHQWLILFDWLRQ�RSHUDWLRQ�WKDW�LV�DFKLHYHG�E\�DQ�
LQWUXGHU�ZKHQ�FRPSDULQJ�D�WDUJHW�LQGLYLGXDO�LQ�D�
VDPSOH�ZLWK�DQ�DYDLODEOH�OLVW�RI�XQLWV��H[WHUQDO�ILOH��WKDW�
FRQWDLQV�LQGLYLGXDO�LGHQWLILHUV�VXFK�DV�QDPH�DQG�
DGGUHVV�SOXV�D�VHW�RI�LGHQWLI\LQJ�YDULDEOHV��5H�
LGHQWLILFDWLRQ�RFFXUV�ZKHQ�WKH�XQLW�LQ�WKH�UHOHDVHG�ILOH�
DQG�D�XQLW�LQ�WKH�H[WHUQDO�ILOH�EHORQJ�WR�WKH�VDPH�
LQGLYLGXDO�LQ�WKH�SRSXODWLRQ��7KH�XQGHUO\LQJ�K\SRWKHVLV�
LV�WKDW�WKH�LQWUXGHU�ZLOO�DOZD\V�WU\�WR�PDWFK�D�XQLW�LQ�
WKH�VDPSOH�V�WR�EH�UHOHDVHG�DQG�D�XQLW�LQ�WKH�H[WHUQDO�
ILOH�XVLQJ�WKH�LGHQWLI\LQJ�YDULDEOHV�RQO\��,Q�DGGLWLRQ��LW�LV�
OLNHO\�WKDW�WKH�LQWUXGHU�ZLOO�EH�LQWHUHVWHG�LQ�LGHQWLI\LQJ�
WKRVH�VDPSOH�XQLWV�WKDW�DUH�XQLTXH�RQ�WKH�LGHQWLI\LQJ�
YDULDEOHV��$�UH�LGHQWLILFDWLRQ�RFFXUV�ZKHQ��EDVHG�RQ�D�
FRPSDULVRQ�RI�VFRUHV�RQ�WKH�LGHQWLI\LQJ�YDULDEOHV��D�XQLW�
L�LQ�WKH�H[WHUQDO�ILOH�LV�VHOHFWHG�DV�PDWFKLQJ�WR�D�XQLW�L�
LQ�WKH�VDPSOH�DQG�WKLV�OLQN�LV�FRUUHFW�DQG�WKHUHIRUH�
FRQILGHQWLDO�LQIRUPDWLRQ�DERXW�WKH�LQGLYLGXDO�LV�
GLVFORVHG�XVLQJ�WKH�GLUHFW�LGHQWLILHUV��

7R�GHILQH�WKH�GLVFORVXUH�VFHQDULR��WKH�IROORZLQJ�
DVVXPSWLRQV�DUH�PDGH��0RVW�RI�WKHP�DUH�FRQVHUYDWLYH�

0LFURGDWD�GLVFORVXUH�
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DQG�FRQWULEXWH�WR�WKH�GHILQLWLRQ�RI�D�ZRUVW�FDVH�
VFHQDULR��

���D�VDPSOH�V�IURP�D�SRSXODWLRQ�3�LV�WR�EH�UHOHDVHG��DQG�
VDPSOLQJ�GHVLJQ�ZHLJKWV�DUH�DYDLODEOH��

���WKH�H[WHUQDO�ILOH�DYDLODEOH�WR�WKH�LQWUXGHU�FRYHUV�WKH�
ZKROH�SRSXODWLRQ�3��FRQVHTXHQWO\�IRU�HDFK� VL∈ ��WKH�
PDWFKLQJ�XQLW�L�GRHV�DOZD\V�H[LVW�LQ�3��

���WKH�H[WHUQDO�ILOH�DYDLODEOH�WR�WKH�LQWUXGHU�FRQWDLQV�WKH�
LQGLYLGXDO�GLUHFW�LGHQWLILHUV�DQG�D�VHW�RI�FDWHJRULFDO�
LGHQWLI\LQJ�YDULDEOHV�WKDW�DUH�DOVR�SUHVHQW�LQ�WKH�
VDPSOH��

���WKH�LQWUXGHU�WULHV�WR�PDWFK�D�XQLW�L�LQ�WKH�VDPSOH�
ZLWK�D�XQLW�L�LQ�WKH�SRSXODWLRQ�UHJLVWHU�E\�FRPSDULQJ�
WKH�YDOXHV�RI�WKH�LGHQWLI\LQJ�YDULDEOHV�LQ�WKH�WZR�ILOHV��

���WKH�LQWUXGHU�KDV�QR�H[WUD�LQIRUPDWLRQ�RWKHU�WKDQ�WKDW�
FRQWDLQHG�LQ�WKH�H[WHUQDO�ILOH��

���D�UH�LGHQWLILFDWLRQ�RFFXUV�ZKHQ�D�OLQN�EHWZHHQ�D�
VDPSOH�XQLW�L�DQG�D�SRSXODWLRQ�XQLW�L�LV�HVWDEOLVKHG�
DQG�L�LV�DFWXDOO\�WKH�LQGLYLGXDO�RI�WKH�SRSXODWLRQ�
IURP�ZKLFK�WKH�VDPSOHG�XQLW�L�ZDV�GHULYHG��H�J��WKH�
PDWFK�KDV�WR�EH�D�FRUUHFW�PDWFK�EHIRUH�DQ�
LGHQWLILFDWLRQ�WDNHV�SODFH��

0RUHRYHU�ZH�DGG�WKH�IROORZLQJ�DVVXPSWLRQV��

���WKH�LQWUXGHU�WULHV�WR�PDWFK�DOO�WKH�UHFRUGV�LQ�WKH�
VDPSOH�ZLWK�D�UHFRUG�LQ�WKH�H[WHUQDO�ILOH��

���WKH�LGHQWLI\LQJ�YDULDEOHV�DJUHH�RQ�FRUUHFW�PDWFKHV��
WKDW�LV�QR�HUURUV��PLVVLQJ�YDOXHV�RU�WLPH�FKDQJHV�
RFFXU�LQ�UHFRUGLQJ�WKH�LGHQWLI\LQJ�YDULDEOHV�LQ�WKH�WZR�
PLFURGDWD�ILOH��

7KH�IROORZLQJ�QRWDWLRQ�LV�LQWURGXFHG�KHUH�DQG�XVHG�
WKURXJKRXW�WKH�FKDSWHU�ZKHQ�GHVFULELQJ�GLIIHUHQW�
PHWKRGV�IRU�HVWLPDWLQJ�WKH�GLVFORVXUH�ULVN�RI�PLFURGDWD��

6XSSRVH�WKH�NH\�KDV�.�FHOOV�DQG�HDFK�FHOO�N� ����«��.�LV�
WKH�FURVV�SURGXFW�RI�WKH�FDWHJRULHV�RI�WKH�LGHQWLI\LQJ�
YDULDEOHV��,Q�JHQHUDO��ZH�ZLOO�EH�ORRNLQJ�DW�D�
FRQWLQJHQF\�WDEOH�VSDQQHG�E\�WKH�LGHQWLI\LQJ�YDULDEOHV�
LQ�WKH�PLFURGDWD�DQG�QRW�D�VLQJOH�YHFWRU��7KH�
FRQWLQJHQF\�WDEOH�FRQWDLQV�WKH�VDPSOH�FRXQWV�DQG�LV�
W\SLFDOO\�YHU\�ODUJH�DQG�YHU\�VSDUVH��/HW�WKH�SRSXODWLRQ�
VL]H�LQ�FHOO�N�RI�WKH�NH\�EH�)N�DQG�WKH�VDPSOH�VL]H�IN��
$OVR��
�

)RUPDOO\�WKH�VDPSOH�DQG�SRSXODWLRQ�VL]HV�LQ�WKH�PRGHOV�
LQWURGXFHG�LQ�VHFWLRQV�������DQG�������DUH�UDQGRP�DQG�
WKHLU�H[SHFWDWLRQV�DUH�GHQRWHG�E\�Q�DQG�1�UHVSHFWLYHO\��

1RWDWLRQ�

QI1)
.

N
N

.

N
N == ∑∑

== ��

�



(661HW�KDQGERRN�6'&�

�������

�

,Q�SUDFWLFH��WKH�VDPSOH�DQG�SRSXODWLRQ�VL]H�DUH�XVXDOO\�
UHSODFHG�E\�WKHLU�QDWXUDO�HVWLPDWRUV��WKH�DFWXDO�VDPSOH�
DQG�SRSXODWLRQ�VL]HV��DVVXPHG�WR�EH�NQRZQ��

2EVHUYLQJ�WKH�YDOXHV�RI�WKH�NH\�RQ�LQGLYLGXDO� VL∈ �ZLOO�
FODVVLI\�VXFK�LQGLYLGXDO�LQWR�RQH�FHOO��:H�GHQRWH�E\�N�L��
WKH�LQGH[�RI�WKH�FHOO�LQWR�ZKLFK�LQGLYLGXDO� VL∈ �LV�
FODVVLILHG�EDVHG�RQ�WKH�YDOXHV�RI�WKH�NH\���

$FFRUGLQJ�WR�WKH�FRQFHSW�RI�UH�LGHQWLILFDWLRQ�GLVFORVXUH�
JLYHQ�DERYH��ZH�GHILQH�WKH��EDVH��LQGLYLGXDO�ULVN�RI�
GLVFORVXUH�RI�XQLW�L�LQ�WKH�VDPSOH�DV�LWV�SUREDELOLW\�RI�
UH�LGHQWLILFDWLRQ�XQGHU�WKH�ZRUVW�FDVH�VFHQDULR��
7KHUHIRUH�WKH�ULVN�UL�WKDW�ZH�JHW�LV�FHUWDLQO\�QRW�VPDOOHU�
WKDQ�WKH�DFWXDO�ULVN��WKH�LQGLYLGXDO�ULVN�LV�D�
FRQVHUYDWLYH�HVWLPDWH�RI�WKH�DFWXDO�ULVN���

( )3U �FRUUHFWO\�OLQNHG�ZLWK� _ � �ZRUVW�FDVH�VFHQDULRLU L L V 3= ����������

$OO�RI�WKH�PHWKRGV�EDVHG�RQ�NH\V�LQ�WKH�SRSXODWLRQ�
GHVFULEHG�LQ�WKLV�FKDSWHU�DLP�WR�HVWLPDWH�WKLV�LQGLYLGXDO�
SHU�UHFRUG�GLVFORVXUH�ULVN�PHDVXUH�WKDW�FDQ�EH�
IRUPXODWHG�DV���)N��7KH�SRSXODWLRQ�IUHTXHQFLHV�)N�DUH�
XQNQRZQ�SDUDPHWHUV�DQG�WKHUHIRUH�QHHG�WR�EH�
HVWLPDWHG�IURP�WKH�VDPSOH��$�JOREDO�ILOH�OHYHO�GLVFORVXUH�
ULVN�PHDVXUH�FDQ�EH�FDOFXODWHG�E\�DJJUHJDWLQJ�WKH�
LQGLYLGXDO�GLVFORVXUH�ULVN�PHDVXUHV�RYHU�WKH�VDPSOH��

$Q�DOWHUQDWLYH�JOREDO�ULVN�PHDVXUH�FDQ�EH�FDOFXODWHG�E\�
DJJUHJDWLQJ�WKH�LQGLYLGXDO�GLVFORVXUH�ULVN�PHDVXUHV�
RYHU�WKH�VDPSOH�XQLTXHV�RI�WKH�FURVV�FODVVLILHG�
LGHQWLI\LQJ�YDULDEOHV��6LQFH�WKH�XQLTXHV�LQ�WKH�
SRSXODWLRQ�)N� ����DUH�WKH�GRPLQDQW�IDFWRU�LQ�WKH�
GLVFORVXUH�ULVN�PHDVXUH��ZH�IRFXV�RXU�DWWHQWLRQ�RQ�
VDPSOH�XQLTXHV�IN� ����

ZKHUH�,�UHSUHVHQWV�DQ�LQGLFDWRU�IXQFWLRQ�REWDLQLQJ�WKH�
YDOXH���LI�IN� ���RU���LI�QRW��

%RWK�RI�WKHVH�JOREDO�ULVN�PHDVXUHV�FDQ�DOVR�EH�
SUHVHQWHG�DV�UDWHV�E\�GLYLGLQJ�E\�Q��WKH�VDPSOH�VL]H�RU�
WKH�QXPEHU�RI�XQLTXHV��

:H�DVVXPH�WKDW�WKH�IN�DUH�REVHUYHG�EXW�WKH�)N�DUH�QRW�
REVHUYHG��

������$5*86�WKUHVKROG�UXOH�

7KH�$5*86�WKUHVKROG�UXOH�LV�EDVHG�RQ�HDVLO\�DSSOLFDEOH�
UXOHV�DQG�YLHZV�RI�VDIHW\�XQVDIHW\�RI�PLFURGDWD�WKDW�LV�
XVHG�DW�6WDWLVWLFV�1HWKHUODQGV��7KH�LPSOHPHQWDWLRQ�RI�
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WKHVH�UXOHV�ZDV�WKH�PDLQ�UHDVRQ�WR�VWDUW�WKH�
GHYHORSPHQW�RI�WKH�VRIWZDUH�SDFNDJH� �$5*86��

,Q�D�GLVFORVXUH�VFHQDULR��NH\V�D�FRPELQDWLRQ�RI�
LGHQWLI\LQJ�YDULDEOHV��DUH�VXSSRVHG�WR�EH�XVHG�E\�DQ�
LQWUXGHU�WR�UH�LGHQWLI\�D�UHVSRQGHQW��5H�LGHQWLILFDWLRQ�RI�
D�UHVSRQGHQW�FDQ�RFFXU�ZKHQ�WKLV�UHVSRQGHQW�LV�UDUH�LQ�
WKH�SRSXODWLRQ�ZLWK�UHVSHFW�WR�D�FHUWDLQ�NH\�YDOXH��L�H��D�
FRPELQDWLRQ�RI�YDOXHV�RI�LGHQWLI\LQJ�YDULDEOHV��+HQFH��
UDULW\�RI�UHVSRQGHQWV�LQ�WKH�SRSXODWLRQ�ZLWK�UHVSHFW�WR�
FHUWDLQ�NH\�YDOXHV�VKRXOG�EH�DYRLGHG��:KHQ�D�
UHVSRQGHQW�DSSHDUV�WR�EH�UDUH�LQ�WKH�SRSXODWLRQ�ZLWK�
UHVSHFW�WR�D�NH\�YDOXH��WKHQ�GLVFORVXUH�FRQWURO�
PHDVXUHV�VKRXOG�EH�WDNHQ�WR�SURWHFW�WKLV�UHVSRQGHQW�
DJDLQVW�UH�LGHQWLILFDWLRQ��

)ROORZLQJ�WKH�1RV\�1HLJKERXU�VFHQDULR��WKH�DLP�RI�WKH�
�$5*86�WKUHVKROG�UXOH�LV�WR�DYRLG�WKH�RFFXUUHQFH�RI�

FRPELQDWLRQV�RI�VFRUHV�WKDW�DUH�UDUH�LQ�WKH�SRSXODWLRQ�
DQG�QRW�RQO\�DYRLGLQJ�SRSXODWLRQ�XQLTXHV��7R�GHILQH�
ZKDW�LV�PHDQW�E\�UDUH�WKH�GDWD�SURWHFWRU�KDV�WR�FKRRVH�
D�WKUHVKROG�YDOXH�IRU�HDFK�NH\��,I�D�NH\�RFFXUV�PRUH�
RIWHQ�WKDQ�WKLV�WKUHVKROG�WKH�NH\�LV�FRQVLGHUHG�VDIH��
RWKHUZLVH�WKH�NH\�PXVW�EH�SURWHFWHG�EHFDXVH�RI�WKH�ULVN�
RI�UH�LGHQWLILFDWLRQ���

7KH�OHYHO�RI�WKH�WKUHVKROG�DQG�WKH�QXPEHU�DQG�VL]H�RI�
WKH�NH\V�WR�EH�LQVSHFWHG�GHSHQG�RI�FRXUVH�RQ�WKH�OHYHO�
RI�SURWHFWLRQ�\RX�ZDQW�WR�DFKLHYH��3XEOLF�XVH�ILOHV�
UHTXLUH�PXFK�PRUH�SURWHFWLRQ�WKDQ�PLFURGDWD�ILOHV�
XQGHU�FRQWUDFW�WKDW�DUH�RQO\�DYDLODEOH�WR�UHVHDUFKHUV�
XQGHU�D�FRQWUDFW��+RZ�WKLV�UXOH�LV�XVHG�LQ�SUDFWLFH�LV�
JLYHQ�LQ�WKH�H[DPSOH�RI�VHFWLRQ�����

,I�D�NH\�LV�FRQVLGHUHG�XQVDIH�DFFRUGLQJ�WR�WKLV�UXOH��
SURWHFWLRQ�LV�UHTXLUHG��7KHUHIRUH�RIWHQ�JOREDO�UHFRGLQJ�
DQG�ORFDO�VXSSUHVVLRQ�DUH�DSSOLHG��7KHVH�WHFKQLTXHV�DUH�
GHVFULEHG�LQ�WKH�VHFWLRQV���������DQG���������

������$5*86�LQGLYLGXDO�ULVN�PHWKRGRORJ\�

,I�D�GLVWLQFWLRQ�EHWZHHQ�XQLWV�UDUH�LQ�WKH�VDPSOH�IURP�D�XQLW�
UDUH�LQ�WKH�SRSXODWLRQ�ZDQWV�WR�EH�PDGH�WKHQ�DQ�LQIHUHQWLDO�
VWHS�PD\�EH�IROORZHG��,Q�WKH�LQLWLDO�SURSRVDO�E\�%HQHGHWWL�DQG�
)UDQFRQL���������IXUWKHU�GHYHORSHG�LQ�)UDQFRQL�DQG�3ROHWWLQL�
�������DQG�LPSOHPHQWHG�LQ� �$5*86��WKH�XQFHUWDLQW\�RQ�)N�
LV�DFFRXQWHG�IRU�LQ�D�%D\HVLDQ�IDVKLRQ�E\�LQWURGXFLQJ�WKH�
GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�IUHTXHQFLHV�JLYHQ�WKH�VDPSOH�
IUHTXHQFLHV��7KH�LQGLYLGXDO�ULVN�RI�GLVFORVXUH�LV�WKHQ�
PHDVXUHG�DV�WKH��SRVWHULRU��PHDQ�RI���)N�ZLWK�UHVSHFW�WR�WKH�
GLVWULEXWLRQ�RI�)N_IN��

� �
( _ 3U� _ �
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ZKHUH�WKH�SRVWHULRU�GLVWULEXWLRQ�RI�)N_IN�LV�QHJDWLYH�ELQRPLDO�
ZLWK�VXFFHVV�SUREDELOLW\�SN�DQG�QXPEHU�RI�VXFFHVVHV�IN��$V�

�([SHUW�OHYHO�
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WKH�ULVN�LV�D�IXQFWLRQ�RI�IN�DQG�SN�LWV�HVWLPDWH�FDQ�EH�REWDLQHG�
E\�HVWLPDWLQJ�SN��%HQHGHWWL�DQG�)UDQFRQL��������SURSRVH�WR�
XVH�

∑ =
=

NLNL LNN ZIS
���

Ö �� � � � ����������

ZKHUH�∑ =NLNL LZ���
�LV�DQ�HVWLPDWH�RI�)N�EDVHG�RQ�WKH�VDPSOLQJ�

GHVLJQ�ZHLJKWV�ZL��SRVVLEO\�FDOLEUDWHG��'HYLOOH�DQG�6lUQGDO��
��������

7KH�SURFHGXUH�UHOLHV�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�DYDLODEOH�
GDWD�DUH�D�VDPSOH�IURP�D�ODUJHU�SRSXODWLRQ��,I�WKH�VDPSOLQJ�
ZHLJKWV�DUH�QRW�DYDLODEOH��RU�LI�GDWD�UHSUHVHQW�WKH�ZKROH�
SRSXODWLRQ��WKH�VWUDWHJ\�XVHG�WR�HVWLPDWH�WKH�LQGLYLGXDO�ULVN�LV�
QRW�PHDQLQJIXO���

,Q�WKH� �$5*86�PDQXDO��+XQGHSRRO�HW�DO���������D�IXOO\�
GHWDLOHG�GHVFULSWLRQ�RI�WKH�DSSURDFK�LV�UHSRUWHG��7KLV�EULHI�
QRWH�LV�EDVHG�RQ�3ROHWWLQL����������

7KH�LQGLYLGXDO�ULVN�SURYLGHV�D�PHDVXUH�RI�ULVN�DW�WKH�
LQGLYLGXDO�OHYHO��$�JOREDO�PHDVXUH�RI�GLVFORVXUH�ULVN�IRU�WKH�
ZKROH�ILOH�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�WKH�H[SHFWHG�QXPEHU�
RI�UH�LGHQWLILFDWLRQV�LQ�WKH�ILOH��7KH�H[SHFWHG�QXPEHU�RI�UH�
LGHQWLILFDWLRQV�LV�D�PHDVXUH�RI�GLVFORVXUH�WKDW�GHSHQGV�RQ�WKH�
QXPEHU�RI�UHFRUGV��)RU�WKLV�UHDVRQ�� �$5*86�HYDOXDWHV�DOVR�
WKH�UH�LGHQWLILFDWLRQ�UDWH�WKDW�LV�LQGHSHQGHQW�RI�Q��

∑ =
= .

N NN UI
Q �

�ξ ��

ξ�SURYLGHV�D�PHDVXUH�RI�JOREDO�ULVN��L�H��D�PHDVXUH�RI�
GLVFORVXUH�ULVN�IRU�WKH�ZKROH�ILOH��ZKLFK�GRHV�QRW�GHSHQG�RQ�
WKH�VDPSOH�VL]H�DQG�FDQ�EH�XVHG�WR�DVVHVV�WKH�ULVN�RI�WKH�ILOH�
RU�WR�FRPSDUH�GLIIHUHQW�W\SHV�RI�UHOHDVH��IRU�WKH�PDWKHPDWLFDO�
GHWDLOV�VHH�3ROHWWLQL���������

7KH�SHUFHQWDJH�RI�H[SHFWHG�UH�LGHQWLILFDWLRQV��L�H��WKH�YDOXH�ψ�
 ���ξ���SURYLGHV�DQ�HTXLYDOHQW�PHDVXUH�RI�JOREDO�ULVN��

$IWHU�WKH�ULVN�KDV�EHHQ�HVWLPDWHG��SURWHFWLRQ�WDNHV�SODFH��2QH�
RSWLRQ�LQ�SURWHFWLRQ�LV�WKH�DSSOLFDWLRQ�RI�ORFDO�VXSSUHVVLRQ�
�VHH�6HFWLRQ�����������

,Q� �$5*86�WKH�WHFKQLTXH�RI�ORFDO�VXSSUHVVLRQ��ZKHQ�
FRPELQHG�ZLWK�WKH�LQGLYLGXDO�ULVN��LV�DSSOLHG�RQO\�WR�XQVDIH�
FHOOV�RU�FRPELQDWLRQV��7KHUHIRUH��WKH�XVHU�PXVW�LQSXW�D�
WKUHVKROG�LQ�WHUPV�RI�ULVN��H�J��SUREDELOLW\�RI�UH�LGHQWLILFDWLRQ��
WR�FODVVLI\�WKHVH�DV�HLWKHU�VDIH�RU�XQVDIH��/RFDO�VXSSUHVVLRQ�LV�
DSSOLHG�WR�WKH�XQVDIH�LQGLYLGXDOV��VR�DV�WR�ORZHU�WKHLU�
SUREDELOLW\�RI�EHLQJ�UH�LGHQWLILHG�XQGHU�WKH�JLYHQ�WKUHVKROG���

,Q�RUGHU�WR�VHOHFW�WKH�ULVN�WKUHVKROG��WKDW�UHSUHVHQWV�D�OHYHO�RI�
DFFHSWDEOH�ULVN��L�H��D�ULVN�YDOXH�XQGHU�ZKLFK�DQ�LQGLYLGXDO�
FDQ�EH�FRQVLGHUHG�VDIH��WKH�UH�LGHQWLILFDWLRQ�UDWH�FDQ�EH�XVHG��
$�UHOHDVH�ZLOO�EH�FRQVLGHUHG�VDIH�ZKHQ�WKH�H[SHFWHG�UDWH�RI�
FRUUHFW�UH�LGHQWLILFDWLRQV�LV�EHORZ�D�OHYHO�WKH�16,�FRQVLGHUV�
DFFHSWDEOH��$V�WKH�UH�LGHQWLILFDWLRQ�UDWH�LV�FDVW�LQ�WHUPV�RI�WKH�
LQGLYLGXDO�ULVN��D�WKUHVKROG�RQ�WKH�UH�LGHQWLILFDWLRQ�UDWH�FDQ�
EH�WUDQVIRUPHG�LQWR�D�WKUHVKROG�RQ�WKH�LQGLYLGXDO�ULVN��VHH�
EHORZ���8QGHU�WKLV�DSSURDFK��LQGLYLGXDOV�DUH�DW�ULVN�EHFDXVH�

:KHQ�LW�LV�SRVVLEOH�WR�DSSO\�
WKH�LQGLYLGXDO�ULVN�HVWLPDWLRQ�

LV�DSSOLFDEOH�

$VVHVVLQJ�WKH�ULVN�IRU�WKH�
ZKROH�ILOH�

7KH�UH�LGHQWLILFDWLRQ�UDWH�

$SSOLFDWLRQ�RI�ORFDO�
VXSSUHVVLRQ�ZLWKLQ�WKH�

LQGLYLGXDO�ULVN�PHWKRGRORJ\�
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WKHLU�SUREDELOLW\�RI�UH�LGHQWLILFDWLRQ�FRQWULEXWHV�D�ODUJH�
SURSRUWLRQ�RI�H[SHFWHG�UH�LGHQWLILFDWLRQV�LQ�WKH�ILOH��

,Q�RUGHU�WR�UHGXFH�WKH�QXPEHU�RI�ORFDO�VXSSUHVVLRQV��WKH�
SURFHGXUH�RI�UHOHDVLQJ�D�VDIH�ILOH�FRQVLGHUV�SUHOLPLQDU\�VWHSV�
RI�SURWHFWLRQ�XVLQJ�WHFKQLTXHV�VXFK�DV�JOREDO�UHFRGLQJ��VHH�
6HFWLRQ�����������5HFRGLQJ�RI�VHOHFWHG�YDULDEOHV�ZLOO�LQGHHG�
ORZHU�WKH�LQGLYLGXDO�ULVN�DQG�WKHUHIRUH�WKH�UH�LGHQWLILFDWLRQ�
UDWH�RI�WKH�ILOH���

&RQVLGHU�WKH�UH�LGHQWLILFDWLRQ�UDWH� ��D�NH\�N�FRQWULEXWHV�WR� �
DQ�DPRXQW�UNIN�RI�H[SHFWHG�UH�LGHQWLILFDWLRQV��6LQFH�XQLWV�
EHORQJLQJ�WR�WKH�VDPH�NH\�N�KDYH�WKH�VDPH�LQGLYLGXDO�ULVN��
NH\V�FDQ�EH�DUUDQJHG�LQ�LQFUHDVLQJ�RUGHU�RI�ULVN�UN��/HW�WKH�
VXEVFULSW��N��GHQRWHV�WKH�N�WK�HOHPHQW�LQ�WKLV�RUGHULQJ��$�

WKUHVKROG� U �RQ�WKH�LQGLYLGXDO�ULVN�FDQ�EH�VHW��&RQVHTXHQWO\��

XQVDIH�FHOOV�DUH�WKRVH�IRU�ZKLFK� UUN ≥ �WKDW�FDQ�EH�LQGH[HG�

E\� .NN �����  �+= ��7KH�NH\� N �LV�LQ�D�RQH�WR�RQH�

FRUUHVSRQGHQFH�WR� U ��7KLV�DOORZV�VHWWLQJ�DQ�XSSHU�ERXQG�
ξ �RQ�WKH�UH�LGHQWLILFDWLRQ�UDWH�RI�WKH�UHOHDVHG�ILOH��DIWHU�GDWD�

SURWHFWLRQ��VXEVWLWXWLQJ�UNIN�ZLWK� ��


NIU �IRU�HDFK��N���)RU�WKH�

PDWKHPDWLFDO�GHWDLOV�VHH�3ROHWWLQL��������DQG�WKH�$UJXV�
PDQXDO��+XQGHSRRO�HW�DO����������

7KH�DSSURDFK�SXUVXHG�VR�IDU�FDQ�EH�UHYHUVHG��7KHUHIRUH��
VHOHFWLQJ�D�WKUHVKROG�τ RQ�WKH�UH�LGHQWLILFDWLRQ�UDWH� �
GHWHUPLQHV�D�NH\�LQGH[� N �ZKLFK�FRUUHVSRQGV�WR�D�YDOXH�IRU�

U ��8VLQJ� U �DV�D�WKUHVKROG�IRU�WKH�LQGLYLGXDO�ULVN�NHHSV�WKH�
UH�LGHQWLILFDWLRQ�UDWH� �RI�WKH�UHOHDVHG�ILOH�EHORZ�τ��7KH�VHDUFK�
RI�VXFK�D� N �LV�SHUIRUPHG�E\�D�VLPSOH�LWHUDWLYH�DOJRULWKP��

$�UHOHYDQW�FKDUDFWHULVWLF�RI�VRFLDO�PLFURGDWD�LV�LWV�LQKHUHQW�
KLHUDUFKLFDO�VWUXFWXUH��ZKLFK�DOORZV�XV�WR�UHFRJQLVH�JURXSV�RI�
LQGLYLGXDOV�LQ�WKH�ILOH��WKH�PRVW�W\SLFDO�FDVH�EHLQJ�WKH�
KRXVHKROG��:KHQ�GHILQLQJ�WKH�UH�LGHQWLILFDWLRQ�ULVN��LW�LV�
LPSRUWDQW�WR�WDNH�LQWR�DFFRXQW�WKLV�GHSHQGHQFH�DPRQJ�XQLWV��
LQGHHG�UH�LGHQWLILFDWLRQ�RI�DQ�LQGLYLGXDO�LQ�WKH�JURXS�PD\�
DIIHFW�WKH�SUREDELOLW\�RI�GLVFORVXUH�RI�DOO�LWV�PHPEHUV��6R�IDU��
LPSOHPHQWDWLRQ�RI�D�KLHUDUFKLFDO�ULVN�KDV�EHHQ�SHUIRUPHG�
RQO\�ZLWK�UHIHUHQFH�WR�KRXVHKROGV��L�H��D�KRXVHKROG�ULVN��

$OORZLQJ�IRU�GHSHQGHQFH�LQ�HVWLPDWLQJ�WKH�ULVN�HQDEOHV�XV�WR�
DWWDLQ�D�KLJKHU�OHYHO�RI�VDIHW\�WKDQ�ZKHQ�PHUHO\�FRQVLGHULQJ�
WKH�FDVH�RI�LQGHSHQGHQFH��

7KH�KRXVHKROG�ULVN�PDNHV�XVH�RI�WKH�VDPH�IUDPHZRUN�
GHILQHG�IRU�WKH�LQGLYLGXDO�ULVN��,Q�SDUWLFXODU��WKH�FRQFHSW�RI�
UH�LGHQWLILFDWLRQ�KROGV�ZLWK�WKH�DGGLWLRQDO�DVVXPSWLRQ�WKDW�
WKH�LQWUXGHU�DWWHPSWV�D�FRQILGHQWLDOLW\�EUHDFK�E\�UH�
LGHQWLILFDWLRQ�RI�LQGLYLGXDOV�LQ�KRXVHKROGV��

7KH�KRXVHKROG�ULVN�LV�GHILQHG�DV�WKH�SUREDELOLW\�WKDW�DW�OHDVW�
RQH�LQGLYLGXDO�LQ�WKH�KRXVHKROG�LV�UH�LGHQWLILHG��)RU�D�JLYHQ�
KRXVHKROG�J�RI�VL]H�_J_��ZKRVH�PHPEHUV�DUH�ODEHOOHG�L���«��
L_J_��WKH�KRXVHKROG�ULVN�LV��

� � _ _� � � ��� �UH�LGHQWLILHG�K
JU J 3U L L L= ∪ ∪ ∪ �

7KUHVKROG�VHWWLQJ�XVLQJ�WKH�
UH�LGHQWLILFDWLRQ�UDWH�

5HOHDVLQJ�KLHUDUFKLFDO�ILOHV��

7KH�KRXVHKROG�ULVN�
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DQG�LV�WKH�VDPH�IRU�DOO�WKH�LQGLYLGXDOV�LQ�KRXVHKROG�J�DQG�

HTXDOV�
K

JU ��

6LQFH�DOO�WKH�LQGLYLGXDOV�LQ�D�JLYHQ�KRXVHKROG�KDYH�WKH�VDPH�
KRXVHKROG�ULVN��WKH�H[SHFWHG�QXPEHU�RI�UH�LGHQWLILHG�UHFRUGV�

LQ�KRXVHKROG�J�HTXDOV�
K

JJ U ��7KH�UH�LGHQWLILFDWLRQ�UDWH�LQ�D�

KLHUDUFKLFDO�ILOH�FDQ�EH�WKHQ�GHILQHG�DV� ∑ =
= *

J

K
J

K UJQ
�

__�ξ ��

ZKHUH�*�LV�WKH�WRWDO�QXPEHU�RI�KRXVHKROGV�LQ�WKH�ILOH��7KH�

UH�LGHQWLILFDWLRQ�UDWH�FDQ�EH�XVHG�WR�GHILQH�D�WKUHVKROG� KU �RQ�

WKH�KRXVHKROG�ULVN� KU ��PXFK�LQ�WKH�VDPH�ZD\�DV�IRU�WKH�
LQGLYLGXDO�ULVN��)RU�WKH�PDWKHPDWLFDO�GHWDLOV�VHH�3ROHWWLQL�
�������DQG�WKH�$UJXV�PDQXDO��+XQGHSRRO�HW�DO����������

1RWH�WKDW�WKH�KRXVHKROG�ULVN�
K

JU RI�KRXVHKROG�J�LV�FRPSXWHG�
E\�WKH�LQGLYLGXDO�ULVNV�RI�LWV�KRXVHKROG�PHPEHUV��)RU�D�JLYHQ�

KRXVHKROG��LW�PLJKW�KDSSHQ�WKDW�D�KRXVHKROG�LV�XQVDIH��
K

JU �
H[FHHGV�WKH�WKUHVKROG��EHFDXVH�MXVW�RQH�RI�LWV�PHPEHUV��L��
VD\��KDV�D�KLJK�YDOXH� LU �RI�WKH�LQGLYLGXDO�ULVN��7R�SURWHFW�WKH�
KRXVHKROGV��WKH�IROORZHG�DSSURDFK�LV�WKHUHIRUH�WR�SURWHFW�
LQGLYLGXDOV�LQ�KRXVHKROGV��ILUVW�SURWHFWLQJ�WKRVH�LQGLYLGXDOV�
ZKR�FRQWULEXWH�PRVW�WR�WKH�KRXVHKROG�ULVN��)RU�WKLV�UHDVRQ��
LQVLGH�XQVDIH�KRXVHKROGV��GHWHFWLRQ�RI�XQVDIH�LQGLYLGXDOV�LV�
QHHGHG��,Q�RWKHU�ZRUGV��WKH�WKUHVKROG�RQ�WKH�KRXVHKROG�ULVN�

KU �KDV�WR�EH�WUDQVIRUPHG�LQWR�D�WKUHVKROG�RQ�WKH�LQGLYLGXDO�
ULVN� LU ��7R�WKLV�DLP��LW�FDQ�EH�QRWLFHG�WKDW�WKH�KRXVHKROG�ULVN�

LV�ERXQGHG�E\�WKH�VXP�RI�WKH�LQGLYLGXDO�ULVNV�RI�WKH�PHPEHUV�

RI�WKH�KRXVHKROG�� ∑ =
≤ __

�

J

M L
K
J M

UU ��

&RQVLGHU�WR�DSSO\�D�WKUHVKROG� KU �RQ�WKH�KRXVHKROG�ULVN��,Q�

RUGHU�IRU�KRXVHKROG�J�WR�EH�FODVVLILHG�VDIH��L�H�� KK
J UU < ��LW�LV�

VXIILFLHQW�WKDW�DOO�RI�LWV�FRPSRQHQWV�KDYH�LQGLYLGXDO�ULVN�OHVV�

WKDQ� __ JU KJ =δ ��

7KLV�LV�FOHDUO\�DQ�DSSURDFK�SRVVLEO\�OHDGLQJ�WR�
RYHUSURWHFWLRQ��DV�ZH�FKHFN�ZKHWKHU�D�ERXQG�RQ�WKH�
KRXVHKROG�ULVN�LV�EHORZ�D�JLYHQ�WKUHVKROG��

,W�LV�LPSRUWDQW�WR�UHPDUN�WKDW�WKH�WKUHVKROG� J�MXVW�GHILQHG�
GHSHQGV�RQ�WKH�VL]H�RI�WKH�KRXVHKROG�WR�ZKLFK�LQGLYLGXDO�L�
EHORQJV��7KLV�LPSOLHV�WKDW�IRU�WZR�LQGLYLGXDOV�WKDW�DUH�
FODVVLILHG�LQ�WKH�VDPH�NH\�N��DQG�WKHUHIRUH�KDYH�WKH�VDPH�
LQGLYLGXDO�ULVN� NU ���EXW�EHORQJ�WR�GLIIHUHQW�KRXVHKROGV�ZLWK�

GLIIHUHQW�VL]HV��LW�PLJKW�KDSSHQ�WKDW�RQH�LV�FODVVLILHG�VDIH��
ZKLOH�WKH�RWKHU�XQVDIH��XQOHVV�WKH�KRXVHKROG�VL]H�LV�LQFOXGHG�
LQ�WKH�VHW�RI�LGHQWLI\LQJ�YDULDEOHV���

,Q�SUDFWLFH��GHQRWLQJ�E\� ��LJ �WKH�KRXVHKROG�WR�ZKLFK�UHFRUG�L�
EHORQJV��WKH�DSSURDFK�SXUVXHG�VR�IDU�FRQVLVWV�LQ�WXUQLQJ�D�

WKUHVKROG� KU �RQ�WKH�KRXVHKROG�ULVN�LQWR�D�YHFWRU�RI�
WKUHVKROGV�RQ�WKH�LQGLYLGXDO�ULVNV� QUL ����= ��

_��_
�� LJU K
LJJ == δδ ��

7KUHVKROG�VHWWLQJ�IRU�WKH�
KRXVHKROG�ULVN�
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,QGLYLGXDOV�DUH�ILQDOO\�VHW�WR�XQVDIH�ZKHQHYHU� ��LJLU δ≥ ��ORFDO�

VXSSUHVVLRQ�LV�WKHQ�DSSOLHG�WR�WKRVH�UHFRUGV��LI�UHTXHVWHG��
6XSSUHVVLRQ�RI�WKHVH�UHFRUGV�HQVXUHV�WKDW�DIWHU�SURWHFWLRQ�
WKH�KRXVHKROG�ULVN�LV�EHORZ�WKH�WKUHVKROG� Jδ ��

)RU�KRXVHKROG�GDWD�LW�LV�LPSRUWDQW�WR�LQFOXGH�LQ�WKH�
LGHQWLI\LQJ�YDULDEOHV�WKDW�DUH�XVHG�WR�HVWLPDWH�WKH�KRXVHKROG�
ULVNV�DOVR�WKH�DYDLODEOH�LQIRUPDWLRQ�RQ�WKH�KRXVHKROG��VXFK�
DV�WKH�QXPEHU�RI�FRPSRQHQWV�RU�WKH�KRXVHKROG�W\SH��

6XSSRVH�RQH�FRPSXWHV�WKH�ULVN�XVLQJ�WKH�KRXVHKROG�VL]H�DV�
WKH�RQO\�LGHQWLI\LQJ�YDULDEOH�LQ�D�KRXVHKROG�GDWD�ILOH��DQG�WKDW�
VXFK�ILOH�FRQWDLQV�KRXVHKROGV�ZKRVH�ULVN�LV�DERYH�D�IL[HG�
WKUHVKROG��6LQFH�LQIRUPDWLRQ�RQ�WKH�QXPEHU�RI�FRPSRQHQWV�
LQ�WKH�KRXVHKROG�FDQQRW�EH�UHPRYHG�IURP�D�ILOH�ZLWK�
KRXVHKROG�VWUXFWXUH��WKHVH�UHFRUGV�FDQQRW�EH�VDIHO\�UHOHDVHG��
DQG�QR�VXSSUHVVLRQ�FDQ�PDNH�WKHP�VDIH��7KLV�SHUPLWV�WR�
FKHFN�IRU�SUHVHQFH�RI�YHU\�SHFXOLDU�KRXVHKROGV��XVXDOO\��WKH�
YHU\�ODUJH�RQHV��WKDW�FDQ�EH�HDVLO\�UHFRJQLVHG�LQ�WKH�
SRSXODWLRQ�MXVW�E\�WKHLU�VL]H�DQG�ZKRVH�PDLQ�FKDUDFWHULVWLF��
QDPHO\�WKHLU�VL]H��FDQ�EH�LPPHGLDWHO\�FRPSXWHG�IURP�WKH�ILOH��
)RU�D�GLVFXVVLRQ�RQ�WKLV�LVVXH�VHH�3ROHWWLQL���������

������7KH�3RLVVRQ�PRGHO�ZLWK�ORJ�OLQHDU�PRGHOOLQJ�

$V�GHILQHG�LQ�6NLQQHU�DQG�(ODPLU���������DVVXPLQJ�WKDW�WKH�

N) �DUH�LQGHSHQGHQWO\�3RLVVRQ�GLVWULEXWHG�ZLWK�PHDQV�^ `Nλ �

DQG�DVVXPLQJ�D�%HUQRXOOL�VDPSOLQJ�VFKHPH�ZLWK�HTXDO�
VHOHFWLRQ�SUREDEO\�π ��WKHQ� NI �DQG� N N) I− �DUH�LQGHSHQGHQWO\�

3RLVVRQ�GLVWULEXWHG�DV�� _ a � �N N NI 3RLVλ πλ �DQG�

_ a ��� � �N N N N) I 3RLVλ π λ− − ���7KH�LQGLYLGXDO�ULVN�PHDVXUH�IRU�

D�VDPSOH�XQLTXH�LV�GHILQHG�DV�
�

� _ ��
NN N

N

U ( I
)λ= = �ZKLFK�LV�

HTXDO�WR�� �� ��
>� @
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N

N
N

U H λ π

λ π
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,Q�WKLV�DSSURDFK�WKH�SDUDPHWHUV� `^ Nλ �DUH�HVWLPDWHG�E\�

WDNLQJ�LQWR�DFFRXQW�WKH�VWUXFWXUH�DQG�GHSHQGHQFLHV�LQ�WKH�
GDWD�WKURXJK�ORJ�OLQHDU�PRGHOOLQJ��$VVXPLQJ�WKDW�WKH�VDPSOH�
IUHTXHQFLHV� NI �DUH�LQGHSHQGHQWO\�3RLVVRQ�GLVWULEXWHG�ZLWK�D�

PHDQ�RI� NNX πλ= ��D�ORJ�OLQHDU�PRGHO�IRU�WKH� NX �FDQ�EH�

H[SUHVVHG�DV�� βNN [X ′=�ORJ� �ZKHUH� N[ �LV�D�GHVLJQ�YHFWRU�

GHQRWLQJ�WKH�PDLQ�HIIHFWV�DQG�LQWHUDFWLRQV�RI�WKH�PRGHO�IRU�
WKH�NH\�YDULDEOHV��8VLQJ�VWDQGDUG�SURFHGXUHV��VXFK�DV�
LWHUDWLYH�SURSRUWLRQDO�ILWWLQJ��ZH�REWDLQ�WKH�3RLVVRQ�
PD[LPXP�OLNHOLKRRG�HVWLPDWHV�IRU�WKH�YHFWRU� β �DQG�

FDOFXODWH�WKH�ILWWHG�YDOXHV�� �ÖH[S�Ö βNN [X ′= ��7KH�HVWLPDWH�IRU�

NλÖ �LV�HTXDO�WR�
π
NXÖ �ZKLFK�LV�VXEVWLWXWHG�IRU� Nλ �LQ�WKH�DERYH�

:KHQ�LW�LV�SRVVLEOH�WR�DSSO\�
WKH�LQGLYLGXDO�ULVN�HVWLPDWLRQ�

LV�DSSOLFDEOH�

&KRLFH�RI�LGHQWLI\LQJ�
YDULDEOHV�LQ�KLHUDUFKLFDO�ILOH�

�([SHUW�OHYHO�
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IRUPXOD�IRU� NU ��7KH�LQGLYLGXDO�GLVFORVXUH�ULVN�PHDVXUHV�FDQ�

EH�DJJUHJDWHG�WR�REWDLQ�D�JOREDO��ILOH�OHYHO��PHDVXUH��
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ZKHUH� 68 �LV�WKH�VHW�RI�DOO�VDPSOH�XQLTXHV��

0RUH�GHWDLOV�RQ�WKLV�PHWKRG�DUH�DYDLODEOH�IURP�6NLQQHU�DQG�
6KORPR��������������DQG�6KORPR�DQG�%DUWRQ���������

6NLQQHU�DQG�6KORPR��������������KDYH�GHYHORSHG�JRRGQHVV�
RI�ILW�FULWHULD�IRU�VHOHFWLQJ�WKH�PRVW�UREXVW�ORJ�OLQHDU�PRGHO�
WKDW�ZLOO�SURYLGH�DFFXUDWH�HVWLPDWHV�IRU�WKH�JOREDO�GLVFORVXUH�
ULVN�PHDVXUH�GHWDLOHG�DERYH��7KH�PHWKRG�EHJLQV�ZLWK�D�ORJ�
OLQHDU�PRGHO�ZKHUH�D�KLJK�WHVW�VWDWLVWLF�LQGLFDWHV�XQGHU�
ILWWLQJ��L�H���WKH�GLVFORVXUH�ULVN�PHDVXUHV�ZLOO�EH�RYHU�
HVWLPDWHG���7KHQ�D�IRUZDUG�VHDUFK�DOJRULWKP�LV�HPSOR\HG�E\�
JUDGXDOO\�DGGLQJ�LQ�KLJKHU�RUGHU�LQWHUDFWLRQ�WHUPV�LQWR�WKH�
PRGHO�XQWLO�WKH�WHVW�VWDWLVWLF�DSSURDFKHV�WKH�OHYHO��EDVHG�RQ�D�
1RUPDO�GLVWULEXWLRQ�DSSUR[LPDWLRQ���ZKHUH�WKH�ILW�RI�WKH�ORJ�
OLQHDU�PRGHO�LV�DFFHSWHG���

7KLV�PHWKRG�LV�VWLOO�XQGHU�GHYHORSPHQW��$W�SUHVHQW�WKHUH�LV�D�
QHHG�WR�GHYHORS�FOHDU�DQG�XVHU�IULHQGO\�VRIWZDUH�WR�LPSOHPHQW�
WKH�PHWKRG��+RZHYHU��WKH�2IILFH�IRU�1DWLRQDO�6WDWLVWLFV�LQ�WKH�
8.�KDV�XVHG�LW�WR�LQIRUP�PLFURGDWD�UHOHDVH�GHFLVLRQV��7KH�
PHWKRG�LV�EDVHG�RQ�WKHRUHWLFDO�ZHOO�GHILQHG�GLVFORVXUH�ULVN�
PHDVXUHV�DQG�JRRGQHVV�RI�ILW�FULWHULD�ZKLFK�HQVXUH�WKH�ILW�RI�
WKH�ORJ�OLQHDU�PRGHO�DQG�WKH�DFFXUDF\�RI�WKH�GLVFORVXUH�ULVN�
PHDVXUHV��,W�UHTXLUHV�D�PRGHO�VHDUFK�DOJRULWKP�ZKLFK�WDNHV�
VRPH�FRPSXWHU�WLPH�DQG�UHTXLUHV�LQWHUYHQWLRQ���

1HZ�PHWKRGV�IRU�SUREDELOLVWLF�ULVN�DVVHVVPHQW�DUH�XQGHU�
GHYHORSPHQW�EDVHG�RQ�D�JHQHUDOL]HG�1HJDWLYH�%LQRPLDO�
VPRRWKLQJ�PRGHO�IRU�VDPSOH�GLVFORVXUH�ULVN�HVWLPDWLRQ�ZKLFK�
VXEVXPHV�ERWK�WKH�PRGHO�XVHG�LQ� µ �$UJXV�DQG�WKH�3RLVVRQ�
ORJ�OLQHDU�PRGHO�DERYH��7KH�PHWKRG�LV�XVHIXO�IRU�NH\�
YDULDEOHV�WKDW�DUH�RUGLQDO�ZKHUH�ORFDO�QHLJKERXUKRRGV�FDQ�EH�
GHILQHG�IRU�LQIHUHQFH�RQ�FHOO�N��7KH�%D\HVLDQ�DVVXPSWLRQ�RI�

���a NNN *DPPD βαλ �LV�DGGHG�LQGHSHQGHQWO\�WR�WKH�3RLVVRQ�

PRGHO�DERYH�ZKLFK�WKHQ�WUDQVIRUPV�WKH�PDUJLQDO�GLVWULEXWLRQ�
WR�WKH�JHQHUDOL]HG�1HJDWLYH�%LQRPLDO�'LVWULEXWLRQ��
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VDPSOLQJ�IUDFWLRQ��,Q�HDFK�ORFDO�QHLJKERXUKRRG�RI�FHOO�N�D�
VPRRWKLQJ�SRO\QRPLDO�UHJUHVVLRQ�PRGHO�LV�FDUULHG�RXW�WR�
HVWLPDWH� Nα �DQG� Nβ ��DQG�GLVFORVXUH�ULVN�PHDVXUHV�DUH�

HVWLPDWHG�EDVHG�RQ�WKH�1HJDWLYH�%LQRPLDO�'LVWULEXWLRQ��
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������68'$�

7KH�6SHFLDO�8QLTXHV�'HWHFWLRQ�$OJRULWKP��68'$���(OOLRW�HW�DO���
������LV�D�VRIWZDUH�V\VWHP��ZLQGRZV�DSSOLFDWLRQ�DYDLODEOH�DV�
IUHHZDUH�XQGHU�UHVWULFWHG�OLFHQFH��WKDW�SURYLGHV�GLVFORVXUH�
ULVN�EURNHQ�GRZQ�E\�UHFRUG��YDULDEOH��YDULDEOH�YDOXH�DQG�E\�
LQWHUDFWLRQV�RI�WKRVH��,W�LV�EDVHG�RQ�WKH�FRQFHSW�RI�D�´VSHFLDO�
XQLTXHµ��$�VSHFLDO�XQLTXH�LV�D�UHFRUG�WKDW�LV�D�VDPSOH�XQLTXH�
RQ�D�VHW�RI�YDULDEOHV�DQG�WKDW�LV�DOVR�XQLTXH�RQ�D�VXEVHW�RI�
WKRVH�YDULDEOHV��(PSLULFDO�ZRUN�KDV�VKRZQ�WKDW�VSHFLDO�
XQLTXHV�DUH�PRUH�OLNHO\�WR�EH�SRSXODWLRQ�XQLTXH�WKDQ�
UDQGRP�XQLTXHV��6SHFLDO�XQLTXHV�FDQ�EH�FODVVLILHG�DFFRUGLQJ�
WR�WKH�VL]H�DQG�QXPEHU�RI�WKH�VPDOOHVW�VXEVHW�RI�NH\�
YDULDEOHV�WKDW�GHILQHV�WKH�UHFRUG�DV�XQLTXH��NQRZQ�DV�
PLQLPDO�VDPSOH�XQLTXHV��068���,Q�WKH�DOJRULWKP��DOO�068V�
DUH�IRXQG�IRU�HDFK�UHFRUG�RQ�DOO�SRVVLEOH�VXEVHWV�RI�WKH�NH\�
YDULDEOHV�ZKHUH�WKH�PD[LPXP�VL]H�RI�WKH�VXEVHWV�P�LV�
VSHFLILHG�E\�WKH�XVHU���

68'$�JUDGHV�DQG�RUGHUV�UHFRUGV�ZLWKLQ�D�PLFURGDWD�ILOH�
DFFRUGLQJ�WR�WKH�OHYHO�RI�ULVN��7KH�PHWKRG�DVVLJQV�D�SHU�
UHFRUG�PDWFKLQJ�SUREDELOLW\�WR�D�VDPSOH�XQLTXH�EDVHG�RQ�WKH�
QXPEHU�DQG�VL]H�RI�PLQLPDO�XQLTXHV��7KH�',6�0HDVXUH�
�6NLQQHU�DQG�(OOLRW��������LV�WKH�FRQGLWLRQDO�SUREDELOLW\�RI�D�
FRUUHFW�PDWFK�JLYHQ�D�XQLTXH�PDWFK���
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DQG�LV�HVWLPDWHG�E\�D�VLPSOH�VDPSOH�EDVHG�PHDVXUH�ZKLFK�LV�
DSSUR[LPDWHO\�XQELDVHG�ZLWKRXW�PRGHOOLQJ�DVVXPSWLRQV��
(OOLRW��������GHVFULEHV�D�KHXULVWLF�ZKLFK�FRPELQHV�WKH�',6�
PHDVXUH�ZLWK�VFRUHV�UHVXOWLQJ�IURP�WKH�DOJRULWKP��L�H���68'$�
VFRUHV���7KLV�PHWKRG�NQRZQ�DV�',6�68'$�SURGXFHV�
HVWLPDWHV�RI�LQWUXGHU�FRQILGHQFH�LQ�D�PDWFK�DJDLQVW�D�JLYHQ�
UHFRUG�EHLQJ�FRUUHFW��7KLV�LV�FORVHO\�UHODWHG�WR�WKH�SUREDELOLW\�
WKDW�WKH�PDWFK�LV�FRUUHFW�DQG�LV�KHXULVWLFDOO\�OLQNHG�WR�WKH�
HVWLPDWH�RI��

∑ ==
N N

N )
I,

�
����τ �

7KH�DGYDQWDJH�RI�WKLV�PHWKRG�LV�WKDW�LW�UHODWHV�WR�D�SUDFWLFDO�
PRGHO�RI�GDWD�LQWUXVLRQ��DQG�LW�LV�SRVVLEOH�WR�FRPSDUH�
GLIIHUHQW�YDOXHV�GLUHFWO\��7KH�GLVDGYDQWDJHV�DUH�WKDW�LW�LV�
VHQVLWLYH�WR�OHYHO�RI�WKH�PD[�068�SDUDPHWHU�DQG�LV�FDOFXODWHG�
LQ�D�KHXULVWLF�PDQQHU��,Q�DGGLWLRQ�LW�LV�GLIILFXOW�WR�FRPSDUH�
GLVFORVXUH�ULVN�DFURVV�GLIIHUHQW�ILOHV��+RZHYHU��WKH�PHWKRG�
KDV�EHHQ�H[WHQVLYHO\�WHVWHG�DQG�ZDV�XVHG�VXFFHVVIXOO\�IRU�WKH�
GHWHFWLRQ�RI�KLJK�ULVN�UHFRUGV�LQ�WKH�8.�6DPSOH�RI�
$QRQ\PL]HG�5HFRUGV��6$5��GUDZQ�IURP�WKH������&HQVXV�
�0HUUHWW���������7KH�DVVHVVPHQW�VKRZHG�WKDW�WKH�',6�68'$�
PHDVXUH�FDOFXODWHG�IURP�WKH�DOJRULWKP�SURYLGHG�D�JRRG�
HVWLPDWH�IRU�WKH�LQGLYLGXDO�GLVFORVXUH�ULVN�PHDVXUH��
HVSHFLDOO\�IRU�WKH�FDVH�ZKHQ�WKH�QXPEHU�RI�NH\�YDULDEOHV��

�=P ��7KH�DOJRULWKP�DOVR�LGHQWLILHV�WKH�YDULDEOHV�DQG�YDOXH�

�([SHUW�OHYHO�
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RI�YDULDEOHV�WKDW�DUH�FRQWULEXWLQJ�PRVW�WR�WKH�GLVFORVXUH�ULVN�
RI�WKH�UHFRUG���

$�QHZ�DOJRULWKP��68'$��KDV�EHHQ�GHYHORSHG��(OOLRW�HW�DO�
��������WKDW�LPSURYHV�68'$�XVLQJ�VHYHUDO�PHWKRGV��7KH�
GHYHORSPHQW�SURYLGHV�D�PXFK�IDVWHU�WRRO�WKDW�FDQ�KDQGOH�
ODUJHU�GDWDVHWV���

������5HFRUG�/LQNDJH�

5RXJKO\�VSHDNLQJ��UHFRUG�OLQNDJH�FRQVLVWV�RI�OLQNLQJ�HDFK�
UHFRUG�D�LQ�ILOH�$��SURWHFWHG�ILOH��WR�D�UHFRUG�E�LQ�ILOH�%��RULJLQDO�
ILOH���7KH�SDLU��D�E��LV�D�PDWFK�LI�E�WXUQV�RXW�WR�EH�WKH�RULJLQDO�
UHFRUG�FRUUHVSRQGLQJ�WR�D���

7R�DSSO\�WKLV�PHWKRG�WR�PHDVXUH�WKH�ULVN�RI�LGHQWLW\�
GLVFORVXUH��LW�LV�DVVXPHG�WKDW�DQ�LQWUXGHU�KDV�JRW�DQ�H[WHUQDO�
GDWDVHW�VKDULQJ�VRPH��NH\�RU�RXWFRPH��YDULDEOHV�ZLWK�WKH�
UHOHDVHG�SURWHFWHG�GDWDVHW�DQG�FRQWDLQLQJ�DGGLWLRQDOO\�VRPH�
LGHQWLILHU�YDULDEOHV��H�J��SDVVSRUW�QXPEHU��IXOO�QDPH��HWF����
7KH�LQWUXGHU�LV�DVVXPHG�WR�WU\�WR�OLQN�WKH�SURWHFWHG�GDWDVHW�
ZLWK�WKH�H[WHUQDO�GDWDVHW�XVLQJ�WKH�VKDUHG�YDULDEOHV��7KH�
QXPEHU�RI�PDWFKHV�JLYHV�DQ�HVWLPDWLRQ�RI�WKH�QXPEHU�RI�
SURWHFWHG�UHFRUGV�ZKRVH�UHVSRQGHQW�FDQ�EH�UH�LGHQWLILHG�E\�
WKH�LQWUXGHU��$FFRUGLQJO\��GLVFORVXUH�ULVN�LV�GHILQHG�DV�WKH�
SURSRUWLRQ�RI�PDWFKHV�DPRQJ�WKH�WRWDO�QXPEHU�RI�UHFRUGV�LQ�
$���

7KH�PDLQ�W\SHV�RI�UHFRUG�OLQNDJH�XVHG�WR�PHDVXUH�LGHQWLW\�
GLVFORVXUH�LQ�6'&�DUH�GLVFXVVHG�EHORZ��$Q�LOOXVWUDWLYH�
H[DPSOH�FDQ�EH�IRXQG�RQ�WKH�&$6&�ZHEVLWH�DV�RQH�RI�WKH�
FDVH�VWXGLHV�OLQNHG�WR�WKLV�KDQGERRN��VHH�VHFWLRQ�KDQGERRN���

��������'LVWDQFH�EDVHG�UHFRUG�OLQNDJH�

'LVWDQFH�EDVHG�UHFRUG�OLQNDJH�FRQVLVWV�RI�OLQNLQJ�HDFK�UHFRUG�
D�LQ�ILOH�$�WR�LWV�QHDUHVW�UHFRUG�E�LQ�ILOH�%��7KHUHIRUH��WKLV�
PHWKRG�UHTXLUHV�D�GHILQLWLRQ�RI�D�GLVWDQFH�IXQFWLRQ�IRU�
H[SUHVVLQJ�QHDUQHVV�EHWZHHQ�UHFRUGV��7KLV�UHFRUG�OHYHO�
GLVWDQFH�FDQ�EH�FRQVWUXFWHG�IURP�GLVWDQFH�IXQFWLRQV�GHILQHG�
DW�WKH�OHYHO�RI�YDULDEOHV��&RQVWUXFWLRQ�RI�UHFRUG�OHYHO�
GLVWDQFHV�UHTXLUHV�VWDQGDUGL]LQJ�YDULDEOHV�WR�DYRLG�VFDOLQJ�
SUREOHPV�DQG�DVVLJQLQJ�HDFK�YDULDEOH�D�ZHLJKW�RQ�WKH�UHFRUG�
OHYHO�GLVWDQFH��

'LVWDQFH�EDVHG�UHFRUG�OLQNDJH�ZDV�ILUVW�SURSRVHG�LQ�3DJOLXFD�
DQG�6HUL��������WR�DVVHVV�WKH�GLVFORVXUH�ULVN�DIWHU�
PLFURDJJUHJDWLRQ��VHH�VHFWLRQ����������7KRVH�DXWKRUV�XVHG�
WKH�(XFOLGHDQ�GLVWDQFH�DQG�HTXDO�ZHLJKWV�IRU�DOO�YDULDEOHV��
�'RPLQJR�)HUUHU�DQG�7RUUD���������ODWHU�XVHG�GLVWDQFH�EDVHG�
UHFRUG�OLQNDJH�IRU�HYDOXDWLQJ�RWKHU�PDVNLQJ�PHWKRGV�DV�ZHOO��
LQ�WKHLU�HPSLULFDO�ZRUN��GLVWDQFH�EDVHG�UHFRUG�OLQNDJH�
RXWSHUIRUPV�SUREDELOLVWLF�UHFRUG�OLQNDJH��GHVFULEHG�EHORZ���
5HFHQWO\���7RUUD�DQG�0L\DPRWR��������KDYH�VKRZQ�WKDW�
PHWKRG�VSHFLILF�GLVWDQFH�IXQFWLRQV�PLJKW�EH�GHILQHG�WR�
LQFUHDVH�WKH�SURSRUWLRQ�RI�PDWFKHV�IRU�SDUWLFXODU�6'&�
PHWKRGV���

7KH�UHFRUG�OLQNDJH�DOJRULWKP�LQWURGXFHG�LQ��%DFKHU��%UDQG�
DQG�%HQGHU��������LV�VLPLODU�LQ�VSLULW�WR�GLVWDQFH�EDVHG�
UHFRUG�OLQNDJH��7KLV�LV�VR�EHFDXVH�LW�LV�EDVHG�RQ�FOXVWHU�

�([SHUW�OHYHO�

�([SHUW�OHYHO�
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DQDO\VLV�DQG��WKHUHIRUH��OLQNV�UHFRUGV�WKDW�DUH�QHDU�WR�HDFK�
RWKHU���

7KH�PDLQ�DGYDQWDJHV�RI�XVLQJ�GLVWDQFHV�IRU�UHFRUG�OLQNDJH�
DUH�VLPSOLFLW\�IRU�WKH�LPSOHPHQWHU�DQG�LQWXLWLYHQHVV�IRU�WKH�
XVHU��$QRWKHU�VWURQJ�SRLQW�LV�WKDW�VXEMHFWLYH�LQIRUPDWLRQ�
�DERXW�LQGLYLGXDOV�RU�YDULDEOHV��FDQ�EH�LQFOXGHG�LQ�WKH�UH�
LGHQWLILFDWLRQ�SURFHVV�E\�SURSHUO\�PRGLI\LQJ�GLVWDQFHV��,Q�
IDFW��WKH�QH[W�YHUVLRQ�RI�WKH� �$5*86�PLFURGDWD�SURWHFWLRQ�
SDFNDJH��+XQGHSRRO�HW�DO���������ZLOO�LQFRUSRUDWH�GLVWDQFH�
EDVHG�UHFRUG�OLQNDJH�DV�D�GLVFORVXUH�ULVN�DVVHVVPHQW�
PHWKRG��

7KH�PDLQ�GLIILFXOW\�RI�GLVWDQFH�EDVHG�UHFRUG�OLQNDJH�FRQVLVWV�
RI�FRPLQJ�XS�ZLWK�DSSURSULDWH�GLVWDQFHV�IRU�WKH�YDULDEOHV�
XQGHU�FRQVLGHUDWLRQ��)RU�RQH�WKLQJ��WKH�ZHLJKW�RI�HDFK�
YDULDEOH�PXVW�EH�GHFLGHG�DQG�WKLV�GHFLVLRQ�LV�RIWHQ�QRW�
REYLRXV��&KRRVLQJ�D�VXLWDEOH�GLVWDQFH�LV�DOVR�HVSHFLDOO\�
WKRUQ\�LQ�WKH�FDVHV�RI�FDWHJRULFDO�YDULDEOHV�DQG�RI�PDVNLQJ�
PHWKRGV�VXFK�DV�ORFDO�UHFRGLQJ�ZKHUH�WKH�PDVNHG�ILOH�
FRQWDLQV�QHZ�ODEHOV�ZLWK�UHVSHFW�WR�WKH�RULJLQDO�GDWDVHW���

��������3UREDELOLVWLF�UHFRUG�OLQNDJH�

/LNH�GLVWDQFH�EDVHG�UHFRUG�OLQNDJH��SUREDELOLVWLF�UHFRUG�
OLQNDJH�DLPV�DW�OLQNLQJ�SDLUV�RI�UHFRUGV��D�E��LQ�GDWDVHWV�$�
DQG�%��UHVSHFWLYHO\��)RU�HDFK�SDLU��DQ�LQGH[�LV�FRPSXWHG��
7KHQ��WZR�WKUHVKROGV�/7�DQG�1/7�LQ�WKH�LQGH[�UDQJH�DUH�XVHG�
WR�ODEHO�WKH�SDLU�DV�OLQNHG��FOHULFDO�RU�QRQ�OLQNHG�SDLU��LI�WKH�
LQGH[�LV�DERYH�/7��WKH�SDLU�LV�OLQNHG��LI�LW�LV�EHORZ�1/7��WKH�
SDLU�LV�QRQ�OLQNHG��D�FOHULFDO�SDLU�LV�RQH�WKDW�FDQQRW�EH�
DXWRPDWLFDOO\�FODVVLILHG�DV�OLQNHG�RU�QRQ�OLQNHG�DQG�UHTXLUHV�
KXPDQ�LQVSHFWLRQ��:KHQ�LQGHSHQGHQFH�EHWZHHQ�YDULDEOHV�LV�
DVVXPHG��WKH�LQGH[�FDQ�EH�FRPSXWHG�IURP�WKH�IROORZLQJ�
FRQGLWLRQDO�SUREDELOLWLHV�IRU�HDFK�YDULDEOH��WKH�SUREDELOLW\�

( )03 _� �RI�FRLQFLGHQFH�EHWZHHQ�WKH�YDOXHV�RI�WKH�YDULDEOH�LQ�
WZR�UHFRUGV�D�DQG�E�JLYHQ�WKDW�WKHVH�UHFRUGV�DUH�D�UHDO�

PDWFK��DQG�WKH�SUREDELOLW\� ( )83 _� RI�QRQ�FRLQFLGHQFH�
EHWZHHQ�WKH�YDOXHV�RI�WKH�YDULDEOH�JLYHQ�WKDW�D�DQG�E�DUH�D�
UHDO�XQPDWFK��

/LNH�LQ�WKH�SUHYLRXV�VHFWLRQ��GLVFORVXUH�ULVN�LV�GHILQHG�DV�WKH�
QXPEHU�RI�PDWFKHV��OLQNHG�SDLUV�WKDW�DUH�FRUUHFWO\�OLQNHG��
RYHU�WKH�QXPEHU�RI�UHFRUGV�LQ�ILOH�$���

7R�XVH�SUREDELOLVWLF�UHFRUG�OLQNDJH�LQ�DQ�HIIHFWLYH�ZD\��ZH�
QHHG�WR�VHW�WKH�WKUHVKROGV�/7�DQG�1/7�DQG�HVWLPDWH�WKH�

FRQGLWLRQDO�SUREDELOLWLHV� ( )03 _� �DQG� ( )83 _� �XVHG�LQ�WKH�
FRPSXWDWLRQ�RI�WKH�LQGLFHV��,Q�SODLQ�ZRUGV��WKUHVKROGV�DUH�

FRPSXWHG�IURP���L��WKH�SUREDELOLW\� ( )8/33 _ �RI�OLQNLQJ�D�SDLU�
WKDW�LV�DQ�XQPDWFKHG�SDLU��D�IDOVH�SRVLWLYH�RU�IDOVH�OLQNDJH��

DQG��LL��WKH�SUREDELOLW\� ( )0133 _ RI�QRW�OLQNLQJ�D�SDLU�WKDW�LV�
D�PDWFK��D�IDOVH�QHJDWLYH�RU�IDOVH�XQOLQNDJH���&RQGLWLRQDO�

SUREDELOLWLHV� ( )03 _� �DQG� ( )83 _� �DUH�XVXDOO\�HVWLPDWHG�
XVLQJ�WKH�(0�DOJRULWKP��'HPSVWHU��/DLUG�DQG�5XELQ���������

2ULJLQDO�GHVFULSWLRQV�RI�WKLV�NLQG�RI�UHFRUG�OLQNDJH�FDQ�EH�
IRXQG�LQ�)HOOHJL�DQG�6XQWHU��������DQG�-DUR���������7RUUD�
DQG�'RPLQJR�)HUUHU��������GHVFULEH�WKH�PHWKRG�LQ�GHWDLO�
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�ZLWK�H[DPSOHV��DQG�:LQNOHU��������SUHVHQWV�D�UHYLHZ�RI�WKH�
VWDWH�RI�WKH�DUW�RQ�SUREDELOLVWLF�UHFRUG�OLQNDJH��,Q�SDUWLFXODU��
WKLV�ODWWHU�SDSHU�LQFOXGHV�D�GLVFXVVLRQ�FRQFHUQLQJ�QRQ�
LQGHSHQGHQW�YDULDEOHV��$��KLHUDUFKLFDO��JUDSKLFDO�PRGHO�KDV�
UHFHQWO\�EHHQ�SURSRVHG��5DYLNXPDU�DQG�&RKHQ��������WKDW�
FRPSDUHV�IDYRXUDEO\�ZLWK�SUHYLRXV�DSSURDFKHV���

3UREDELOLVWLF�UHFRUG�OLQNDJH�PHWKRGV�DUH�OHVV�VLPSOH�WKDQ�
GLVWDQFH�EDVHG�RQHV��+RZHYHU��WKH\�GR�QRW�UHTXLUH�UHVFDOLQJ�
RU�ZHLJKWLQJ�RI�YDULDEOHV��7KH�XVHU�RQO\�QHHGV�WR�SURYLGH�WZR�
SUREDELOLWLHV�DV�LQSXW��WKH�PD[LPXP�DFFHSWDEOH�SUREDELOLW\�

( )8/33 _ RI�IDOVH�SRVLWLYH�DQG�WKH�PD[LPXP�DFFHSWDEOH�

SUREDELOLW\� ( )0133 _ �RI�IDOVH�QHJDWLYH���

��������2WKHU�UHFRUG�OLQNDJH�PHWKRGV�

5HFHQWO\��WKH�XVH�RI�RWKHU�UHFRUG�OLQNDJH�PHWKRGV�KDV�DOVR�
EHHQ�FRQVLGHUHG�IRU�GLVFORVXUH�ULVN�DVVHVVPHQW��:KLOH�LQ�WKH�
SUHYLRXV�UHFRUG�OLQNDJH�PHWKRGV�LW�LV�DVVXPHG�WKDW�WKH�WZR�
ILOHV�WR�EH�OLQNHG�VKDUH�D�VHW�RI�YDULDEOHV��RWKHU�PHWKRGV�KDYH�
EHHQ�GHYHORSHG�ZKHUH�WKLV�FRQVWUDLQW�LV�UHOD[HG��8QGHU�
DSSURSULDWH�FRQGLWLRQV���7RUUD��������VKRZV�WKDW�UH�
LGHQWLILFDWLRQ�LV�VWLOO�SRVVLEOH�ZKHQ�ILOHV�GR�QRW�VKDUH�DQ\�
YDULDEOHV��'RPLQJR�)HUUHU�DQG�7RUUD��������SURSRVH�WKH�XVH�
RI�VXFK�PHWKRGV�IRU�GLVFORVXUH�ULVN�DVVHVVPHQW���

������5HIHUHQFHV�

%DFKHU�-���%UDQG�5���DQG�%HQGHU�6����������5H�LGHQWLI\LQJ�
UHJLVWHU�GDWD�E\�VXUYH\�GDWD�XVLQJ�FOXVWHU�DQDO\VLV��DQ�
HPSLULFDO�VWXG\��,QWHUQDWLRQDO�-RXUQDO�RI�8QFHUWDLQW\��
)X]]LQHVV�DQG�.QRZOHGJH�%DVHG�6\VWHPV�����������²
�����������

%HQHGHWWL��5��DQG�)UDQFRQL��/����������6WDWLVWLFDO�DQG�
WHFKQRORJLFDO�VROXWLRQV�IRU�FRQWUROOHG�GDWD�GLVVHPLQDWLRQ��
3UH�SURFHHGLQJV�RI�1HZ�7HFKQLTXHV�DQG�7HFKQRORJLHV�IRU�
6WDWLVWLFV��������������

&RSSROD��/��DQG�6HUL��*����������&RQILGHQWLDOLW\�DVSHFWV�RI�
KRXVHKROG�SDQHO�VXUYH\��WKH�FDVH�VWXG\�RI�,WDOLDQ�VDPSOH�
IURP�(8�6,/&��0RQRJUDSKV�RI�RIILFLDO�VWDWLVWLFV�²�
3URFHHGLQJV�RI�WKH�:RUN�VHVVLRQ�RQ�VWDWLVWLFDO�GDWD�
FRQILGHQWLDOLW\�²�*HQHYH������1RYHPEHU����������������

&R[��/�+����������3URWHFWLQJ�FRQILGHQWLDOLW\�LQ�EXVLQHVV�
VXUYH\V��%XVLQHVV�6XUYH\�0HWKRGV��&R[��%�*���%LQGHU��
'�$���&KLQQDSSD��%�1���&KULVWLDQVRQ��$���&ROOHGJH��0�-��H�
.RWW��3�6���(GV����1HZ�<RUN��:LOH\�����������

'HPSVWHU�$��3���/DLUG�1��0���DQG�5XELQ�'��%����������
0D[LPXP�OLNHOLKRRG�IURP�LQFRPSOHWH�GDWD�YLD�WKH�HP�
DOJRULWKP��-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\������²
����������

'HYLOOH��-�&��DQG�6lUQGDO��&�(����������&DOLEUDWLRQ�HVWLPDWRUV�
LQ�VXUYH\�VDPSOLQJ��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�
$VVRFLDWLRQ��������²�����

'RPLQJR�)HUUHU�-���DQG�7RUUD��9����������$�TXDQWLWDWLYH�
FRPSDULVRQ�RI�GLVFORVXUH�FRQWURO�PHWKRGV�IRU�PLFURGDWD��,Q�
3��'R\OH��-��,��/DQH��-��-��0��7KHHXZHV��DQG�/��=D\DW]��
HGLWRUV��&RQILGHQWLDOLW\��'LVFORVXUH�DQG�'DWD�$FFHVV��
7KHRU\�DQG�3UDFWLFDO�$SSOLFDWLRQV�IRU�6WDWLVWLFDO�
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$JHQFLHV��SDJHV����²�����$PVWHUGDP��������1RUWK�
+ROODQG��
KWWS���YQHXPDQQ�HWVH�XUY�HV�SXEOLFDWLRQV�EFSL��

'RPLQJR�)HUUHU��-���DQG�7RUUD��9����������'LVFORVXUH�ULVN�
DVVHVVPHQW�LQ�VWDWLVWLFDO�PLFURGDWD�SURWHFWLRQ�YLD�
DGYDQFHG�UHFRUG�OLQNDJH��6WDWLVWLFV�DQG�&RPSXWLQJ��
������²�����

(ODPLU��(���6NLQQHU��&���������5HFRUG�OHYHO�0HDVXUHV�RI�
'LVFORVXUH�5LVN�IRU�6XUYH\�0LFURGDWD��-RXUQDO�RI�2IILFLDO�
6WDWLVWLFV��IRUWKFRPLQJ���6HH�DOVR���6RXWKDPSWRQ�
6WDWLVWLFDO�6FLHQFHV�5HVHDUFK�,QVWLWXWH��8QLYHUVLW\�RI�
6RXWKDPSWRQ��PHWKRGRORJ\�ZRUNLQJ�SDSHU���
KWWS���HSULQWV�VRWRQ�DF�XN���������V�UL�ZRUNLQJSDSHU�
P������SGI�

(OOLRW��0��-�����������',6��$�QHZ�DSSURDFK�WR�WKH�0HDVXUHPHQW�
RI�6WDWLVWLFDO�'LVFORVXUH�5LVN��,QWHUQDWLRQDO�-RXUQDO�RI�
5LVN�0DQDJHPHQW�������SS��������

(OOLRW��0��-���0DQQLQJ��$��0�	�)RUG��5��:����������
$�
&RPSXWDWLRQDO�$OJRULWKP�IRU�+DQGOLQJ�WKH�6SHFLDO�8QLTXHV�
3UREOHP
��,QWHUQDWLRQDO�-RXUQDO�RI�8QFHUWDLQW\��)X]]LQHVV�
DQG�.QRZOHGJH�%DVHG�6\VWHPV��������SS����������

(OOLRW��0��-���0DQQLQJ��$���0D\HV��.���*XUG��-��	�%DQH��0��
��������¶68'$��$�3URJUDP�IRU�'HWHFWLQJ�6SHFLDO�8QLTXHV·��
3URFHHGLQJV�RI�WKH�81(&(�(XURVWDW�ZRUN�VHVVLRQ�RQ�
VWDWLVWLFDO�GDWD�FRQILGHQWLDOLW\��*HQHYD��1RYHPEHU������

(OOLRW��0��-���6NLQQHU��&��-���DQG�'DOH��$����������
6SHFLDO�
8QLTXHV��5DQGRP�8QLTXHV��DQG�6WLFN\�3RSXODWLRQV��6RPH�
&RXQWHULQWXLWLYH�(IIHFWV�RI�*HRJUDSKLFDO�'HWDLO�RQ�
'LVFORVXUH�5LVN
��5HVHDUFK�LQ�2IILFLDO�6WDWLVWLFV�������SS�
�������

)HOOHJL��,��3���DQG�6XQWHU��$�%����������$�WKHRU\�IRU�UHFRUG�
OLQNDJH��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��
������������²������

)UDQFRQL��/��DQG�3ROHWWLQL��6����������,QGLYLGXDO�ULVN�
HVWLPDWLRQ�LQ���$5*86��D�UHYLHZ��,Q��'RPLQJR�)HUUHU��-��
�(G����3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��/HFWXUH�1RWHV�LQ�
&RPSXWHU�6FLHQFH��6SULQJHU����������

)UDQFRQL��/��DQG�6HUL��*����������0LFURGDWD�3URWHFWLRQ�DW�WKH�
,WDOLDQ�1DWLRQDO�6WDWLVWLFDO�,QVLWLWXWH��,VWDW���$�8VHU�
3HUVSHFWLYH��2I�6LJQLILFDQFH�-RXUQDO�RI�WKH�$VVRFLDWLRQ�RI�
3XEOLF�'DWD�8VHUV�²�9ROXPH���1XPEHU���������SDJH�����
����

+XQGHSRRO��$���9DQ�GH�:HWHULQJ��$���5DPDVZDP\��5���
)UDQFRQL��/���&DSRELDQFKL��$���'H:ROI��3��3���'RPLQJR�
)HUUHU��-���7RUUD��9���%UDQG��5���DQG�*LHVVLQJ��6����������
��$5*86�YHUVLRQ�����6RIWZDUH�DQG�8VHU·V�0DQXDO��
6WDWLVWLFV�1HWKHUODQGV��9RRUEXUJ�1/��PD\�������
KWWS���QHRQ�YE�FEV�QO�FDVF��

-DFNVRQ��3���/RQJKXUVW��-����������3URYLGLQJ�DFFHVV�WR�GDWD�
DQG�PDNLQJ�PLFURGDWD�VDIH��H[SHULHQFHV�RI�WKH�216��
SURFHHGLQJV�RI�WKH�81(&(�(XURVWDW�ZRUN�VHVVLRQ�RQ�
VWDWLVWLFDO�GDWD�FRQILGHQWLDOLW\��*HQHYD��1RYHPEHU������

-DUR��0�$����������$GYDQFHV�LQ�UHFRUG�OLQNDJH�PHWKRGRORJ\�DV�
DSSOLHG�WR�PDWFKLQJ�WKH������FHQVXV�RI�WDPSD��IORULGD��
-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��
�����������²�����

3DJOLXFD��'��DQG�6HUL��*����������6RPH�UHVXOWV�RI�LQGLYLGXDO�
UDQNLQJ�PHWKRG�RQ�WKH�V\VWHP�RI�HQWHUSULVH�DFFRXQWV�
DQQXDO�VXUYH\��(VSULW�6'&�3URMHFW��'HOLYHUDEOH�0,���'���

http://neon.vb.cbs.nl/casc/deliv/MUmanual4.0.pdf
http://eprints.soton.ac.uk/8175/01/s3ri-workingpaper-m04-02.pdf
http://eprints.soton.ac.uk/8175/01/s3ri-workingpaper-m04-02.pdf
http://vneumann.etse.urv.es/publications/bcpi
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3ROHWWLQL��6��DQG�6HUL��*���������5HYLVLRQ�RI�´*XLGHOLQHV�IRU�WKH�
SURWHFWLRQ�RI�VRFLDO�PLFURGDWD�XVLQJ�WKH�LQGLYLGXDO�ULVN�
PHWKRGRORJ\µ��'HOLYHUDEOH�����'���DYDLODEOH�DW�&$6&�ZHE�
VLWH���

5DYLNXPDU��3���DQG�&RKHQ��:�:�����������$�KLHUDUFKLFDO�
JUDSKLFDO�PRGHO�IRU�UHFRUG�OLQNDJH��,Q�8$,�������86$��
������$VVRFLDWLRQ�IRU�8QFHUWDLQW\�LQ�$UWLILFLDO�
,QWHOOLJHQFH��

5LQRWW��<���6KORPR��1���������$�*HQHUDOL]HG�1HJDWLYH�%LQRPLDO�
6PRRWKLQJ�0RGHO�IRU�6DPSOH�'LVFORVXUH�5LVN�(VWLPDWLRQ����
36'
�����3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��6SULQJHU�
/1&6�SURFHHGLQJV��WR�DSSHDU��

5LQRWW��<���6KORPR��1���IRUWKFRPLQJ��$�6PRRWKLQJ�0RGHO�IRU�
6DPSOH�'LVFORVXUH�5LVN��(VWLPDWLRQ��9ROXPH�LQ�PHPRU\�RI�
<HKXGD�9DUGL�LQ�WKH�,06�/HFWXUH�1RWHV�0RQRJUDSK��
6HULHV��

6KORPR��1����������5HYLHZ�RI�VWDWLVWLFDO�GLVFORVXUH�FRQWURO�
PHWKRGV�IRU�FHQVXV�IUHTXHQF\�WDEOHV��216�6XUYH\�
0HWKRGRORJ\�%XOOHWLQ��

6KORPR��1���%DUWRQ��-����������&RPSDULVRQ�RI��0HWKRGV�IRU�
(VWLPDWLQJ��'LVFORVXUH�5LVN�0HDVXUHV�IRU�0LFURGDWD�DW�WKH�
8.�2IILFH�IRU�1DWLRQDO�6WDWLVWLFV��36'
�����3ULYDF\�LQ�
6WDWLVWLFDO�'DWDEDVHV�&RQIHUHQFH��&'�3URFHHGLQJV��WR�
DSSHDU��

6NLQQHU��&���6KORPR��1����������$VVHVVLQJ�GLVFORVXUH�ULVN�LQ�
PLFURGDWD�XVLQJ�UHFRUG�OHYHO�PHDVXUHV��SURFHHGLQJV�RI�WKH�
81(&(�(XURVWDW�ZRUN�VHVVLRQ�RQ�VWDWLVWLFDO�GDWD�
FRQILGHQWLDOLW\��*HQHYD��1RYHPEHU������

6NLQQHU��&�-���6KORPR��1����������$VVHVVLQJ�,GHQWLILFDWLRQ�
5LVN�LQ�6XUYH\�0LFURGDWD�8VLQJ�/RJ�OLQHDU�0RGHOV��VHH��
KWWS���HSULQWV�VRWRQ�DF�XN����������V�UL�
ZRUNLQJSDSHU�P������SGI�

6NLQQHU��&���+ROPHV��'����������(VWLPDWLQJ�WKH�UH�
LGHQWLILFDWLRQ�ULVN�SHU�UHFRUG�LQ�PLFURGDWD��-26��9RO�����

7RUUD��9����������2ZD�RSHUDWRUV�LQ�GDWD�PRGHOLQJ�DQG�UH�
LGHQWLILFDWLRQ��,(((�7UDQV��RQ�)X]]\�6\VWHPV��YRO������QR��
���SS�����������

7RUUD�9���DQG�'RPLQJR�)HUUHU�-����������5HFRUG�OLQNDJH�
PHWKRGV�IRU�PXOWLGDWDEDVH�GDWD�PLQLQJ��,Q�9��7RUUD��
HGLWRU��,QIRUPDWLRQ�)XVLRQ�LQ�'DWD�0LQLQJ��SDJHV����²
�����*HUPDQ\��6SULQJHU��

7RUUD��9���DQG�0L\DPRWR��6�����������(YDOXDWLQJ�IX]]\�
FOXVWHULQJ�DOJRULWKPV�IRU�PLFURGDWD�SURWHFWLRQ��,Q�
-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��3ULYDF\�LQ�
6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��SDJHV����²
�����%HUOLQ�+HLGHOEHUJ��6SULQJHU��

:LOOHQERUJ��/��DQG�GH�:DDO��7����������6WDWLVWLFDO�'LVFORVXUH�
&RQWURO�LQ�3UDFWLFH��/HFWXUH�1RWHV�LQ�6WDWLVWLFV�������1HZ�
<RUN��6SULQJHU�9HUODJ���

:LOOHQERUJ��/��DQG�GH�:DDO��7����������(OHPHQWV�RI�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO��/HFWXUH�1RWHV�LQ�6WDWLVWLFV�������1HZ�
<RUN��6SULQJHU�9HUODJ��

:LQNOHU��:��(�����������0DWFKLQJ�DQG�UHFRUG�OLQNDJH��
7HFKQLFDO�5HSRUW�55�������6WDWLVWLFDO�5HVHDUFK�'LYLVLRQ��
8��6��%XUHDX�RI�WKH�&HQVXV��86$���������

http://eprints.soton.ac.uk/41842/01/s3ri-workingpaper-m06-14.pdf
http://eprints.soton.ac.uk/41842/01/s3ri-workingpaper-m06-14.pdf
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����0LFURGDWD�SURWHFWLRQ�PHWKRGV�

������2YHUYLHZ�RI�FRQFHSWV�DQG�PHWKRGV�

,Q�WKLV�VHFWLRQ�ZH�H[SODLQ�WKH�EDVLF�FRQFHSWV�DQG�
PHWKRGV�UHODWHG�WR�PLFURGDWD�SURWHFWLRQ��6HFWLRQV�
��������������������DQG�������JLYH�LQ�GHSWK�GHVFULSWLRQV�
RI�VRPH�SDUWLFXODUO\�FRPSOH[�PHWKRGV��
PLFURDJJUHJDWLRQ��UDQN�VZDSSLQJ��DGGLWLYH�QRLVH�DQG�
V\QWKHWLF�GDWD��WKH�ILUVW�WZR�LPSOHPHQWHG�LQ� �$5*86���

$�PLFURGDWD�VHW�9�FDQ�EH�YLHZHG�DV�D�ILOH�ZLWK�Q�
UHFRUGV��ZKHUH�HDFK�UHFRUG�FRQWDLQV�P�YDULDEOHV�RQ�DQ�
LQGLYLGXDO�UHVSRQGHQW��7KH�YDULDEOHV�FDQ�EH�FODVVLILHG�
LQ�IRXU�FDWHJRULHV�ZKLFK�DUH�QRW�QHFHVVDULO\�GLVMRLQW���

•� ,GHQWLILHUV��7KHVH�DUH�YDULDEOHV�WKDW�XQDPELJXRXVO\�
LGHQWLI\�WKH�UHVSRQGHQW��([DPSOHV�DUH�WKH�SDVVSRUW�
QXPEHU��VRFLDO�VHFXULW\�QXPEHU��HWF���

•� 4XDVL�LGHQWLILHUV�RU�NH\�YDULDEOHV��7KHVH�DUH�YDULDEOHV�
ZKLFK�LGHQWLI\�WKH�UHVSRQGHQW�ZLWK�VRPH�GHJUHH�RI�
DPELJXLW\���1RQHWKHOHVV��D�FRPELQDWLRQ�RI�TXDVL�
LGHQWLILHUV�PD\�SURYLGH�XQDPELJXRXV�LGHQWLILFDWLRQ���
([DPSOHV�DUH�QDPH��DGGUHVV��JHQGHU��DJH��WHOHSKRQH�
QXPEHU��HWF���

•� &RQILGHQWLDO�RXWFRPH�YDULDEOHV��7KHVH�DUH�YDULDEOHV�
ZKLFK�FRQWDLQ�VHQVLWLYH�LQIRUPDWLRQ�RQ�WKH�
UHVSRQGHQW��([DPSOHV�DUH�VDODU\��UHOLJLRQ��SROLWLFDO�
DIILOLDWLRQ��KHDOWK�FRQGLWLRQ��HWF���

•� 1RQ�FRQILGHQWLDO�RXWFRPH�YDULDEOHV��7KRVH�YDULDEOHV�
ZKLFK�GR�QRW�IDOO�LQ�DQ\�RI�WKH�FDWHJRULHV�DERYH���

7KH�SXUSRVH�RI�6'&�LV�WR�SUHYHQW�FRQILGHQWLDO�
LQIRUPDWLRQ�IURP�EHLQJ�OLQNHG�WR�VSHFLILF�UHVSRQGHQWV��
7KHUHIRUH��ZH�ZLOO�DVVXPH�LQ�ZKDW�IROORZV�WKDW�RULJLQDO�
PLFURGDWD�VHWV�WR�EH�SURWHFWHG�KDYH�EHHQ�SUH�SURFHVVHG�
VR�DV�WR�UHPRYH�LGHQWLILHUV�DQG�TXDVL�LGHQWLILHUV�ZLWK�
ORZ�DPELJXLW\��VXFK�DV�QDPH���

7KH�SXUSRVH�RI�PLFURGDWD�6'&�PHQWLRQHG�LQ�WKH�
SUHYLRXV�VHFWLRQ�FDQ�EH�VWDWHG�PRUH�IRUPDOO\�E\�VD\LQJ�
WKDW��JLYHQ�DQ�RULJLQDO�PLFURGDWD�VHW�9��WKH�JRDO�LV�WR�
UHOHDVH�D�SURWHFWHG�PLFURGDWD�VHW�9
�LQ�VXFK�D�ZD\�WKDW���

���'LVFORVXUH�ULVN��L�H��WKH�ULVN�WKDW�D�XVHU�RU�DQ�
LQWUXGHU�FDQ�XVH�9
�WR�GHWHUPLQH�FRQILGHQWLDO�
YDULDEOHV�RQ�D�VSHFLILF�LQGLYLGXDO�DPRQJ�WKRVH�LQ�9��
LV�ORZ���

���8VHU�DQDO\VHV��UHJUHVVLRQV��PHDQV��HWF���RQ�9
�DQG�RQ�
9�\LHOG�WKH�VDPH�RU�DW�OHDVW�VLPLODU�UHVXOWV���

0LFURGDWD�SURWHFWLRQ�PHWKRGV�FDQ�JHQHUDWH�WKH�
SURWHFWHG�PLFURGDWD�VHW�9
��
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•� HLWKHU�E\�PDVNLQJ�RULJLQDO�GDWD��L�H��JHQHUDWLQJ�9
�D�
PRGLILHG�YHUVLRQ�RI�WKH�RULJLQDO�PLFURGDWD�VHW�9���

•� RU�E\�JHQHUDWLQJ�V\QWKHWLF�GDWD�9
�WKDW�SUHVHUYH�VRPH�
VWDWLVWLFDO�SURSHUWLHV�RI�WKH�RULJLQDO�GDWD�9���

0DVNLQJ�PHWKRGV�FDQ�LQ�WXUQ�EH�GLYLGHG�LQ�WZR�
FDWHJRULHV�GHSHQGLQJ�RQ�WKHLU�HIIHFW�RQ�WKH�RULJLQDO�
GDWD��:LOOHQERUJ�DQG�'H:DDO����������

•� 3HUWXUEDWLYH�PDVNLQJ��7KH�PLFURGDWD�VHW�LV�GLVWRUWHG�
EHIRUH�SXEOLFDWLRQ��,Q�WKLV�ZD\��XQLTXH�FRPELQDWLRQV�
RI�VFRUHV�LQ�WKH�RULJLQDO�GDWDVHW�PD\�GLVDSSHDU�DQG�
QHZ�XQLTXH�FRPELQDWLRQV�PD\�DSSHDU�LQ�WKH�
SHUWXUEHG�GDWDVHW��VXFK�FRQIXVLRQ�LV�EHQHILFLDO�IRU�
SUHVHUYLQJ�VWDWLVWLFDO�FRQILGHQWLDOLW\��7KH�
SHUWXUEDWLRQ�PHWKRG�XVHG�VKRXOG�EH�VXFK�WKDW�
VWDWLVWLFV�FRPSXWHG�RQ�WKH�SHUWXUEHG�GDWDVHW�GR�QRW�
GLIIHU�VLJQLILFDQWO\�IURP�WKH�VWDWLVWLFV�WKDW�ZRXOG�EH�
REWDLQHG�RQ�WKH�RULJLQDO�GDWDVHW���

•� 1RQ�SHUWXUEDWLYH�PDVNLQJ��1RQ�SHUWXUEDWLYH�PHWKRGV�
GR�QRW�DOWHU�GDWD��UDWKHU��WKH\�SURGXFH�SDUWLDO�
VXSSUHVVLRQV�RU�UHGXFWLRQV�RI�GHWDLO�LQ�WKH�RULJLQDO�
GDWDVHW��*OREDO�UHFRGLQJ��ORFDO�VXSSUHVVLRQ�DQG�
VDPSOLQJ�DUH�H[DPSOHV�RI�QRQ�SHUWXUEDWLYH�PDVNLQJ���

$W�D�ILUVW�JODQFH��V\QWKHWLF�GDWD�VHHP�WR�KDYH�WKH�
SKLORVRSKLFDO�DGYDQWDJH�RI�FLUFXPYHQWLQJ�WKH�UH�
LGHQWLILFDWLRQ�SUREOHP��VLQFH�SXEOLVKHG�UHFRUGV�DUH�
LQYHQWHG�DQG�GR�QRW�GHULYH�IURP�DQ\�RULJLQDO�UHFRUG��
VRPH�DXWKRUV�FODLP�WKDW�QR�LQGLYLGXDO�KDYLQJ�VXSSOLHG�
RULJLQDO�GDWD�FDQ�FRPSODLQ�IURP�KDYLQJ�EHHQ�UH�
LGHQWLILHG��$W�D�FORVHU�ORRN��VRPH�DXWKRUV��H�J���:LQNOHU��
�����DQG�5HLWHU��������FODLP�WKDW�HYHQ�V\QWKHWLF�GDWD�
PLJKW�FRQWDLQ�VRPH�UHFRUGV�WKDW�DOORZ�IRU�UH�
LGHQWLILFDWLRQ�RI�FRQILGHQWLDO�LQIRUPDWLRQ��,Q�VKRUW��
V\QWKHWLF�GDWD�RYHUILWWHG�WR�RULJLQDO�GDWD�PLJKW�OHDG�WR�
GLVFORVXUH�MXVW�DV�RULJLQDO�GDWD�ZRXOG��2Q�WKH�RWKHU�
KDQG��D�FOHDU�SUREOHP�RI�V\QWKHWLF�GDWD�LV�GDWD�XWLOLW\��
RQO\�WKH�VWDWLVWLFDO�SURSHUWLHV�H[SOLFLWO\�VHOHFWHG�E\�WKH�
GDWD�SURWHFWRU�DUH�SUHVHUYHG��ZKLFK�OHDGV�WR�WKH�
TXHVWLRQ�ZKHWKHU�WKH�GDWD�SURWHFWRU�VKRXOG�QRW�GLUHFWO\�
SXEOLVK�WKH�VWDWLVWLFV�KH�ZDQWV�SUHVHUYHG�UDWKHU�WKDQ�D�
V\QWKHWLF�PLFURGDWD�VHW���

6R�IDU�LQ�WKLV�VHFWLRQ��ZH�KDYH�FODVVLILHG�PLFURGDWD�
SURWHFWLRQ�PHWKRGV�E\�WKHLU�RSHUDWLQJ�SULQFLSOH��,I�ZH�
FRQVLGHU�WKH�W\SH�RI�GDWD�RQ�ZKLFK�WKH\�FDQ�EH�XVHG��D�
GLIIHUHQW�GLFKRWRPLF�FODVVLILFDWLRQ�DSSOLHV���

•� &RQWLQXRXV�GDWD��$�YDULDEOH�LV�FRQVLGHUHG�FRQWLQXRXV�
LI�LW�LV�QXPHULFDO�DQG�DULWKPHWLF�RSHUDWLRQV�FDQ�EH�
SHUIRUPHG�ZLWK�LW��([DPSOHV�DUH�LQFRPH�DQG�DJH��
1RWH�WKDW�D�QXPHULFDO�YDULDEOH�GRHV�QRW�QHFHVVDULO\�
KDYH�DQ�LQILQLWH�UDQJH��DV�LV�WKH�FDVH�IRU�DJH��:KHQ�
GHVLJQLQJ�PHWKRGV�WR�SURWHFW�FRQWLQXRXV�GDWD��RQH�
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KDV�WKH�DGYDQWDJH�WKDW�DULWKPHWLF�RSHUDWLRQV�DUH�
SRVVLEOH��DQG�WKH�GUDZEDFN�WKDW�HYHU\�FRPELQDWLRQ�
RI�QXPHULFDO�YDOXHV�LQ�WKH�RULJLQDO�GDWDVHW�LV�OLNHO\�WR�
EH�XQLTXH��ZKLFK�OHDGV�WR�GLVFORVXUH�LI�QR�DFWLRQ�LV�
WDNHQ���

•� &DWHJRULFDO�GDWD��$�YDULDEOH�LV�FRQVLGHUHG�FDWHJRULFDO�
ZKHQ�LW�WDNHV�YDOXHV�RYHU�D�ILQLWH�VHW�DQG�VWDQGDUG�
DULWKPHWLF�RSHUDWLRQV�GR�QRW�PDNH�VHQVH��2UGLQDO�
VFDOHV�DQG�QRPLQDO�VFDOHV�FDQ�EH�GLVWLQJXLVKHG�
DPRQJ�FDWHJRULFDO�YDULDEOHV��,Q�RUGLQDO�VFDOHV�WKH�
RUGHU�EHWZHHQ�YDOXHV�LV�UHOHYDQW��ZKHUHDV�LQ�QRPLQDO�
VFDOHV�LW�LV�QRW��,Q�WKH�IRUPHU�FDVH��PD[�DQG�PLQ�
RSHUDWLRQV�DUH�PHDQLQJIXO�ZKLOH�LQ�WKH�ODWWHU�FDVH�
RQO\�SDLUZLVH�FRPSDULVRQ�LV�SRVVLEOH��7KH�LQVWUXFWLRQ�
OHYHO�LV�DQ�H[DPSOH�RI�RUGLQDO�YDULDEOH��ZKHUHDV�H\H�
FRORXU�LV�DQ�H[DPSOH�RI�QRPLQDO�YDULDEOH��,Q�IDFW��DOO�
TXDVL�LGHQWLILHUV�LQ�D�PLFURGDWD�VHW�DUH�QRUPDOO\�
FDWHJRULFDO�QRPLQDO��:KHQ�GHVLJQLQJ�PHWKRGV�WR�
SURWHFW�FDWHJRULFDO�GDWD��WKH�LQDELOLW\�WR�SHUIRUP�
DULWKPHWLF�RSHUDWLRQV�LV�FHUWDLQO\�LQFRQYHQLHQW��EXW�
WKH�ILQLWHQHVV�RI�WKH�YDOXH�UDQJH�LV�RQH�SURSHUW\�WKDW�
FDQ�EH�VXFFHVVIXOO\�H[SORLWHG��

������3HUWXUEDWLYH�PDVNLQJ�

3HUWXUEDWLYH�VWDWLVWLFDO�GLVFORVXUH�FRQWURO��6'&��
PHWKRGV�DOORZ�IRU�WKH�UHOHDVH�RI�WKH�HQWLUH�PLFURGDWD�
VHW��DOWKRXJK�SHUWXUEHG�YDOXHV�UDWKHU�WKDQ�H[DFW�YDOXHV�
DUH�UHOHDVHG��1RW�DOO�SHUWXUEDWLYH�PHWKRGV�DUH�GHVLJQHG�
IRU�FRQWLQXRXV�GDWD��WKLV�GLVWLQFWLRQ�LV�DGGUHVVHG�
IXUWKHU�EHORZ�IRU�HDFK�PHWKRG���

0RVW�SHUWXUEDWLYH�PHWKRGV�UHYLHZHG�EHORZ��LQFOXGLQJ�
QRLVH�DGGLWLRQ��UDQN�VZDSSLQJ��PLFURDJJUHJDWLRQ�DQG�
SRVW�UDQGRPL]DWLRQ��DUH�VSHFLDO�FDVHV�RI�PDWUL[�
PDVNLQJ��,I�WKH�RULJLQDO�PLFURGDWD�VHW�LV�;��WKHQ�WKH�
PDVNHG�PLFURGDWD�VHW�=�LV�FRPSXWHG�DV��

�� � = $;%�&�

ZKHUH�$�LV�D�UHFRUG�WUDQVIRUPLQJ�PDVN��%�LV�D�YDULDEOH�
WUDQVIRUPLQJ�PDVN�DQG�&�LV�D�GLVSODFLQJ�PDVN�RU�QRLVH�
�'XQFDQ�DQG�3HDUVRQ���������

7DEOH�����OLVWV�WKH�SHUWXUEDWLYH�PHWKRGV�GHVFULEHG�
EHORZ��)RU�HDFK�PHWKRG��WKH�WDEOH�LQGLFDWHV�ZKHWKHU�LW�
LV�VXLWDEOH�IRU�FRQWLQXRXV�DQG�RU�FDWHJRULFDO�GDWD��

7DEOH������3HUWXUEDWLYH�PHWKRGV�YV��GDWD�W\SHV��´;µ�
GHQRWHV�DSSOLFDEOH�DQG�´�;�µ�GHQRWHV�DSSOLFDEOH�ZLWK�
VRPH�DGDSWDWLRQ��

�

0HWKRG� &RQWLQXRXV�GDWD� &DWHJRULFDO�GDWD�
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1RLVH�DGGLWLRQ� ;� �

0LFURDJJUHJDWLRQ� ;� �;��

5DQN�VZDSSLQJ� ;� ;�

5RXQGLQJ� ;� �

5HVDPSOLQJ� ;� �

35$0� � ;�

0$66&� � ;�

��������1RLVH�DGGLWLRQ�

7KH�PDLQ�QRLVH�DGGLWLRQ�DOJRULWKPV�LQ�WKH�OLWHUDWXUH�DUH���

•� 0DVNLQJ�E\�XQFRUUHODWHG�QRLVH�DGGLWLRQ��

•� 0DVNLQJ�E\�FRUUHODWHG�QRLVH�DGGLWLRQ��

•� 0DVNLQJ�E\�QRLVH�DGGLWLRQ�DQG�OLQHDU�WUDQVIRUPDWLRQ��

•� 0DVNLQJ�E\�QRLVH�DGGLWLRQ�DQG�QRQOLQHDU�
WUDQVIRUPDWLRQ��6XOOLYDQ����������

)RU�PRUH�GHWDLOV�RQ�VSHFLILF�DOJRULWKPV��WKH�UHDGHU�FDQ�
FKHFN�%UDQG���������

,Q�SUDFWLFH��RQO\�VLPSOH�QRLVH�DGGLWLRQ��WZR�ILUVW�YDULDQWV��RU�
QRLVH�DGGLWLRQ�ZLWK�OLQHDU�WUDQVIRUPDWLRQ�DUH�XVHG��:KHQ�
XVLQJ�OLQHDU�WUDQVIRUPDWLRQV��D�GHFLVLRQ�KDV�WR�EH�PDGH�
ZKHWKHU�WR�UHYHDO�WR�WKH�GDWD�XVHU�WKH�SDUDPHWHU�F�
GHWHUPLQLQJ�WKH�WUDQVIRUPDWLRQV�WR�DOORZ�IRU�ELDV�DGMXVWPHQW�
LQ�WKH�FDVH�RI�VXESRSXODWLRQV��

:LWK�WKH�H[FHSWLRQ�RI�WKH�QRW�YHU\�SUDFWLFDO�PHWKRG�RI�
6XOOLYDQ��������QRLVH�DGGLWLRQ�LV�QRW�VXLWDEOH�WR�SURWHFW�
FDWHJRULFDO�GDWD��2Q�WKH�RWKHU�KDQG��LW�LV�ZHOO�VXLWHG�IRU�
FRQWLQXRXV�GDWD�IRU�WKH�IROORZLQJ�UHDVRQV���

•� ,W�PDNHV�QR�DVVXPSWLRQV�RQ�WKH�UDQJH�RI�SRVVLEOH�YDOXHV�
IRU� L9 ��ZKLFK�PD\�EH�LQILQLWH����

•� 7KH�QRLVH�EHLQJ�DGGHG�LV�W\SLFDOO\�FRQWLQXRXV�DQG�ZLWK�
PHDQ�]HUR��ZKLFK�VXLWV�ZHOO�FRQWLQXRXV�RULJLQDO�GDWD���

•� 1R�H[DFW�PDWFKLQJ�LV�SRVVLEOH�ZLWK�H[WHUQDO�ILOHV��
'HSHQGLQJ�RQ�WKH�DPRXQW�RI�QRLVH�DGGHG��DSSUR[LPDWH�
�LQWHUYDO��PDWFKLQJ�PLJKW�EH�SRVVLEOH��0RUH�GHWDLOV�FDQ�EH�
IRXQG�LQ�6HFWLRQ�������EHORZ��

��������0XOWLSOLFDWLYH�1RLVH�

2QH�PDLQ�FKDOOHQJH�UHJDUGLQJ�DGGLWLYH�QRLVH�ZLWK�FRQVWDQW�
YDULDQFH�LV�WKDW�RQ�RQH�KDQG�VPDOO�YDOXHV�DUH�VWURQJO\�
SHUWXUEHG�DQG�RQ�WKH�RWKHU�ODUJH�YDOXHV�DUH�ZHDNO\�
SHUWXUEHG��)RU�LQVWDQFH��LQ�D�EXVLQHVV�PLFURGDWD�VHW�WKH�
ODUJH�HQWHUSULVHV����ZKLFK�DUH�PXFK�HDVLHU�WR�UH�LGHQWLI\�WKDQ�
WKH�VPDOOHU�RQHV����UHPDLQ�VWLOO�KLJK�DW�ULVN�DIWHU�QRLVH�
DGGLWLRQ��$�SRVVLEOH�ZD\�RXW�LV�JLYHQ�E\�WKH�PXOWLSOLFDWLYH�
QRLVH�DSSURDFK�H[SODLQHG�EHORZ��

�([SHUW�OHYHO�

�([SHUW�OHYHO�
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/HW� ; �EH�WKH�PDWUL[�RI�WKH�RULJLQDO�GDWD�DQG�: �WKH�PDWUL[�RI�
FRQWLQXRXV�SHUWXUEDWLRQ�YDULDEOHV�ZLWK�H[SHFWDWLRQ���DQG�

YDULDQFH� � �Zσ > ��7KH�FRUUHVSRQGLQJ�DQRQ\PLVHG�GDWD� D; �LV�
WKHQ�REWDLQHG�DV�

( ) �D
LM LMLM

; Z ;= ⋅ �

IRU�HDFK�SDLU� ( )�L M ��

7KH�IROORZLQJ�DSSURDFK�KDV�EHHQ�VXJJHVWHG�E\�+|KQH���������
,Q�D�ILUVW�VWHS��IRU�HDFK�UHFRUG�LW�LV�UDQGRPO\�GHFLGHG�ZKHWKHU�
LWV�YDOXHV�DUH�LQFUHDVHG�RU�GHFUHDVHG��HDFK�ZLWK�����
SUREDELOLW\��7KLV�LV�GRQH�XVLQJ�WKH�PDLQ�IDFWRUV�� I− �DQG�

� I+ ��,Q�RUGHU�WR�DYRLG�WKDW�DOO�YDOXHV�RI�VRPH�UHFRUG�DUH�
SHUWXUEHG�ZLWK�WKH�VDPH�QRLVH��WKHVH�PDLQ�IDFWRUV�DUH�
WKHPVHOYHV�SHUWXUEHG�ZLWK�VRPH�DGGLWLYH�QRLVH�

�
�
I

V V <  
ZKHUH ��7KH�IROORZLQJ�WUDQVIRUPDWLRQ�LV�QHHGHG�WR�

SUHVHUYH�WKH�ILUVW�DQG�VHFRQG�PRPHQWV�RI�WKH�GLVWULEXWLRQ��

( )�
5

D

D

D D;
L L ;;

;

[ [
σ µ µ
σ

= − + ��

ZKHUH� ;µ �DQG� D;
µ �GHILQH�WKH�DYHUDJH�RI�WKH�RULJLQDO�DQG�

DQRQ\PLVHG�YDULDEOHV�� ;σ �DQG� D;
σ �WKH�FRUUHVSRQGLQJ�

VWDQGDUG�GHYLDWLRQV��UHVSHFWLYHO\��

3DUWLFXODUO\�LI�WKH�RULJLQDO�GDWD�IROORZ�D�VWURQJO\�VNHZHG�
GLVWULEXWLRQ��WKH�GHYLDWLRQV�XVLQJ�WKLV�PHWKRG�PD\�VWURQJO\�
GHSHQG�RQ�WKH�FRQILJXUDWLRQ�RI�WKH�QRLVH�IDFWRUV�IRU�VRPH�IHZ��
EXW�ODUJH�YDOXHV��7KDW�LV��GHVSLWH�FRQVLVWHQF\��PHDQV�DQG�
VXPV�PLJKW�EH�XQVDWLVIDFWRULO\�UHSURGXFHG��)RU�WKLV�UHDVRQ��
�+|KQH��������VXJJHVWV�D�VOLJKW�PRGLILFDWLRQ�RI�WKH�PHWKRG��
$W�ILUVW��ZH�JHQHUDWH�QRUPDO�GLVWULEXWHG�UDQGRP�YDULDEOHV� L: �
ZLWK�H[SHFWDWLRQ�JUHDWHU�WKDQ�]HUR�DQG�
VPDOO
�YDULDQFH��V�W��
WKH�UHDOLVDWLRQ�RI� L: �\LHOGV�D�SRVLWLYH�YDOXH��$IWHUZDUGV��WKH�
GDWD�LV�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�E\�WKH�YDULDEOH�XQGHU�
FRQVLGHUDWLRQ��7KHQ��WKH�UHFRUG�ZLWK�WKH�ODUJHVW�HQWU\�LQ�WKLV�
YDULDEOH�LV�GLPLQLVKHG�E\��

( )� � ��D; : ;= − ��

7KH�UHFRUGV� � �� � Q; ; −� �DUH�QRZ�SHUWXUEHG�DV�IROORZV��

( )
�� �

� �

� � �� ��
L L

D D
L L L N N

N N

; : ; ; ;
−

= =

= − >∑ ∑LI �

( )
�� �

� �

� � �� ��
L L

D D
L L L N N

N N

; : ; ; ;
−

= =

= + ≤∑ ∑LI ��

+HQFH��PHDQV�DQG�VXPV�DUH�SUHVHUYHG�DQG�WKH�GLPLQLVKLQJ�
DQG�HQODUJLQJ�HIIHFWV�RI�VLQJOH�YDOXHV�FDQFHO�RXW�HDFK�RWKHU��
)RU�WKH�UHPDLQLQJ�UHFRUG� Q; �ZH�VHW�
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LQ�RUGHU�WR�SUHVHUYH�WKH�RYHUDOO�VXP��

��������0LFURDJJUHJDWLRQ�

0LFURDJJUHJDWLRQ�LV�D�IDPLO\�RI�6'&�WHFKQLTXHV�IRU�
FRQWLQXRXV�PLFURGDWD��7KH�UDWLRQDOH�EHKLQG�
PLFURDJJUHJDWLRQ�LV�WKDW�FRQILGHQWLDOLW\�UXOHV�LQ�XVH�DOORZ�
SXEOLFDWLRQ�RI�PLFURGDWD�VHWV�LI�UHFRUGV�FRUUHVSRQG�WR�JURXSV�
RI� N �RU�PRUH�LQGLYLGXDOV��ZKHUH�QR�LQGLYLGXDO�GRPLQDWHV��L�H��
FRQWULEXWHV�WRR�PXFK�WR��WKH�JURXS�DQG� N �LV�D�WKUHVKROG�
YDOXH��6WULFW�DSSOLFDWLRQ�RI�VXFK�FRQILGHQWLDOLW\�UXOHV�OHDGV�WR�
UHSODFLQJ�LQGLYLGXDO�YDOXHV�ZLWK�YDOXHV�FRPSXWHG�RQ�VPDOO�
DJJUHJDWHV��PLFURDJJUHJDWHV��SULRU�WR�SXEOLFDWLRQ��7KLV�LV�WKH�
EDVLF�SULQFLSOH�RI�PLFURDJJUHJDWLRQ��

7R�REWDLQ�PLFURDJJUHJDWHV�LQ�D�PLFURGDWD�VHW�ZLWK� Q �UHFRUGV��
WKHVH�DUH�FRPELQHG�WR�IRUP� J �JURXSV�RI�VL]H�DW�OHDVW� N ��)RU�
HDFK�YDULDEOH��WKH�DYHUDJH�YDOXH�RYHU�HDFK�JURXS�LV�FRPSXWHG�
DQG�LV�XVHG�WR�UHSODFH�HDFK�RI�WKH�RULJLQDO�DYHUDJHG�YDOXHV��
*URXSV�DUH�IRUPHG�XVLQJ�D�FULWHULRQ�RI�PD[LPDO�VLPLODULW\��
2QFH�WKH�SURFHGXUH�KDV�EHHQ�FRPSOHWHG��WKH�UHVXOWLQJ�
�PRGLILHG��UHFRUGV�FDQ�EH�SXEOLVKHG��

0LFURDJJUHJDWLRQ�H[LVWV�LQ�VHYHUDO�YDULDQWV���

•� )L[HG�YV��YDULDEOH�JURXS��'HID\V�DQG�1DQRSRXORV���������
�0DWHR�6DQ]�DQG�'RPLQJR�)HUUHU����������'RPLQJR�)HUUHU�
DQG�0DWHR�6DQ]����������6DQGH����������

•� ([DFW�RSWLPDO�YV��KHXULVWLF�PLFURDJJUHJDWLRQ��+DQVHQ�DQG�
0XNKHUMHH����������2JDQLDQ�DQG�'RPLQJR�)HUUHU���������

•� &DWHJRULFDO�PLFURDJJUHJDWLRQ��9��7RUUD���������

0RUH�GHWDLOV�RQ�WKH�PLFURDJJUHJDWLRQ�LPSOHPHQWHG�LQ�
�$5*86�DUH�JLYHQ�EHORZ���

��������'DWD�VZDSSLQJ�DQG�UDQN�VZDSSLQJ�

'DWD�VZDSSLQJ�ZDV�RULJLQDOO\�SUHVHQWHG�DV�DQ�6'&�PHWKRG�
IRU�GDWDEDVHV�FRQWDLQLQJ�RQO\�FDWHJRULFDO�YDULDEOHV��'DOHQLXV�
DQG�5HLVV���������7KH�EDVLF�LGHD�EHKLQG�WKH�PHWKRG�LV�WR�
WUDQVIRUP�D�GDWDEDVH�E\�H[FKDQJLQJ�YDOXHV�RI�FRQILGHQWLDO�
YDULDEOHV�DPRQJ�LQGLYLGXDO�UHFRUGV��5HFRUGV�DUH�H[FKDQJHG�
LQ�VXFK�D�ZD\�WKDW�ORZ�RUGHU�IUHTXHQF\�FRXQWV�RU�PDUJLQDOV�
DUH�PDLQWDLQHG��

(YHQ�WKRXJK�WKH�RULJLQDO�SURFHGXUH�ZDV�QRW�YHU\�XVHG�LQ�
SUDFWLFH��VHH�)LHQEHUJ�DQG�0F,QW\UH���������LWV�EDVLF�LGHD�KDG�
D�FOHDU�LQIOXHQFH�LQ�VXEVHTXHQW�PHWKRGV��,Q�5HLVV��3RVW�DQG�
'DOHQLXV��������DQG�5HLVV��������GDWD�VZDSSLQJ�ZDV�
LQWURGXFHG�WR�SURWHFW�FRQWLQXRXV�DQG�FDWHJRULFDO�PLFURGDWD��
UHVSHFWLYHO\��$QRWKHU�YDULDQW�RI�GDWD�VZDSSLQJ�IRU�PLFURGDWD�
LV�UDQN�VZDSSLQJ��$OWKRXJK�RULJLQDOO\�GHVFULEHG�RQO\�IRU�
RUGLQDO�YDULDEOHV��*UHHQEHUJ���������UDQN�VZDSSLQJ�FDQ�DOVR�
EH�XVHG�IRU�DQ\�QXPHULFDO�YDULDEOH��0RRUH���������)LUVW��
YDOXHV�RI�D�YDULDEOH� L; �DUH�UDQNHG�LQ�DVFHQGLQJ�RUGHU��WKHQ�
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�([SHUW�OHYHO�



0LFURGDWD�

�

� � � � � � � � � � � � � ���������

HDFK�UDQNHG�YDOXH�RI� L; �LV�VZDSSHG�ZLWK�DQRWKHU�UDQNHG�

YDOXH�UDQGRPO\�FKRVHQ�ZLWKLQ�D�UHVWULFWHG�UDQJH��H�J��WKH�
UDQN�RI�WZR�VZDSSHG�YDOXHV�FDQQRW�GLIIHU�E\�PRUH�WKDQ� �S �
RI�WKH�WRWDO�QXPEHU�RI�UHFRUGV��ZKHUH� S �LV�DQ�LQSXW�
SDUDPHWHU���7KLV�DOJRULWKP�LV�LQGHSHQGHQWO\�XVHG�RQ�HDFK�
RULJLQDO�YDULDEOH�LQ�WKH�RULJLQDO�GDWD�VHW���

,W�LV�UHDVRQDEOH�WR�H[SHFW�WKDW�PXOWLYDULDWH�VWDWLVWLFV�
FRPSXWHG�IURP�GDWD�VZDSSHG�ZLWK�WKLV�DOJRULWKP�ZLOO�EH�OHVV�
GLVWRUWHG�WKDQ�WKRVH�FRPSXWHG�DIWHU�DQ�XQFRQVWUDLQHG�VZDS��
,Q�HDUOLHU�HPSLULFDO�ZRUN�E\�WKHVH�DXWKRUV�RQ�FRQWLQXRXV�
PLFURGDWD�SURWHFWLRQ��'RPLQJR�)HUUHU�DQG�7RUUD���������UDQN�
VZDSSLQJ�KDV�EHHQ�LGHQWLILHG�DV�D�SDUWLFXODUO\�ZHOO�
SHUIRUPLQJ�PHWKRG�LQ�WHUPV�RI�WKH�WUDGHRII�EHWZHHQ�
GLVFORVXUH�ULVN�DQG�LQIRUPDWLRQ�ORVV��&RQVHTXHQWO\��LW�LV�RQH�
RI�WKH�WHFKQLTXHV�WKDW�KDYH�EHHQ�LPSOHPHQWHG�LQ�WKH�
�$5*86�SDFNDJH��+XQGHSRRO�HW�DO����������

([DPSOH��,Q�7DEOH������ZH�FDQ�VHH�DQ�RULJLQDO�PLFURGDWD�VHW�
RQ�WKH�OHIW�DQG�LWV�UDQNVZDSSHG�YHUVLRQ�RQ�WKH�ULJKW��7KHUH�
DUH�IRXU�YDULDEOHV�DQG�WHQ�UHFRUGV�LQ�WKH�RULJLQDO�GDWDVHW��WKH�
VHFRQG�YDULDEOH�LV�DOSKDQXPHULF��DQG�WKH�VWDQGDUG�
DOSKDEHWLF�RUGHU�KDV�EHHQ�XVHG�WR�UDQN�LW��$�YDOXH�RI�S ����
KDV�EHHQ�XVHG�IRU�DOO�YDULDEOHV���

7DEOH������([DPSOH�RI�UDQN�VZDSSLQJ��/HIW��RULJLQDO�ILOH��
ULJKW��UDQNVZDSSHG�ILOH��

�� .� ���� ���� �� +� ���� ����

�� /� ���� ���� �� /� ���� ����

�� 1� ���� ���� �� 0� ���� ����

�� 0� ���� ���� �� 1� ���� ����

�� /� ���� ���� �� /� ���� ����

�� +� ���� ���� �� )� ���� ����

�� +� ���� ����� �� .� ���� �����

�� )� ���� ����� �� +� ���� �����

�� '� ���� ���� �� &� ����� ����

��� &� ����� ���� ��� '� ���� ����

�������� 5RXQGLQJ�
5RXQGLQJ�PHWKRGV�UHSODFH�RULJLQDO�YDOXHV�RI�YDULDEOHV�ZLWK�
URXQGHG�YDOXHV��)RU�D�JLYHQ�YDULDEOH� L; ��URXQGHG�YDOXHV�DUH�

FKRVHQ�DPRQJ�D�VHW�RI�URXQGLQJ�SRLQWV�GHILQLQJ�D�URXQGLQJ�
VHW��,Q�D�PXOWLYDULDWH�RULJLQDO�GDWDVHW��URXQGLQJ�LV�XVXDOO\�
SHUIRUPHG�RQH�YDULDEOH�DW�D�WLPH��XQLYDULDWH�URXQGLQJ���
KRZHYHU��PXOWLYDULDWH�URXQGLQJ�LV�DOVR�SRVVLEOH��:LOOHQERUJ�
DQG�'H:DDO���������7KH�RSHUDWLQJ�SULQFLSOH�RI�URXQGLQJ�
PDNHV�LW�VXLWDEOH�IRU�FRQWLQXRXV�GDWD���

([DPSOH�$VVXPH�D�FRQWLQXRXV�YDULDEOH� ; ��7KHQ�ZH�KDYH�WR�

GHWHUPLQH�D�VHW�RI�URXQGLQJ�SRLQWV{ }USS ��� � ��2QH�

�([SHUW�OHYHO�



(661HW�KDQGERRN�6'&�

�������

�

SRVVLELOLW\�LV�WR�WDNH�URXQGLQJ�SRLQWV�DV�PXOWLSOHV�RI�D�EDVH�
YDOXH�E ��WKDW�LV�� LESL Â= �IRU� UL ����= ��7KH�VHW�RI�DWWUDFWLRQ�

IRU�HDFK�URXQGLQJ�SRLQW�SL�LV�GHILQHG�DV�WKH�LQWHUYDO�

[ ]����� ESES LL +− ��IRU� �=L WR� �−U ��IRU� �S �DQG� US ��

UHVSHFWLYHO\��WKH�VHWV�RI�DWWUDFWLRQ�DUH�[ ]���� � ES + �DQG�

[ ]PD[��� ;ESU − ��ZKHUH� PD[; �LV�WKH�ODUJHVW�SRVVLEOH�YDOXH�IRU�

YDULDEOH� ; ��1RZ�DQ�RULJLQDO�YDOXH� [ �RI� ; �LV�UHSODFHG�ZLWK�
WKH�URXQGLQJ�SRLQW�FRUUHVSRQGLQJ�WR�WKH�VHW�RI�DWWUDFWLRQ�
ZKHUH� [ �OLHV���

��������5HVDPSOLQJ�

2ULJLQDOO\�SURSRVHG�IRU�SURWHFWLQJ�WDEXODU�GDWD��+HHU���������
�'RPLQJR�)HUUHU�DQG�0DWHR�6DQ]���������UHVDPSOLQJ�FDQ�DOVR�
EH�XVHG�IRU�PLFURGDWD��7DNH� W �LQGHSHQGHQW�VDPSOHV� W66 ��� � �

RI�WKH�YDOXHV�RI�DQ�RULJLQDO�YDULDEOH� L; ��6RUW�DOO�VDPSOHV�

XVLQJ�WKH�VDPH�UDQNLQJ�FULWHULRQ��%XLOG�WKH�PDVNHG�YDULDEOH�

L= �DV� Q[[ ��� � ��ZKHUH�Q �LV�WKH�QXPEHU�RI�UHFRUGV�DQG� M[ �LV�

WKH�DYHUDJH�RI�WKH� M �WK�UDQNHG�YDOXHV�LQ� W66 ��� � ��

��������35$0�

7KH�3RVW�5$QGRPL]DWLRQ�0HWKRG�RU�35$0��*RXZHOHHXZ�HW�
DO���������LV�D�SUREDELOLVWLF��SHUWXUEDWLYH�PHWKRG�IRU�
GLVFORVXUH�SURWHFWLRQ�RI�FDWHJRULFDO�YDULDEOHV�LQ�PLFURGDWD�
ILOHV��,Q�WKH�PDVNHG�ILOH��WKH�VFRUHV�RQ�VRPH�FDWHJRULFDO�
YDULDEOHV�IRU�FHUWDLQ�UHFRUGV�LQ�WKH�RULJLQDO�ILOH�DUH�FKDQJHG�WR�
D�GLIIHUHQW�VFRUH�DFFRUGLQJ�WR�D�SUHVFULEHG�SUREDELOLW\�
PHFKDQLVP��QDPHO\�D�0DUNRY�PDWUL[��7KH�0DUNRY�DSSURDFK�
PDNHV�35$0�YHU\�JHQHUDO��EHFDXVH�LW�HQFRPSDVVHV�QRLVH�
DGGLWLRQ��GDWD�VXSSUHVVLRQ�DQG�GDWD�UHFRGLQJ��

35$0�LQIRUPDWLRQ�ORVV�DQG�GLVFORVXUH�ULVN�ODUJHO\�GHSHQG�RQ�
WKH�FKRLFH�RI�WKH�0DUNRY�PDWUL[�DQG�DUH�VWLOO��RSHQ��UHVHDUFK�
WRSLFV��'H:ROI�HW�DO����������

7KH�35$0�PDWUL[�FRQWDLQV�D�URZ�IRU�HDFK�SRVVLEOH�YDOXH�RI�
HDFK�YDULDEOH�WR�EH�SURWHFWHG��7KLV�UXOHV�RXW�XVLQJ�WKH�
PHWKRG�IRU�FRQWLQXRXV�GDWD��0RUH�GHWDLOV�RQ�35$0�FDQ�EH�
IRXQG�EHORZ��

��������0$66&�

0$66&��6LQJK��<X�DQG�'XQWHPDQ��������LV�D�PDVNLQJ�
PHWKRG�ZKRVH�DFURQ\P�VXPPDUL]HV�LWV�IRXU�VWHSV��0LFUR�
$JJORPHUDWLRQ��6XEVWLWXWLRQ��6XEVDPSOLQJ�DQG�&DOLEUDWLRQ��
:H�EULHIO\�UHFDOO�WKH�SXUSRVH�RI�WKRVH�IRXU�VWHSV���

���0LFUR�DJJORPHUDWLRQ�LV�DSSOLHG�WR�SDUWLWLRQ�WKH�RULJLQDO�
GDWDVHW�LQWR�ULVN�VWUDWD��JURXSV�RI�UHFRUGV�ZKLFK�DUH�DW�D�
VLPLODU�ULVN�RI�GLVFORVXUH���7KHVH�VWUDWD�DUH�IRUPHG�XVLQJ�
WKH�NH\�YDULDEOHV��L�H��WKH�TXDVL�LGHQWLILHUV�LQ�WKH�UHFRUGV��
7KH�LGHD�LV�WKDW�WKRVH�UHFRUGV�ZLWK�UDUHU�FRPELQDWLRQV�RI�
NH\�YDULDEOHV�DUH�DW�D�KLJKHU�ULVN���

���2SWLPDO�SUREDELOLVWLF�VXEVWLWXWLRQ�LV�WKHQ�XVHG�WR�SHUWXUE�
WKH�RULJLQDO�GDWD���L�H��VXEVWLWXWLRQ�LV�JRYHUQHG�E\�D�
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0DUNRY�PDWUL[�OLNH�LQ�35$0��VHH�>6LQJK��<X�DQG�
'XQWHPDQ������@�IRU�GHWDLOV���

���2SWLPDO�SUREDELOLVWLF�VXEVDPSOLQJ�LV�XVHG�WR�VXSSUHVV�
VRPH�YDULDEOHV�RU�HYHQ�HQWLUH�UHFRUGV��L�H��YDULDEOHV�DQG�RU�
UHFRUGV�DUH�VXSSUHVVHG�ZLWK�D�FHUWDLQ�SUREDELOLWLHV�VHW�DV�
SDUDPHWHUV����

���2SWLPDO�VDPSOLQJ�ZHLJKW�FDOLEUDWLRQ�LV�XVHG�WR�SUHVHUYH�
HVWLPDWHV�IRU�RXWFRPH�YDULDEOHV�LQ�WKH�WUHDWHG�GDWDEDVH�
ZKRVH�DFFXUDF\�LV�FULWLFDO�IRU�WKH�LQWHQGHG�GDWD�XVH���

0$66&�LQ�LQWHUHVWLQJ�LQ�WKDW��WR�WKH�EHVW�RI�RXU�NQRZOHGJH��LW�
LV�WKH�ILUVW�DWWHPSW�DW�GHVLJQLQJ�D�SHUWXUEDWLYH�PDVNLQJ�
PHWKRG�LQ�VXFK�D�ZD\�WKDW�GLVFORVXUH�ULVN�FDQ�EH�DQDO\WLFDOO\�
TXDQWLILHG��,WV�PDLQ�VKRUWFRPLQJ�LV�WKDW�LWV�GLVFORVXUH�PRGHO�
VLPSOLILHV�UHDOLW\�E\�FRQVLGHULQJ�RQO\�GLVFORVXUH�UHVXOWLQJ�
IURP�OLQNDJH�RI�NH\�YDULDEOHV�ZLWK�H[WHUQDO�VRXUFHV��6LQFH�NH\�
YDULDEOHV�DUH�W\SLFDOO\�FDWHJRULFDO��WKH�XQLTXHQHVV�DSSURDFK�
FDQ�EH�XVHG�WR�DQDO\]H�WKH�ULVN�RI�GLVFORVXUH��KRZHYHU��GRLQJ�
VR�LJQRUHV�WKH�IDFW�WKDW�FRQWLQXRXV�RXWFRPH�YDULDEOHV�FDQ�
DOVR�EH�XVHG�IRU�UHVSRQGHQW�UH�LGHQWLILFDWLRQ��$V�DQ�H[DPSOH��
LI�UHVSRQGHQWV�DUH�FRPSDQLHV�DQG�WXUQRYHU�LV�RQH�RXWFRPH�
YDULDEOH��HYHU\RQH�LQ�D�FHUWDLQ�LQGXVWULDO�VHFWRU�NQRZV�ZKLFK�
LV�WKH�FRPSDQ\�ZLWK�ODUJHVW�WXUQRYHU��7KXV��LQ�SUDFWLFH��
0$66&�LV�D�PHWKRG�RQO\�VXLWHG�ZKHQ�FRQWLQXRXV�YDULDEOHV�
DUH�QRW�SUHVHQW��

������1RQ�SHUWXUEDWLYH�PDVNLQJ�

1RQ�SHUWXUEDWLYH�PDVNLQJ�GRHV�QRW�UHO\�RQ�GLVWRUWLRQ�RI�WKH�RULJLQDO�GDWD�EXW�
RQ�SDUWLDO�VXSSUHVVLRQV�RU�UHGXFWLRQV�RI�GHWDLO��6RPH�RI�WKH�PHWKRGV�DUH�
XVDEOH�RQ�ERWK�FDWHJRULFDO�DQG�FRQWLQXRXV�GDWD��EXW�RWKHUV�DUH�QRW�VXLWDEOH�
IRU�FRQWLQXRXV�GDWD���

7DEOH�����OLVWV�WKH�QRQ�SHUWXUEDWLYH�PHWKRGV�GHVFULEHG�
EHORZ��)RU�HDFK�PHWKRG��WKH�WDEOH�LQGLFDWHV�ZKHWKHU�LW�
LV�VXLWDEOH�IRU�FRQWLQXRXV�DQG�RU�FDWHJRULFDO�GDWD��

�

7DEOH������1RQ�SHUWXUEDWLYH�PHWKRGV�YV��GDWD�W\SHV��

0HWKRG� &RQWLQXRXV�GDWD� &DWHJRULFDO�GDWD�

6DPSOLQJ� � ;�

*OREDO�UHFRGLQJ� ;� ;�

7RS�DQG�ERWWRP�
FRGLQJ�

;� ;�

/RFDO�
VXSSUHVVLRQ� � ;�

�

��������6DPSOLQJ�

,QVWHDG�RI�SXEOLVKLQJ�WKH�RULJLQDO�PLFURGDWD�ILOH��ZKDW�LV�
SXEOLVKHG�LV�D�VDPSOH� 6 �RI�WKH�RULJLQDO�VHW�RI�UHFRUGV���
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6DPSOLQJ�PHWKRGV�DUH�VXLWDEOH�IRU�FDWHJRULFDO�PLFURGDWD��EXW�
WKHLU�DGHTXDF\�IRU�FRQWLQXRXV�PLFURGDWD�LV�OHVV�FOHDU�LQ�D�
JHQHUDO�GLVFORVXUH�VFHQDULR��7KH�UHDVRQ�LV�WKDW�VXFK�PHWKRGV�
OHDYH�D�FRQWLQXRXV�YDULDEOH� L9 �XQSHUWXUEHG�IRU�DOO�UHFRUGV�LQ�

6 ��7KXV��LI�YDULDEOH� L9 �LV�SUHVHQW�LQ�DQ�H[WHUQDO�

DGPLQLVWUDWLYH�SXEOLF�ILOH��XQLTXH�PDWFKHV�ZLWK�WKH�SXEOLVKHG�
VDPSOH�DUH�YHU\�OLNHO\��LQGHHG��JLYHQ�D�FRQWLQXRXV�YDULDEOH� L9 �

DQG�WZR�UHVSRQGHQWV� �R �DQG� �R ��LW�LV�KLJKO\�XQOLNHO\�WKDW� L9 �

ZLOO�WDNH�WKH�VDPH�YDOXH�IRU�ERWK� �R �DQG� �R �XQOHVV� �� RR = �

�WKLV�LV�WUXH�HYHQ�LI� L9 �KDV�EHHQ�WUXQFDWHG�WR�UHSUHVHQW�LW�

GLJLWDOO\���

,I��IRU�D�FRQWLQXRXV�LGHQWLI\LQJ�YDULDEOH��WKH�VFRUH�RI�D�
UHVSRQGHQW�LV�RQO\�DSSUR[LPDWHO\�NQRZQ�E\�DQ�DWWDFNHU��DV�
DVVXPHG�LQ�:LOOHQERUJ�DQG�'H:DDO��������LW�PLJKW�VWLOO�PDNH�
VHQVH�WR�XVH�VDPSOLQJ�PHWKRGV�WR�SURWHFW�WKDW�YDULDEOH��
+RZHYHU��DVVXPSWLRQV�RQ�UHVWULFWHG�DWWDFNHU�UHVRXUFHV�DUH�
SHULORXV�DQG�PD\�SURYH�GHILQLWHO\�WRR�RSWLPLVWLF�LI�JRRG�
TXDOLW\�H[WHUQDO�DGPLQLVWUDWLYH�ILOHV�DUH�DW�KDQG��)RU�WKH�
SXUSRVH�RI�LOOXVWUDWLRQ��WKH�H[DPSOH��EHORZ�JLYHV�WKH�WHFKQLFDO�
VSHFLILFDWLRQV�RI�D�UHDO�ZRUOG�DSSOLFDWLRQ�RI�VDPSOLQJ��

([DPSOH��6WDWLVWLFV�&DWDORQLD�UHOHDVHG�LQ������D�VDPSOH�RI�
WKH������SRSXODWLRQ�FHQVXV�RI�&DWDORQLD��7KH�LQIRUPDWLRQ�
UHOHDVHG�FRUUHVSRQGV�WR����FDWHJRULFDO�YDULDEOHV��LQFOXGLQJ�
WKH�UHFRGHG�YHUVLRQV�RI�LQLWLDOO\�FRQWLQXRXV�YDULDEOHV���VRPH�
RI�WKH�YDULDEOHV�DUH�UHODWHG�WR�WKH�LQGLYLGXDO�SHUVRQ�DQG�VRPH�
WR�WKH�KRXVHKROG��7KH�WHFKQLFDO�VSHFLILFDWLRQV�RI�WKH�VDPSOH�
ZHUH�DV�IROORZV���

•� 6DPSOLQJ�DOJRULWKP��6LPSOH�UDQGRP�VDPSOLQJ���

•� 6DPSOLQJ�XQLW��,QGLYLGXDOV�LQ�WKH�SRSXODWLRQ�ZKRVH�
UHVLGHQFH�ZDV�LQ�&DWDORQLD�DV�RI�0DUFK�����������

•� 3RSXODWLRQ�VL]H����������LQKDELWDQWV��

•� 6DPSOH�VL]H���������LQGLYLGXDO�UHFRUGV��

•� 6DPSOLQJ�IUDFWLRQ����������

:LWK�WKH�DERYH�VDPSOLQJ�IUDFWLRQ��WKH�PD[LPXP�DEVROXWH�
HUURU�IRU�HVWLPDWLQJ�D�PD[LPXP�YDULDQFH�SURSRUWLRQ�LV�����
SHUFHQW��

��������*OREDO�UHFRGLQJ�

)RU�D�FDWHJRULFDO�YDULDEOH� L9 ��VHYHUDO�FDWHJRULHV�DUH�FRPELQHG�

WR�IRUP�QHZ��OHVV�VSHFLILF��FDWHJRULHV��WKXV�UHVXOWLQJ�LQ�D�QHZ�

L9 ′ �ZLWK� ( ) ( )LL 9'9' <′ �ZKHUH�_⋅_�LV�WKH�FDUGLQDOLW\�RSHUDWRU��

)RU�D�FRQWLQXRXV�YDULDEOH��JOREDO�UHFRGLQJ�PHDQV�UHSODFLQJ�

L9 �E\�DQRWKHU�YDULDEOH� L9 ′ �ZKLFK�LV�D�GLVFUHWL]HG�YHUVLRQ�RI�

L9 ��,Q�RWKHU�ZRUGV��D�SRWHQWLDOO\�LQILQLWH�UDQJH� ( )L9' �LV�

PDSSHG�RQWR�D�ILQLWH�UDQJH� ( )L9' ′ ��7KLV�LV�WKH�WHFKQLTXH�XVHG�
LQ�WKH� �$5*86�6'&�SDFNDJH��+XQGHSRRO�HW�DO���������
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7KLV�WHFKQLTXH�LV�PRUH�DSSURSULDWH�IRU�FDWHJRULFDO�PLFURGDWD��
ZKHUH�LW�KHOSV�GLVJXLVH�UHFRUGV�ZLWK�VWUDQJH�FRPELQDWLRQV�RI�
FDWHJRULFDO�YDULDEOHV��*OREDO�UHFRGLQJ�LV�XVHG�KHDYLO\�E\�
VWDWLVWLFDO�RIILFHV��

([DPSOH��,I�WKHUH�LV�D�UHFRUG�ZLWK�´0DULWDO�VWDWXV� �
:LGRZ�HUµ�DQG�´$JH� ���µ��JOREDO�UHFRGLQJ�FRXOG�EH�DSSOLHG�
WR�´0DULWDO�VWDWXVµ�WR�FUHDWH�D�EURDGHU�FDWHJRU\�´:LGRZ�HU�RU�
GLYRUFHGµ��VR�WKDW�WKH�SUREDELOLW\�RI�WKH�DERYH�UHFRUG�EHLQJ�
XQLTXH�ZRXOG�GLPLQLVK��*OREDO�UHFRGLQJ�FDQ�DOVR�EH�XVHG�RQ�
D�FRQWLQXRXV�YDULDEOH��EXW�WKH�LQKHUHQW�GLVFUHWL]DWLRQ�OHDGV�
YHU\�RIWHQ�WR�DQ�XQDIIRUGDEOH�ORVV�RI�LQIRUPDWLRQ��$OVR��
DULWKPHWLFDO�RSHUDWLRQV�WKDW�ZHUH�VWUDLJKWIRUZDUG�RQ�WKH�
RULJLQDO� L9 �DUH�QR�ORQJHU�HDV\�RU�LQWXLWLYH�RQ�WKH�GLVFUHWL]HG�

L9 ′ ��

([DPSOH��:H�FDQ�UHFRGH�WKH�YDULDEOH�¶2FFXSDWLRQ·��E\�
FRPELQLQJ�WKH�FDWHJRULHV�¶6WDWLVWLFLDQ·�DQG�¶0DWKHPDWLFLDQ·�
LQWR�D�VLQJOH�FDWHJRU\�¶6WDWLVWLFLDQ�RU�0DWKHPDWLFLDQ·��:KHQ�
WKH�QXPEHU�RI�IHPDOH�VWDWLVWLFLDQV�LQ�8UN��D�VPDOO�WRZQ��SOXV�
WKH�QXPEHU�RI�IHPDOH�PDWKHPDWLFLDQV�LQ�8UN�LV�VXIILFLHQWO\�
KLJK��WKHQ�WKH�FRPELQDWLRQ�¶3ODFH�RI�UHVLGHQFH� �8UN·��
¶*HQGHU� �)HPDOH·�DQG�¶2FFXSDWLRQ� �6WDWLVWLFLDQ�RU�
0DWKHPDWLFLDQ·�LV�FRQVLGHUHG�VDIH�IRU�UHOHDVH��1RWH�WKDW�
LQVWHDG�RI�UHFRGLQJ�¶2FFXSDWLRQ·�RQH�FRXOG�DOVR�UHFRGH�¶3ODFH�
RI�UHVLGHQFH·�IRU�LQVWDQFH���

,W�LV�LPSRUWDQW�WR�UHDOLVH�WKDW�JOREDO�UHFRGLQJ�LV�DSSOLHG�WR�WKH�
ZKROH�GDWD�VHW��QRW�RQO\�WR�WKH�XQVDIH�SDUW�RI�WKH�VHW��7KLV�LV�
GRQH�WR�REWDLQ�D�XQLIRUP�FDWHJRULVDWLRQ�RI�HDFK�YDULDEOH��
6XSSRVH��IRU�LQVWDQFH��WKDW�ZH�UHFRGH�WKH�¶2FFXSDWLRQ·�LQ�WKH�
DERYH�ZD\��6XSSRVH�IXUWKHUPRUH�WKDW�ERWK�WKH�FRPELQDWLRQV�
¶3ODFH�RI�UHVLGHQFH� �$PVWHUGDP·��¶*HQGHU� �)HPDOH·�DQG�
¶2FFXSDWLRQ� �6WDWLVWLFLDQ·��DQG�¶3ODFH�RI�UHVLGHQFH� �
$PVWHUGDP·��¶*HQGHU� �)HPDOH·�DQG�¶2FFXSDWLRQ� �
0DWKHPDWLFLDQ·�DUH�FRQVLGHUHG�VDIH��7R�REWDLQ�D�XQLIRUP�
FDWHJRULVDWLRQ�RI�¶2FFXSDWLRQ·�ZH�ZRXOG��KRZHYHU��QRW�SXEOLVK�
WKHVH�FRPELQDWLRQV��EXW�RQO\�WKH�FRPELQDWLRQ�¶3ODFH�RI�
UHVLGHQFH� �$PVWHUGDP·��¶*HQGHU� �)HPDOH·�DQG�¶2FFXSDWLRQ�
 �6WDWLVWLFLDQ�RU�0DWKHPDWLFLDQ·���

��������7RS�DQG�ERWWRP�FRGLQJ�

7RS�DQG�ERWWRP�FRGLQJ�LV�D�VSHFLDO�FDVH�RI�JOREDO�UHFRGLQJ�
ZKLFK�FDQ�EH�XVHG�RQ�YDULDEOHV�WKDW�FDQ�EH�UDQNHG��WKDW�LV��
FRQWLQXRXV�RU�FDWHJRULFDO�RUGLQDO��7KH�LGHD�LV�WKDW�WRS�YDOXHV�
�WKRVH�DERYH�D�FHUWDLQ�WKUHVKROG��DUH�OXPSHG�WRJHWKHU�WR�IRUP�
D�QHZ�FDWHJRU\��7KH�VDPH�LV�GRQH�IRU�ERWWRP�YDOXHV��WKRVH�
EHORZ�D�FHUWDLQ�WKUHVKROG���6HH�WKH� �$5*86�PDQXDO�
�+XQGHSRRO�HW�DO���������

��������/RFDO�VXSSUHVVLRQ�

&HUWDLQ�YDOXHV�RI�LQGLYLGXDO�YDULDEOHV�DUH�VXSSUHVVHG�ZLWK�WKH�
DLP�RI�LQFUHDVLQJ�WKH�VHW�RI�UHFRUGV�DJUHHLQJ�RQ�D�
FRPELQDWLRQ�RI�NH\�YDOXHV��:D\V�WR�FRPELQH�ORFDO�
VXSSUHVVLRQ�DQG�JOREDO�UHFRGLQJ�DUH�GLVFXVVHG�LQ��'H:DDO�
DQG�:LOOHQERUJ��������DQG�LPSOHPHQWHG�LQ�WKH� �$5*86�
6'&�SDFNDJH��+XQGHSRRO�HW�DO���������

�([SHUW�OHYHO�

�([SHUW�OHYHO�
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,I�D�FRQWLQXRXV�YDULDEOH� L9 �LV�SDUW�RI�D�VHW�RI�NH\�YDULDEOHV��

WKHQ�HDFK�FRPELQDWLRQ�RI�NH\�YDOXHV�LV�SUREDEO\�XQLTXH��
6LQFH�LW�GRHV�QRW�PDNH�VHQVH�WR�V\VWHPDWLFDOO\�VXSSUHVV�WKH�
YDOXHV�RI� L9 ��ZH�FRQFOXGH�WKDW�ORFDO�VXSSUHVVLRQ�LV�UDWKHU�

RULHQWHG�WR�FDWHJRULFDO�YDULDEOHV��

:KHQ�ORFDO�VXSSUHVVLRQ�LV�DSSOLHG��RQH�RU�PRUH�YDOXHV�LQ�DQ�
XQVDIH�FRPELQDWLRQ�DUH�VXSSUHVVHG��L�H��UHSODFHG�E\�D�
PLVVLQJ�YDOXH��)RU�LQVWDQFH��LQ�WKH�DERYH�H[DPSOH�ZH�FDQ�
SURWHFW�WKH�XQVDIH�FRPELQDWLRQ�¶3ODFH�RI�UHVLGHQFH� �8UN·��
¶*HQGHU� �)HPDOH·�DQG�¶2FFXSDWLRQ� �6WDWLVWLFLDQ·�E\�
VXSSUHVVLQJ�WKH�YDOXH�RI�¶2FFXSDWLRQ·��DVVXPLQJ�WKDW�WKH�
QXPEHU�RI�IHPDOHV�LQ�8UN�LV�VXIILFLHQWO\�KLJK��7KH�UHVXOWLQJ�
FRPELQDWLRQ�LV�WKHQ�JLYHQ�E\�¶3ODFH�RI�UHVLGHQFH� �8UN·��
¶*HQGHU� �)HPDOH·�DQG�¶2FFXSDWLRQ� �PLVVLQJ·��1RWH�WKDW�
LQVWHDG�RI�VXSSUHVVLQJ�WKH�YDOXH�RI�¶2FFXSDWLRQ·�RQH�FRXOG�
DOVR�VXSSUHVV�WKH�YDOXH�RI�DQRWKHU�YDULDEOH�RI�WKH�XQVDIH�
FRPELQDWLRQ��)RU�LQVWDQFH��ZKHQ�WKH�QXPEHU�RI�IHPDOH�
VWDWLVWLFLDQV�LQ�WKH�1HWKHUODQGV�LV�VXIILFLHQWO\�KLJK�WKHQ�RQH�
FRXOG�VXSSUHVV�WKH�YDOXH�RI�¶3ODFH�RI�UHVLGHQFH·�LQVWHDG�RI�WKH�
YDOXH�RI�¶2FFXSDWLRQ·�LQ�WKH�DERYH�H[DPSOH�WR�SURWHFW�WKH�
XQVDIH�FRPELQDWLRQ��$�ORFDO�VXSSUHVVLRQ�LV�RQO\�DSSOLHG�WR�D�
SDUWLFXODU�YDOXH��:KHQ��IRU�LQVWDQFH��WKH�YDOXH�RI�
¶2FFXSDWLRQ·�LV�VXSSUHVVHG�LQ�D�SDUWLFXODU�UHFRUG��WKHQ�WKLV�
GRHV�QRW�LPSO\�WKDW�WKH�YDOXH�RI�¶2FFXSDWLRQ·�KDV�WR�EH�
VXSSUHVVHG�LQ�DQRWKHU�UHFRUG��7KH�IUHHGRP�WKDW�RQH�KDV�LQ�
VHOHFWLQJ�WKH�YDOXHV�WKDW�DUH�WR�EH�VXSSUHVVHG�DOORZV�RQH�WR�
PLQLPLVH�WKH�QXPEHU�RI�ORFDO�VXSSUHVVLRQV���

�������� 5HIHUHQFHV�
%UDQG��5����������0LFURGDWD�SURWHFWLRQ�WKURXJK�QRLVH�DGGLWLRQ��

,Q�-��'RPLQJR�)HUUHU��HGLWRU��,QIHUHQFH�&RQWURO�LQ�
6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��SDJHV���²
�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

'DOHQLXV�7���DQG�5HLVV��6��3����������'DWD�VZDSSLQJ��D�
WHFKQLTXH�IRU�GLVFORVXUH�FRQWURO��H[WHQGHG�DEVWUDFW���,Q�
3URF��RI�WKH�$6$�6HFWLRQ�RQ�6XUYH\�5HVHDUFK�0HWKRGV��
SDJHV����²�����:DVKLQJWRQ�'&��������$PHULFDQ�
6WDWLVWLFDO�$VVRFLDWLRQ��

'HID\V��'���DQG�1DQRSRXORV��3����������3DQHOV�RI�HQWHUSULVHV�
DQG�FRQILGHQWLDOLW\��WKH�VPDOO�DJJUHJDWHV�PHWKRG��,Q�3URF��
RI����6\PSRVLXP�RQ�'HVLJQ�DQG�$QDO\VLV�RI�/RQJLWXGLQDO�
6XUYH\V��SDJHV����²�����2WWDZD��������6WDWLVWLFV�
&DQDGD��

'H:DDO��$��*���DQG�:LOOHQERUJ��/�&�5�-����������*OREDO�
UHFRGLQJV�DQG�ORFDO�VXSSUHVVLRQV�LQ�PLFURGDWD�VHWV��,Q�
3URFHHGLQJV�RI�6WDWLVWLFV�&DQDGD�6\PSRVLXP·����SDJHV�
���²�����2WWDZD��������6WDWLVWLFV�&DQDGD��

'H:DDO��$�*��DQG�:LOOHQERUJ��/��&��5��-����������,QIRUPDWLRQ�
ORVV�WKURXJK�JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ��
1HWKHUODQGV�2IILFLDO�6WDWLVWLFV�������²����������VSHFLDO�
LVVXH�RQ�6'&��

'H:ROI��3��3���*RXZHOHHXZ��-��0���.RRLPDQ��3���DQG�
:LOOHQERUJ��/�&�5�-����������5HIOHFWLRQV�RQ�35$0��,Q�
-��'RPLQJR�)HUUHU��HGLWRU��6WDWLVWLFDO�'DWD�3URWHFWLRQ��
SDJHV����²�����/X[HPEXUJ��������2IILFH�IRU�2IILFLDO�
3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��
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'RPLQJR�)HUUHU��-���DQG�0DWHR�6DQ]��-��0����������2Q�
UHVDPSOLQJ�IRU�VWDWLVWLFDO�FRQILGHQWLDOLW\�LQ�FRQWLQJHQF\�
WDEOHV��&RPSXWHUV�	�0DWKHPDWLFV�ZLWK�$SSOLFDWLRQV��
�����²����������

'RPLQJR�)HUUHU��-���DQG�0DWHR�6DQ]��-��0����������3UDFWLFDO�
GDWD�RULHQWHG�PLFURDJJUHJDWLRQ�IRU�VWDWLVWLFDO�GLVFORVXUH�
FRQWURO��,(((�7UDQVDFWLRQV�RQ�.QRZOHGJH�DQG�'DWD�
(QJLQHHULQJ�����������²�����������

'RPLQJR�)HUUHU��-���0DWHR�6DQ]��-��0���DQG�7RUUD��9����������
&RPSDULQJ�VGF�PHWKRGV�IRU�PLFURGDWD�RQ�WKH�EDVLV�RI�
LQIRUPDWLRQ�ORVV�DQG�GLVFORVXUH�ULVN��,Q�3UH�SURFHHGLQJV�RI�
(7.�1776·������YRO������SDJHV����²�����/X[HPEXUJ��
������(XURVWDW��

'RPLQJR�)HUUHU��-���DQG�7RUUD��9�����������'LVFORVXUH�
SURWHFWLRQ�PHWKRGV�DQG�LQIRUPDWLRQ�ORVV�IRU�PLFURGDWD��,Q�
3��'R\OH��-��,��/DQH��-��-��0��7KHHXZHV��DQG�/��=D\DW]��
HGLWRUV��&RQILGHQWLDOLW\��'LVFORVXUH�DQG�'DWD�$FFHVV��
7KHRU\�DQG�3UDFWLFDO�$SSOLFDWLRQV�IRU�6WDWLVWLFDO�
$JHQFLHV��SDJHV���²�����$PVWHUGDP��������1RUWK�
+ROODQG��
KWWS���YQHXPDQQ�HWVH�XUY�HV�SXEOLFDWLRQV�EFSL��

'XQFDQ��*��7���DQG�3HDUVRQ��5��:����������(QKDQFLQJ�DFFHVV�
WR�PLFURGDWD�ZKLOH�SURWHFWLQJ�FRQILGHQWLDOLW\��SURVSHFWV�IRU�
WKH�IXWXUH��6WDWLVWLFDO�6FLHQFH�������²�����������

)LHQEHUJ��6��(���DQG�0F,QW\UH��-����������'DWD�VZDSSLQJ��
YDULDWLRQV�RQ�D�WKHPH�E\�GDOHQLXV�DQG�UHLVV��,Q�
-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��3ULYDF\�LQ�
6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��SDJHV���²
����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

*RXZHOHHXZ��-��0���.RRLPDQ��3���:LOOHQERUJ��/��&��5��-���DQG�
'H:ROI��3��3����������3RVW�UDQGRPLVDWLRQ�IRU�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO��7KHRU\�DQG�LPSOHPHQWDWLRQ��5HVHDUFK�
SDSHU�QR��������9RRUEXUJ��6WDWLVWLFV�1HWKHUODQGV���

*UHHQEHUJ��%����������5DQN�VZDSSLQJ�IRU�RUGLQDO�GDWD��
:DVKLQJWRQ��'&��8��6��%XUHDX�RI�WKH�&HQVXV�
�XQSXEOLVKHG�PDQXVFULSW���

+DQVHQ��6��/���DQG�0XNKHUMHH��6����������$�SRO\QRPLDO�
DOJRULWKP�IRU�RSWLPDO�XQLYDULDWH�PLFURDJJUHJDWLRQ��,(((�
7UDQVDFWLRQV�RQ�.QRZOHGJH�DQG�'DWD�(QJLQHHULQJ��
����������²������������

+HHU��*��5����������$�ERRWVWUDS�SURFHGXUH�WR�SUHVHUYH�
VWDWLVWLFDO�FRQILGHQWLDOLW\�LQ�FRQWLQJHQF\�WDEOHV��,Q�
'��/LHYHVOH\��HGLWRU��3URF��RI�WKH�,QWHUQDWLRQDO�6HPLQDU�RQ�
6WDWLVWLFDO�&RQILGHQWLDOLW\��SDJHV����²�����/X[HPEXUJ��
������2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�
&RPPXQLWLHV��

+|KQH���������9DULDQWHQ�YRQ�=XIDOOV�EHUODJHUXQJ��*HUPDQ���
ZRUNLQJ�SDSHU�RI�WKH�SURMHFW�JURXS�
'H�IDFWR�
DQRQ\PLVDWLRQ�RI�EXVLQHVV�PLFURGDWD
��:LHVEDGHQ��

+XQGHSRRO��$���9DQ�GH�:HWHULQJ��$���5DPDVZDP\��5���
)UDQFRQL��/���&DSRELDQFKL��$���'H:ROI��3��3���'RPLQJR�
)HUUHU��-���7RUUD��9��DQG�*LHVVLQJ��6������������$5*86�
YHUVLRQ�����6RIWZDUH�DQG�8VHU·V�0DQXDO��6WDWLVWLFV�
1HWKHUODQGV��9RRUEXUJ�1/��PD\�������
KWWS���QHRQ�YE�FEV�QO�FDVF��

.RRLPDQ��3��/��:LOOHQERUJ��/��DQG�*RXZHOHHXZ��-��0����������
35$0��$�PHWKRG�IRU�GLVFORVXUH�OLPLWDWLRQ�RI�PLFURGDWD��
7HFKQLFDO�UHSRUW��6WDWLVWLFV�1HWKHUODQGV��9RRUEXUJ��1/���
������

http://neon.vb.cbs.nl/casc/deliv/MUmanual4.0.pdf
http://vneumann.etse.urv.es/publications/bcpi
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0DWHR�6DQ]��-��0���DQG�'RPLQJR�)HUUHU��-�����������$�PHWKRG�
IRU�GDWD�RULHQWHG�PXOWLYDULDWH�PLFURDJJUHJDWLRQ��,Q�
-��'RPLQJR�)HUUHU��HGLWRU��6WDWLVWLFDO�'DWD�3URWHFWLRQ��
SDJHV���²����/X[HPEXUJ��������2IILFH�IRU�2IILFLDO�
3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��

0RRUH��5����������&RQWUROOHG�GDWD�VZDSSLQJ�WHFKQLTXHV�IRU�
PDVNLQJ�SXEOLF�XVH�PLFURGDWD�VHWV��������8��6��%XUHDX�RI�
WKH�&HQVXV��:DVKLQJWRQ��'&���XQSXEOLVKHG�PDQXVFULSW���

2JDQLDQ��$���DQG�'RPLQJR�)HUUHU��-����������2Q�WKH�
FRPSOH[LW\�RI�RSWLPDO�PLFURDJJUHJDWLRQ�IRU�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO��6WDWLVWLFDO�-RXUQDO�RI�WKH�8QLWHG�
1DWLRQV�(FRQRPLF�&RPPLVVLRQV�IRU�(XURSH�����������²
�����������

5HLVV��6��3����������3UDFWLFDO�GDWD�VZDSSLQJ��WKH�ILUVW�VWHSV��
$&0�7UDQVDFWLRQV�RQ�'DWDEDVH�6\VWHPV������²����������

5HLVV��6��3���3RVW��0��-���DQG�'DOHQLXV��7����������1RQ�
UHYHUVLEOH�SULYDF\�WUDQVIRUPDWLRQV��,Q�3URFHHGLQJV�RI�WKH�
$&0�6\PSRVLXP�RQ�3ULQFLSOHV�RI�'DWDEDVH�6\VWHPV��
SDJHV����²�����/RV�$QJHOHV��&$��������$&0��

5HLWHU��-��3����������5HOHDVLQJ�PXOWLSO\�LPSXWHG��V\QWKHWLF�
SXEOLF�XVH�PLFURGDWD��$Q�LOOXVWUDWLRQ�DQG�HPSLULFDO�VWXG\��
-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$��
�������²�����������

6DQGH��*����������([DFW�DQG�DSSUR[LPDWH�PHWKRGV�IRU�GDWD�
GLUHFWHG�PLFURDJJUHJDWLRQ�LQ�RQH�RU�PRUH�GLPHQVLRQV��
,QWHUQDWLRQDO�-RXUQDO�RI�8QFHUWDLQW\��)X]]LQHVV�DQG�
.QRZOHGJH�%DVHG�6\VWHPV�����������²�����������

6LQJK��$��&��<X��)���DQG�'XQWHPDQ��*��+�����������0DVVF��$�
QHZ�GDWD�PDVN�IRU�OLPLWLQJ�VWDWLVWLFDO�LQIRUPDWLRQ�ORVV�DQG�
GLVFORVXUH��,Q�+��/LQGHQ��-��5LHFDQ��DQG�/��%HOVE\��
HGLWRUV��:RUN�6HVVLRQ�RQ�6WDWLVWLFDO�'DWD�&RQILGHQWLDOLW\�
������0RQRJUDSKV�LQ�2IILFLDO�6WDWLVWLFV��SDJHV����²�����
/X[HPEXUJ��������(XURVWDW��

6XOOLYDQ��*��5����������7KH�8VH�RI�$GGHG�(UURU�WR�$YRLG�
'LVFORVXUH�LQ�0LFURGDWD�5HOHDVHV��3K'�WKHVLV��,RZD�6WDWH�
8QLYHUVLW\��������

7RUUD��9����������0LFURDJJUHJDWLRQ�IRU�FDWHJRULFDO�YDULDEOHV��D�
PHGLDQ�EDVHG�DSSURDFK��,Q�-��'RPLQJR�)HUUHU�DQG�
9��7RUUD��HGLWRUV��3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��
YROXPH������RI�/1&6��SDJHV����²�����%HUOLQ�+HLGHOEHUJ��
������6SULQJHU��

:LOOHQERUJ��/��DQG�'H:DDO��7�����������6WDWLVWLFDO�'LVFORVXUH�
&RQWURO�LQ�3UDFWLFH��6SULQJHU�9HUODJ��1HZ�<RUN��������

:LOOHQERUJ��/���DQG�'H:DDO��7����������(OHPHQWV�RI�6WDWLVWLFDO�
'LVFORVXUH�&RQWURO��6SULQJHU�9HUODJ��1HZ�<RUN��������

:LQNOHU��:��(����������5H�LGHQWLILFDWLRQ�PHWKRGV�IRU�PDVNHG�
PLFURGDWD��,Q�-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��
3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

������1RLVH�DGGLWLRQ�

:H�VNHWFK�LQ�WKLV�6HFWLRQ�WKH�RSHUDWLRQ�RI�WKH�PDLQ�
QRLVH�DGGLWLRQ�DOJRULWKPV�LQ�WKH�OLWHUDWXUH�IRU�PLFURGDWD�
SURWHFWLRQ��)RU�PRUH�GHWDLOV�RQ�VSHFLILF�DOJRULWKPV��WKH�
UHDGHU�FDQ�FKHFN��%UDQG���������

�



0LFURGDWD�

�

� � � � � � � � � � � � � ���������

��������0DVNLQJ�E\�XQFRUUHODWHG�QRLVH�DGGLWLRQ�

0DVNLQJ�E\�DGGLWLYH�QRLVH�DVVXPHV�WKDW�WKH�YHFWRU�RI�
REVHUYDWLRQV� M[ �IRU�WKH�M�WK�YDULDEOH�RI�WKH�RULJLQDO�GDWDVHW�

M; �LV�UHSODFHG�E\�D�YHFWRU��

MMM [] ε+= �

ZKHUH� Mε �LV�D�YHFWRU�RI�QRUPDOO\�GLVWULEXWHG�HUURUV�GUDZQ�

IURP�D�UDQGRP�YDULDEOH� ( )���a MM 1 εσε ��VXFK�WKDW� ( )OM&RY εε � �

IRU�DOO� OW ≠ ��ZKLWH�QRLVH���

7KH�JHQHUDO�DVVXPSWLRQ�LQ�WKH�OLWHUDWXUH�LV�WKDW�WKH�YDULDQFHV�
RI�WKH� Mε �DUH�SURSRUWLRQDO�WR�WKRVH�RI�WKH�RULJLQDO�YDULDEOHV��

7KXV��LI� �
Mσ �LV�WKH�YDULDQFH�RI� M; ��WKHQ� �� � MM ασσ ε = ��

,Q�WKH�FDVH�RI�D�S�GLPHQVLRQDO�GDWDVHW��VLPSOH�DGGLWLYH�QRLVH�
PDVNLQJ�FDQ�EH�ZULWWHQ�LQ�PDWUL[�QRWDWLRQ�DV��

ε+= ;= �

ZKHUH� ( ) ( )εεµ ΣΣ ��a��a; �DQG��

� ( )��
�

�
� ���Â SGLDJ σσσαε �=Σ ��IRU� �>α �

7KLV�PHWKRG�SUHVHUYHV�PHDQV�DQG�FRYDULDQFHV��L�H���

�
( ) ( ) ( ) ( )

( ) ( ) OM;;&RY==&RY

;((;(=(

OMOM ≠∀=
==+=

��

µε
�

8QIRUWXQDWHO\��QHLWKHU�YDULDQFHV�QRU�FRUUHODWLRQ�FRHIILFLHQWV�
DUH�SUHVHUYHG���
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��������0DVNLQJ�E\�FRUUHODWHG�QRLVH�DGGLWLRQ�

&RUUHODWHG�QRLVH�DGGLWLRQ�DOVR�SUHVHUYHV�PHDQV�DQG�
DGGLWLRQDOO\�DOORZV�SUHVHUYDWLRQ�RI�FRUUHODWLRQ�FRHIILFLHQWV��
7KH�GLIIHUHQFH�ZLWK�WKH�SUHYLRXV�PHWKRG�LV�WKDW�WKH�
FRYDULDQFH�PDWUL[�RI�WKH�HUURUV�LV�QRZ�SURSRUWLRQDO�WR�WKH�
FRYDULDQFH�PDWUL[�RI�WKH�RULJLQDO�GDWD��L�H�� ( )Σ��aε ��ZKHUH�

Σ=Σ αε ��

:LWK�WKLV�PHWKRG��ZH�KDYH�WKDW�WKH�FRYDULDQFH�PDWUL[�RI�WKH�
PDVNHG�GDWD�LV��

�

� ( )Σ+=Σ+Σ=Σ αα �] �� � � � � � � � � ����������

3UHVHUYDWLRQ�RI�FRUUHODWLRQ�FRHIILFLHQWV�IROORZV��VLQFH��

�
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5HJDUGLQJ�YDULDQFHV�DQG�FRYDULDQFHV��ZH�FDQ�VHH�IURP�
(TXDWLRQ������������������WKDW�PDVNHG�GDWD�RQO\�SURYLGH�
ELDVHG�HVWLPDWHV�IRU�WKHP��+RZHYHU��LW�LV�VKRZQ�LQ�.LP�
�������WKDW�WKH�FRYDULDQFH�PDWUL[�RI�WKH�RULJLQDO�GDWD�FDQ�EH�
FRQVLVWHQWO\�HVWLPDWHG�IURP�WKH�PDVNHG�GDWD�DV�ORQJ�DV�α�LV�
NQRZQ��

$V�D�VXPPDU\��PDVNLQJ�E\�FRUUHODWHG�QRLVH�DGGLWLRQ�RXWSXWV�
PDVNHG�GDWD�ZLWK�KLJKHU�DQDO\WLFDO�YDOLGLW\�WKDQ�PDVNLQJ�E\�
XQFRUUHODWHG�QRLVH�DGGLWLRQ��&RQVLVWHQW�HVWLPDWRUV�IRU�VHYHUDO�
LPSRUWDQW�VWDWLVWLFV�FDQ�EH�REWDLQHG�DV�ORQJ�DV�α�LV�UHYHDOHG�
WR�WKH�GDWD�XVHU��+RZHYHU��VLPSOH�QRLVH�DGGLWLRQ�DV�GLVFXVVHG�
LQ�WKLV�VHFWLRQ�DQG�LQ�WKH�SUHYLRXV�RQH�LV�VHOGRP�XVHG�
EHFDXVH�RI�WKH�YHU\�ORZ�OHYHO�RI�SURWHFWLRQ�LW�
SURYLGHV��7HQGLFN����������7HQGLFN�DQG�0DWORII���������

��������0DVNLQJ�E\�QRLVH�DGGLWLRQ�DQG�OLQHDU�WUDQVIRUPDWLRQV�

,Q�.LP���������D�PHWKRG�LV�SURSRVHG�WKDW�HQVXUHV�E\�
DGGLWLRQDO�WUDQVIRUPDWLRQV�WKDW�WKH�VDPSOH�FRYDULDQFH�PDWUL[�
RI�WKH�PDVNHG�YDULDEOHV�LV�DQ�XQELDVHG�HVWLPDWRU�IRU�WKH�
FRYDULDQFH�PDWUL[�RI�WKH�RULJLQDO�YDULDEOHV��7KH�LGHD�LV�WR�XVH�
VLPSOH�DGGLWLYH�QRLVH�RQ�WKH�S�RULJLQDO�YDULDEOHV�WR�REWDLQ�
RYHUOD\HG�YDULDEOHV��

� MMM ;= ε+= ��IRU� SM ����= �

$V�LQ�WKH�SUHYLRXV�VHFWLRQ�RQ�FRUUHODWHG�PDVNLQJ��WKH�
FRYDULDQFHV�RI�WKH�HUURUV� Mε �DUH�WDNHQ�SURSRUWLRQDO�WR�WKRVH�

RI�WKH�RULJLQDO�YDULDEOHV��8VXDOO\��WKH�GLVWULEXWLRQ�RI�HUURUV�LV�
FKRVHQ�WR�EH�QRUPDO�RU�WKH�GLVWULEXWLRQ�RI�WKH�RULJLQDO�
YDULDEOHV��DOWKRXJK�LQ�5RTXH��������PL[WXUHV�RI�PXOWLYDULDWH�
QRUPDO�QRLVH�DUH�SURSRVHG��

,Q�D�VHFRQG�VWHS��HYHU\�RYHUOD\HG�YDULDEOH� M= �LV�WUDQVIRUPHG�

LQWR�D�PDVNHG�YDULDEOH� M* �DV��

� MMM GF=* += �

,Q�PDWUL[�QRWDWLRQ��WKLV�\LHOGV��

� ε+= ;= �

� ( ) ';F'F=* ++=+= ε �

ZKHUH� ( ) ( ) ( )ΣΣΣ �a���a��a µαεµ *1; �DQG�'�LV�D�PDWUL[�

ZKRVH�M�WK�FROXPQ�FRQWDLQV�WKH�VFDODU� MG �LQ�DOO�URZV��

3DUDPHWHUV�F�DQG� MG �DUH�GHWHUPLQHG�XQGHU�WKH�UHVWULFWLRQV�

WKDW� ( ) ( )MM ;(*( = �DQG� ( ) ( )MM ;9*9 = �IRU� SM ����= ��,Q�

IDFW��WKH�ILUVW�UHVWULFWLRQ�LPSOLHV�WKDW� ( ) ( )MM ;(FG −= � ��VR�

WKDW�WKH�OLQHDU�WUDQVIRUPDWLRQV�GHSHQG�RQ�D�VLQJOH�SDUDPHWHU�
F��

�([SHUW�OHYHO�
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'XH�WR�WKH�UHVWULFWLRQV�XVHG�WR�GHWHUPLQH�F��WKLV�PHWKRGV�
SUHVHUYHV�H[SHFWHG�YDOXHV�DQG�FRYDULDQFHV�RI�WKH�RULJLQDO�
YDULDEOHV�DQG�LV�TXLWH�JRRG�LQ�WHUPV�RI�DQDO\WLFDO�YDOLGLW\��
5HJDUGLQJ�DQDO\VLV�RI�UHJUHVVLRQ�HVWLPDWHV�LQ�
VXESRSXODWLRQV��LW�LV�VKRZQ�LQ�.LP��������WKDW��PDVNHG��
VDPSOH�PHDQV�DQG�FRYDULDQFHV�DUH�DV\PSWRWLFDOO\�ELDVHG�
HVWLPDWHV�RI�WKH�FRUUHVSRQGLQJ�VWDWLVWLFV�RQ�WKH�RULJLQDO�
VXESRSXODWLRQV��7KH�PDJQLWXGH�RI�WKH�ELDV�GHSHQGV�RQ�WKH�
SDUDPHWHU�F��VR�WKDW�HVWLPDWHV�FDQ�EH�DGMXVWHG�E\�WKH�GDWD�
XVHU�DV�ORQJ�DV�F�LV�UHYHDOHG�WR�KHU�³UHYHDOLQJ�F�WR�WKH�XVHU�
KDV�D�IXQGDPHQWDO�GLVDGYDQWDJH��WKRXJK��WKH�XVHU�FDQ�XQGR�
WKH�OLQHDU�WUDQVIRUPDWLRQ��VR�WKDW�WKLV�PHWKRG�EHFRPHV�
HTXLYDOHQW�WR�SODLQ�XQFRUUHODWHG�QRLVH�DGGLWLRQ��'RPLQJR�
)HUUHU��6HEp��DQG�&DVWHOOj��������

7KH�PRVW�SURPLQHQW�VKRUWFRPLQJV�RI�WKLV�PHWKRG�DUH�WKDW�LW�
GRHV�QRW�SUHVHUYH�WKH�XQLYDULDWH�GLVWULEXWLRQV�RI�WKH�RULJLQDO�
GDWD�DQG�WKDW�LW�FDQQRW�EH�DSSOLHG�WR�GLVFUHWH�YDULDEOHV�GXH�WR�
WKH�VWUXFWXUH�RI�WKH�WUDQVIRUPDWLRQV��

��������0DVNLQJ�E\�QRLVH�DGGLWLRQ�DQG�QRQOLQHDU�WUDQVIRUPDWLRQV�

$Q�DOJRULWKP�FRPELQLQJ�VLPSOH�DGGLWLYH�QRLVH�DQG�QRQOLQHDU�
WUDQVIRUPDWLRQ�LV�SURSRVHG�LQ�6XOOLYDQ���������7KH�
DGYDQWDJHV�RI�WKLV�SURSRVDO�DUH�WKDW�LW�FDQ�EH�DSSOLHG�WR�
GLVFUHWH�YDULDEOHV�DQG�WKDW�XQLYDULDWH�GLVWULEXWLRQV�DUH�
SUHVHUYHG��

7KH�PHWKRG�FRQVLVWV�RI�VHYHUDO�VWHSV���

���&DOFXODWH�WKH�HPSLULFDO�GLVWULEXWLRQ�IXQFWLRQ�IRU�HYHU\�
RULJLQDO�YDULDEOH���

��� 6PRRWK�WKH�HPSLULFDO�GLVWULEXWLRQ�IXQFWLRQ���

���&RQYHUW�WKH�VPRRWKHG�HPSLULFDO�GLVWULEXWLRQ�IXQFWLRQ�LQWR�
D�XQLIRUP�UDQGRP�YDULDEOH�DQG�WKLV�LQWR�D�VWDQGDUG�
QRUPDO�UDQGRP�YDULDEOH���

���$GG�QRLVH�WR�WKH�VWDQGDUG�QRUPDO�YDULDEOH���

���%DFN�WUDQVIRUP�WR�YDOXHV�RI�WKH�GLVWULEXWLRQ�IXQFWLRQ���

���%DFN�WUDQVIRUP�WR�WKH�RULJLQDO�VFDOH���

,Q�WKH�(XURSHDQ�SURMHFW�&$6&��,67��������������WKH�
SUDFWLFDOLW\�DQG�XVDELOLW\�RI�WKLV�DOJRULWKP�ZDV�DVVHVVHG��
8QIRUWXQDWHO\��WKH�LQWHUQDO�&$6&�UHSRUW�E\�%UDQG������E��
FRQFOXGHG�WKDW���
´$OO�LQ�DOO��WKH�UHVXOWV�LQGLFDWH�WKDW�DQ�DOJRULWKP�DV�FRPSOH[�DV�
WKH�RQH�SURSRVHG�E\�6XOOLYDQ�FDQ�RQO\�EH�DSSOLHG�E\�H[SHUWV��
(YHU\�DSSOLFDWLRQ�LV�YHU\�WLPH�FRQVXPLQJ�DQG�UHTXLUHV�H[SHUW�
NQRZOHGJH�RQ�WKH�GDWD�DQG�WKH�DOJRULWKP�µ��

��������6XPPDU\�RQ�QRLVH�DGGLWLRQ�

7KXV��LQ�SUDFWLFH��RQO\�VLPSOH�QRLVH�DGGLWLRQ�RU�QRLVH�DGGLWLRQ�
ZLWK�OLQHDU�WUDQVIRUPDWLRQ�DUH�XVHG��:KHQ�XVLQJ�OLQHDU�
WUDQVIRUPDWLRQV��D�GHFLVLRQ�KDV�WR�EH�PDGH�ZKHWKHU�WR�UHYHDO�
WR�WKH�GDWD�XVHU�WKH�SDUDPHWHU�F�GHWHUPLQLQJ�WKH�
WUDQVIRUPDWLRQV�WR�DOORZ�IRU�ELDV�DGMXVWPHQW�LQ�WKH�FDVH�RI�
VXESRSXODWLRQV��

�([SHUW�OHYHO�

�([SHUW�OHYHO�
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:LWK�WKH�H[FHSWLRQ�RI�WKH�QRW�YHU\�SUDFWLFDO�PHWKRG�
RI�6XOOLYDQ���������DGGLWLYH�QRLVH�LV�QRW�VXLWDEOH�WR�SURWHFW�
FDWHJRULFDO�GDWD��2Q�WKH�RWKHU�KDQG��LW�LV�ZHOO�VXLWHG�IRU�
FRQWLQXRXV�GDWD�IRU�WKH�IROORZLQJ�UHDVRQV���

•� ,W�PDNHV�QR�DVVXPSWLRQV�RQ�WKH�UDQJH�RI�SRVVLEOH�YDOXHV�
IRU� L9 ��ZKLFK�PD\�EH�LQILQLWH����

•� 7KH�QRLVH�EHLQJ�DGGHG�LV�W\SLFDOO\�FRQWLQXRXV�DQG�ZLWK�
PHDQ�]HUR��ZKLFK�VXLWV�ZHOO�FRQWLQXRXV�RULJLQDO�GDWD���

•� 1R�H[DFW�PDWFKLQJ�LV�SRVVLEOH�ZLWK�H[WHUQDO�ILOHV��
'HSHQGLQJ�RQ�WKH�DPRXQW�RI�QRLVH�DGGHG��DSSUR[LPDWH�
�LQWHUYDO��PDWFKLQJ�PLJKW�EH�SRVVLEOH���

�������� 5HIHUHQFHV�
%UDQG��5����������0LFURGDWD�SURWHFWLRQ�WKURXJK�QRLVH�DGGLWLRQ��

,Q�-��'RPLQJR�)HUUHU��HGLWRU��,QIHUHQFH�&RQWURO�LQ�
6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��SDJHV���²
�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

%UDQG��5�������E���7HVWV�RI�WKH�DSSOLFDELOLW\�RI�VXOOLYDQ·V�
DOJRULWKP�WR�V\QWKHWLF�GDWD�DQG�UHDO�EXVLQHVV�GDWD�LQ�
RIILFLDO�VWDWLVWLFV��(XURSHDQ�3URMHFW�,67������������
&$6&��'HOLYHUDEOH�����'���KWWS���QHRQ�YE�FEV�QO�FDVF��

'RPLQJR�)HUUHU��-���6HEp��)���DQG�&DVWHOOj��-����������2Q�WKH�
VHFXULW\�RI�QRLVH�DGGLWLRQ�IRU�SULYDF\�LQ�VWDWLVWLFDO�
GDWDEDVHV��,Q�-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��
3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

.LP��-��-����������$�PHWKRG�IRU�OLPLWLQJ�GLVFORVXUH�LQ�PLFURGDWD�
EDVHG�RQ�UDQGRP�QRLVH�DQG�WUDQVIRUPDWLRQ��,Q�
3URFHHGLQJV�RI�WKH�6HFWLRQ�RQ�6XUYH\�5HVHDUFK�0HWKRGV��
SDJHV����²�����$OH[DQGULD�9$��$PHULFDQ�6WDWLVWLFDO�
$VVRFLDWLRQ��

.LP��-��-����������6XESRSXODWLRQ�HVWLPDWLRQ�IRU�WKH�PDVNHG�
GDWD��,Q�3URFHHGLQJV�RI�WKH�$6$�6HFWLRQ�RQ�6XUYH\�
5HVHDUFK�0HWKRGV��SDJHV����²�����$OH[DQGULD�9$��������
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��

5RTXH��*��0�����������0DVNLQJ�0LFURGDWD�)LOHV�ZLWK�0L[WXUHV�
RI�0XOWLYDULDWH�1RUPDO�'LVWULEXWLRQV��3K'�WKHVLV��
8QLYHUVLW\�RI�&DOLIRUQLD�DW�5LYHUVLGH��������

6XOOLYDQ��*��5����������7KH�8VH�RI�$GGHG�(UURU�WR�$YRLG�
'LVFORVXUH�LQ�0LFURGDWD�5HOHDVHV��3K'�WKHVLV��,RZD�6WDWH�
8QLYHUVLW\��

7HQGLFN��3����������2SWLPDO�QRLVH�DGGLWLRQ�IRU�SUHVHUYLQJ�
FRQILGHQWLDOLW\�LQ�PXOWLYDULDWH�GDWD��-RXUQDO�RI�6WDWLVWLFDO�
3ODQQLQJ�DQG�,QIHUHQFH��������²�����������

7HQGLFN��3���DQG�0DWORII��1����������$�PRGLILHG�UDQGRP�
SHUWXUEDWLRQ�PHWKRG�IRU�GDWDEDVH�VHFXULW\��$&0�
7UDQVDFWLRQV�RQ�'DWDEDVH�6\VWHPV�������²����

�

������0LFURDJJUHJDWLRQ��IXUWKHU�GHWDLOV�

&RQVLGHU�D�PLFURGDWD�VHW�ZLWK� S �FRQWLQXRXV�YDULDEOHV�
DQG�Q �UHFRUGV��L�H��WKH�UHVXOW�RI�UHFRUGLQJ� S �YDULDEOHV�
RQ�Q �LQGLYLGXDOV���$�SDUWLFXODU�UHFRUG�FDQ�EH�YLHZHG�DV�

http://neon.vb.cbs.nl/casc/deliv/11d1.pdf
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DQ�LQVWDQFH�RI� ( )S;;; ��� �=′ ��ZKHUH�WKH� L; �DUH�WKH�

YDULDEOHV��:LWK�WKHVH�LQGLYLGXDOV�� J �JURXSV�DUH�IRUPHG�

ZLWK� LQ �LQGLYLGXDOV�LQ�WKH�L�WK�JURXS�� NQL ≥ �DQG�

∑ =
= J

L LQQ
�

���'HQRWH�E\� LM[ �WKH� M �WK�UHFRUG�LQ�WKH�L�WK�

JURXS��GHQRWH�E\� L[ �WKH�DYHUDJH�UHFRUG�RYHU�WKH� L �WK�
JURXS��DQG�E\� [ �WKH�DYHUDJH�UHFRUG�RYHU�WKH�ZKROH�VHW�
RI�Q �LQGLYLGXDOV���

7KH�RSWLPDO� N �SDUWLWLRQ��IURP�WKH�LQIRUPDWLRQ�ORVV�SRLQW�
RI�YLHZ��LV�GHILQHG�WR�EH�WKH�RQH�WKDW�PD[LPL]HV�ZLWKLQ�
JURXS�KRPRJHQHLW\��WKH�KLJKHU�WKH�ZLWKLQ�JURXS�
KRPRJHQHLW\��WKH�ORZHU�WKH�LQIRUPDWLRQ�ORVV��VLQFH�
PLFURDJJUHJDWLRQ�UHSODFHV�YDOXHV�LQ�D�JURXS�E\�WKH�
JURXS�FHQWURLG��7KH�VXP�RI�VTXDUHV�FULWHULRQ�LV�
FRPPRQ�WR�PHDVXUH�KRPRJHQHLW\�LQ�FOXVWHULQJ��7KH�
ZLWKLQ�JURXSV�VXP�RI�VTXDUHV�66(�LV�GHILQHG�DV��
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7KH�ORZHU�66(��WKH�KLJKHU�WKH�ZLWKLQ�JURXS�
KRPRJHQHLW\��7KH�WRWDO�VXP�RI�VTXDUHV�LV��
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,Q�WHUPV�RI�VXPV�RI�VTXDUHV��WKH�RSWLPDO� N �SDUWLWLRQ�LV�
WKH�RQH�WKDW�PLQLPL]HV�66(���

)RU�D�PLFURGDWD�VHW�FRQVLVWLQJ�RI� S �YDULDEOHV��WKHVH�FDQ�
EH�PLFURDJJUHJDWHG�WRJHWKHU�RU�SDUWLWLRQHG�LQWR�VHYHUDO�
JURXSV�RI�YDULDEOHV��$OVR�WKH�ZD\�WR�IRUP�JURXSV�PD\�
YDU\��:H�QH[W�UHYLHZ�WKH�PDLQ�SURSRVDOV�LQ�WKH�
OLWHUDWXUH��

�

([DPSOH��7KLV�H[DPSOH�LOOXVWUDWHV�WKH�XVH�RI�
PLFURDJJUHJDWLRQ�IRU�6'&�DQG��PRUH�VSHFLILFDOO\��IRU� N �
DQRQ\PL]DWLRQ��6DPDUDWL�DQG�/��6ZHHQH\���������
�6DPDUDWL����������6ZHHQH\����������'RPLQJR�)HUUHU�
DQG�7RUUD���������$� N �DQRQ\PRXV�GDWDVHW�DOORZV�QR�UH�
LGHQWLILFDWLRQ�RI�D�UHVSRQGHQW�ZLWKLQ�D�JURXS�RI�DW�OHDVW�
N UHVSRQGHQWV��:H�VKRZ�LQ�7DEOH�����D�GDWDVHW�JLYLQJ��
IRU����VPDOO�RU�PHGLXP�HQWHUSULVHV��60(V��LQ�D�FHUWDLQ�
WRZQ��WKH�FRPSDQ\�QDPH��WKH�VXUIDFH�LQ�VTXDUH�PHWHUV�
RI�WKH�FRPSDQ\·V�SUHPLVHV��LWV�QXPEHU�RI�HPSOR\HHV��LWV�
WXUQRYHU�DQG�LWV�QHW�SURILW��&OHDUO\��WKH�FRPSDQ\�QDPH�
LV�DQ�LGHQWLILHU��:H�ZLOO�FRQVLGHU�WKDW�WXUQRYHU�DQG�QHW�
SURILW�DUH�FRQILGHQWLDO�RXWFRPH�YDULDEOHV��$�ILUVW�6'&�
PHDVXUH�LV�WR�VXSSUHVV�WKH�LGHQWLILHU�´&RPSDQ\�QDPHµ�
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ZKHQ�UHOHDVLQJ�WKH�GDWDVHW�IRU�SXEOLF�XVH��+RZHYHU��
QRWH�WKDW�WKH�VXUIDFH�RI�WKH�FRPSDQ\·V�SUHPLVHV�DQG�LWV�
QXPEHU�RI�HPSOR\HHV�FDQ�EH�XVHG�E\�D�VQRRSHU�DV�NH\�
YDULDEOHV��,QGHHG��LW�LV�HDV\�IRU�DQ\ERG\�WR�JDXJH�WR�D�
VXIILFLHQW�DFFXUDF\�WKH�VXUIDFH�DQG�QXPEHU�RI�
HPSOR\HHV�RI�D�WDUJHW�60(��7KHUHIRUH��LI�WKH�RQO\�
SULYDF\�PHDVXUH�WDNHQ�ZKHQ�UHOHDVLQJ�WKH�GDWDVHW�LQ�
7DEOH�����LV�WR�VXSSUHVV�WKH�FRPSDQ\�QDPH��D�VQRRSHU�
NQRZLQJ�WKDW�FRPSDQ\�.	.�6DUO�KDV�DERXW�D�GR]HQ�

HPSOR\HHV�FUDPPHG�LQ�D�VPDOO�IODW�RI�DERXW����P��ZLOO�
VWLOO�EH�DEOH�WR�XVH�WKH�UHOHDVHG�GDWD�WR�OLQN�FRPSDQ\�
.	.�6DUO�ZLWK�WXUQRYHU��������(XURV�DQG�QHW�SURILW�
�������(XURV��7DEOH�����LV�D���DQRQ\PRXV�YHUVLRQ�RI�
WKH�GDWDVHW�LQ�7DEOH������7KH�LGHQWLILHU�´&RPSDQ\�
QDPHµ�ZDV�VXSSUHVVHG�DQG�RSWLPDO�ELYDULDWH�
PLFURDJJUHJDWLRQ�ZLWK� �=N �ZDV�XVHG�RQ�WKH�NH\�
YDULDEOHV�´6XUIDFHµ�DQG�´1R��HPSOR\HHVµ��LQ�JHQHUDO��LI�
WKHUH�DUH� S �NH\�YDULDEOHV��PXOWLYDULDWH�
PLFURDJJUHJDWLRQ�ZLWK�GLPHQVLRQ� S �VKRXOG�EH�XVHG�WR�
PDVN�DOO�RI�WKHP���%RWK�YDULDEOHV�ZHUH�VWDQGDUGL]HG�WR�
KDYH�PHDQ���DQG�YDULDQFH���EHIRUH�PLFURDJJUHJDWLRQ��LQ�
RUGHU�WR�JLYH�WKHP�HTXDO�ZHLJKW��UHJDUGOHVV�RI�WKHLU�
VFDOH��'XH�WR�WKH�VPDOO�VL]H�RI�WKH�GDWDVHW��LW�ZDV�
IHDVLEOH�WR�FRPSXWH�RSWLPDO�PLFURDJJUHJDWLRQ�E\�
H[KDXVWLYH�VHDUFK��7KH�LQIRUPDWLRQ�RU�YDULDELOLW\�ORVV�
LQFXUUHG�IRU�WKRVH�WZR�YDULDEOHV�LQ�VWDQGDUGL]HG�IRUP�
FDQ�EH�PHDVXUHG�E\�WKH�ZLWKLQ�JURXSV�VXP�RI�VTXDUHV�
66(RSW �������'LYLGLQJ�E\�WKH�WRWDO�VXP�RI�VTXDUHV�

667 ���³VXP�RI�VTXDUHG�(XFOLGHDQ�GLVWDQFHV�IURP�DOO�
���SDLUV�RI�VWDQGDUGL]HG��VXUIDFH��QXPEHU�RI�HPSOR\HHV��
WR�WKHLU�DYHUDJH³�\LHOGHG�D�YDULDELOLW\�ORVV�PHDVXUH�
66(RSW�667 �����ERXQGHG�EHWZHHQ���DQG����

,W�FDQ�EH�VHHQ�WKDW�WKH����UHFRUGV�ZHUH�PLFURDJJUHJDWHG�
LQWR�WKUHH�JURXSV��RQH�JURXS�ZLWK�WKH��VW���QG���UG�DQG�
��WK�UHFRUGV��FRPSDQLHV�ZLWK�ODUJH�VXUIDFH�DQG�PDQ\�
HPSOR\HHV���D�VHFRQG�JURXS�ZLWK�WKH��WK���WK�DQG��WK�
UHFRUGV��FRPSDQLHV�ZLWK�ODUJH�VXUIDFH�DQG�IHZ�
HPSOR\HHV��DQG�D�WKLUG�JURXS�ZLWK�WKH��WK���WK���WK�DQG�
��WK�UHFRUGV��FRPSDQLHV�ZLWK�D�VPDOO�VXUIDFH���8SRQ�
VHHLQJ�
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7DEOH������D�VQRRSHU�NQRZLQJ�WKDW�FRPSDQ\�.	.�6DUO�
FUDPV�D�GR]HQ�HPSOR\HHV�LQ�D�VPDOO�IODW�KHVLWDWHV�
EHWZHHQ�WKH�IRXU�UHFRUGV�LQ�WKH�WKLUG�JURXS��7KHUHIRUH��
VLQFH�WXUQRYHU�DQG�QHW�SURILW�DUH�GLIIHUHQW�IRU�DOO�UHFRUGV�
LQ�WKH�WKLUG�JURXS��WKH�VQRRSHU�FDQQRW�EH�VXUH�DERXW�WKHLU�
YDOXHV�IRU�.	.�6DUO���

 

7DEOH������([DPSOH��60(�GDWDVHW��´&RPSDQ\�QDPHµ�LV�
DQ�LGHQWLILHU�WR�EH�VXSSUHVVHG�EHIRUH�SXEOLVKLQJ�WKH�
GDWDVHW��

�

&RPSDQ\�
QDPH�

6XUIDFH�
�P���

1R��
HPSOR\HHV�

7XUQRYHU��(XURV�� 1HW�SURILW��(XURV��

$	$�/WG� ���� ��� �������� �������

%	%�6S$� ���� ��� �������� �������

&	&�,QF� ���� ��� �������� �������

'	'�%9� ���� ��� ������� �������

(	(�6/� ���� �� ������� ������

)	)�
*PE+� ���� ��� ������� ������

*	*�$*� ���� ��� �������� �������

+	+�6$� ���� ��� �������� �������

,	,�//&� ���� �� ������� ������

-	-�&R� ���� ��� �������� ��������

.	.�6DUO� ��� ��� ������� �������
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7DEOH������([DPSOH����DQRQ\PRXV�YHUVLRQ�RI�WKH�60(�
GDWDVHW�DIWHU�RSWLPDO�PLFURDJJUHJDWLRQ�RI�NH\�YDULDEOHV�

�

6XUIDFH�
�P���

1R��
HPSOR\HHV�

7XUQRYHU�
�(XURV��

1HW�SURILW�
�(XURV��

������ ��� �������� �������

������ ��� �������� �������

������ ��� �������� �������

������� �� ������� �������

������� �� ������� ������

������ ��� ������� ������

������ ��� �������� �������

������ ��� �������� �������

������� �� ������� ������

������ ��� �������� ��������

������ ��� ������� �������

��������)L[HG�YV��YDULDEOH�JURXS�VL]H��

&ODVVLFDO�PLFURDJJUHJDWLRQ�DOJRULWKPV��'HID\V�DQG�
1DQRSRXORV��������UHTXLUHG�WKDW�DOO�JURXSV�H[FHSW�SHUKDSV�
RQH�EH�RI�VL]H�N��DOORZLQJ�JURXSV�WR�EH�RI�VL]H� N≥ GHSHQGLQJ�
RQ�WKH�VWUXFWXUH�RI�GDWD�ZDV�WHUPHG�GDWD�RULHQWHG�
PLFURDJJUHJDWLRQ��0DWHR�6DQ]�DQG�'RPLQJR�)HUUHU���������
�'RPLQJR�)HUUHU�DQG�0DWHR�6DQ]���������)LJXUH�����
LOOXVWUDWHV�WKH�DGYDQWDJHV�RI�YDULDEOH�VL]HG�JURXSV��,I�
FODVVLFDO�IL[HG�VL]H�PLFURDJJUHJDWLRQ�ZLWK� �=N �LV�XVHG��ZH�
REWDLQ�D�SDUWLWLRQ�RI�WKH�GDWD�LQWR�WKUHH�JURXSV��ZKLFK�ORRNV�
UDWKHU�XQQDWXUDO�IRU�WKH�GDWD�GLVWULEXWLRQ�JLYHQ��2Q�WKH�RWKHU�
KDQG��LI�YDULDEOH�VL]HG�JURXSV�DUH�DOORZHG�WKHQ�WKH�ILYH�GDWD�
RQ�WKH�OHIW�FDQ�EH�NHSW�LQ�D�VLQJOH�JURXS�DQG�WKH�IRXU�GDWD�RQ�
WKH�ULJKW�LQ�DQRWKHU�JURXS��VXFK�D�YDULDEOH�VL]H�JURXSLQJ�
\LHOGV�PRUH�KRPRJHQHRXV�JURXSV��ZKLFK�LPSOLHV�ORZHU�
LQIRUPDWLRQ�ORVV��

+RZHYHU��H[FHSW�IRU�VSHFLILF�FDVHV�VXFK�DV�WKH�RQH�GHSLFWHG�LQ�
)LJXUH������WKH�VPDOO�JDLQ�LQ�ZLWKLQ�JURXS�KRPRJHQHLW\�
REWDLQHG�ZLWK�YDULDEOH�VL]HG�JURXSV�KDUGO\�MXVWLILHV�WKH�
KLJKHU�FRPSXWDWLRQDO�RYHUKHDG�RI�WKLV�RSWLRQ�ZLWK�UHVSHFW�WR�
IL[HG�VL]HG�JURXSV��7KLV�LV�SDUWLFXODUO\�HYLGHQW�IRU�
PXOWLYDULDWH�GDWD��DV�QRWHG�E\�6DQGH���������

�

�([SHUW�OHYHO�
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)LJXUH������9DULDEOH�VL]HG�JURXSV�YHUVXV�IL[HG�VL]HG�JURXSV�

��������([DFW�RSWLPDO�YV��KHXULVWLF�PLFURDJJUHJDWLRQ�

)RU� �=S ��L�H��D�XQLYDULDWH�GDWDVHW�RU�D�PXOWLYDULDWH�GDWDVHW�
ZKHUH�YDULDEOHV�DUH�PLFURDJJUHJDWHG�RQH�DW�D�WLPH��DQ�H[DFW�
SRO\QRPLDO�VKRUWHVW�SDWK�DOJRULWKP�H[LVWV�WR�ILQG�WKH� N �
SDUWLWLRQ�WKDW�RSWLPDOO\�VROYHV�WKH�PLFURDJJUHJDWLRQ�
SUREOHP��+DQVHQ�DQG�0XNKHUMHH���������6HH�LWV�GHVFULSWLRQ�
EHORZ��

)RU� �>S ��ILQGLQJ�DQ�H[DFW�RSWLPDO�VROXWLRQ�WR�WKH�
PLFURDJJUHJDWLRQ�SUREOHP��L�H��ILQGLQJ�D�JURXSLQJ�ZKHUH�
JURXSV�KDYH�PD[LPDO�KRPRJHQHLW\�DQG�VL]H�DW�OHDVW� N ��KDV�
EHHQ�VKRZQ�WR�EH�13�KDUG��2JDQLDQ�DQG�'RPLQJR�)HUUHU��
��������

8QIRUWXQDWHO\��WKH�XQLYDULDWH�RSWLPDO�DOJRULWKP�E\�+DQVHQ�
DQG�0XNKHUMHH��������LV�QRW�YHU\�XVHIXO�LQ�SUDFWLFH�DQG�WKLV�
IRU�WZR�UHDVRQV��L��PLFURGDWD�VHWV�DUH�QRUPDOO\�PXOWLYDULDWH�
DQG�XVLQJ�XQLYDULDWH�PLFURDJJUHJDWLRQ�WR�PLFURDJJUHJDWH�
WKHP�RQH�YDULDEOH�DW�D�WLPH�LV�QRW�JRRG�LQ�WHUPV�RI�GLVFORVXUH�
ULVN��VHH�'RPLQJR�)HUUHU�HW�DO����������LL��DOWKRXJK�
SRO\QRPLDO�WLPH��WKH�RSWLPDO�DOJRULWKP�LV�TXLWH�VORZ�ZKHQ�
WKH�QXPEHU�RI�UHFRUGV�LV�ODUJH��

7KXV��SUDFWLFDO�PHWKRGV�LQ�WKH�OLWHUDWXUH�DUH�KHXULVWLF���

•� 8QLYDULDWH�PHWKRGV�GHDO�ZLWK�PXOWLYDULDWH�GDWDVHWV�E\�
PLFURDJJUHJDWLQJ�RQH�YDULDEOH�DW�D�WLPH��L�H��YDULDEOHV�DUH�
VHTXHQWLDOO\�DQG�LQGHSHQGHQWO\�PLFURDJJUHJDWHG��7KHVH�
KHXULVWLFV�DUH�NQRZQ�DV�LQGLYLGXDO�UDQNLQJ��'HID\V�DQG�
1DQRSRXORV���������:KLOH�WKH\�DUH�IDVW�DQG�FDXVH�OLWWOH�
LQIRUPDWLRQ�ORVV��WKHVH�XQLYDULDWH�KHXULVWLFV�KDYH�WKH�
VDPH�SUREOHP�RI�KLJK�GLVFORVXUH�ULVN�DV�XQLYDULDWH�RSWLPDO�
PLFURDJJUHJDWLRQ���

•� 0XOWLYDULDWH�PHWKRGV�HLWKHU�UDQN�PXOWLYDULDWH�GDWD�E\�
SURMHFWLQJ�WKHP�RQWR�D�VLQJOH�D[LV��H�J��XVLQJ�WKH�ILUVW�
SULQFLSDO�FRPSRQHQW�RU�WKH�VXP�RI�]�VFRUHV��'HID\V�DQG�
1DQRSRXORV��������RU�GLUHFWO\�GHDO�ZLWK�XQSURMHFWHG�
GDWD��0DWHR�6DQ]�DQG�'RPLQJR�)HUUHU����������'RPLQJR�
)HUUHU�DQG�0DWHR�6DQ]���������:KHQ�ZRUNLQJ�RQ�
XQSURMHFWHG�GDWD��ZH�FDQ�PLFURDJJUHJDWH�DOO�YDULDEOHV�RI�
WKH�GDWDVHW�DW�D�WLPH��RU�LQGHSHQGHQWO\�PLFURDJJUHJDWH�

�([SHUW�OHYHO�



(661HW�KDQGERRN�6'&�

�������

�

JURXSV�RI�WZR�YDULDEOHV�DW�D�WLPH��WKUHH�YDULDEOHV�DW�D�WLPH��
HWF��,Q�DQ\�FDVH��LW�LV�SUHIHUDEOH�WKDW�YDULDEOHV�ZLWKLQ�D�
JURXS�ZKLFK�LV�PLFURDJJUHJDWHG�DW�D�WLPH�EH�
FRUUHODWHG��:�(��:LQNOHU��������LQ�RUGHU�WR�NHHS�DV�PXFK�
DV�SRVVLEOH�WKH�DQDO\WLF�SURSHUWLHV�RI�WKH�ILOH���

:H�QH[W�GHVFULEH�WKH�WZR�PLFURDJJUHJDWLRQ�DOJRULWKPV�
LPSOHPHQWHG�LQ� �$5*86��

��������+DQVHQ�0XNKHUMHH·V�RSWLPDO�XQLYDULDWH�PLFURDJJUHJDWLRQ�

,Q�+DQVHQ�DQG�0XNKHUMHH��������D�SRO\QRPLDO�WLPH�
DOJRULWKP�ZDV�SURSRVHG�IRU�XQLYDULDWH�RSWLPDO�
PLFURDJJUHJDWLRQ��$XWKRUV�IRUPXODWH�WKH�PLFURDJJUHJDWLRQ�
SUREOHP�DV�D�VKRUWHVW�SDWK�SUREOHP�RQ�D�JUDSK��7KH\�ILUVW�
FRQVWUXFW�WKH�JUDSK�DQG�WKHQ�VKRZ�WKDW�WKH�RSWLPDO�
PLFURDJJUHJDWLRQ�FRUUHVSRQGV�WR�WKH�VKRUWHVW�SDWK�LQ�WKLV�
JUDSK��(DFK�DUF�RI�WKH�JUDSK�FRUUHVSRQGV�WR�D�SRVVLEOH�JURXS�
WKDW�PD\�EH�SDUW�RI�DQ�RSWLPDO�SDUWLWLRQ��7KH�DUF�ODEHO�LV�WKH�
66(�WKDW�ZRXOG�UHVXOW�LI�WKDW�JURXS�ZHUH�WR�EH�LQFOXGHG�LQ�WKH�
SDUWLWLRQ��:H�QH[W�GHWDLO�WKH�JUDSK�FRQVWUXFWLRQ��

/HW� { }QYY9 ��� �= �EH�D�YHFWRU�FRQVLVWLQJ�RI� Q UHDO�QXPEHUV�

VRUWHG�LQWR�DVFHQGLQJ�RUGHU��VR�WKDW� �Y �LV�WKH�VPDOOHVW�YDOXH�

DQG� QY �WKH�ODUJHVW�YDOXH��/HW� N �EH�DQ�LQWHJHU�JURXS�VL]H�VXFK�

WKDW� QN <≤� ��1RZ��D�JUDSK� NQ* � �LV�FRQVWUXFWHG�DV�IROORZV���

��� )RU�HDFK�YDOXH� LY �LQ�9��FUHDWH�D�QRGH�ZLWK�ODEHO� L ��&UHDWH�
DOVR�DQ�DGGLWLRQDO�QRGH�ZLWK�ODEHO�����

��� )RU�HDFK�SDLU�RI�JUDSK�QRGHV� ( )ML� �VXFK�WKDW�

NLMN �� +<≤+ ��FUHDWH�D�GLUHFWHG�DUF� ( )ML� IURP�QRGH� L �WR�
QRGH� M ���

���0DS�HDFK�DUF� ( )ML� �WR�WKH�JURXS�RI�YDOXHV�

( ) { }MKLYML& K ≤<= �� ��/HW�WKH�OHQJWK� ( )ML/ � �RI�WKH�DUF�EH�

WKH�ZLWKLQ�JURXS�VXP�RI�VTXDUHV�IRU� ( )ML& � ��WKDW�LV���

� ( ) ( )( )
�

�
�� ∑

+=

−=
M

LK
MLK YYML/ �

ZKHUH� ( ) ∑ +=−
= M

LK KML Y
LM

Y
��

�
��

,W�LV�SURYHQ�LQ�+DQVHQ�DQG�0XNKHUMHH��������WKDW�WKH�RSWLPDO�
N �SDUWLWLRQ�IRU�9�LV�IRXQG�E\�WDNLQJ�DV�JURXSV�WKH� ( )ML& � �
FRUUHVSRQGLQJ�WR�WKH�DUFV�LQ�WKH�VKRUWHVW�SDWK�EHWZHHQ�QRGHV�
��DQG� Q ��)RU�PLQLPDO�JURXS�VL]H� N DQG�D�GDWDVHW�RI� Q �UHDO�
QXPEHUV�VRUWHG�LQ�DVFHQGLQJ�RUGHU��WKH�FRPSOH[LW\�RI�WKLV�

RSWLPDO�XQLYDULDWH�PLFURDJJUHJDWLRQ�LV� ( )QN2 � ��WKDW�LV��OLQHDU�
LQ�WKH�VL]H�RI�WKH�GDWDVHW���

��������7KH�0'$9�KHXULVWLF�IRU�PXOWLYDULDWH�PLFURDJJUHJDWLRQ�

7KH�PXOWLYDULDWH�PLFURDJJUHJDWLRQ�KHXULVWLF�LPSOHPHQWHG�LQ�

�([SHUW�OHYHO�

�([SHUW�OHYHO�
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�$5*86�LV�FDOOHG�0'$9��0D[LPXP�'LVWDQFH�WR�$YHUDJH�
9HFWRU���0'$9�SHUIRUPV�PXOWLYDULDWH�IL[HG�JURXS�VL]H�
PLFURDJJUHJDWLRQ�RQ�XQSURMHFWHG�GDWD��0'$9�LV�DOVR�
GHVFULEHG�LQ�'RPLQJR�)HUUHU�DQG�7RUUD���������

0'$9�$OJRULWKP��

��� �&RPSXWH�WKH�DYHUDJH�UHFRUG� [ �RI�DOO�UHFRUGV�LQ�WKH�
GDWDVHW��&RQVLGHU�WKH�PRVW�GLVWDQW�UHFRUG� U[ �WR�WKH�

DYHUDJH�UHFRUG� [ ��XVLQJ�WKH�VTXDUHG�(XFOLGHDQ�GLVWDQFH����

��� )LQG�WKH�PRVW�GLVWDQW�UHFRUG� V[ �IURP�WKH�UHFRUG� U[ �

FRQVLGHUHG�LQ�WKH�SUHYLRXV�VWHS���

��� �)RUP�WZR�JURXSV�DURXQG� U[ �DQG� V[ ��UHVSHFWLYHO\��2QH�

JURXS�FRQWDLQV� U[ �DQG�WKH� �−N �UHFRUGV�FORVHVW�WR� U[ ��7KH�

RWKHU�JURXS�FRQWDLQV� V[ �DQG�WKH� �−N UHFRUGV�FORVHVW�WR�

V[ ���

��� ,I�WKHUH�DUH�DW�OHDVW��N�UHFRUGV�ZKLFK�GR�QRW�EHORQJ�WR�DQ\�
RI�WKH�WZR�JURXSV�IRUPHG�LQ�6WHS����JR�WR�6WHS����WDNLQJ�DV�
QHZ�GDWDVHW�WKH�SUHYLRXV�GDWDVHW�PLQXV�WKH�JURXSV�IRUPHG�
LQ�WKH�ODVW�LQVWDQFH�RI�6WHS�����

��� ,I�WKHUH�DUH�EHWZHHQ� �� −N DQG� N� �UHFRUGV�ZKLFK�GR�QRW�
EHORQJ�WR�DQ\�RI�WKH�WZR�JURXSV�IRUPHG�LQ�6WHS����D��
FRPSXWH�WKH�DYHUDJH�UHFRUG� [ �RI�WKH�UHPDLQLQJ�UHFRUGV���

E��ILQG�WKH�PRVW�GLVWDQW�UHFRUG� U[ �IURP� [ ���

F��IRUP�D�JURXS�FRQWDLQLQJ� U[ �DQG�WKH�N���UHFRUGV�FORVHVW�

WR� U[ ���
G��IRUP�DQRWKHU�JURXS�FRQWDLQLQJ�WKH�UHVW�RI�UHFRUGV��([LW�
WKH�$OJRULWKP���

��� ,I�WKHUH�DUH�OHVV�WKDQ� N� �UHFRUGV�ZKLFK�GR�QRW�EHORQJ�WR�
WKH�JURXSV�IRUPHG�LQ�6WHS����IRUP�D�QHZ�JURXS�ZLWK�WKRVH�
UHFRUGV�DQG�H[LW�WKH�$OJRULWKP���

7KH�DERYH�DOJRULWKP�FDQ�EH�DSSOLHG�LQGHSHQGHQWO\�WR�HDFK�
JURXS�RI�YDULDEOHV�UHVXOWLQJ�IURP�SDUWLWLRQLQJ�WKH�VHW�RI�
YDULDEOHV�LQ�WKH�GDWDVHW��

��������&DWHJRULFDO�PLFURDJJUHJDWLRQ�

5HFHQWO\��7RUUD���������PLFURDJJUHJDWLRQ�KDV�EHHQ�H[WHQGHG�
WR�FDWHJRULFDO�GDWD��6XFK�DQ�H[WHQVLRQ�LV�EDVHG�RQ�H[LVWLQJ�
GHILQLWLRQV�IRU�DJJUHJDWLRQ�DQG�FOXVWHULQJ��WKH�WZR�EDVLF�
RSHUDWLRQV�UHTXLUHG�LQ�PLFURDJJUHJDWLRQ��6SHFLILFDOO\��WKH�
PHGLDQ�LV�XVHG�IRU�DJJUHJDWLQJ�RUGLQDO�GDWD�DQG�WKH�SOXUDOLW\�
UXOH��YRWLQJ��IRU�DJJUHJDWLQJ�QRPLQDO�GDWD��&OXVWHULQJ�RI�
FDWHJRULFDO�GDWD�LV�EDVHG�RQ�WKH� N �PRGHV�DOJRULWKP��ZKLFK�LV�
D�SDUWLWLYH�FOXVWHULQJ�PHWKRG�VLPLODU�WR�F�PHDQV��
�

�������� 5HIHUHQFHV�
'HID\V��'���DQG�1DQRSRXORV��3����������3DQHOV�RI�HQWHUSULVHV�

DQG�FRQILGHQWLDOLW\��WKH�VPDOO�DJJUHJDWHV�PHWKRG��,Q�3URF��
RI����6\PSRVLXP�RQ�'HVLJQ�DQG�$QDO\VLV�RI�/RQJLWXGLQDO�

�([SHUW�OHYHO�
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6XUYH\V��SDJHV����²�����2WWDZD��������6WDWLVWLFV�
&DQDGD��

'RPLQJR�)HUUHU��-���DQG�0DWHR�6DQ]��-��0����������3UDFWLFDO�
GDWD�RULHQWHG�PLFURDJJUHJDWLRQ�IRU�VWDWLVWLFDO�GLVFORVXUH�
FRQWURO��,(((�7UDQVDFWLRQV�RQ�.QRZOHGJH�DQG�'DWD�
(QJLQHHULQJ�����������²�����������

'RPLQJR�)HUUHU��-���0DWHR�6DQ]��-��0���2JDQLDQ��$���DQG�
7RUUHV������������2Q�WKH�VHFXULW\�RI�PLFURDJJUHJDWLRQ�
ZLWK�LQGLYLGXDO�UDQNLQJ��DQDO\WLFDO�DWWDFNV��,QWHUQDWLRQDO�
-RXUQDO�RI�8QFHUWDLQW\��)X]]LQHVV�DQG�.QRZOHGJH�%DVHG�
6\VWHPV�����������²�����������

'RPLQJR�)HUUHU��-���DQG�7RUUD��9����������2UGLQDO��FRQWLQXRXV�
DQG�KHWHURJHQHURXV�N�DQRQ\PLW\�WKURXJK�
PLFURDJJUHJDWLRQ��'DWD�0LQLQJ�DQG�.QRZOHGJH�'LVFRYHU\��
���������²�����������

+DQVHQ��6��/��DQG�0XNKHUMHH��6����������$�SRO\QRPLDO�
DOJRULWKP�IRU�RSWLPDO�XQLYDULDWH�PLFURDJJUHJDWLRQ��,(((�
7UDQVDFWLRQV�RQ�.QRZOHGJH�DQG�'DWD�(QJLQHHULQJ��
����������²������������

+XQGHSRRO��$���9DQ�GH�:HWHULQJ��$���5DPDVZDP\��5���
)UDQFRQL��/���&DSRELDQFKL��$���'H:ROI��3��3���'RPLQJR�
)HUUHU��-���7RUUD��9���DQG�*LHVVLQJ��6���������� �$5*86�
YHUVLRQ�����6RIWZDUH�DQG�8VHU·V�0DQXDO��6WDWLVWLFV�
1HWKHUODQGV��9RRUEXUJ�1/��0D\�������
KWWS���QHRQ�YE�FEV�QO�FDVF��

0DWHR�6DQ]��-��0��DQG�'RPLQJR�)HUUHU��-����������$�PHWKRG�
IRU�GDWD�RULHQWHG�PXOWLYDULDWH�PLFURDJJUHJDWLRQ��,Q�
-��'RPLQJR�)HUUHU��HGLWRU��6WDWLVWLFDO�'DWD�3URWHFWLRQ��
SDJHV���²����/X[HPEXUJ��������2IILFH�IRU�2IILFLDO�
3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��

2JDQLDQ��$���DQG�'RPLQJR�)HUUHU��-����������2Q�WKH�
FRPSOH[LW\�RI�RSWLPDO�PLFURDJJUHJDWLRQ�IRU�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO��6WDWLVWLFDO�-RXUQDO�RI�WKH�8QLWHG�
1DWLRQV�(FRQRPLF�&RPLVVLRQ�IRU�(XURSH�����������²�����
������

6DPDUDWL��3����������3URWHFWLQJ�UHVSRQGHQWV·�LGHQWLWLHV�LQ�
PLFURGDWD�UHOHDVH��,(((�7UDQVDFWLRQV�RQ�.QRZOHGJH�DQG�
'DWD�(QJLQHHULQJ������������²������������

6DPDUDWL��3���DQG�6ZHHQH\��/����������3URWHFWLQJ�SULYDF\�ZKHQ�
GLVFORVLQJ�LQIRUPDWLRQ��N�DQRQ\PLW\�DQG�LWV�HQIRUFHPHQW�
WKURXJK�JHQHUDOL]DWLRQ�DQG�VXSSUHVVLRQ��7HFKQLFDO�UHSRUW��
65,�,QWHUQDWLRQDO��������

6DQGH��*����������([DFW�DQG�DSSUR[LPDWH�PHWKRGV�IRU�GDWD�
GLUHFWHG�PLFURDJJUHJDWLRQ�LQ�RQH�RU�PRUH�GLPHQVLRQV��
,QWHUQDWLRQDO�-RXUQDO�RI�8QFHUWDLQW\��)X]]LQHVV�DQG�
.QRZOHGJH�%DVHG�6\VWHPV�����������²�����������

6ZHHQH\��/����������N�DQRQLPLW\��$�PRGHO�IRU�SURWHFWLQJ�
SULYDF\��,QWHUQDWLRQDO�-RXUQDO�RI�8QFHUWDLQW\��)X]]LQHVV�
DQG�.QRZOHGJH�%DVHG�6\VWHPV�����������²�����������

7RUUD��9����������0LFURDJJUHJDWLRQ�IRU�FDWHJRULFDO�YDULDEOHV��D�
PHGLDQ�EDVHG�DSSURDFK��,Q�-��'RPLQJR�)HUUHU�DQG�
9��7RUUD��HGLWRUV��3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��
YROXPH������RI�/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

:LQNOHU��:��(����������0DVNLQJ�DQG�UH�LGHQWLILFDWLRQ�PHWKRGV�
IRU�SXEOLF�XVH�PLFURGDWD��RYHUYLHZ�DQG�UHVHDUFK�SUREOHPV��
,Q�-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��3ULYDF\�LQ�
6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/HFWXUH�1RWHV�LQ�

http://neon.vb.cbs.nl/casc/deliv/MUmanual4.0.pdf
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&RPSXWHU�6FLHQFH��SDJHV����²�����%HUOLQ�+HLGHOEHUJ��
������6SULQJHU��

������35$0�

35$0�LV�D�GLVFORVXUH�FRQWURO�WHFKQLTXH�WKDW�FDQ�EH�
DSSOLHG�WR�FDWHJRULFDO�GDWD��%DVLFDOO\��LW�LV�D�IRUP�RI�
LQWHQGHG�PLVFODVVLILFDWLRQ��XVLQJ�D�NQRZQ�DQG�
SUHGHWHUPLQHG�SUREDELOLW\�PHFKDQLVP��$SSO\LQJ�35$0�
PHDQV�WKDW�IRU�HDFK�UHFRUG�LQ�D�PLFURGDWD�ILOH��WKH�VFRUH�
RQ�RQH�RU�PRUH�FDWHJRULFDO�YDULDEOHV�LV�FKDQJHG�ZLWK�D�
FHUWDLQ�SUREDELOLW\��7KLV�LV�GRQH�LQGHSHQGHQWO\�IRU�HDFK�
RI�WKH�UHFRUGV���
35$0�LV�WKXV�D�SHUWXUEDWLYH�PHWKRG��6LQFH�35$0�XVHV�
D�SUREDELOLW\�PHFKDQLVP��WKH�GLVFORVXUH�ULVN�LV�GLUHFWO\�
LQIOXHQFHG�E\�WKLV�PHWKRG��$Q�LQWUXGHU�FDQ�QHYHU�EH�
FHUWDLQ�WKDW�D�UHFRUG�VKH�WKLQNV�VKH�KDV�LGHQWLILHG�LV�
LQGHHG�WKH�LGHQWLILHG�SHUVRQ��ZLWK�D�FHUWDLQ�SUREDELOLW\�
WKLV�KDV�EHHQ�D�SHUWXUEHG�UHFRUG��

6LQFH�WKH�SUREDELOLW\�PHFKDQLVP�WKDW�LV�XVHG�ZKHQ�
DSSO\LQJ�35$0�LV�NQRZQ��FKDUDFWHULVWLFV�RI�WKH��ODWHQW��
WUXH�GDWD�FDQ�VWLOO�EH�HVWLPDWHG�IURP�WKH�SHUWXUEHG�GDWD�
ILOH��7R�WKDW�HQG��RQH�FDQ�PDNH�XVH�RI�FRUUHFWLRQ�
PHWKRGV�VLPLODU�WR�WKRVH�XVHG�LQ�FDVH�RI�
PLVFODVVLILFDWLRQ�DQG�UDQGRPLVHG�UHVSRQVH�VLWXDWLRQV��

35$0�ZDV�XVHG�LQ������8.�&HQVXV�WR�SURGXFH�DQ�HQG�
XVHU�OLFHQFH�YHUVLRQ�RI�WKH�6DPSOHV�RI�$QRQ\PLVHG�
5HFRUGV��6$5V���6HH�*URVV�������
ZZZ�FFVU�DF�XN�VDUV�HYHQWV������������JURVV�SGI�IRU�
D�IXOO�GHVFULSWLRQ��

�

��������35$0��WKH�PHWKRG�

,Q�WKLV�VHFWLRQ�D�VKRUW�WKHRUHWLFDO�GHVFULSWLRQ�RI�35$0�LV�
JLYHQ��)RU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�PHWKRG��VHH�H�J���
*RXZHOHHXZ�HW�DO�������D�DQG�����E���)RU�D�GLVFXVVLRQ�RI�
VHYHUDO�LVVXHV�FRQFHUQLQJ�WKH�PHWKRG�DQG�LWV�FRQVHTXHQFHV��
VHH�H�J���'H�:ROI�HW�DO����������

/HW�ξ�GHQRWH�D�FDWHJRULFDO�YDULDEOH�LQ�WKH�RULJLQDO�ILOH�WR�ZKLFK�
35$0�ZLOO�EH�DSSOLHG�DQG�OHW�;�GHQRWH�WKH�VDPH�YDULDEOH�LQ�
WKH�SHUWXUEHG�ILOH��0RUHRYHU��DVVXPH�WKDW�ξ��DQG�KHQFH�;�DV�
ZHOO��KDV�.�FDWHJRULHV��ODEHOOHG����«��.��7KH�SUREDELOLWLHV�WKDW�
GHILQH�35$0�DUH�GHQRWHG�DV�

�_� NO;3SNO === ξ ��

L�H���WKH�SUREDELOLW\�WKDW�DQ�RULJLQDO�VFRUH�ξ� �N�LV�FKDQJHG�
LQWR�WKH�VFRUH�;� �O��7KHVH�VR�FDOOHG�WUDQVLWLRQ�SUREDELOLWLHV�
DUH�GHILQHG�IRU�DOO�N��O� ����«��.��
8VLQJ�WKHVH�WUDQVLWLRQ�SUREDELOLWLHV�DV�HQWULHV�RI�D�.�×�.�
PDWUL[��ZH�REWDLQ�D�0DUNRY�PDWUL[�WKDW�ZH�ZLOO�FDOO�WKH�
35$0�PDWUL[��GHQRWHG�E\�3��

�([SHUW�OHYHO�
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$SSO\LQJ�35$0�QRZ�PHDQV�WKDW��JLYHQ�WKH�VFRUH�ξ� �N�IRU�
UHFRUG�U��WKH�VFRUH�;�IRU�WKDW�UHFRUG�LV�GUDZQ�IURP�WKH�
SUREDELOLW\�GLVWULEXWLRQ�SN���«��SN.��)RU�HDFK�UHFRUG�LQ�WKH�
RULJLQDO�ILOH��WKLV�SURFHGXUH�LV�SHUIRUPHG�LQGHSHQGHQWO\�RI�WKH�
RWKHU�UHFRUGV��

7R�LOOXVWUDWH�WKH�LGHDV��VXSSRVH�WKDW�WKH�YDULDEOH�ξ�LV�JHQGHU��
ZLWK�VFRUHV�ξ� ��LI�PDOH�DQG�ξ� ���LI�IHPDOH��$SSO\LQJ�35$0�
ZLWK�S��� �S��� �����RQ�D�PLFURGDWD�ILOH�ZLWK�����PDOHV�DQG����
IHPDOHV��ZRXOG�\LHOG�D�SHUWXUEHG�PLFURGDWD�ILOH�ZLWK�LQ�
H[SHFWDWLRQ������PDOHV�DQG����IHPDOHV��+RZHYHU��LQ�
H[SHFWDWLRQ����RI�WKHVH�PDOHV�ZHUH�RULJLQDOO\�IHPDOH��DQG�
VLPLODUO\�����RI�WKH�IHPDOHV�ZHUH�RULJLQDOO\�PDOH��

0RUH�JHQHUDOO\��WKH�HIIHFW�RI�35$0�RQ�RQH�GLPHQVLRQDO�
IUHTXHQF\�WDEOHV�LV�WKDW�

ξξ 77( W
; 3=�_� ��

ZKHUH�7ξ� ��7ξ�����«��7ξ(Κ)�W�GHQRWHV�WKH�IUHTXHQF\�WDEOH�
DFFRUGLQJ�WR�WKH�RULJLQDO�PLFURGDWD�ILOH�DQG�7;�WKH�IUHTXHQF\�
WDEOH�DFFRUGLQJ�WR�WKH�SHUWXUEHG�PLFURGDWD�ILOH��$�
FRQGLWLRQDOO\�XQELDVHG�HVWLPDWRU�RI�WKH�IUHTXHQF\�WDEOH�LQ�WKH�
RULJLQDO�ILOH�LV�WKHQ�JLYHQ�E\�

( ) ;

W
77 �Ø −= 3ξ ��

7KLV�FDQ�EH�H[WHQGHG�WR�WZR�GLPHQVLRQDO�IUHTXHQF\�WDEOHV��E\�
YHFWRUL]LQJ�VXFK�WDEOHV��7KH�FRUUHVSRQGLQJ�35$0�PDWUL[�LV�
WKHQ�JLYHQ�E\�WKH�.URQHFNHU�SURGXFW�RI�WKH�35$0�PDWULFHV�RI�
WKH�LQGLYLGXDO�GLPHQVLRQV���

$OWHUQDWLYHO\��RQH�FRXOG�XVH�WKH�WZR�GLPHQVLRQDO�IUHTXHQF\�
WDEOHV��7ξη�IRU�WKH�RULJLQDO�GDWD�DQG�7;<�IRU�WKH�SHUWXUEHG�
GDWD�GLUHFWO\�LQ�PDWUL[�QRWDWLRQ��

( ) ��Ø −−= <;<

W

; 3737ξη ��

ZKHUH�3;�GHQRWHV�WKH�35$0�PDWUL[�FRUUHVSRQGLQJ�WR�WKH�
FDWHJRULFDO�YDULDEOH�;�DQG�3<�GHQRWHV�WKH�35$0�PDWUL[�
FRUUHVSRQGLQJ�WR�WKH�FDWHJRULFDO�YDULDEOH�<��

)RU�PRUH�LQIRUPDWLRQ�DERXW�FRUUHFWLRQ�PHWKRGV�IRU�VWDWLVWLFDO�
DQDO\VHV�DSSOLHG�WR�GDWD�WKDW�KDYH�EHHQ�SURWHFWHG�ZLWK�
35$0��ZH�UHIHU�WR�H�J���*RXZHOHHXZ�HW�DO�������D��DQG�9DQ�
GHQ�+RXW�������DQG��������

7KH�H[DFW�FKRLFH�RI�WUDQVLWLRQ�SUREDELOLWLHV�LQIOXHQFHV�ERWK�
WKH�DPRXQW�RI�LQIRUPDWLRQ�ORVV�DV�ZHOO�DV�WKH�DPRXQW�RI�
GLVFORVXUH�OLPLWDWLRQ��0RUHRYHU��LQ�FHUWDLQ�VLWXDWLRQV�¶LOORJLFDO·�
FKDQJHV�FRXOG�RFFXU��H�J���FKDQJLQJ�WKH�JHQGHU�RI�D�IHPDOH�
UHVSRQGHQW�ZLWK�RYDULDQ�FDQFHU�WR�PDOH��7KHVH�NLQG�RI�
FKDQJHV�ZRXOG�DWWUDFW�WKH�DWWHQWLRQ�RI�D�SRVVLEOH�LQWUXGHU�
ZKLFK�VKRXOG�EH�DYRLGHG���

,W�LV�WKXV�LPSRUWDQW�WR�FKRRVH�WKH�WUDQVLWLRQ�SUREDELOLWLHV�LQ�
DQ�DSSURSULDWH�ZD\��,OORJLFDO�FKDQJHV�FRXOG�EH�DYRLGHG�E\�
DSSRLQWLQJ�D�SUREDELOLW\�RI���WR�WKH�LOORJLFDO�VFRUHV��,Q�WKH�
H[DPSOH�JLYHQ�DERYH��35$0�VKRXOG�QRW�EH�DSSOLHG�WR�WKH�

�������������������������������������������
1 When X has K categories and Y has L categories, the 2-dimensional frequency table TXY is a K × L matrix. 

&RUUHFWLQJ�DQDO\VHV�

&KRLFH�RI�35$0�PDWUL[�
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YDULDEOH�JHQGHU�LQGLYLGXDOO\��EXW�WR�WKH�FURVVLQJ�RI�WKH�
YDULDEOHV�JHQGHU�DQG�GLVHDVHV��,Q�WKDW�FDVH��HDFK�WUDQVLWLRQ�
SUREDELOLW\�RI�FKDQJLQJ�D�VFRUH�LQWR�WKH�VFRUH��PDOH��RYDULDQ�
FDQFHU��VKRXOG�EH�VHW�HTXDO�WR����

7KH�FKRLFH�RI�WKH�WUDQVLWLRQ�SUREDELOLWLHV�LQ�UHODWLRQ�WR�WKH�
GLVFORVXUH�OLPLWDWLRQ�DQG�WKH�LQIRUPDWLRQ�ORVV�LV�PRUH�
GHOLFDWH��$Q�HPSLULFDO�VWXG\�RQ�WKHVH�HIIHFWV�LV�JLYHQ�LQ�'H�
:ROI�DQG�9DQ�*HOGHU���������$�WKHRUHWLFDO�GLVFXVVLRQ�RQ�WKH�
SRVVLELOLW\�WR�FKRRVH�WKH�WUDQVLWLRQ�SUREDELOLWLHV�LQ�DQ�RSWLPDO�
ZD\��LQ�VRPH�VHQVH��LV�JLYHQ�LQ�&DWRU�HW�DO����������

��������:KHQ�WR�XVH�35$0�

,Q�FHUWDLQ�VLWXDWLRQV�PHWKRGV�OLNH�JOREDO�UHFRGLQJ��ORFDO�
VXSSUHVVLRQ�DQG�WRS�FRGLQJ�ZRXOG�\LHOG�WRR�PXFK�ORVV�RI�
GHWDLO�LQ�RUGHU�WR�SURGXFH�D�VDIH�PLFURGDWD�ILOH��,Q�WKHVH�
FLUFXPVWDQFHV��35$0�LV�DQ�DOWHUQDWLYH��8VLQJ�35$0��WKH�
DPRXQW�RI�GHWDLO�LV�SUHVHUYHG�ZKHUHDV�WKH�OHYHO�RI�GLVFORVXUH�
FRQWURO�LV�DFKLHYHG�E\�LQWURGXFLQJ�XQFHUWDLQW\�LQ�WKH�VFRUHV�
RQ�LGHQWLI\LQJ�YDULDEOHV��

+RZHYHU��LQ�RUGHU�WR�PDNH�DGHTXDWH�LQIHUHQFHV�RQ�D�
PLFURGDWD�ILOH�WR�ZKLFK�35$0�KDV�EHHQ�DSSOLHG��WKH�
VWDWLVWLFLDQ�QHHGV�WR�LQFOXGH�VRSKLVWLFDWHG�FKDQJHV�WR�WKH�
VWDQGDUG�PHWKRGV��7KLV�GHPDQGV�D�JRRG�NQRZOHGJH�RI�ERWK�
35$0�DQG�WKH�VWDWLVWLFDO�DQDO\VLV�WKDW�LV�WR�EH�DSSOLHG��

,Q�FDVH�D�UHVHDUFKHU�LV�ZLOOLQJ�WR�PDNH�XVH�RI�D�UHPRWH�
H[HFXWLRQ�IDFLOLW\��35$0�PLJKW�EH�XVHG�WR�SURGXFH�D�
PLFURGDWD�ILOH�ZLWK�WKH�VDPH�VWUXFWXUH�DV�WKH�RULJLQDO�
PLFURGDWD�ILOH��EXW�ZLWK�VRPH�NLQG�RI�V\QWKHWLF�GDWD��6XFK�
PLFURGDWD�ILOHV�PLJKW�EH�XVHG�DV�D�¶WHVW·�PLFURGDWD�ILOH�RQ�
ZKLFK�D�UHVHDUFKHU�FDQ�WU\�KHU�VFULSWV�EHIRUH�VHQGLQJ�WKHVH�
VFULSWV�WR�WKH�UHPRWH�H[HFXWLRQ�IDFLOLW\��6LQFH�WKH�UHVXOWV�RI�
WKH�VFULSW�DUH�QRW�XVHG�GLUHFWO\��WKH�DPRXQW�RI�GLVWRUWLRQ�RI�
WKH�RULJLQDO�PLFURGDWD�ILOH�FDQ�EH�FKRVHQ�WR�EH�TXLWH�ODUJH��
7KDW�ZD\�D�VDIH�PLFURGDWD�ILOH�LV�SURGXFHG�WKDW�VWLOO�H[KLELWV�
WKH�VDPH�VWUXFWXUH��DQG�DPRXQW�RI�GHWDLO��DV�WKH�RULJLQDO�
PLFURGDWD�ILOH���

,Q�RWKHU�VLWXDWLRQV��35$0�PLJKW�SURGXFH�D�PLFURGDWD�ILOH�
WKDW�LV�VDIH�DQG�OHDYHV�FHUWDLQ�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�
WKDW�ILOH��PRUH�RU�OHVV��XQFKDQJHG��,Q�WKDW�FDVH��D�UHVHDUFKHU�
PLJKW�SHUIRUP�KLV�UHVHDUFK�RQ�WKDW�PLFURGDWD�ILOH�LQ�RUGHU�WR�
JHW�DQ�LGHD�RQ�WKH�HYHQWXDOO\�QHHGHG�UHVHDUFK�VWUDWHJ\��2QFH�
WKDW�VWUDWHJ\�KDV�EHHQ�GHWHUPLQHG��WKH�UHVHDUFKHU�PLJKW�
FRPH�WR�DQ�RQ�VLWH�IDFLOLW\�LQ�RUGHU�WR�SHUIRUP�WKH�DQDO\VHV�
RQFH�PRUH�RQ�WKH�RULJLQDO�PLFURGDWD�KHQFH�UHGXFLQJ�WKH�
DPRXQW�RI�WLPH�WKDW�VKH�KDV�WR�EH�DW�WKH�RQ�VLWH�IDFLOLW\��

�������� 5HIHUHQFHV�RQ�3UDP�
*URVV��%���*XLEOLQ�3K��DQG�.��0HUUHWW���������,PSOHPHQWLQJ�

WKH�3RVW�5DQGRPLVDWLRQ�PHWKRG�7R�WKH�,QGLYLGXDO�6DPSOH�
RI�$QRQ\PLVHG�5HFRUGV��6$5��IURP�WKH������&HQVXV���
2IILFH�IRU�1DWLRQDO�6WDWLVWLFV���
ZZZ�FFVU�DF�XN�VDUV�HYHQWV������������JURVV�SGI�

&DWRU��(���+HQVEHUJHQ�$��DQG�<��5R]HQKROF���������6WDWLVWLFDO�
'LVFORVXUH�&RQWURO�XVLQJ�35$0��3URFHHGLQJV�RI�WKH���WK�
(XURSHDQ�6WXG\�*URXS�0DWKHPDWLFV�ZLWK�,QGXVWU\��

�([SHUW�OHYHO�
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'HOIW��7KH�1HWKHUODQGV��������0DUFK�������'HOIW�
8QLYHUVLW\�3UHVV��������S�����²�����

*RXZHOHHXZ��-�0���3��.RRLPDQ��/�&�5�-��:LOOHQERUJ�DQG�3�3��
GH�:ROI������D���3RVW�5DQGRPLVDWLRQ�IRU�6WDWLVWLFDO�
'LVFORVXUH�&RQWURO��7KHRU\�DQG�,PSOHPHQWDWLRQ��-RXUQDO�
RI�2IILFLDO�6WDWLVWLFV��9RO���������SS������²�������

*RXZHOHHXZ��-�0���3��.RRLPDQ��/�&�5�-��:LOOHQERUJ�DQG�3�3��
GH�:ROI������E���7KH�SRVW�UDQGRPLVDWLRQ�PHWKRG�IRU�
SURWHFWLQJ�PLFURGDWD��4�HVWLLy��4XDGHUQV�G·(VWDGtVWLFD�L�
,QYHVWLJDFLy�2SHUDWLYD��9RO���������SS������²�������

9DQ�GHQ�+RXW��$����������7KH�DQDO\VLV�RI�GDWD�SHUWXUEHG�E\�
35$0��'HOIW�8QLYHUVLW\�3UHVV��,6%1����������������

9DQ�GHQ�+RXW��$����������$QDO\]LQJ�PLVFODVVLILHG�GDWD��
UDQGRPL]HG�UHVSRQVH�DQG�SRVW�UDQGRPL]DWLRQ��3K�'��
WKHVLV��8WUHFKW�8QLYHUVLW\��

'H�:ROI��3�3��DQG�,��9DQ�*HOGHU���������$Q�HPSLULFDO�
HYDOXDWLRQ�RI�35$0��'LVFXVVLRQ�SDSHU��������6WDWLVWLFV�
1HWKHUODQGV��7KLV�SDSHU�FDQ�DOVR�EH�IRXQG�RQ�WKH�&$6&�
:HEVLWH��KWWS���QHRQ�YE�FEV�QO�FDVF�5HODWHG�3DSHUV��

'H�:ROI��3�3���-�0��*RXZHOHHXZ��3��.RRLPDQ�DQG�/�&�5�-��
:LOOHQERUJ���������5HIOHFWLRQV�RQ�35$0��3URFHHGLQJV�RI�
WKH�FRQIHUHQFH�´6WDWLVWLFDO�'DWD�3URWHFWLRQµ��0DUFK�������
������/LVERQ��3RUWXJDO��7KLV�SDSHU�FDQ�DOVR�EH�IRXQG�RQ�
WKH�&$6&�:HEVLWH�
�KWWS���QHRQ�YE�FEV�QO�FDVF�UHODWHG�6GSB��B��SGI���

������6\QWKHWLF�PLFURGDWD�

3XEOLFDWLRQ�RI�V\QWKHWLF�³L�H��VLPXODWHG³�GDWD�ZDV�
SURSRVHG�ORQJ�DJR�DV�D�ZD\�WR�JXDUG�DJDLQVW�VWDWLVWLFDO�
GLVFORVXUH��7KH�LGHD�LV�WR�UDQGRPO\�JHQHUDWH�GDWD�ZLWK�
WKH�FRQVWUDLQW�WKDW�FHUWDLQ�VWDWLVWLFV�RU�LQWHUQDO�
UHODWLRQVKLSV�RI�WKH�RULJLQDO�GDWDVHW�VKRXOG�EH�
SUHVHUYHG��

:H�QH[W�UHYLHZ�VRPH�DSSURDFKHV�LQ�WKH�OLWHUDWXUH�WR�
V\QWKHWLF�GDWD�JHQHUDWLRQ�DQG�WKHQ�SURFHHG�WR�GLVFXVV�
WKH�JOREDO�SURV�DQG�FRQV�RI�XVLQJ�V\QWKHWLF�GDWD��

�������� $�IRUHUXQQHU��GDWD�GLVWRUWLRQ�E\�SUREDELOLW\�GLVWULEXWLRQ�
'DWD�GLVWRUWLRQ�E\�SUREDELOLW\�GLVWULEXWLRQ�ZDV�SURSRVHG�LQ�
������/LHZ��&KRL�DQG�/LHZ��������DQG�LV�QRW�XVXDOO\�LQFOXGHG�
LQ�WKH�FDWHJRU\�RI�V\QWKHWLF�GDWD�JHQHUDWLRQ�PHWKRGV��
+RZHYHU��LWV�RSHUDWLQJ�SULQFLSOH�LV�WR�REWDLQ�D�SURWHFWHG�
GDWDVHW�E\�UDQGRPO\�GUDZLQJ�IURP�WKH�XQGHUO\LQJ�
GLVWULEXWLRQ�RI�WKH�RULJLQDO�GDWDVHW��7KXV��LW�FDQ�EH�UHJDUGHG�
DV�D�IRUHUXQQHU�RI�V\QWKHWLF�PHWKRGV���

7KLV�PHWKRG�LV�VXLWDEOH�IRU�ERWK�FDWHJRULFDO�DQG�FRQWLQXRXV�
YDULDEOHV�DQG�FRQVLVWV�RI�WKUHH�VWHSV���

��� ,GHQWLI\�WKH�GHQVLW\�IXQFWLRQ�XQGHUO\LQJ�WR�HDFK�RI�WKH�
FRQILGHQWLDO�YDULDEOHV�LQ�WKH�GDWDVHW�DQG�HVWLPDWH�WKH�
SDUDPHWHUV�DVVRFLDWHG�ZLWK�WKDW�GHQVLW\�IXQFWLRQ���

��� )RU�HDFK�FRQILGHQWLDO�YDULDEOH��JHQHUDWH�D�SURWHFWHG�VHULHV�
E\�UDQGRPO\�GUDZLQJ�IURP�WKH�HVWLPDWHG�GHQVLW\�IXQFWLRQ���

�([SHUW�OHYHO�

http://neon.vb.cbs.nl/casc/related/Sdp_98_2.pdf
http://neon.vb.cbs.nl/casc/Related/discussion-paper-04012.pdf
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���0DS�WKH�FRQILGHQWLDO�VHULHV�WR�WKH�SURWHFWHG�VHULHV�DQG�
SXEOLVK�WKH�SURWHFWHG�VHULHV�LQVWHDG�RI�WKH�FRQILGHQWLDO�
RQHV���

,Q�WKH�LGHQWLILFDWLRQ�DQG�HVWLPDWLRQ�VWDJH��WKH�RULJLQDO�VHULHV�
RI�WKH�FRQILGHQWLDO�YDULDEOH��H�J��VDODU\��LV�VFUHHQHG�WR�
GHWHUPLQH�ZKLFK�RI�D�VHW�RI�SUHGHWHUPLQHG�GHQVLW\�IXQFWLRQV�
ILWV�WKH�GDWD�EHVW��*RRGQHVV�RI�ILW�FDQ�EH�WHVWHG�E\�WKH�
.ROPRJRURY�6PLUQRY�WHVW��,I�VHYHUDO�GHQVLW\�IXQFWLRQV�DUH�
DFFHSWDEOH�DW�D�JLYHQ�VLJQLILFDQFH�OHYHO��VHOHFWLQJ�WKH�RQH�
\LHOGLQJ�WKH�VPDOOHVW�YDOXH�IRU�WKH�.ROPRJRURY�6PLUQRY�
VWDWLVWLFV�LV�UHFRPPHQGHG��,I�QR�GHQVLW\�LQ�WKH�SUHGHWHUPLQHG�
VHW�ILWV�WKH�GDWD��WKH�IUHTXHQF\�LPSRVHG�GLVWRUWLRQ�PHWKRG�
FDQ�EH�XVHG��:LWK�WKH�ODWWHU�PHWKRG��WKH�RULJLQDO�VHULHV�LV�
GLYLGHG�LQWR�VHYHUDO�LQWHUYDOV��VRPHZKHUH�EHWZHHQ���DQG������
7KH�IUHTXHQFLHV�ZLWKLQ�WKH�LQWHUYDO�DUH�FRXQWHG�IRU�WKH�
RULJLQDO�VHULHV��DQG�EHFRPH�D�JXLGHOLQH�WR�JHQHUDWH�WKH�
GLVWRUWHG�VHULHV��%\�XVLQJ�D�XQLIRUP�UDQGRP�QXPEHU�
JHQHUDWLQJ�VXEURXWLQH��D�GLVWRUWHG�VHULHV�LV�JHQHUDWHG�XQWLO�
LWV�IUHTXHQFLHV�EHFRPH�WKH�VDPH�DV�WKH�IUHTXHQFLHV�RI�WKH�
RULJLQDO�VHULHV��,I�WKH�IUHTXHQFLHV�LQ�VRPH�LQWHUYDOV�RYHUIORZ��
WKH\�DUH�VLPSO\�GLVFDUGHG��

2QFH�WKH�EHVW�ILW�GHQVLW\�IXQFWLRQ�KDV�EHHQ�VHOHFWHG��WKH�
JHQHUDWLRQ�VWDJH�IHHGV�LWV�HVWLPDWHG�SDUDPHWHUV�WR�D�UDQGRP�
YDOXH�JHQHUDWLQJ�URXWLQH�WR�SURGXFH�WKH�GLVWRUWHG�VHULHV��

)LQDOO\��WKH�PDSSLQJ�DQG�UHSODFHPHQW�VWDJH�LV�RQO\�QHHGHG�LI�
WKH�GLVWRUWHG�YDULDEOHV�DUH�WR�EH�XVHG�MRLQWO\�ZLWK�RWKHU�QRQ�
GLVWRUWHG�YDULDEOHV��0DSSLQJ�FRQVLVWV�RI�UDQNLQJ�WKH�GLVWRUWHG�
VHULHV�DQG�WKH�RULJLQDO�VHULHV�LQ�WKH�VDPH�RUGHU�DQG�UHSODFLQJ�
HDFK�HOHPHQW�RI�WKH�RULJLQDO�VHULHV�ZLWK�WKH�FRUUHVSRQGLQJ�
GLVWRUWHG�HOHPHQW��

,W�PXVW�EH�VWUHVVHG�KHUH�WKDW�WKH�DSSURDFK�GHVFULEHG�
LQ��/LHZ��&KRL�DQG�/LHZ��������ZDV�IRU�RQH�YDULDEOH�DW�D�WLPH��
2QH�FRXOG�LPDJLQH�D�JHQHUDOL]DWLRQ�RI�WKH�PHWKRG�XVLQJ�
PXOWLYDULDWH�GHQVLW\�IXQFWLRQV��+RZHYHU�VXFK�D�
JHQHUDOL]DWLRQ��L��LV�QRW�WULYLDO��EHFDXVH�LW�UHTXLUHV�
PXOWLYDULDWH�UDQNLQJ�PDSSLQJ��DQG�LL��FDQ�OHDG�WR�YHU\�SRRU�
ILWWLQJ��

([DPSOH���$�GLVWULEXWLRQ�ILWWLQJ�VRIWZDUH��&U\VWDO�%DOO��������
KDV�EHHQ�XVHG�RQ�WKH�RULJLQDO��UDQNHG��GDWD�VHW�����������
�����������������������������������������������&RQWLQXRXV�
GLVWULEXWLRQV�WULHG�ZHUH�QRUPDO��WULDQJXODU��H[SRQHQWLDO��
ORJQRUPDO��:HLEXOO��XQLIRUP��EHWD��JDPPD��ORJLVWLF��3DUHWR�
DQG�H[WUHPH�YDOXH��GLVFUHWH�GLVWULEXWLRQV�WULHG�ZHUH�ELQRPLDO��
3RLVVRQ��JHRPHWULF�DQG�K\SHUJHRPHWULF��7KH�VRIWZDUH�DOORZHG�

IRU�WKUHH�ILWWLQJ�FULWHULD�WR�EH�XVHG��.ROPRJRURY�6PLUQRY�� �; �
DQG�$QGHUVRQ�'DUOLQJ��$FFRUGLQJ�WR�WKH�ILUVW�FULWHULRQ��WKH�
EHVW�ILW�KDSSHQHG�IRU�WKH�H[WUHPH�YDOXH�GLVWULEXWLRQ�ZLWK�
PRGDO�DQG�VFDOH�SDUDPHWHUV���������DQG���������
UHVSHFWLYHO\��WKH�.ROPRJRURY�VWDWLVWLF�IRU�WKLV�ILW�ZDV���������
8VLQJ�WKH�ILWWHG�GLVWULEXWLRQ��WKH�IROORZLQJ��UDQNHG��GDWDVHW�
ZDV�JHQHUDWHG�DQG�XVHG�WR�UHSODFH�WKH�RULJLQDO�RQH����������
����������������������������������������������������������
�������������������
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�������� 6\QWKHWLF�GDWD�E\�PXOWLSOH�LPSXWDWLRQ�
5XELQ��������VXJJHVWHG�FUHDWLQJ�DQ�HQWLUHO\�V\QWKHWLF�GDWDVHW�
EDVHG�RQ�WKH�RULJLQDO�VXUYH\�GDWD�DQG�PXOWLSOH�LPSXWDWLRQV��
5XELQ·V�SURSRVDO�ZDV�PRUH�FRPSOHWHO\�GHYHORSHG�LQ�
5DJKXQDWKDQ��5HLWHU��DQG�5XELQ���������$�VLPXODWLRQ�VWXG\�
RI�LW�ZDV�JLYHQ�LQ�5HLWHU���������,Q�5HLWHU��������LQIHUHQFH�RQ�
V\QWKHWLF�GDWD�LV�GLVFXVVHG�DQG�LQ�5HLWHU������E��DQ�
DSSOLFDWLRQ�LV�JLYHQ���

:H�QH[W�VNHWFK�WKH�RSHUDWLRQ�RI�WKH�RULJLQDO�SURSRVDO�E\�
5XELQ��&RQVLGHU�DQ�RULJLQDO�PLFURGDWD�VHW� ; �RI�VL]H� Q �
UHFRUGV�GUDZQ�IURP�D�PXFK�ODUJHU�SRSXODWLRQ�RI� 1 �
LQGLYLGXDOV��ZKHUH�WKHUH�DUH�EDFNJURXQG�YDULDEOHV� $ ��QRQ�
FRQILGHQWLDO�YDULDEOHV� % �DQG�FRQILGHQWLDO�YDULDEOHV�& ��
%DFNJURXQG�YDULDEOHV�DUH�REVHUYHG�DQG�DYDLODEOH�IRU�DOO� 1 �
LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ��ZKHUHDV� % �DQG�& DUH�RQO\�
DYDLODEOH�IRU�WKH� Q �UHFRUGV�LQ�WKH�VDPSOH� ; ��7KH�ILUVW�VWHS�LV�
WR�FRQVWUXFW�IURP� ; �D�PXOWLSO\�LPSXWHG�SRSXODWLRQ�RI� 1 �
LQGLYLGXDOV��7KLV�SRSXODWLRQ�FRQVLVWV�RI�WKH�Q�UHFRUGV�LQ� ; �

DQG�0 ��WKH�QXPEHU�RI�PXOWLSOH�LPSXWDWLRQV��W\SLFDOO\�

EHWZHHQ���DQG�����PDWULFHV�RI� ( )&%� GDWD�IRU�WKH� 1 �Q �QRQ�
VDPSOHG�LQGLYLGXDOV��7KH�YDULDELOLW\�LQ�WKH�LPSXWHG�YDOXHV�
HQVXUHV��WKHRUHWLFDOO\��WKDW�YDOLG�LQIHUHQFHV�FDQ�EH�REWDLQHG�
RQ�WKH�PXOWLSO\�LPSXWHG�SRSXODWLRQ��$�PRGHO�IRU�SUHGLFWLQJ�

( )&%� IURP� $ �LV�XVHG�WR�PXOWLSO\�LPSXWH� ( )&%� LQ�WKH�
SRSXODWLRQ��7KH�FKRLFH�RI�WKH�PRGHO�LV�D�QRQWULYLDO�PDWWHU��
2QFH�WKH�PXOWLSO\�LPSXWHG�SRSXODWLRQ�LV�DYDLODEOH��D�VDPSOH�
= RI�Q′ �UHFRUGV�FDQ�EH�GUDZQ�IURP�LW�ZKRVH�VWUXFWXUH�ORRNV�

OLNH�WKH�RQH�D�VDPSOH�RI� Q′ �UHFRUGV�GUDZQ�IURP�WKH�RULJLQDO�

SRSXODWLRQ��7KLV�FDQ�EH�GRQH�0 �WLPHV�WR�FUHDWH�0 �

UHSOLFDWHV�RI� ( )&%� YDOXHV��7KH�UHVXOWV�DUH�0 �PXOWLSO\�
LPSXWHG�V\QWKHWLF�GDWDVHWV��7R�PDNH�VXUH�QR�RULJLQDO�GDWD�
DUH�LQ�WKH�V\QWKHWLF�GDWDVHWV��LW�LV�ZLVH�WR�GUDZ�WKH�VDPSOHV�
IURP�WKH�PXOWLSO\�LPSXWHG�SRSXODWLRQ�H[FOXGLQJ�WKH�Q �
RULJLQDO�UHFRUGV�IURP�LW��

�������� 6\QWKHWLF�GDWD�E\�ERRWVWUDS�
)LHQEHUJ��������SURSRVHG�JHQHUDWLQJ�V\QWKHWLF�PLFURGDWD�E\�
XVLQJ�ERRWVWUDS�PHWKRGV��/DWHU��LQ�)LHQEHUJ��0DNRY�DQG�
6WHHOH���������WKLV�DSSURDFK�ZDV�XVHG�IRU�FDWHJRULFDO�GDWD��

7KH�ERRWVWUDS�DSSURDFK�EHDUV�VRPH�VLPLODULW\�WR�WKH�GDWD�
GLVWRUWLRQ�E\�SUREDELOLW\�GLVWULEXWLRQ�DQG�WKH�PXOWLSOH�
LPSXWDWLRQ�PHWKRGV�GHVFULEHG�DERYH��*LYHQ�DQ�RULJLQDO�
PLFURGDWD�VHW� ; �ZLWK�S�YDULDEOHV��WKH�GDWD�SURWHFWRU�
FRPSXWHV�LWV�HPSLULFDO�S�YDULDWH�FXPXODWLYH�GLVWULEXWLRQ�
IXQFWLRQ��F�G�I��� ) ��1RZ��UDWKHU�WKDQ�GLVWRUWLQJ�WKH�RULJLQDO�
GDWD�WR�REWDLQ�PDVNHG�GDWD��WKH�GDWD�SURWHFWRU�DOWHUV��RU�
´VPRRWKHVµ��WKH�F�G�I�� ) WR�GHULYH�D�VLPLODU�F�G�I�� ) 
��)LQDOO\��
) ′ �LV�VDPSOHG�WR�REWDLQ�D�V\QWKHWLF�PLFURGDWD�VHW� = ���

�������� 6\QWKHWLF�GDWD�E\�/DWLQ�+\SHUFXEH�6DPSOLQJ�

�([SHUW�OHYHO�

�([SHUW�OHYHO�

�([SHUW�OHYHO�
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/DWLQ�+\SHUFXEH�6DPSOLQJ��/+6��DSSHDUV�LQ�WKH�OLWHUDWXUH�DV�
DQRWKHU�PHWKRG�IRU�JHQHUDWLQJ�PXOWLYDULDWH�V\QWKHWLF�
GDWDVHWV��,Q�+XQWLQJWRQ�DQG�/\ULQW]LV���������WKH�/+6�
XSGDWHG�WHFKQLTXH�RI�)ORULDQ��������ZDV�LPSURYHG��EXW�WKH�
SURSRVHG�VFKHPH�LV�VWLOO�WLPH�LQWHQVLYH�HYHQ�IRU�D�PRGHUDWH�
QXPEHU�RI�UHFRUGV��,Q�'DQGHNDU��&RKHQ�DQG�.LUNHQGDOO�
�������/+6�LV�XVHG�DORQJ�ZLWK�D�UDQN�FRUUHODWLRQ�UHILQHPHQW�
WR�UHSURGXFH�ERWK�WKH�XQLYDULDWH��L�H��PHDQ�DQG�FRYDULDQFH��
DQG�PXOWLYDULDWH�VWUXFWXUH��LQ�WKH�VHQVH�RI�UDQN�FRUUHODWLRQ��
RI�WKH�RULJLQDO�GDWDVHW��,Q�D�QXWVKHOO��/+6�EDVHG�PHWKRGV�UHO\�
RQ�LWHUDWLYH�UHILQHPHQW��DUH�WLPH�LQWHQVLYH�DQG�WKHLU�UXQQLQJ�
WLPH�GRHV�QRW�RQO\�GHSHQG�RQ�WKH�QXPEHU�RI�YDOXHV�WR�EH�
UHSURGXFHG��EXW�RQ�WKH�VWDUWLQJ�YDOXHV�DV�ZHOO��

�������� 3DUWLDOO\�V\QWKHWLF�GDWD�E\�&KROHVN\�GHFRPSRVLWLRQ�
*HQHUDWLQJ�SODXVLEOH�V\QWKHWLF�YDOXHV�IRU�DOO�YDULDEOHV�LQ�D�
GDWDEDVH�PD\�EH�GLIILFXOW�LQ�SUDFWLFH��7KXV��VHYHUDO�DXWKRUV�
KDYH�FRQVLGHUHG�PL[LQJ�DFWXDO�DQG�V\QWKHWLF�GDWD��

,Q�%XUULGJH��������D�IDPLO\�RI�PHWKRGV�NQRZQ�DV�,362�
�,QIRUPDWLRQ�3UHVHUYLQJ�6WDWLVWLFDO�2EIXVFDWLRQ��LV�SURSRVHG�
IRU�JHQHUDWLRQ�RI�SDUWLDOO\�V\QWKHWLF�GDWD��,W�FRQVLVWV�RI�WKUHH�
PHWKRGV�WKDW�DUH�GHVFULEHG�QH[W���

7KH�EDVLF�IRUP�RI�,362�ZLOO�EH�FDOOHG�KHUH�0HWKRG�$��
,QIRUPDOO\��VXSSRVH�WZR�VHWV�RI�YDULDEOHV� ; �DQG�< ��ZKHUH�
WKH�IRUPHU�DUH�WKH�FRQILGHQWLDO�RXWFRPH�YDULDEOHV�DQG�WKH�
ODWWHU�DUH�TXDVL�LGHQWLILHU�YDULDEOHV��7KHQ� ; �DUH�WDNHQ�DV�
LQGHSHQGHQW�DQG�< �DV�GHSHQGHQW�YDULDEOHV��$�PXOWLSOH�
UHJUHVVLRQ�RI�<�RQ� ; �LV�FRPSXWHG�DQG�ILWWHG� $< ′ �YDULDEOHV�DUH�
FRPSXWHG��)LQDOO\��YDULDEOHV� ; �DQG� $< ′ �DUH�UHOHDVHG�LQ�SODFH�
RI� ; �DQG�< ��

0RUH�IRUPDOO\��OHW� \ DQG� [ �EH�WZR�GDWD�PDWULFHV��ZLWK�URZV�
UHSUHVHQWLQJ�UHVSRQGHQWV�DQG�FROXPQV�UHSUHVHQWLQJ�
YDULDEOHV��WKH�URZ�YHFWRUV� L\ �DQG� L[ �ZLOO�UHSUHVHQW�WKH�GDWD�

IRU�WKH�L�WK�UHVSRQGHQW��IRU� QL ����= ��7KH�FROXPQ�YHFWRU� MX �

ZLOO�UHSUHVHQW�WKH�TXDVL�LGHQWLILHU�YDULDEOH� M ��IRU� SM ����= ��

LQ�RWKHU�ZRUGV��WKH� MX �DUH�WKH�FROXPQV�RI�TXDVL�LGHQWLILHU�

PDWUL[�< ��&RQGLWLRQDOO\�RQ�WKH�VSHFLILF�YDOXHV�IRU�
FRQILGHQWLDO�YDULDEOHV��TXDVL�LGHQWLILHU�YDULDEOHV�IRU�GLIIHUHQW�
UHVSRQGHQWV�DUH�DVVXPHG�WR�EH�LQGHSHQGHQW��&RQGLWLRQDO�RQ�
WKH�VSHFLILF�FRQILGHQWLDO�YDULDEOHV� L[ ��WKH�TXDVL�LGHQWLILHU�

YDULDEOHV� L< ��DUH�DVVXPHG�WR�IROORZ�D�PXOWLYDULDWH�QRUPDO�

GLVWULEXWLRQ�ZLWK�FRYDULDQFH�PDWUL[� { }MNσ=Σ �DQG�D�PHDQ�

YHFWRU� %[L ��ZKHUH� % �LV�DQ�P×S�PDWUL[�ZLWK�FROXPQV� Mβ ��

7KXV�D�VHSDUDWH�XQLYDULDWH�QRUPDO�PXOWLSOH�UHJUHVVLRQ�PRGHO�
LV�DVVXPHG�IRU�HDFK�FROXPQ�RI�< �ZLWK�UHJUHVVLRQ�SDUDPHWHU�
HTXDO�WR�WKH�FRUUHVSRQGLQJ�FROXPQ�RI� % ��WKDW�LV��

( ),[18 MMMM σβ �a ���

�([SHUW�OHYHO�

0HWKRG�$��7KH�EDVLF�,362�
SURFHGXUH�
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/HW� %Ö �DQG�ΣÖ �EH�WKH�PD[LPXP�OLNHOLKRRG�HVWLPDWHV�RI� % �DQG�

Σ GHULYHG�IURP�WKH�FRPSOHWH�GDWDVHW� ( )[\� ��7KHVH�HVWLPDWHV�
DUH�D�SDLU�RI�VXIILFLHQW�VWDWLVWLFV�IRU�WKH�UHJUHVVLRQ�PRGHO��:H�
GHQRWH�LQ�ZKDW�IROORZV�WKH�YHFWRUV�RI�ILWWHG�YDOXHV�DQG�

UHVLGXDOV�IRU� MX �DV� MµÖ �DQG� MUÖ ��UHVSHFWLYHO\��7KXV�� µÖ �� UÖ �DQG�

ΣÖ �ZLOO�GHQRWH�WKH�PDWULFHV� %[ Ö �� %[\ Ö− �DQG� UUQ 7 ÖÖ�− ��
UHVSHFWLYHO\��

7KH�RXWSXW�RI�,362�0HWKRG�$�LV� %[\ $ Ö=′ �

�

,I�D�XVHU�ILWV�D�PXOWLSOH�UHJUHVVLRQ�PRGHO�WR� ( )[\$�′ ��VKH�ZLOO�

JHW�HVWLPDWHV� $%Ö �DQG� $ΣÖ �ZKLFK��LQ�JHQHUDO��DUH�GLIIHUHQW�

IURP�WKH�HVWLPDWHV� %Ö �DQG�ΣÖ �REWDLQHG�ZKHQ�ILWWLQJ�WKH�PRGHO�

WR�WKH�RULJLQDO�GDWD� ( )[\ � ��

,362�0HWKRG�%�PRGLILHV� $\′ �LQWR� %\′ �LQ�VXFK�D�ZD\�WKDW�WKH�
HVWLPDWH� %%Ö �REWDLQHG�E\�PXOWLSOH�OLQHDU�UHJUHVVLRQ�IURP�

( )[\% �′ �VDWLVILHV� %%%
ÖÖ = ��

6XSSRVH�WKDW� \a �LV�D�QHZ��DUWLILFLDO��VHW�RI�TXDVL�LGHQWLILHU�
YDOXHV��7KHVH�FDQ�EH�DQ\�VHW�RI�QXPEHUV�LQLWLDOO\��H�J��DQ�
L�L�G��QRUPDO�UDQGRP�VDPSOH�RU�D�GHWHUPLQLVWLFDOO\�FKRVHQ�
VHW��)RU�HDFK�FRPSRQHQW�QHZ�UHVLGXDOV� MU

a �DUH�FDOFXODWHG�E\�

ILWWLQJ�WKH�DERYH�PXOWLYDULDWH�PXOWLSOH�UHJUHVVLRQ�WR�WKH�QHZ�
´GDWDµ� \a ��'HILQH��

� U%[U\%
aÖaÖ +=+=′ µ �

7KH�IROORZLQJ�LQIRUPDWLRQ�SUHVHUYDWLRQ�UHVXOW�KROGV�IRU�,362�
%��

/HPPD����������5HJDUGOHVV�RI�WKH�LQLWLDO�FKRLFH� \a �� ( )[\% �′ �

SUHVHUYHV�WKH�VXIILFLHQW�VWDWLVWLF� %Ö ���

3URRI��:H�KDYH�WKDW��

� ( )%[\%[U%[\%
aaÖaÖ −+=+=′ �� � � ����������

ZKHUH� %Ö �LV�WKH�0/(�HVWLPDWH�RI� % �REWDLQHG�IURP� ( )[\�a ��

1RZ��WKH�H[SUHVVLRQV�RI� %Ö �DQG� %
a
�DUH��UHVSHFWLYHO\���

� ( ) \[[[% 77 �Ö −= �

DQG�

� ( ) \[[[% 77 aa �−= �

$QDORJRXVO\��WKH�H[SUHVVLRQ�RI�WKH�0/(�HVWLPDWH�RI� %%Ö �

REWDLQHG�IURP� ( )[\% �′ �LV��

0HWKRG�%��,362�SUHVHUYLQJ�

%Ö �
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� ( ) %
77

% \[[[% ′= −�Ö �

6XEVWLWXWLQJ�H[SUHVVLRQ�����������IRU� %\′ �LQ�WKH�HTXDWLRQ�
DERYH��ZH�JHW��

� ( ) ( ) ( ) %%%%%[\[[[%[[[[% 7777
% =−+=−+= −− aaÖ�

aa�ÖÖ ��
�

$�PRUH�DPELWLRXV�JRDO�LV�WR�FRPH�XS�ZLWK�D�GDWD�PDWUL[� &\′ �
VXFK�WKDW��ZKHQ�D�PXOWLYDULDWH�PXOWLSOH�UHJUHVVLRQ�PRGHO�LV�

ILWWHG�WR� ( )[\& �′ ��ERWK�VXIILFLHQW�VWDWLVWLFV� %Ö �DQG�ΣÖ �REWDLQHG�
RQ�WKH�RULJLQDO�GDWD� ( )[\� �DUH�SUHVHUYHG���

7KH�DOJRULWKP�SURSRVHG�LQ�%XUULGJH��������WR�JHW� &\′ �LV�DV�
IROORZV�

��� *HQHUDWH�SURYLVLRQDO�QHZ�´GDWDµ� \a ��WKLV�ZLOO�EH�DQ�Q×S�
PDWUL[����

��� &DOFXODWH�SURYLVLRQDO�QHZ�UHVLGXDOV� Ua �E\�ILWWLQJ�WKH�
PXOWLSOH�UHJUHVVLRQ�PRGHO�WR�HDFK�FROXPQ�RI� \a ���

��� 'HILQH�QHZ�UHVLGXDOV� U ′a �DV�D�WUDQVIRUPDWLRQ�RI� Ua �VR�WKDW�

Σ=′ Öaa QUU 7 ��7KLV�LV�HDVLO\�GRQH�DV�IROORZV���

�D��/HW� / �DQG� 2/ �EH�WKH�ORZHU�WULDQJXODU�PDWULFHV�LQ�WKH�

&KROHVN\�IDFWRUL]DWLRQV� 7//Q =ΣÖ �DQG� 7
22

7 //UU =aa ���

�E��'HILQH� 77
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,QIRUPDWLRQ�SUHVHUYDWLRQ�LQ�,362�&�LV�DV�IROORZV��

/HPPD���������� ( )[\& �′ �SUHVHUYHV�WKH�VXIILFLHQW�VWDWLVWLFV� %Ö �

DQG�ΣÖ ���

3URRI��7KH�H[SUHVVLRQ�RI�WKH�0/(�HVWLPDWH�RI� %Ö �REWDLQHG�
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0HWKRG�&��,362�SUHVHUYLQJ�
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ZKHUH�LQ�WKH�ODVW�HTXDOLW\�ZH�KDYH�XVHG�WKH�SURSHUW\�UHTXLUHG�
RQ� U ′a ���

,Q�0DWHR�6DQ]��0DUWtQH]�%DOOHVWp�DQG�'RPLQJR�)HUUHU���������
D�QRQ�LWHUDWLYH�PHWKRG�IRU�JHQHUDWLQJ�HQWLUHO\�V\QWKHWLF�
FRQWLQXRXV�PLFURGDWD�WKURXJK�&KROHVN\�GHFRPSRVLWLRQ�LV�
SURSRVHG��7KLV�FDQ�EH�YLHZHG�DV�D�VSHFLDO�FDVH�RI�,362��,Q�D�
VLQJOH�VWHS�RI�FRPSXWDWLRQ��WKH�PHWKRG�H[DFWO\�UHSURGXFHV�
WKH�PHDQV�DQG�WKH�FRYDULDQFH�PDWUL[�RI�WKH�RULJLQDO�GDWDVHW��
7KH�UXQQLQJ�WLPH�JURZV�OLQHDUO\�ZLWK�WKH�QXPEHU�RI�UHFRUGV��
([DFW�SUHVHUYDWLRQ�RI�WKH�RULJLQDO�FRYDULDQFH�PDWUL[�LPSOLHV�
WKDW�YDULDQFHV�DQG�3HDUVRQ�FRUUHODWLRQV�DUH�DOVR�H[DFWO\�
SUHVHUYHG�LQ�WKH�V\QWKHWLF�GDWDVHW��

7KH�LGHD�RI�WKH�PHWKRG�LV�DV�IROORZV��$�GDWDVHW�;�LV�YLHZHG�DV�
D�Q×P�PDWUL[��ZKHUH�URZV�DUH�UHFRUGV�DQG�FROXPQV�DUH�
YDULDEOHV��)LUVW��WKH�FRYDULDQFH�PDWUL[�&�RI�;�LV�FRPSXWHG�
�FRYDULDQFH�LV�GHILQHG�EHWZHHQ�YDULDEOHV��L�H��EHWZHHQ�
FROXPQV���7KHQ��D�UDQGRP�Q
×P�PDWUL[�$�LV�JHQHUDWHG��ZKRVH�
FRYDULDQFH�PDWUL[�LV�WKH�LGHQWLW\�PDWUL[��1H[W��WKH�&KROHVN\�
GHFRPSRVLWLRQ�RI�&�LV�FRPSXWHG��WKDW�LV��DQ�XSSHU�WULDQJXODU�

PDWUL[�8�LV�IRXQG�VXFK�WKDW�& 8W×8��)LQDOO\��WKH�V\QWKHWLF�
PLFURGDWD�VHW�=�LV�DQ�Q
×P�PDWUL[�= $⋅8��

�������� 2WKHU�SDUWLDOO\�V\QWKHWLF�PLFURGDWD�DSSURDFKHV�
7KH�PXOWLSOH�LPSXWDWLRQ�DSSURDFK�GHVFULEHG�LQ�5XELQ��������
IRU�FUHDWLQJ�HQWLUHO\�V\QWKHWLF�PLFURGDWD�FDQ�EH�H[WHQGHG�IRU�
SDUWLDOO\�V\QWKHWLF�PLFURGDWD��$V�D�UHVXOW��PXOWLSO\�LPSXWHG��
SDUWLDOO\�V\QWKHWLF�GDWDVHWV�DUH�REWDLQHG�WKDW�FRQWDLQ�D�PL[�RI�
DFWXDO�DQG�LPSXWHG��V\QWKHWLF��YDOXHV��7KH�LGHD�LV�WR�
PXOWLSO\�LPSXWH�FRQILGHQWLDO�YDOXHV�DQG�UHOHDVH�QRQ�
FRQILGHQWLDO�YDOXHV�ZLWKRXW�SHUWXUEDWLRQ��7KLV�DSSURDFK�ZDV�
ILUVW�DSSOLHG�WR�SURWHFW�WKH�86�6XUYH\�RI�&RQVXPHU�
)LQDQFHV��.HQQLFNHOO����������.HQQLFNHOO������E���,Q�$ERZG�
DQG�:RRGFRFN��������DQG�$ERZG�DQG�:RRGFRFN���������WKLV�
WHFKQLTXH�ZDV�DGRSWHG�WR�SURWHFW�ORQJLWXGLQDO�OLQNHG�GDWD��
WKDW�LV��PLFURGDWD�WKDW�FRQWDLQ�REVHUYDWLRQV�IURP�WZR�RU�PRUH�
UHODWHG�WLPH�SHULRGV��VXFFHVVLYH�\HDUV��HWF����0HWKRGV�IRU�YDOLG�
LQIHUHQFH�RQ�WKLV�NLQG�RI�SDUWLDO�V\QWKHWLF�GDWD�ZHUH�
GHYHORSHG�LQ�5HLWHU��������DQG�D�QRQ�SDUDPHWULF�PHWKRG�ZDV�
SUHVHQWHG�LQ�5HLWHU������E��WR�JHQHUDWH�PXOWLSO\�LPSXWHG��
SDUWLDOO\�V\QWKHWLF�GDWD��

&ORVHO\�UHODWHG�WR�PXOWLSO\�LPSXWHG��SDUWLDOO\�V\QWKHWLF�
PLFURGDWD�LV�PRGHO�EDVHG�GLVFORVXUH�SURWHFWLRQ��)UDQFRQL�
DQG�6WDQGHU����������3ROHWWLQL��)UDQFRQL��DQG�6WDQGHU���������
,Q�WKLV�DSSURDFK��D�VHW�RI�FRQILGHQWLDO�FRQWLQXRXV�RXWFRPH�
YDULDEOHV�LV�UHJUHVVHG�RQ�D�GLVMRLQW�VHW�QRQ�FRQILGHQWLDO�
YDULDEOHV��WKHQ�WKH�ILWWHG�YDOXHV�DUH�UHOHDVHG�IRU�WKH�
FRQILGHQWLDO�YDULDEOHV�LQVWHDG�RI�WKH�RULJLQDO�YDOXHV��

8VLQJ�,362�WR�JHW�HQWLUHO\�
V\QWKHWLF�PLFURGDWD�

�([SHUW�OHYHO�
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�������� 0XUDOLGKDU�6DUDWK\�K\EULG�JHQHUDWRU�
+\EULG�GDWD�DUH�D�PL[WXUH�RI�RULJLQDO�GDWD�DQG�V\QWKHWLF�GDWD��
/HW�9�DQ�RULJLQDO�GDWD�VHW�ZKRVH�DWWULEXWHV�DUH�QXPHULFDO�DQG�

IDOO�LQWR�FRQILGHQWLDO�DWWULEXWHV� �DQG�QRQ�

FRQILGHQWLDO�DWWULEXWHV ��/HW�9·�EH�D�K\EULG�GDWD�

VHW�REWDLQHG�IURP�9��ZKRVH�DWWULEXWHV�DUH� �
�K\EULG�YHUVLRQV�RI�;��DQG�<��
�
0XUDOLGKDU�DQG�6DUDWK\��������SURSRVHG�D�SURFHGXUH��FDOOHG�
06�LQ�WKH�VHTXHO��IRU�JHQHUDWLQJ�K\EULG�GDWD�DV�IROORZV�
�

�
�
06�FDQ�\LHOG�K\EULG�GDWD�SUHVHUYLQJ�WKH�PHDQV�DQG�
FRYDULDQFHV�RI�RULJLQDO�GDWD��7R�WKDW�HQG��WKH�IROORZLQJ�
HTXDOLWLHV�PXVW�EH�VDWLVILHG��
�

�
�

�
�

�
�

ZKHUH�,�LV�WKH�LGHQWLW\�PDWUL[�DQG� �LV�WKH�FRYDULDQFH�PDWUL[�
RI�WKH�QRLVH�WHUPV�H��

7KXV�� �FRPSOHWHO\�VSHFLILHV�WKH�SURFHGXUH��7KH�DXWKRUV�RI�

06�DGPLW�WKDW� �PXVW�EH�VHOHFWHG�FDUHIXOO\�WR�HQVXUH�WKDW�

LV�SRVLWLYH�VHPLGHILQLWH��7KH\�FRQVLGHU�WKUHH�RSWLRQV�IRU�

VSHFLI\LQJ�WKH� �PDWUL[��

����7DNH� �DV�D�GLDJRQDO�PDWUL[�ZLWK�DOO�YDOXHV�LQ�WKH�GLDJRQDO�

EHLQJ�HTXDO��,Q�WKLV�FDVH�� LV�SRVLWLYH�VHPLGHILQLWH�DQG�

WKH�YDOXH�RI�WKH�K\EULG�DWWULEXWH� GHSHQGV�RQO\�RQ ��

EXW�QRW�RQ� �IRU� ��$OO�FRQILGHQWLDO�DWWULEXWHV �DUH�
SHUWXUEHG�DW�WKH�VDPH�OHYHO��

����7DNH� �DV�D�GLDJRQDO�PDWUL[��ZLWK�YDOXHV�LQ�WKH�GLDJRQDO�

EHLQJ�QRW�DOO�HTXDO��,Q�WKLV�FDVH�� VWLOO�GHSHQGV�RQO\�RQ�

��EXW�QRW�RQ� �IRU� ��7KH�GLIIHUHQFHV�DUH�WKDW�WKH�
FRQILGHQWLDO�DWWULEXWHV�DUH�SHUWXUEHG�DW�GLIIHUHQW�OHYHOV�

DQG�WKHUH�LV�QR�JXDUDQWHH�WKDW� �LV�SRVLWLYH�
VHPLGHILQLWH��VR�LW�PD\�EH�QHFHVVDU\�WR�WU\�VHYHUDO�YDOXHV�

RI� �XQWLO�SRVLWLYH�VHPLGHILQLWHQHVV�LV�DFKLHYHG��

����7DNLQJ� �DV�D�QRQ�GLDJRQDO�PDWUL[�GRHV�QRW�JXDUDQWHH�
SRVLWLYH�VHPLGHILQLWHQHVV�HLWKHU�DQG�WKH�DXWKRUV�RI�06�GR�
QRW�VHH�DQ\�DGYDQWDJH�LQ�LW��DOWKRXJK�LW�ZRXOG�EH�WKH�RQO\�

�([SHUW�OHYHO�
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ZD\�WR�KDYH� �GHSHQG�RQ�VHYHUDO�DWWULEXWHV�

DPRQJ ��:LWK� �0LFURK\EULG��WKH�GHSHQGHQFH�RI�

RQ�WKH�RULJLQDO�FRQILGHQWLDO�DWWULEXWHV�LV�WKH�RQH�
SURYLGHG�E\�WKH�XQGHUO\LQJ�,362�PHWKRG��

 

�������� 0LFURDJJUHJDWLRQ�EDVHG�K\EULG GDWD�
,Q��'RPLQJR�)HUUHU�DQG�*RQ]iOH]�1LFROiV��������DQ�
DOWHUQDWLYH�SURFHGXUH�WR�JHQHUDWH�K\EULG�GDWD�EDVHG�RQ�
PLFURDJJUHJDWLRQ�ZDV�SURSRVHG��/HW�9�EH�DQ�RULJLQDO�GDWD�VHW�
FRQVLVWLQJ�RI�Q�UHFRUGV��2Q�LQSXW�DQ�LQWHJHU�

SDUDPHWHU ��WKH�SURFHGXUH�GHVFULEHG�LQ�WKLV�

VHFWLRQ�JHQHUDWHV�D�K\EULG�GDWD�VHW� ��7KH�JUHDWHU�N��WKH�

PRUH�V\QWKHWLF�LV� ��([WUHPH�FDVHV�DUH��L��N� ����ZKLFK�\LHOGV�

� �9��WKH�RXWSXW�GDWD�DUH�H[DFWO\�WKH�RULJLQDO�LQSXW�GDWD���
DQG�LL��N� �Q��ZKLFK�\LHOGV�D�FRPSOHWHO\�V\QWKHWLF�RXWSXW�GDWD�

VHW� ��
7KH�SURFHGXUH�FDOOV�WZR�DOJRULWKPV��

�� $�JHQHULF�V\QWKHWLF�GDWD�JHQHUDWRU�6�&� ��SDUPV���WKDW�LV��
DQ�DOJRULWKP�ZKLFK��JLYHQ�DQ�RULJLQDO�GDWD��VXE�VHW�&��

JHQHUDWHV�D�V\QWKHWLF�GDWD��VXE�VHW� �SUHVHUYLQJ�WKH�
VWDWLVWLFV�RU�SDUDPHWHUV�RU�PRGHOV�RI�&�VSHFLILHG�LQ�
SDUPV��

�� $�PLFURDJJUHJDWLRQ�KHXULVWLF��ZKLFK��RQ�LQSXW�D�VHW�RU�Q�
UHFRUGV�DQG�SDUDPHWHU�N��SDUWLWLRQV�WKH�VHW�RI�UHFRUGV�
LQWR�FOXVWHUV�FRQWDLQLQJ�EHWZHHQ�N�DQG��N�ï���UHFRUGV��
&OXVWHU�FUHDWLRQ�DWWHPSWV�WR�PD[LPL]H�LQWUD�FOXVWHU�
KRPRJHQHLW\��

�
3URFHGXUH����0LFURK\EULG��9�9·��SDUPV��N���

����&DOO�PLFURDJJUHJDWLRQ�9��N���/HW� IRU�VRPH�N�EH�WKH�
UHVXOWLQJ�FOXVWHUV�RI�UHFRUGV��

����)RU�L� ���������N�FDOO�6� �� ��SDUPV���

����2XWSXW�D�K\EULG�GDWDVHW� �ZKRVH�UHFRUGV�DUH�WKRVH�LQ�WKH�

FOXVWHUV� ��
�
$W�6WHS���RI�SURFHGXUH�0LFURK\EULG�DERYH��FOXVWHUV�
FRQWDLQLQJ�EHWZHHQ�N�DQG��N�ï��UHFRUGV�DUH�FUHDWHG��7KHQ�DW�
6WHS����D�V\QWKHWLF�YHUVLRQ�RI�HDFK�FOXVWHU�LV�JHQHUDWHG��$W�
6WHS����WKH�RULJLQDO�UHFRUGV�LQ�HDFK�FOXVWHU�DUH�UHSODFHG�E\�
WKH�UHFRUGV�LQ�WKH�FRUUHVSRQGLQJ�V\QWKHWLF�FOXVWHU��LQVWHDG�RI�
UHSODFLQJ�WKHP�ZLWK�WKH�DYHUDJH�UHFRUG�RI�WKH�FOXVWHU��DV�
GRQH�LQ�FRQYHQWLRQDO�PLFURDJJUHJDWLRQ���
7KH�0LFURK\EULG�SURFHGXUH�EHDUV�VRPH�UHVHPEODQFH�WR�WKH�
FRQGHQVDWLRQ�DSSURDFK�SURSRVHG�E\��$JJDUZDO�DQG�<X��
�������KRZHYHU��0LFURK\EULG�LV�PRUH�JHQHUDO�EHFDXVH��
•� ,W�FDQ�EH�DSSOLHG�WR�DQ\�GDWD�W\SH��FRQGHQVDWLRQ�LV�

GHVLJQHG�IRU�QXPHULFDO�GDWD�RQO\���
•� &OXVWHUV�GR�QRW�QHHG�WR�EH�DOO�RI�VL]H�N��WKHLU�VL]HV�FDQ�YDU\�

EHWZHHQ�N�DQG��N�ï�����

�([SHUW�OHYHO�
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•� $Q\�V\QWKHWLF�GDWD�JHQHUDWRU��FKRVHQ�WR�SUHVHUYH�FHUWDLQ�
SUH�VHOHFWHG�VWDWLVWLFV�RU�PRGHOV��FDQ�EH�XVHG�E\�
0LFURK\EULG��

•� ,QVWHDG�RI�XVLQJ�DQ�DG�KRF�FOXVWHULQJ�KHXULVWLF�OLNH�
FRQGHQVDWLRQ��0LFURK\EULG�FDQ�XVH�DQ\�RI�WKH�EHVW�
PLFURDJJUHJDWLRQ�KHXULVWLFV�FLWHG�DERYH��ZKLFK�VKRXOG�
\LHOG�KLJKHU�ZLWKLQ�FOXVWHU�KRPRJHQHLW\�DQG�WKXV�OHVV�
LQIRUPDWLRQ�ORVV��

�
:H�MXVWLI\�KHUH�WKH�UROH�RI�SDUDPHWHU�N�LQ�0LFURK\EULG��
�� ,I�N� ����DQG�SDUPV�LQFOXGH�SUHVHUYLQJ�WKH�PHDQ�RI�HDFK�

DWWULEXWH�LQ�WKH�RULJLQDO�FOXVWHUV��WKH�RXWSXW�LV�WKH�VDPH�
RULJLQDO�GDWD�VHW��EHFDXVH�WKH�SURFHGXUH�FUHDWHV�Q�
FOXVWHUV��DV�PDQ\�DV�WKH�QXPEHU�RI�RULJLQDO�UHFRUGV���
:LWK�N� ����HYHQ�YDULDEOH�VL]H�KHXULVWLFV�ZLOO�\LHOG�DOO�
FOXVWHUV�RI�VL]H����EHFDXVH�WKH�PD[LPXP�LQWUD�FOXVWHU�
VLPLODULW\�LV�REWDLQHG�ZKHQ�FOXVWHUV�FRQVLVW�DOO�RI�D�VLQJOH�
UHFRUG��

�� ,I�N� �Q��WKH�RXWSXW�LV�D�VLQJOH�V\QWKHWLF�FOXVWHU��WKH�
SURFHGXUH�LV�HTXLYDOHQW�WR�FDOOLQJ�WKH�V\QWKHWLF�GDWD�
JHQHUDWRU�6�RQFH�IRU�WKH�HQWLUH�GDWD�VHW��

�� )RU�LQWHUPHGLDWH�YDOXHV�RI�N��VHYHUDO�FOXVWHUV�DUH�REWDLQHG�
DW�6WHS����ZKRVH�SDUDPHWHUV�SDUPV�DUH�SUHVHUYHG�E\�WKH�
V\QWKHWLF�FOXVWHUV�JHQHUDWHG�DW�6WHS����$V�N�GHFUHDVHV��
WKH�QXPEHU�RI�FOXVWHUV��ZKRVH�SDUDPHWHUV�DUH�SUHVHUYHG�
LQ�WKH�GDWD�RXWSXW�DW�6WHS����LQFUHDVHV��ZKLFK�FDXVHV�WKH�
RXWSXW�GDWD�WR�ORRN�PRUH�DQG�PRUH�OLNH�WKH�RULJLQDO�GDWD��
(DFK�FOXVWHU�FDQ�EH�UHJDUGHG�DV�D�FRQVWUDLQW�RQ�WKH�
V\QWKHWLF�GDWD�JHQHUDWLRQ��WKH�PRUH�FRQVWUDLQWV��WKH�OHVV�
IUHHGRP�WKHUH�LV�IRU�JHQHUDWLQJ�V\QWKHWLF�GDWD��DQG�WKH�
RXWSXW�UHVHPEOHV�PRUH�WKH�RULJLQDO�GDWD��7KLV�LV�ZK\�WKH�
RXWSXW�GDWD�FDQ�EH�FDOOHG�K\EULG��

�
,W�PXVW�EH�QRWHG�KHUH�WKDW��GHSHQGLQJ�RQ�WKH�V\QWKHWLF�
JHQHUDWRU�XVHG��WKHUH�PD\�EH�D�ORZHU�ERXQG�IRU�N�KLJKHU�WKDQ�

���)RU�H[DPSOH��LI�XVLQJ�,362��VHH�VHFWLRQ����������ZLWK� �

FRQILGHQWLDO�DWWULEXWHV�DQG� �QRQ�FRQILGHQWLDO�DWWULEXWHV��LW�

WXUQV�RXW�WKDW�N�PXVW�EH�DW�OHDVW�� ��� ������RWKHUZLVH�
WKHUH�DUH�QRW�HQRXJK�GHJUHHV�RI�IUHHGRP�IRU�WKH�JHQHUDWRU�WR�
ZRUN��
�
1RWH�WKDW�WKH�FKRLFH�RI�SDUDPHWHU�N�LV�PRUH�VWUDLJKWIRUZDUG�

WKDQ�WKH�FKRLFH�RI� �LQ�WKH�06�SURFHGXUH�DERYH��$OVR��IRU�WKH�
FDVH�RI�QXPHULFDO�PLFURGDWD��0LFURK\EULG�FDQ�RIIHU��LQ�
DGGLWLRQ�WR�PHDQ�DQG�FRYDULDQFH�H[DFW�SUHVHUYDWLRQ��
DSSUR[LPDWH�SUHVHUYDWLRQ�RI�WKLUG�RUGHU�DQG�IRXUWK�RUGHU�
PRPHQWV��DQG�DOVR�DSSUR[LPDWH�SUHVHUYDWLRQ�RI�DOO�PRPHQWV�
XS�WR�RUGHU�IRXU�LQ�UDQGRPO\�FKRVHQ�VXEGRPDLQV�RI�WKH�
GDWDVHW��'HWDLOV�DUH�JLYHQ�LQ�WKH�DERYH�UHIHUHQFHG�SDSHU�
GHVFULELQJ�0LFURK\EULG��
�

�������� 2WKHU�K\EULG�PLFURGDWD�DSSURDFKHV�
$�GLIIHUHQW�DSSURDFK�FDOOHG�K\EULG�PDVNLQJ�ZDV�SURSRVHG�
LQ�'DQGHNDU��'RPLQJR�)HUUHU�DQG�6HEp���������7KH�LGHD�LV�WR�
FRPSXWH�PDVNHG�GDWD�DV�D�FRPELQDWLRQ�RI�RULJLQDO�DQG�

5ROH�RI�SDUDPHWHU�N�

�([SHUW�OHYHO�
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V\QWKHWLF�GDWD��6XFK�D�FRPELQDWLRQ�DOORZV�EHWWHU�FRQWURO�
WKDQ�SXUHO\�V\QWKHWLF�GDWD�RYHU�WKH�LQGLYLGXDO�FKDUDFWHULVWLFV�
RI�PDVNHG�UHFRUGV��)RU�K\EULG�PDVNLQJ�WR�EH�IHDVLEOH��D�UXOH�
PXVW�EH�XVHG�WR�SDLU�RQH�RULJLQDO�GDWD�UHFRUG�ZLWK�RQH�
V\QWKHWLF�GDWD�UHFRUG��$Q�RSWLRQ�VXJJHVWHG�LQ�'DQGHNDU��
'RPLQJR�)HUUHU�DQG�6HEp��������LV�WR�JR�WKURXJK�DOO�RULJLQDO�
GDWD�UHFRUGV�DQG�SDLU�HDFK�RULJLQDO�UHFRUG�ZLWK�WKH�QHDUHVW�
V\QWKHWLF�UHFRUG�DFFRUGLQJ�WR�VRPH�GLVWDQFH��2QFH�UHFRUGV�
KDYH�EHHQ�SDLUHG��'DQGHNDU��'RPLQJR�)HUUHU��DQG�6HEp�
�������VXJJHVW�WZR�SRVVLEOH�ZD\V�IRU�FRPELQLQJ�RQH�RULJLQDO�

UHFRUG� ; �ZLWK�RQH�V\QWKHWLF�UHFRUG� 6; ��DGGLWLYH�

FRPELQDWLRQ�DQG�PXOWLSOLFDWLYH�FRPELQDWLRQ��$GGLWLYH�
FRPELQDWLRQ�\LHOGV��

� ( ) 6;;= αα −+= � �

DQG�PXOWLSOLFDWLYH�FRPELQDWLRQ�\LHOGV��

�
( )αα −= �Â V;;= �

ZKHUH�α�LV�DQ�LQSXW�SDUDPHWHU�LQ�>���@�DQG�=�LV�WKH�K\EULG�
UHFRUG��7KH�DXWKRUV�SUHVHQW�HPSLULFDO�UHVXOWV�FRPSDULQJ�WKH�
K\EULG�DSSURDFK�ZLWK�UDQN�VZDSSLQJ�DQG�PLFURDJJUHJDWLRQ�
PDVNLQJ��WKH�V\QWKHWLF�FRPSRQHQW�RI�K\EULG�GDWD�LV�
JHQHUDWHG�XVLQJ�/DWLQ�+\SHUFXEH�6DPSOLQJ�E\�'DQGHNDU��
&RKHQ��DQG�.LUNHQGDOO���������

3RVW�PDVNLQJ�RSWLPL]DWLRQ�LV�DQRWKHU�DSSURDFK�WR�FRPELQLQJ�
RULJLQDO�DQG�V\QWKHWLF�PLFURGDWD�LV�SURSRVHG�LQ�6HEp�HW�DO��
���������7KH�LGHD�KHUH�LV�WR�ILUVW�PDVN�DQ�RULJLQDO�GDWDVHW�
XVLQJ�D�PDVNLQJ�PHWKRG��7KHQ�D�KLOO�FOLPELQJ�RSWLPL]DWLRQ�
KHXULVWLF�LV�UXQ�ZKLFK�VHHNV�WR�PRGLI\�WKH�PDVNHG�GDWD�WR�
SUHVHUYH�WKH�ILUVW�DQG�VHFRQG�RUGHU�PRPHQWV�RI�WKH�RULJLQDO�
GDWDVHW�DV�PXFK�DV�SRVVLEOH�ZLWKRXW�LQFUHDVLQJ�WKH�
GLVFORVXUH�ULVN�ZLWK�UHVSHFW�WR�WKH�LQLWLDO�PDVNHG�GDWD��7KH�
RSWLPL]DWLRQ�KHXULVWLF�FDQ�EH�PRGLILHG�WR�SUHVHUYH�KLJKHU�
RUGHU�PRPHQWV��EXW�WKLV�VLJQLILFDQWO\�LQFUHDVHV�FRPSXWDWLRQ��
$OVR��WKH�RSWLPL]DWLRQ�KHXULVWLF�FDQ�XVH�WDNH�DV�LQLWLDO�
GDWDVHW�D�UDQGRP�GDWDVHW�LQVWHDG�RI�D�PDVNHG�GDWDVHW��LQ�
WKLV�FDVH��WKH�RXWSXW�GDWDVHW�LV�SXUHO\�V\QWKHWLF��

���������3URV�DQG�FRQV�RI�V\QWKHWLF�DQG�K\EULG�PLFURGDWD�

6\QWKHWLF�GDWD�DUH�DSSHDOLQJ�LQ�WKDW��DW�D�ILUVW�JODQFH��
WKH\�VHHP�WR�FLUFXPYHQW�WKH�UH�LGHQWLILFDWLRQ�SUREOHP��
VLQFH�SXEOLVKHG�UHFRUGV�DUH�LQYHQWHG�DQG�GR�QRW�GHULYH�
IURP�DQ\�RULJLQDO�UHFRUG��LW�PLJKW�EH�FRQFOXGHG�WKDW�QR�
LQGLYLGXDO�FDQ�FRPSODLQ�IURP�KDYLQJ�EHHQ�UH�LGHQWLILHG��
$W�D�FORVHU�ORRN�WKLV�DGYDQWDJH�LV�OHVV�FOHDU��,I��E\�
FKDQFH��D�SXEOLVKHG�V\QWKHWLF�UHFRUG�PDWFKHV�D�
SDUWLFXODU�FLWL]HQ·V�QRQ�FRQILGHQWLDO�YDULDEOHV��DJH��
PDULWDO�VWDWXV��SODFH�RI�UHVLGHQFH��HWF���DQG�FRQILGHQWLDO�
YDULDEOHV��VDODU\��PRUWJDJH��HWF����UH�LGHQWLILFDWLRQ�XVLQJ�
WKH�QRQ�FRQILGHQWLDO�YDULDEOHV�LV�HDV\�DQG�WKDW�FLWL]HQ�
PD\�IHHO�WKDW�KLV�FRQILGHQWLDO�YDULDEOHV�KDYH�EHHQ�
XQGXO\�UHYHDOHG��,Q�WKDW�FDVH��WKH�FLWL]HQ�LV�XQOLNHO\�WR�
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EH�KDSS\�ZLWK�RU�HYHQ�XQGHUVWDQG�WKH�H[SODQDWLRQ�WKDW�
WKH�UHFRUG�ZDV�V\QWKHWLFDOO\�JHQHUDWHG��

2Q�WKH�RWKHU�KDQG��OLPLWHG�GDWD�XWLOLW\�LV�DQRWKHU�
SUREOHP�RI�V\QWKHWLF�GDWD��2QO\�WKH�VWDWLVWLFDO�
SURSHUWLHV�H[SOLFLWO\�FDSWXUHG�E\�WKH�PRGHO�XVHG�E\�WKH�
GDWD�SURWHFWRU�DUH�SUHVHUYHG��$�ORJLFDO�TXHVWLRQ�DW�WKLV�
SRLQW�LV�ZK\�QRW�GLUHFWO\�SXEOLVK�WKH�VWDWLVWLFV�RQH�
ZDQWV�WR�SUHVHUYH�UDWKHU�WKDQ�UHOHDVH�D�V\QWKHWLF�
PLFURGDWD�VHW��

2QH�SRVVLEOH�MXVWLILFDWLRQ�IRU�V\QWKHWLF�PLFURGDWD�ZRXOG�
EH�LI�YDOLG�DQDO\VHV�FRXOG�EH�REWDLQHG�RQ�D�QXPEHU�RI�
VXEGRPDLQV��L�H��VLPLODU�UHVXOWV�ZHUH�REWDLQHG�LQ�D�
QXPEHU�RI�VXEVHWV�RI�WKH�RULJLQDO�GDWDVHW�DQG�WKH�
FRUUHVSRQGLQJ�VXEVHWV�RI�WKH�V\QWKHWLF�GDWDVHW��
3DUWLDOO\�V\QWKHWLF�RU�K\EULG�PLFURGDWD�DUH�PRUH�OLNHO\�
WR�VXFFHHG�LQ�VWD\LQJ�XVHIXO�IRU�VXEGRPDLQ�DQDO\VLV��
+RZHYHU��ZKHQ�XVLQJ�SDUWLDOO\�V\QWKHWLF�RU�K\EULG�
PLFURGDWD��ZH�ORVH�WKH�DWWUDFWLYH�IHDWXUH�RI�SXUHO\�
V\QWKHWLF�GDWD�WKDW�WKH�QXPEHU�RI�UHFRUGV�LQ�WKH�
SURWHFWHG��V\QWKHWLF��GDWDVHW�LV�LQGHSHQGHQW�IURP�WKH�
QXPEHU�RI�UHFRUGV�LQ�WKH�RULJLQDO�GDWDVHW��

���������5HIHUHQFHV�
$ERZG��-��0���DQG�:RRGFRFN��6��'����������'LVFORVXUH�

OLPLWDWLRQ�LQ�ORQJLWXGLQDO�OLQNHG�WDEOHV��,Q�3��'R\OH��-��,��
/DQH��-��-��7KHHXZHV��DQG�/��9��=D\DW]��HGLWRUV��
&RQILGHQWLDOLW\��'LVFORVXUH�DQG�'DWD�$FFHVV��7KHRU\�DQG�
3UDFWLFDO�$SSOLFDWLRQV�IRU�6WDWLVWLFDO�$JHQFLHV��SDJHV�
���²�����$PVWHUGDP��������1RUWK�+ROODQG��

$ERZG��-��0��DQG�:RRGFRFN��6��'����������0XOWLSO\�LPSXWLQJ�
FRQILGHQWLDO�FKDUDFWHULVWLFV�DQG�ILOH�OLQNV�LQ�ORQJLWXGLQDO�
OLQNHG�GDWD��,Q�-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��
3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

$JJDUZDO��&��&���DQG�<X��3��6����������$�FRQGHQVDWLRQ�
DSSURDFK�WR�SULYDF\�SUHVHUYLQJ�GDWD�PLQLQJ��,Q�(��%HUWLQR��
6��&KULVWRGRXODNLV��'��3OH[RXVDNLV��9��&KULVWRSKLGHV��0��
.RXEDUDNLV��.��%|KP��DQG�(��)HUUDUL��HGLWRUV��$GYDQFHV�LQ�
'DWDEDVH�7HFKQRORJ\���('%7�������YROXPH������RI�
/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��SDJHV����²�����%HUOLQ�
+HLGHOEHUJ��������

%XUULGJH��-����������,QIRUPDWLRQ�SUHVHUYLQJ�VWDWLVWLFDO�
REIXVFDWLRQ��6WDWLVWLFV�DQG�&RPSXWLQJ��������²�����
������

&U\VWDO�%DOO��KWWS���ZZZ�FESUR�FRP���
'DQGHNDU��5���&RKHQ��0���DQG�.LUNHQGDOO��1����������6HQVLWLYH�

PLFUR�GDWD�SURWHFWLRQ�XVLQJ�ODWLQ�K\SHUFXEH�VDPSOLQJ�
WHFKQLTXH��,Q�-��'RPLQJR�)HUUHU��HGLWRU��,QIHUHQFH�
&RQWURO�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��6SULQJHU��

'DQGHNDU��5���'RPLQJR�)HUUHU��-���DQG�6HEp��)����������/+6�
EDVHG�K\EULG�PLFURGDWD�YV��UDQN�VZDSSLQJ�DQG�
PLFURDJJUHJDWLRQ�IRU�QXPHULF�PLFURGDWD�SURWHFWLRQ��,Q�
-��'RPLQJR�)HUUHU��HGLWRU��,QIHUHQFH�&RQWURO�LQ�6WDWLVWLFDO�
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'DWDEDVHV��YROXPH������RI�/1&6��SDJHV����²�����%HUOLQ�
+HLGHOEHUJ��6SULQJHU��

'RPLQJR�)HUUHU��-���DQG�*RQ]iOH]�1LFROiV��Ô����������+\EULG�
0LFURGDWD�8VLQJ�0LFURDJJUHJDWLRQ��0DQXVFULSW��

)LHQEHUJ��6��(����������$�UDGLFDO�SURSRVDO�IRU�WKH�SURYLVLRQ�RI�
PLFUR�GDWD�VDPSOHV�DQG�WKH�SUHVHUYDWLRQ�RI�
FRQILGHQWLDOLW\��7HFKQLFDO�5HSRUW������&DUQHJLH�0HOORQ�
8QLYHUVLW\�'HSDUWPHQW�RI�6WDWLVWLFV��

)LHQEHUJ��6�(���0DNRY��8��(���DQG�6WHHOH��5��-����������
'LVFORVXUH�OLPLWDWLRQ�XVLQJ�SHUWXUEDWLRQ�DQG�UHODWHG�
PHWKRGV�IRU�FDWHJRULFDO�GDWD��-RXUQDO�RI�2IILFLDO�
6WDWLVWLFV�����������²�����

)ORULDQ��$����������$Q�HIILFLHQW�VDPSOLQJ�VFKHPH��XSGDWHG�ODWLQ�
K\SHUFXEH�VDPSOLQJ��3UREDELOLVWLF�(QJLQHHULQJ�
0HFKDQLFV����������²�����

)UDQFRQL��/���DQG�6WDQGHU��-����������$�PRGHO�EDVHG�PHWKRG�
IRU�GLVFORVXUH�OLPLWDWLRQ�RI�EXVLQHVV�PLFURGDWD��-RXUQDO�RI�
WKH�5R\DO�6WDWLVWLFDO�6RFLHW\�'���6WDWLVWLFLDQ������²����

+XQWLQJWRQ��'��(���DQG�/\ULQW]LV��&��6����������,PSURYHPHQWV�
WR�DQG�OLPLWDWLRQV�RI�ODWLQ�K\SHUFXEH�VDPSOLQJ��
3UREDELOLVWLF�(QJLQHHULQJ�0HFKDQLFV�����������²�����

.HQQLFNHOO��$��%����������0XOWLSOH�LPSXWDWLRQ�DQG�GLVFORVXUH�
FRQWURO��WKH�FDVH�RI�WKH������VXUYH\�RI�FRQVXPHU�ILQDQFHV��
,Q�5HFRUG�/LQNDJH�7HFKQLTXHV��SDJHV����²�����
:DVKLQJWRQ�'&��������1DWLRQDO�$FDGHP\�3UHVV��

.HQQLFNHOO��$��%�������E���0XOWLSOH�LPSXWDWLRQ�DQG�GLVFORVXUH�
SURWHFWLRQ��WKH�FDVH�RI�WKH������VXUYH\�RI�FRQVXPHU�
ILQDQFHV��,Q�-��'RPLQJR�)HUUHU��HGLWRU��6WDWLVWLFDO�'DWD�
3URWHFWLRQ��SDJHV����²�����/X[HPEXUJ��������2IILFH�IRU�
2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��

/LHZ��&��.���&KRL��8��-���DQG�/LHZ��&��-����������$�GDWD�
GLVWRUWLRQ�E\�SUREDELOLW\�GLVWULEXWLRQ��$&0�7UDQVDFWLRQV�
RQ�'DWDEDVH�6\VWHPV��������²�����������

0DWHR�6DQ]��-��0���0DUWtQH]�%DOOHVWp��$���DQG�'RPLQJR�
)HUUHU��-����������)DVW�JHQHUDWLRQ�RI�DFFXUDWH�V\QWKHWLF�
PLFURGDWD��,Q�-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��
3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��6SULQJHU��

0XUDOLGKDU��.��DQG�6DUDWK\��5����������*HQHUDWLQJ�
VXIILFLHQF\�EDVHG�QRQV\QWKHWLF�SHUWXUEHG�GDWD��
7UDQVDFWLRQV�RQ�'DWD�3ULYDF\���������²����������
KWWS���ZZZ�WGS�FDW�LVVXHV�WGS�D���D���SGI��

3ROHWWLQL��6���)UDQFRQL��/���DQG�6WDQGHU��-����������0RGHO�
EDVHG�GLVFORVXUH�SURWHFWLRQ��,Q�-��'RPLQJR�)HUUHU��HGLWRU��
,QIHUHQFH�&RQWURO�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������
RI�/1&6��SDJHV���²����%HUOLQ�+HLGHOEHUJ��6SULQJHU��

5DJKXQDWKDQ��7��-���5HLWHU��-��3���DQG�5XELQ��'����������
0XOWLSOH�LPSXWDWLRQ�IRU�VWDWLVWLFDO�GLVFORVXUH�OLPLWDWLRQ��
-RXUQDO�RI�2IILFLDO�6WDWLVWLFV���������²����

5HLWHU��-��3����������6DWLVI\LQJ�GLVFORVXUH�UHVWULFWLRQV�ZLWK�
V\QWKHWLF�GDWD�VHWV��-RXUQDO�RI�2IILFLDO�6WDWLVWLFV��
���������²�����

5HLWHU��-��3����������,QIHUHQFH�IRU�SDUWLDOO\�V\QWKHWLF��SXEOLF�
XVH�PLFURGDWD�VHWV��6XUYH\�0HWKRGRORJ\��������²�����

5HLWHU��-��3�������E���8VLQJ�&$57�WR�JHQHUDWH�SDUWLDOO\�
V\QWKHWLF�SXEOLF�XVH�PLFURGDWD��������'XNH�8QLYHUVLW\�
ZRUNLQJ�SDSHU��

5HLWHU��-��3����������5HOHDVLQJ�PXOWLSO\�LPSXWHG��V\QWKHWLF�
SXEOLF�XVH�PLFURGDWD��$Q�LOOXVWUDWLRQ�DQG�HPSLULFDO�VWXG\��
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-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$��
�������²�����

5HLWHU��-��3�������E���6LJQLILFDQFH�WHVWV�IRU�PXOWL�FRPSRQHQW�
HVWLPDQGV�IURP�PXOWLSO\�LPSXWHG��V\QWKHWLF�PLFURGDWD��
-RXUQDO�RI�6WDWLVWLFDO�3ODQQLQJ�DQG�,QIHUHQFH��
����������²�����

5XELQ��'��(����������'LVFXVVLRQ�RI�VWDWLVWLFDO�GLVFORVXUH�
OLPLWDWLRQ��-RXUQDO�RI�2IILFLDO�6WDWLVWLFV����������²�����

6HEp��)���'RPLQJR�)HUUHU��-���0DWHR�6DQ]��-��0��DQG�7RUUD��9��
��������3RVW�PDVNLQJ�RSWLPL]DWLRQ�RI�WKH�WUDGHRII�EHWZHHQ�
LQIRUPDWLRQ�ORVV�DQG�GLVFORVXUH�ULVN�LQ�PDVNHG�PLFURGDWD�
VHWV��,Q�-��'RPLQJR�)HUUHU��HGLWRU��,QIHUHQFH�&RQWURO�LQ�
6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��SDJHV����²
�����%HUOLQ�+HLGHOEHUJ��6SULQJHU��

�
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����,QIRUPDWLRQ�ORVV�LQ�PLFURGDWD�SURWHFWLRQ�

������,QWURGXFWLRQ�

$�VWULFW�HYDOXDWLRQ�RI�LQIRUPDWLRQ�ORVV�PXVW�EH�EDVHG�RQ�
WKH�GDWD�XVHV�WR�EH�VXSSRUWHG�E\�WKH�SURWHFWHG�GDWD��
7KH�JUHDWHU�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�UHVXOWV�REWDLQHG�
RQ�RULJLQDO�DQG�SURWHFWHG�GDWD�IRU�WKRVH�XVHV��WKH�
KLJKHU�WKH�ORVV�RI�LQIRUPDWLRQ��+RZHYHU��YHU\�RIWHQ�
PLFURGDWD�SURWHFWLRQ�FDQQRW�EH�SHUIRUPHG�LQ�D�GDWD�XVH�
VSHFLILF�PDQQHU��IRU�WKH�IROORZLQJ�UHDVRQV���

�� 3RWHQWLDO�GDWD�XVHV�DUH�YHU\�GLYHUVH�DQG�LW�PD\�EH�
HYHQ�KDUG�WR�LGHQWLI\�WKHP�DOO�DW�WKH�PRPHQW�RI�GDWD�
UHOHDVH�E\�WKH�GDWD�SURWHFWRU���

�� (YHQ�LI�DOO�GDWD�XVHV�FDQ�EH�LGHQWLILHG��LVVXLQJ�
VHYHUDO�YHUVLRQV�RI�WKH�VDPH�RULJLQDO�GDWDVHW�VR�WKDW�WKH�
L�WK�YHUVLRQ�KDV�DQ�LQIRUPDWLRQ�ORVV�RSWLPL]HG�IRU�WKH�L�
WK�GDWD�XVH�PD\�UHVXOW�LQ�XQH[SHFWHG�GLVFORVXUH���

6LQFH�WKDW�GDWD�RIWHQ�PXVW�EH�SURWHFWHG�ZLWK�QR�VSHFLILF�
GDWD�XVH�LQ�PLQG��JHQHULF�LQIRUPDWLRQ�ORVV�PHDVXUHV�
DUH�GHVLUDEOH�WR�JXLGH�WKH�GDWD�SURWHFWRU�LQ�DVVHVVLQJ�
KRZ�PXFK�KDUP�LV�EHLQJ�LQIOLFWHG�WR�WKH�GDWD�E\�D�
SDUWLFXODU�6'&�WHFKQLTXH��

'HILQLQJ�ZKDW�D�JHQHULF�LQIRUPDWLRQ�ORVV�PHDVXUH�LV�
FDQ�EH�D�WULFN\�LVVXH��5RXJKO\�VSHDNLQJ��LW�VKRXOG�
FDSWXUH�WKH�DPRXQW�RI�LQIRUPDWLRQ�ORVV�IRU�D�UHDVRQDEOH�
UDQJH�RI�GDWD�XVHV��:H�ZLOO�VD\�WKHUH�LV�OLWWOH�
LQIRUPDWLRQ�ORVV�LI�WKH�SURWHFWHG�GDWDVHW�LV�DQDO\WLFDOO\�
YDOLG�DQG�LQWHUHVWLQJ�DFFRUGLQJ�WR�WKH�IROORZLQJ�
GHILQLWLRQV�E\�:LQNOHU����������

•� $�SURWHFWHG�PLFURGDWD�VHW�LV�DQ�DQDO\WLFDOO\�YDOLG�
PLFURGDWD�VHW�LI�LW�DSSUR[LPDWHO\�SUHVHUYHV�WKH�
IROORZLQJ�ZLWK�UHVSHFW�WR�WKH�RULJLQDO�GDWD��VRPH�
FRQGLWLRQV�DSSO\�RQO\�WR�FRQWLQXRXV�YDULDEOHV����

���0HDQV�DQG�FRYDULDQFHV�RQ�D�VPDOO�VHW�RI�
VXEGRPDLQV��VXEVHWV�RI�UHFRUGV�DQG�RU�YDULDEOHV���

���0DUJLQDO�YDOXHV�IRU�D�IHZ�WDEXODWLRQV�RI�WKH�GDWD��

���$W�OHDVW�RQH�GLVWULEXWLRQDO�FKDUDFWHULVWLF��

•� $�PLFURGDWD�VHW�LV�DQ�DQDO\WLFDOO\�LQWHUHVWLQJ�
PLFURGDWD�VHW��LI�VL[�YDULDEOHV�RQ�LPSRUWDQW�
VXEGRPDLQV�DUH�SURYLGHG�WKDW�FDQ�EH�YDOLGO\�
DQDO\]HG��
0RUH�SUHFLVH�FRQGLWLRQV�RI�DQDO\WLFDO�YDOLGLW\�DQG�
DQDO\WLFDO�LQWHUHVW�FDQQRW�EH�VWDWHG�ZLWKRXW�WDNLQJ�
VSHFLILF�GDWD�XVHV�LQWR�DFFRXQW��$V�LPSUHFLVH�DV�WKH\�
PD\�EH��WKH�DERYH�GHILQLWLRQV�VXJJHVW�VRPH�SRVVLEOH�
PHDVXUHV���
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•� &RPSDUH�UDZ�UHFRUGV�LQ�WKH�RULJLQDO�DQG�WKH�
SURWHFWHG�GDWDVHW��7KH�PRUH�VLPLODU�WKH�6'&�PHWKRG�
WR�WKH�LGHQWLW\�IXQFWLRQ��WKH�OHVV�WKH�LPSDFW��EXW�WKH�
KLJKHU�WKH�GLVFORVXUH�ULVN�����7KLV�UHTXLUHV�SDLULQJ�
UHFRUGV�LQ�WKH�RULJLQDO�GDWDVHW�DQG�UHFRUGV�LQ�WKH�
SURWHFWHG�GDWDVHW��)RU�PDVNLQJ�PHWKRGV��HDFK�UHFRUG�
LQ�WKH�SURWHFWHG�GDWDVHW�LV�QDWXUDOO\�SDLUHG�WR�WKH�
UHFRUG�LQ�WKH�RULJLQDO�GDWDVHW�LW�RULJLQDWHV�IURP��)RU�
V\QWKHWLF�SURWHFWHG�GDWDVHWV��SDLULQJ�LV�PRUH�
DUWLILFLDO��,Q�'DQGHNDU��'RPLQJR�)HUUHU�DQG�6HEp�
�������ZH�SURSRVHG�WR�SDLU�D�V\QWKHWLF�UHFRUG�WR�WKH�
QHDUHVW�RULJLQDO�UHFRUG�DFFRUGLQJ�WR�VRPH�GLVWDQFH���

•� &RPSDUH�VRPH�VWDWLVWLFV�FRPSXWHG�RQ�WKH�RULJLQDO�
DQG�WKH�SURWHFWHG�GDWDVHWV��7KH�DERYH�GHILQLWLRQV�OLVW�
VRPH�VWDWLVWLFV�ZKLFK�VKRXOG�EH�SUHVHUYHG�DV�PXFK�
DV�SRVVLEOH�E\�DQ�6'&�PHWKRG���

������,QIRUPDWLRQ�ORVV�PHDVXUHV�IRU�FRQWLQXRXV�GDWD�

$VVXPH�D�PLFURGDWD�VHW�ZLWK�Q�LQGLYLGXDOV��UHFRUGV��

Q,,, ��� �� � �DQG�S�FRQWLQXRXV�YDULDEOHV� S=== ��� �� � ��/HW�

; �EH�WKH�PDWUL[�UHSUHVHQWLQJ�WKH�RULJLQDO�PLFURGDWD�VHW�
�URZV�DUH�UHFRUGV�DQG�FROXPQV�DUH�YDULDEOHV���/HW� ; ′ �EH�
WKH�PDWUL[�UHSUHVHQWLQJ�WKH�SURWHFWHG�PLFURGDWD�VHW��
7KH�IROORZLQJ�WRROV�DUH�XVHIXO�WR�FKDUDFWHUL]H�WKH�
LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�GDWDVHW���

•� &RYDULDQFH�PDWULFHV�9 ��RQ� ; ��DQG�9 ′ ��RQ� ; ′ ����

•� &RUUHODWLRQ�PDWULFHV�5 �DQG� 5′ ���

•� &RUUHODWLRQ�PDWULFHV� 5) �DQG� )5 ′ �EHWZHHQ�WKH�S�
YDULDEOHV�DQG�WKH�S�IDFWRUV�SULQFLSDO�FRPSRQHQWV�

S3&3&3& ��� �� � �REWDLQHG�WKURXJK�SULQFLSDO�

FRPSRQHQWV�DQDO\VLV���

•� &RPPXQDOLW\�EHWZHHQ�HDFK�RI�WKH�S�YDULDEOHV�DQG�
WKH�ILUVW�SULQFLSDO�FRPSRQHQW� �3& ��RU�RWKHU�SULQFLSDO�

FRPSRQHQWV� L3& ·V���&RPPXQDOLW\�LV�WKH�SHUFHQW�RI�

HDFK�YDULDEOH�WKDW�LV�H[SODLQHG�E\� �3& ��RU� L3& ���/HW�

& �EH�WKH�YHFWRU�RI�FRPPXQDOLWLHV�IRU� ; �DQG�&′ �WKH�
FRUUHVSRQGLQJ�YHFWRU�IRU� ; ′ ���

•� 0DWULFHV�) �DQG� ) ′ FRQWDLQLQJ�WKH�ORDGLQJV�RI�HDFK�
YDULDEOH�LQ� ; RQ�HDFK�SULQFLSDO�FRPSRQHQW��7KH�L�WK�
YDULDEOH�LQ�;�FDQ�EH�H[SUHVVHG�DV�D�OLQHDU�
FRPELQDWLRQ�RI�WKH�SULQFLSDO�FRPSRQHQWV�SOXV�D�
UHVLGXDO�YDULDWLRQ��ZKHUH�WKH�M�WK�SULQFLSDO�
FRPSRQHQW�LV�PXOWLSOLHG�E\�WKH�ORDGLQJ�LQ�)�UHODWLQJ�
WKH�L�WK�YDULDEOH�DQG�WKH�M�WK�SULQFLSDO�FRPSRQHQW�
�&KDWILHOG�DQG�&ROOLQV������@�� ) ′ LV�WKH�FRUUHVSRQGLQJ�
PDWUL[�IRU� ; ′ ���
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7KHUH�GRHV�QRW�VHHP�WR�EH�D�VLQJOH�TXDQWLWDWLYH�
PHDVXUH�ZKLFK�FRPSOHWHO\�UHIOHFWV�WKRVH�VWUXFWXUDO�
GLIIHUHQFHV��7KHUHIRUH��ZH�SURSRVHG�LQ�'RPLQJR�)HUUHU��
0DWHR�6DQ]��DQG�7RUUD��������DQG�'RPLQJR�)HUUHU�DQG�
7RUUD��������WR�PHDVXUH�LQIRUPDWLRQ�ORVV�WKURXJK�WKH�
GLVFUHSDQFLHV�EHWZHHQ�PDWULFHV� ; ��9 �� 5 �� 5) ��& DQG�
) �REWDLQHG�RQ�WKH�RULJLQDO�GDWD�DQG�WKH�FRUUHVSRQGLQJ�
; ′ ��9 ′ �� 5′ �� )5 ′ ��&′DQG�) ′ �REWDLQHG�RQ�WKH�SURWHFWHG�
GDWDVHW��,Q�SDUWLFXODU��GLVFUHSDQF\�EHWZHHQ�FRUUHODWLRQV�
LV�UHODWHG�WR�WKH�LQIRUPDWLRQ�ORVV�IRU�GDWD�XVHV�VXFK�DV�
UHJUHVVLRQV�DQG�FURVV�WDEXODWLRQV��

0DWUL[�GLVFUHSDQF\�FDQ�EH�PHDVXUHG�LQ�DW�OHDVW�WKUHH�
ZD\V���

0HDQ�VTXDUH�HUURU�6XP�RI�VTXDUHG�FRPSRQHQWZLVH�
GLIIHUHQFHV�EHWZHHQ�SDLUV�RI�PDWULFHV��GLYLGHG�E\�WKH�
QXPEHU�RI�FHOOV�LQ�HLWKHU�PDWUL[���

0HDQ�DEVROXWH�HUURU�6XP�RI�DEVROXWH�FRPSRQHQWZLVH�
GLIIHUHQFHV�EHWZHHQ�SDLUV�RI�PDWULFHV��GLYLGHG�E\�WKH�
QXPEHU�RI�FHOOV�LQ�HLWKHU�PDWUL[���

0HDQ�YDULDWLRQ�6XP�RI�DEVROXWH�SHUFHQW�YDULDWLRQ�RI�
FRPSRQHQWV�LQ�WKH�PDWUL[�FRPSXWHG�RQ�SURWHFWHG�GDWD�
ZLWK�UHVSHFW�WR�FRPSRQHQWV�LQ�WKH�PDWUL[�FRPSXWHG�RQ�
RULJLQDO�GDWD��GLYLGHG�E\�WKH�QXPEHU�RI�FHOOV�LQ�HLWKHU�
PDWUL[��7KLV�DSSURDFK�KDV�WKH�DGYDQWDJH�RI�QRW�EHLQJ�
DIIHFWHG�E\�VFDOH�FKDQJHV�RI�YDULDEOHV��

7DEOH�����VXPPDUL]HV�WKH�PHDVXUHV�SURSRVHG�LQ�
'RPLQJR�)HUUHU��0DWHR�6DQ]�DQG�7RUUD��������DQG�
'RPLQJR�)HUUHU�DQG�9��7RUUD���������,Q�WKLV�WDEOH��S�LV�
WKH�QXPEHU�RI�YDULDEOHV��Q�WKH�QXPEHU�RI�UHFRUGV��DQG�
FRPSRQHQWV�RI�PDWULFHV�DUH�UHSUHVHQWHG�E\�WKH�
FRUUHVSRQGLQJ�ORZHUFDVH�OHWWHUV��H�J�� LM[ �LV�D�FRPSRQHQW�

RI�PDWUL[� ; ���5HJDUGLQJ� ;; ′− �PHDVXUHV��LW�PDNHV�
DOVR�VHQVH�WR�FRPSXWH�WKRVH�RQ�WKH�DYHUDJHV�RI�
YDULDEOHV�UDWKHU�WKDQ�RQ�DOO�GDWD��FDOO�WKLV�YDULDQW�

;; ′− ��6LPLODUO\��IRU� 99 ′− PHDVXUHV��LW�ZRXOG�DOVR�EH�
VHQVLEOH�WR�XVH�WKHP�WR�FRPSDUH�RQO\�WKH�YDULDQFHV�RI�
WKH�YDULDEOHV��L�H��WR�FRPSDUH�WKH�GLDJRQDOV�RI�WKH�
FRYDULDQFH�PDWULFHV�UDWKHU�WKDQ�WKH�ZKROH�PDWULFHV�
�FDOO�WKLV�YDULDQW� 66 ′− ���

7DEOH������,QIRUPDWLRQ�ORVV�PHDVXUHV�IRU�FRQWLQXRXV�
PLFURGDWD�

�

� 0HDQ�VTXDUH�HUURU� 0HDQ�DEV��HUURU� 0HDQ�YDULDWLRQ�
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,Q�<DQFH\��:LQNOHU�DQG�&UHHF\���������LW�LV�REVHUYHG�
WKDW�GLYLGLQJ�E\� LM[ �FDXVHV�WKH� ;; ′− PHDQ�YDULDWLRQ�WR�

ULVH�VKDUSO\�ZKHQ�WKH�RULJLQDO�YDOXH� LM[ �LV�FORVH�WR����

7KLV�GHSHQGHQF\�RQ�WKH�SDUWLFXODU�RULJLQDO�YDOXH�EHLQJ�
XQGHVLUDEOH�LQ�DQ�LQIRUPDWLRQ�ORVV�PHDVXUH��<DQFH\��
:LQNOHU�DQG�&UHHF\��������SURSRVH�WR�UHSODFH�WKH�PHDQ�
YDULDWLRQ�RI� ;; ′− E\�WKH�PRUH�VWDEOH�PHDVXUH��
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ZKHUH� M6 �LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�M�WK�YDULDEOH�

LQ�WKH�RULJLQDO�GDWDVHW��

7URWWLQL��������DUJXHV�WKDW��VLQFH�LQIRUPDWLRQ�ORVV�LV�WR�
EH�WUDGHG�RII�IRU�GLVFORVXUH�ULVN�DQG�WKH�ODWWHU�LV�
ERXQGHG�³WKHUH�LV�QR�ULVN�KLJKHU�WKDQ�����³��XSSHU�
ERXQGV�VKRXOG�EH�HQIRUFHG�IRU�LQIRUPDWLRQ�ORVV�
PHDVXUHV��,Q�SUDFWLFH��WKH�SURSRVDO�LQ�7URWWLQL��������LV�
WR�OLPLW�WKRVH�PHDVXUHV�LQ�7DEOH�����EDVHG�RQ�WKH�PHDQ�
YDULDWLRQ�WR�D�SUHGHILQHG�PD[LPXP�YDOXH���
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������,QIRUPDWLRQ�ORVV�PHDVXUHV�IRU�FDWHJRULFDO�GDWD�

6WUDLJKWIRUZDUG�FRPSXWDWLRQ�RI�PHDVXUHV�LQ�7DEOH�����
RQ�FDWHJRULFDO�GDWD�LV�QRW�SRVVLEOH��7KH�IROORZLQJ�
DOWHUQDWLYHV�DUH�FRQVLGHUHG�LQ�'RPLQJR�)HUUHU�DQG�
7RUUD����������

•� 'LUHFW�FRPSDULVRQ�RI�FDWHJRULFDO�YDOXHV��

•� &RPSDULVRQ�RI�FRQWLQJHQF\�WDEOHV��

•� (QWURS\�EDVHG�PHDVXUHV��

��������'LUHFW�FRPSDULVRQ�RI�FDWHJRULFDO�YDOXHV�

&RPSDULVRQ�RI�PDWULFHV� ; �DQG� ; ′ �IRU�FDWHJRULFDO�GDWD�
UHTXLUHV�WKH�GHILQLWLRQ�RI�D�GLVWDQFH�IRU�FDWHJRULFDO�YDULDEOHV��
'HILQLWLRQV�FRQVLGHU�RQO\�WKH�GLVWDQFHV�EHWZHHQ�SDLUV�RI�
FDWHJRULHV�WKDW�FDQ�DSSHDU�ZKHQ�FRPSDULQJ�DQ�RULJLQDO�
UHFRUG�DQG�LWV�SURWHFWHG�YHUVLRQ��VHH�GLVFXVVLRQ�DERYH�RQ�
SDLULQJ�RULJLQDO�DQG�SURWHFWHG�UHFRUGV���

)RU�D�QRPLQDO�YDULDEOH�9 ��D�FDWHJRULFDO�YDULDEOH�WDNLQJ�
YDOXHV�RYHU�DQ�XQRUGHUHG�VHW���WKH�RQO\�SHUPLWWHG�RSHUDWLRQ�LV�
FRPSDULVRQ�IRU�HTXDOLW\��7KLV�OHDGV�WR�WKH�IROORZLQJ�GLVWDQFH�
GHILQLWLRQ���

�

��

�

ZKHUH� F �LV�D�FDWHJRU\�LQ�DQ�RULJLQDO�UHFRUG�DQG� F′ �LV�WKH�
FDWHJRU\�ZKLFK�KDV�UHSODFHG�F�LQ�WKH�FRUUHVSRQGLQJ�SURWHFWHG�
UHFRUG���

)RU�DQ�RUGLQDO�YDULDEOH�9 ��D�FDWHJRULFDO�YDULDEOH�WDNLQJ�
YDOXHV�RYHU�D�WRWDOO\�RUGHUHG�VHW���OHW� 9≤ �EH�WKH�WRWDO�RUGHU�

RSHUDWRU�RYHU�WKH�UDQJH� ( )9' �RI�9 ��'HILQH�WKH�GLVWDQFH�

EHWZHHQ�FDWHJRULHV� F �DQG� F′ �DV�WKH�QXPEHU�RI�FDWHJRULHV�
EHWZHHQ�WKH�PLQLPXP�DQG�WKH�PD[LPXP�RI� F �DQG� F′ �GLYLGHG�
E\�WKH�FDUGLQDOLW\�RI�WKH�UDQJH���

�

�

��

��������&RPSDULVRQ�RI�FRQWLQJHQF\�WDEOHV�

$Q�DOWHUQDWLYH�WR�GLUHFWO\�FRPSDULQJ�WKH�YDOXHV�RI�FDWHJRULFDO�
YDULDEOHV�LV�WR�FRPSDUH�WKHLU�FRQWLQJHQF\�WDEOHV��*LYHQ�WZR�
GDWDVHWV� ) �DQG�* ��WKH�RULJLQDO�DQG�WKH�SURWHFWHG�VHW��
UHVSHFWLYHO\��DQG�WKHLU�FRUUHVSRQGLQJ�W�GLPHQVLRQDO�
FRQWLQJHQF\�WDEOHV�IRU� .W ≤ ��ZH�FDQ�GHILQH�D�FRQWLQJHQF\�
WDEOH�EDVHG�LQIRUPDWLRQ�ORVV�PHDVXUH�&7%,/�IRU�D�VXEVHW�: �
RI�YDULDEOHV�DV�IROORZV���

�([SHUW�OHYHO�

�([SHUW�OHYHO�
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ZKHUH� ILOH
VXEVFULSWV[ �LV�WKH�HQWU\�RI�WKH�FRQWLQJHQF\�WDEOH�RI�ILOH�DW�

SRVLWLRQ�JLYHQ�E\�VXEVFULSWV��

%HFDXVH�WKH�QXPEHU�RI�FRQWLQJHQF\�WDEOHV�WR�EH�FRQVLGHUHG�

GHSHQGV�RQ�WKH�QXPEHU�RI�YDULDEOHV�: ��WKH�QXPEHU�RI�

FDWHJRULHV�IRU�HDFK�YDULDEOH��DQG�WKH�GLPHQVLRQ� . ��D�
QRUPDOL]HG�YHUVLRQ�RI�([SUHVVLRQ�����������PD\�EH�GHVLUDEOH��
7KLV�FDQ�EH�REWDLQHG�E\�GLYLGLQJ�([SUHVVLRQ�����������E\�WKH�
WRWDO�QXPEHU�RI�FHOOV�LQ�DOO�FRQVLGHUHG�WDEOHV���

'LVWDQFH�EHWZHHQ�FRQWLQJHQF\�WDEOHV�JHQHUDOL]HV�VRPH�RI�WKH�
LQIRUPDWLRQ�ORVV�PHDVXUHV�XVHG�LQ�WKH�OLWHUDWXUH��)RU�
H[DPSOH��WKH� �$5*86�VRIWZDUH��+XQGHSRRO�HW�DO��������
PHDVXUHV�LQIRUPDWLRQ�ORVV�IRU�ORFDO�VXSSUHVVLRQ�E\�FRXQWLQJ�
WKH�QXPEHU�RI�VXSSUHVVLRQV��7KH�GLVWDQFH�EHWZHHQ�WZR�
FRQWLQJHQF\�WDEOHV�RI�GLPHQVLRQ�RQH�UHWXUQV�WZLFH�WKH�
QXPEHU�RI�VXSSUHVVLRQV��7KLV�LV�EHFDXVH��ZKHQ�FDWHJRU\�$�LV�
VXSSUHVVHG�IRU�RQH�UHFRUG��WZR�HQWULHV�RI�WKH�FRQWLQJHQF\�
WDEOH�DUH�FKDQJHG��WKH�FRXQW�RI�UHFRUGV�ZLWK�FDWHJRU\�$�
GHFUHDVHV�DQG�WKH�FRXQW�RI�UHFRUGV�ZLWK�WKH�´PLVVLQJµ�
FDWHJRU\�LQFUHDVHV���

��������(QWURS\�EDVHG�PHDVXUHV�

,Q�'H:DDO�DQG�:LOOHQERUJ���������.RRLPDQ��:LOOHQERUJ�DQG�
*RXZHOHHXZ���������DQG�:LOOHQERUJ�DQG�'H:DDO���������WKH�
XVH�RI�6KDQQRQ·V�HQWURS\�WR�PHDVXUH�LQIRUPDWLRQ�ORVV�LV�
GLVFXVVHG�IRU�WKH�IROORZLQJ�PHWKRGV��ORFDO�VXSSUHVVLRQ��JOREDO�
UHFRGLQJ�DQG�35$0��(QWURS\�LV�DQ�LQIRUPDWLRQ�WKHRUHWLF�
PHDVXUH��EXW�FDQ�EH�XVHG�LQ�6'&�LI�WKH�SURWHFWLRQ�SURFHVV�LV�
PRGHOOHG�DV�WKH�QRLVH�WKDW�ZRXOG�EH�DGGHG�WR�WKH�RULJLQDO�
GDWDVHW�LQ�WKH�HYHQW�RI�LW�EHLQJ�WUDQVPLWWHG�RYHU�D�QRLV\�
FKDQQHO��

$V�QRWHG�HDUOLHU��35$0�LV�D�PHWKRG�WKDW�JHQHUDOL]HV�QRLVH�
DGGLWLRQ��VXSSUHVVLRQ�DQG�UHFRGLQJ�PHWKRGV��7KHUHIRUH��RXU�
GHVFULSWLRQ�RI�WKH�XVH�RI�HQWURS\�ZLOO�EH�OLPLWHG�WR�35$0��

/HW�9 �EH�D�YDULDEOH�LQ�WKH�RULJLQDO�GDWDVHW�DQG�9 ′ �EH�WKH�
FRUUHVSRQGLQJ�YDULDEOH�LQ�WKH�35$0�SURWHFWHG�GDWDVHW��/HW�

( ){ }L9M9S3 99 ==′=′ _� �EH�WKH�35$0�0DUNRY�PDWUL[��7KHQ��

WKH�FRQGLWLRQDO�XQFHUWDLQW\�RI�9�JLYHQ�WKDW� M9 =′ LV���

� ( ) ( ) ( )__ORJ__
�

M9L9SM9L9SM99+
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7KH�SUREDELOLWLHV�LQ�([SUHVVLRQ�����������FDQ�EH�GHULYHG�IURP�

993 ′� �XVLQJ�%D\HV·V�IRUPXOD��)LQDOO\��WKH�HQWURS\�EDVHG�

LQIRUPDWLRQ�ORVV�PHDVXUH�(%,/�LV�REWDLQHG�E\�DFFXPXODWLQJ�
([SUHVVLRQ���������IRU�DOO�LQGLYLGXDOV�U�LQ�WKH�SURWHFWHG�
GDWDVHW�* ��

�([SHUW�OHYHO�
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ZKHUH� UM �LV�WKH�YDOXH�WDNHQ�E\�9 ′ �LQ�UHFRUG�U���

7KH�DERYH�PHDVXUH�FDQ�EH�JHQHUDOL]HG�IRU�PXOWLYDULDWH�
GDWDVHWV�LI�9 �DQG�9 ′ �DUH�WDNHQ�DV�EHLQJ�PXOWLGLPHQVLRQDO�
YDULDEOHV��L�H��UHSUHVHQWLQJ�VHYHUDO�RQH�GLPHQVLRQDO�
YDULDEOHV���

:KLOH�XVLQJ�HQWURS\�WR�PHDVXUH�LQIRUPDWLRQ�ORVV�LV�DWWUDFWLYH�
IURP�D�WKHRUHWLFDO�SRLQW�RI�YLHZ��LWV�LQWHUSUHWDWLRQ�LQ�WHUPV�RI�
GDWD�XWLOLW\�ORVV�LV�OHVV�REYLRXV�WKDQ�IRU�WKH�SUHYLRXVO\�
GLVFXVVHG�PHDVXUHV��

������5HIHUHQFHV�

&KDWILHOG��&���DQG�&ROOLQV��$��-�����������,QWURGXFWLRQ�WR�
0XOWLYDULDWH�$QDO\VLV��&KDSPDQ�DQG�+DOO��/RQGRQ��������

'DQGHNDU��5���'RPLQJR�)HUUHU��-���DQG�6HEp��)�����������/+6�
EDVHG�K\EULG�PLFURGDWD�YV��UDQN�VZDSSLQJ�DQG�
PLFURDJJUHJDWLRQ�IRU�QXPHULF�PLFURGDWD�SURWHFWLRQ��,Q�
-��'RPLQJR�)HUUHU��HGLWRU��,QIHUHQFH�&RQWURO�LQ�6WDWLVWLFDO�
'DWDEDVHV��YROXPH������RI�/1&6��SDJHV����²�����%HUOLQ�
+HLGHOEHUJ��������6SULQJHU��

'H:DDO��$��*���DQG�:LOOHQERUJ��/��&��5��-����������,QIRUPDWLRQ�
ORVV�WKURXJK�JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ��
1HWKHUODQGV�2IILFLDO�6WDWLVWLFV�������²����������VSHFLDO�
LVVXH�RQ�6'&��

'RPLQJR�)HUUHU��-���0DWHR�6DQ]��-��0���DQG�7RUUD��9����������
&RPSDULQJ�VGF�PHWKRGV�IRU�PLFURGDWD�RQ�WKH�EDVLV�RI�
LQIRUPDWLRQ�ORVV�DQG�GLVFORVXUH�ULVN��,Q�3UH�SURFHHGLQJV�RI�
(7.�1776·������YRO������SDJHV����²�����/X[HPEXUJ��
������(XURVWDW��

'RPLQJR�)HUUHU��-���DQG�7RUUD��9����������'LVFORVXUH�
SURWHFWLRQ�PHWKRGV�DQG�LQIRUPDWLRQ�ORVV�IRU�PLFURGDWD��,Q�
3��'R\OH��-��,��/DQH��-��-��0��7KHHXZHV��DQG�/��=D\DW]��
HGLWRUV��&RQILGHQWLDOLW\��'LVFORVXUH�DQG�'DWD�$FFHVV��
7KHRU\�DQG�3UDFWLFDO�$SSOLFDWLRQV�IRU�6WDWLVWLFDO�
$JHQFLHV��SDJHV���²�����$PVWHUGDP��������1RUWK�
+ROODQG��
KWWS���YQHXPDQQ�HWVH�XUY�HV�SXEOLFDWLRQV�EFSL��

+XQGHSRRO��$���9DQ�GH�:HWHULQJ��$���5DPDVZDP\��5���
)UDQFRQL��/���&DSRELDQFKL��$���'H:ROI��3��3���'RPLQJR�
)HUUHU��-���7RUUD��9���%UDQG��5���DQG�*LHVVLQJ��6����������
��$5*86�YHUVLRQ�����6RIWZDUH�DQG�8VHU·V�0DQXDO��
6WDWLVWLFV�1HWKHUODQGV��9RRUEXUJ�1/��PD\�������
KWWS���QHRQ�YE�FEV�QO�FDVF��

.RRLPDQ��3��/���:LOOHQERUJ��/��DQG�*RXZHOHHXZ��-����������
35$0��$�PHWKRG�IRU�GLVFORVXUH�OLPLWDWLRQ�RI�PLFURGDWD��
7HFKQLFDO�UHSRUW��6WDWLVWLFV�1HWKHUODQGV��9RRUEXUJ��1/���
������

7URWWLQL��0�����������'HFLVLRQ�PRGHOV�IRU�GDWD�GLVFORVXUH�
OLPLWDWLRQ��3K'�WKHVLV��&DUQHJLH�0HOORQ�8QLYHUVLW\��������
KWWS���ZZZ�QLVV�RUJ�GJLL�75�7KHVLV�7URWWLQL�ILQDO�SGI��

:LOOHQERUJ��/���DQG�'H:DDO��7�����������(OHPHQWV�RI�6WDWLVWLFDO�
'LVFORVXUH�&RQWURO��6SULQJHU�9HUODJ��1HZ�<RUN��������

:LQNOHU��:��(����������5H�LGHQWLILFDWLRQ�PHWKRGV�IRU�HYDOXDWLQJ�
WKH�FRQILGHQWLDOLW\�RI�DQDO\WLFDOO\�YDOLG�PLFURGDWD��,Q�

http://www.niss.org/dgii/TR/Thesis-Trottini-final.pdf
http://neon.vb.cbs.nl/casc/deliv/MUmanual4.0.pdf
http://vneumann.etse.urv.es/publications/bcpi
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-��'RPLQJR�)HUUHU��HGLWRU��6WDWLVWLFDO�'DWD�3URWHFWLRQ��
/X[HPEXUJ��������2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�RI�WKH�
(XURSHDQ�&RPPXQLWLHV���-RXUQDO�YHUVLRQ�LQ�5HVHDUFK�LQ�
2IILFLDO�6WDWLVWLFV��YRO�����QR�����SS����������������

:LQNOHU��:��(����������5H�LGHQWLILFDWLRQ�PHWKRGV�IRU�PDVNHG�
PLFURGDWD��,Q�-��'RPLQJR�)HUUHU�DQG�9��7RUUD��HGLWRUV��
3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

<DQFH\��:��(���:LQNOHU��:��(���DQG�&UHHF\��5��+����������
'LVFORVXUH�ULVN�DVVHVVPHQW�LQ�SHUWXUEDWLYH�PLFURGDWD�
SURWHFWLRQ��,Q�-��'RPLQJR�)HUUHU��HGLWRU��,QIHUHQFH�
&RQWURO�LQ�6WDWLVWLFDO�'DWDEDVHV��YROXPH������RI�/1&6��
SDJHV����²�����%HUOLQ�+HLGHOEHUJ��������6SULQJHU��

����6RIWZDUH�

��������$5*86�

7KH�µ�$5*86�VRIWZDUH�KDV�EHHQ�GHYHORSHG�WR�IDFLOLWDWH�
VWDWLVWLFLDQV��PDLQO\�LQ�WKH�16,·V��WR�DSSO\�WKH�6'&�
PHWKRGV�GHVFULEHG�DERYH�WR�FUHDWH�VDIH�PLFUR�GDWD�ILOHV��
,W�LV�D�WRRO�WR�DSSO\�WKH�6'&�PHWKRGRORJ\��QRW�D�EODFN�
ER[�WKDW�ZLOO�FUHDWH�D�VDIH�ILOH�ZLWKRXW�NQRZLQJ�WKH�
EDFNJURXQG�RI�WKH�6'&�PHWKRGRORJ\��7KH�GHYHORSPHQW�
RI�µ�$5*86�KDV�VWDUWHG�DW�6WDWLVWLFV�1HWKHUODQGV�E\�
LPSOHPHQWLQJ�WKH�'XWFK�PHWKRGV�DQG�UXOHV��VHH�DOVR�
VHFWLRQ�������:LWK�WKLV�VRIWZDUH�DV�D�VWDUWLQJ�SRLQW�
PDQ\�RWKHU�PHWKRGV�KDYH�EHHQ�DGGHG��6HYHUDO�RI�WKHVH�
PHWKRGV�KDYH�EHHQ�GHYHORSHG�DQG�RU�DFWXDOO\�
LPSOHPHQWHG�GXULQJ�WKH�&$6&�SURMHFW��

,Q�WKLV�VHFWLRQ�ZH�ZLOO�MXVW�D�VKRUW�RYHUYLHZ�RI�
µ�$5*86��DV�DQ�H[WHQVLYH�PDQXDO�LV�DYDLODEOH��IXOO\�
GHVFULELQJ�WKH�VRIWZDUH���

7KH�VWDUWLQJ�SRLQW�RI�µ�$5*86�KDV�EHHQ�
LPSOHPHQWDWLRQ�RI�WKH�WKUHVKROG�UXOHV�IRU�LGHQWLI\LQJ�
XQVDIH�UHFRUGV�DQG�SURFHGXUHV�IRU�JOREDO�UHFRGLQJ�DQG�
ORFDO�VXSSUHVVLRQ��

'DWD�� �$5*86�FDQ�ERWK�SURWHFW�IL[HG�DQG�IUHH�IRUPDW�
$6&,,�ILOHV��$�UHFHQW�H[WHQVLRQ�KDV�EHHQ�WR�VXSSRUW�WKH�
6366�ILOH�IRUPDW��

�
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µ�$5*86

/RFDO�VXSSUHVVLRQ

5LVN�PRGHO

0LFUR�DJJUHJDWLRQ

5DQN�VZDSSLQJ

0DVNLQJ

7RS�DQG�ERWWRP�
FRGLQJ

35$0

*OREDO�UHFRGLQJ

1RLVH�DGGLWLRQ

)LJXUH������2YHUYLHZ�RI� �$5*86��

0DQ\�RI�WKH�PHWKRGV�GHVFULEHG�SUHYLRXVO\�LQ�WKH�
PHWKRGRORJ\�VHFWLRQ�FDQ�EH�DSSOLHG�ZLWK� �$5*86�WR�D�
GDWDVHW��,W�LV�RXU�DLP�WR�LQFOXGH�RWKHU�PHWKRGV�DV�ZHOO�
LQ�WKH�QHDU�IXWXUH��LI�WLPH�SHUPLWV�

�$5*86�LV�D�IOH[LEOH�LQWHUDFWLYH�SURJUDP�WKDW�ZLOO�
JXLGH�\RX�WKURXJK�WKH�SURFHVV�RI�GDWD�SURWHFWLRQ��,Q�D�
W\SLFDOO\� �$5*86�UXQ�\RX�ZLOO�W\SLFDOO\�JR�WKURXJK�WKH�
IROORZLQJ�VWHSV��JLYHQ�WKDW�WKH�PLFURGDWD�VHW�LV�UHDG\���

���0HWD�GDWD��µ�$5*86�QHHGV�WR�NQRZ�WKH�VWUXFWXUH�RI�
WKH�GDWD�VHW��1RW�RQO\�WKH�JHQHUDO�DVSHFWV�EXW�DOVR�
DGGLWLRQDO�6'&�VSHFLILF�LQIRUPDWLRQ��$V�WKHUH�LV�WLOO�
QRZ�QR�VXLWDEOH�IOH[LEOH�VWDQGDUG�IRU�PHWD�GDWD�
DOORZLQJ�XV�WR�VSHFLI\�DOVR�WKH�6'&�VSHFLILF�SDUWV�RI�
WKH�PHWD�GDWD��ZH�KDYH�WR�UHO\�RQ�WKH�$5*86�PHWD�
GDWD�IRUPDW��
7KLV�FDQ�EH�SUHSDUHG��SDUWLDOO\��H[WHUQDOO\�RU�LW�FDQ�
EH�VSHFLILHG�LQWHUDFWLYHO\�GXULQJ�D� �$5*86�VHVVLRQ��

���7KUHVKROG�UXOH�ULVN�PRGHOV��6HOHFWLRQ�DQG�
FRPSXWDWLRQ�RI�IUHTXHQF\�WDEOHV�RQ�ZKLFK�VHYHUDO�
6'&�PHWKRGV��OLNH�ULVN�PRGHOV��WKUHVKROG�UXOH��DUH�
EDVHG�

���*OREDO�UHFRGLQJ��6HOHFWLRQ�RI�SRVVLEOH�UHFRGLQJV�DQG�
LQVSHFWLRQ�RI�WKH�UHVXOWV��

���6HOHFWLRQ�DQG�DSSOLFDWLRQ�RI�RWKHU�SURWHFWLRQ�
PHWKRGV�OLNH��

D��0LFURDJJUHJDWLRQ�

E��35$0�

F��5RXQGLQJ�

G��7RS�DQG�ERWWRP�FRGLQJ�

H��5DQN�VZDSSLQJ�

I��1RLVH�DGGLWLRQ�

���5LVN�PRGHO��VHOHFWLRQ�RI�WKH�ULVN�OHYHO�

���*HQHUDWH�WKH�VDIH�PLFUR�ILOH��'XULQJ�WKLV�SURFHVV�
DOO�GDWD�WUDQVIRUPDWLRQV�VSHFLILHG�DERYH��7KLV�LV�DOVR�
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WKH�PRPHQW�WKDW�DOO�UHPDLQLQJ�XQVDIH�FRPELQDWLRQV�
ZLOO�EH�SURWHFWHG�E\�ORFDO�VXSSUHVVLRQV��$OVR�DQ�
H[WHQVLYH�UHSRUW�ZLOO�EH�JHQHUDWHG��

:KHQ�WKH�DERYH�VFKHPH�KDV�EHHQ�IROORZHG�D�VDIH�
PLFURGDWD�ILOH�KDV�EHHQ�JHQHUDWHG�� �$5*86�LV�FDSDEOH�RI�
KDQGOLQJ�YHU\�ODUJH�GDWDVHWV��2QO\�GXULQJ�WKH�ILUVW�SKDVH��
ZKHQ�WKH�GDWDILOH�LV�H[SORUHG�DQG�WKH�IUHTXHQF\�WDEOHV�DUH�
FRPSXWHG�VRPH�KHDY\�FRPSXWDWLRQV�DUH�SHUIRUPHG��7KLV�
PLJKW�WDNH�VRPH�WLPH�GHSHQGLQJ�RQ�WKH�VL]H�RI�WKH�GDWDILOH���
+RZHYHU�DOO�WKH�UHDO�6'&�ZRUN��JOREDO�UHFRGLQJ�DQG�WKH�
RWKHU�PHWKRGV�QDPHG�XQGHU���DQG���DERYH��DUH�GRQH�DW�
WKH�OHYHO�RI�WKH�LQIRUPDWLRQ�SUHSDUHG�GXULQJ�WKLV�ILUVW�
SKDVH��7KLV�ZLOO�EH�GRQH�YHU\�TXLFNO\��2QO\�LQ�WKH�ILQDO�
SKDVH�ZKHQ�WKH�SURWHFWHG�GDWDILOH�LV�PDGH��WKH�RSHUDWLRQ�
PLJKW�EH�WLPH�FRQVXPLQJ�GHSHQGLQJ�RQ�WKH�VL]H�RI�WKH�
GDWDILOH��

7KLV�DUFKLWHFWXUH�RI� �$5*86�KDV�WKH�DGYDQWDJH�WKDW�DOO�
UHDO�6'&�ZRUN��WKDW�ZLOO�EH�GRQH�LQWHUDFWLYHO\��ZLOO�KDYH�D�
YHU\�TXLFN�UHVSRQVH�WLPH��,QVSHFWLQJ�WKH�UHVXOWV�RI�YDULRXV�
UHFRGLQJV�LV�HDV\�DQG�VLPSOH����

����,QWURGXFWRU\�H[DPSOH��UXOHV�DW�6WDWLVWLFV�
1HWKHUODQGV�

$V�KDV�EHHQ�VKRZQ�LQ�WKH�SUHYLRXV�VHFWLRQV�WKHUH�DUH�
PDQ\�VRSKLVWLFDWHG�ZD\V�RI�PDNLQJ�D�VDIH�SURWHFWHG�
PLFURGDWD�VHW��$QG�LW�LV�IDU�IURP�D�VLPSOH�
VWUDLJKWIRUZDUG�WDVN�WR�VHOHFW�WKH�PRVW�DSSURSULDWH�
PHWKRG�IRU�WKH�'LVFORVXUH�3URWHFWLRQ�RI�D�PLFURGDWD�VHW��
7KLV�UHTXLUHV�D�VROLG�NQRZOHGJH�RI�WKH�VXUYH\�LQ�
TXHVWLRQ�DV�ZHOO�DV�D�JRRG�RYHUYLHZ�RI�DOO�WKH�PHWKRGV�
GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQV���

+RZHYHU�DV�DQ�LQWURGXFWLRQ�ZH�ZLOO�GHVFULEH�KHUH�WKH�
PHWKRG�VHW�RI�UXOHV�FXUUHQWO\�DSSOLHG�DW�6WDWLVWLFV�
1HWKHUODQGV�IRU�PDNLQJ�ERWK�PLFURGDWD�ILOHV�IRU�
UHVHDUFKHUV�DV�ZHOO�DV�SXEOLF�XVH�ILOHV��7KLV�DSSURDFK�
FDQ�EH�HDVLO\�DSSOLHG��DV�LW�LV�UHDGLO\�DYDLODEOH�LQ�
�$5*86��7KHVH�UXOHV�DUH�EDVHG�RQ�WKH�$5*86�

WKUHVKROG�UXOH��VHH�VHFWLRQ����LQ�FRPELQDWLRQ�ZLWK�
JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ��VHH�VHFWLRQ�
��������DQG�����������7KLV�UXOH�RQO\�FRQFHQWUDWHV�RQ�WKH�
LGHQWLI\LQJ�YDULDEOHV�RU�NH\�YDULDEOHV��DV�WKHVH�DUH�WKH�
VWDUWLQJ�SRLQW�IRU�DQ�LQWUXVLRQ��7KHUH�UXOHV�KDYH�
SULPDULO\�EHHQ�GHYHORSHG�IRU�PLFURGDWD�DERXW�SHUVRQV��

)RU�WKH�PLFURGDWD�IRU�UHVHDUFKHUV�6WDWLVWLFV�1HWKHUODQGV�
XVHV�WKH�IROORZLQJ�VHW�RI�UXOHV��

���'LUHFW�LGHQWLILHUV�VKRXOG�QRW�EH�UHOHDVHG�DQG�
WKHUHIRUH�VKRXOG�EH�UHPRYHG�IURP�WKH�PLFURGDWD�VHW��

���7KH�LQGLUHFW�LGHQWLILHUV�DUH�VXEGLYLGHG�LQWR�H[WUHPHO\�
LGHQWLI\LQJ�YDULDEOHV��YHU\�LGHQWLI\LQJ�YDULDEOHV�DQG�

0LFURGDWD�IRU�
UHVHDUFKHUV�
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LGHQWLI\LQJ�YDULDEOHV��2QO\�GLUHFW�UHJLRQDO�YDULDEOHV�
DUH�FRQVLGHUHG�WR�EH�H[WUHPHO\�LGHQWLI\LQJ��9HU\�
LGHQWLI\LQJ�YDULDEOH�DUH�YHU\�YLVLEOH�YDULDEOHV�OLNH�
JHQGHU��HWKQLFLW\�HWF��(DFK�FRPELQDWLRQ�RI�YDOXHV�RI�
DQ�H[WUHPHO\�LGHQWLI\LQJ�YDULDEOH��D�YHU\�LGHQWLI\LQJ�
YDULDEOH�DQG�DQ�LGHQWLI\LQJ�YDULDEOH�VKRXOG�RFFXU�DW�
OHDVW�����WLPHV�LQ�WKH�SRSXODWLRQ��

���7KH�PD[LPXP�OHYHO�RI�GHWDLO�IRU�RFFXSDWLRQ��ILUP�DQG�
OHYHO�RI�HGXFDWLRQ�LV�GHWHUPLQHG�E\�WKH�PRVW�GHWDLOHG�
GLUHFW�UHJLRQDO�YDULDEOH��7KLV�UXOH�GRHV�QRW�UHSODFH�
UXOH����EXW�LV�LQVWHDG�D�SUDFWLFDO�H[WHQVLRQ�RI�WKDW�
UXOH��

���$�UHJLRQ�WKDW�FDQ�EH�GLVWLQJXLVKHG�LQ�WKH�PLFURGDWD�
VKRXOG�FRQWDLQ�DW�OHDVW��������LQKDELWDQWV��

��� ,I�WKH�PLFURGDWD�FRQFHUQ�SDQHO�GDWD�GLUHFW�UHJLRQDO�
GDWD�VKRXOG�QRW�EH�UHOHDVHG��7KLV�UXOH�SUHYHQWV�WKH�
GLVFORVXUH�RI�LQGLYLGXDO�LQIRUPDWLRQ�E\�XVLQJ�WKH�
SDQHO�FKDUDFWHU�RI�WKH�PLFURGDWD��

,I�WKHVH�UXOHV�DUH�YLRODWHG��JOREDO�UHFRGLQJ�DQG�ORFDO�
VXSSUHVVLRQ�DUH�DSSOLHG�WR�DFKLHYH�D�VDIH�ILOH��%RWK�
JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ�OHDG�WR�
LQIRUPDWLRQ�ORVV��EHFDXVH�HLWKHU�OHVV�GHWDLOHG�
LQIRUPDWLRQ�LV�SURYLGHG�RU�VRPH�LQIRUPDWLRQ�LV�QRW�
JLYHQ�DW�DOO��$�EDODQFH�EHWZHHQ�JOREDO�UHFRGLQJ�DQG�
ORFDO�VXSSUHVVLRQ�VKRXOG�DOZD\V�EH�IRXQG�LQ�RUGHU�WR�
PDNH�WKH�LQIRUPDWLRQ�ORVV�GXH�WR�WKH�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO�PHDVXUHV�DV�ORZ�DV�SRVVLEOH��,W�LV�
UHFRPPHQGHG�WR�VWDUW�E\�UHFRGLQJ�VRPH�YDULDEOHV�
JOREDOO\�XQWLO�WKH�QXPEHU�RI�XQVDIH�FRPELQDWLRQV�WKDW�
KDV�WR�EH�SURWHFWHG�LV�VXIILFLHQWO\�ORZ��7KHQ�WKH�
UHPDLQLQJ�XQVDIH�FRPELQDWLRQV�KDYH�WR�EH�SURWHFWHG�E\�
ORFDO�VXSSUHVVLRQV��

)RU�EXVLQHVV�PLFURGDWD�WKHVH�UXOHV�DUH�QRW�DSSURSULDWH��
2SSRVLWH�WR�SHUVRQDO�PLFURGDWD�EXVLQHVV�GDWD�WHQGV�WR�
EH�PXFK�PRUH�VNHZHG��(DFK�EXVLQHVV�LV�PXFK�PRUH�
YLVLEOH�LQ�D�PLFURGDWD�VHW��7KLV�PDNHV�LW�YHU\�KDUG�WR�
PDNH�D�VDIH�EXVLQHVV�PLFUR�GDWDVHW��

7KH�VRIWZDUH�SDFNDJH� �$5*86��+XQGHSRRO�HW�DO��������
LV�DOVR�RI�KHOS�LQ�SURGXFLQJ�SXEOLF�XVH�PLFURGDWD�ILOHV��
)RU�WKH�SXEOLF�XVH�PLFURGDWD�ILOHV�6WDWLVWLFV�
1HWKHUODQGV�XVHV�WKH�IROORZLQJ�VHW�RI�UXOHV��

���7KH�PLFURGDWD�PXVW�EH�DW�OHDVW�RQH�\HDU�ROG�EHIRUH�
WKH\�PD\�EH�UHOHDVHG��

���'LUHFW�LGHQWLILHUV�VKRXOG�QRW�EH�UHOHDVHG��$OVR�GLUHFW�
UHJLRQDO�YDULDEOHV��QDWLRQDOLW\��FRXQWU\�RI�ELUWK�DQG�
HWKQLFLW\�VKRXOG�QRW�EH�UHOHDVHG��

���2QO\�RQH�NLQG�RI�LQGLUHFW�UHJLRQDO�YDULDEOHV��H�J��WKH�
VL]H�FODVV�RI�WKH�SODFH�RI�UHVLGHQFH��PD\�EH�UHOHDVHG��
7KH�FRPELQDWLRQV�RI�YDOXHV�RI�WKH�LQGLUHFW�UHJLRQDO�
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YDULDEOHV�VKRXOG�EH�VXIILFLHQWO\�VFDWWHUHG��L�H��HDFK�
DUHD�WKDW�FDQ�EH�GLVWLQJXLVKHG�VKRXOG�FRQWDLQ�DW�
OHDVW���������SHUVRQV�LQ�WKH�WDUJHW�SRSXODWLRQ�DQG��
PRUHRYHU��VKRXOG�FRQVLVW�RI�PXQLFLSDOLWLHV�IURP�DW�
OHDVW�VL[�RI�WKH�WZHOYH�SURYLQFHV�LQ�WKH�1HWKHUODQGV��
7KH�QXPEHU�RI�LQKDELWDQWV�RI�D�PXQLFLSDOLW\�LQ�DQ�
DUHD�WKDW�FDQ�EH�GLVWLQJXLVKHG�VKRXOG�EH�OHVV�WKDQ�
�����RI�WKH�WRWDO�QXPEHU�RI�LQKDELWDQWV�LQ�WKDW�DUHD��

���7KH�QXPEHU�RI�LGHQWLI\LQJ�YDULDEOHV�LQ�WKH�PLFURGDWD�
LV�DW�PRVW�����

���6HQVLWLYH�YDULDEOHV�VKRXOG�QRW�EH�UHOHDVHG��

���,W�VKRXOG�EH�LPSRVVLEOH�WR�GHULYH�DGGLWLRQDO�
LGHQWLI\LQJ�LQIRUPDWLRQ�IURP�WKH�VDPSOLQJ�ZHLJKWV��

���$W�OHDVW���������SHUVRQV�LQ�WKH�SRSXODWLRQ�VKRXOG�
VFRUH�RQ�HDFK�YDOXH�RI�DQ�LGHQWLI\LQJ�YDULDEOH��

���$W�OHDVW�������SHUVRQV�LQ�WKH�SRSXODWLRQ�VKRXOG�
VFRUH�RQ�HDFK�YDOXH�RI�WKH�FURVVLQJ�RI�WZR�LGHQWLI\LQJ�
YDULDEOHV��

���)RU�HDFK�KRXVHKROG�IURP�ZKLFK�PRUH�WKDQ�RQH�
SHUVRQ�SDUWLFLSDWHG�LQ�WKH�VXUYH\�ZH�GHPDQG�WKDW�
WKH�WRWDO�QXPEHU�RI�KRXVHKROGV�WKDW�FRUUHVSRQG�WR�
DQ\�SDUWLFXODU�FRPELQDWLRQ�RI�YDOXHV�RI�KRXVHKROG�
YDULDEOHV�LV�DW�OHDVW�ILYH�LQ�WKH�PLFURGDWD��

���� 7KH�UHFRUGV�RI�WKH�PLFURGDWD�VKRXOG�EH�UHOHDVHG�LQ�
UDQGRP�RUGHU��

$FFRUGLQJ�WR�WKLV�VHW�RI�UXOHV�WKH�SXEOLF�XVH�ILOHV�DUH�
SURWHFWHG�PXFK�PRUH�VHYHUHO\�WKDQ�WKH�PLFURGDWD�IRU�
UHVHDUFK��1RWH�WKDW�IRU�WKH�PLFURGDWD�IRU�UHVHDUFK�LW�LV�
QHFHVVDU\�WR�FKHFN�FHUWDLQ�WULYDULDWH�FRPELQDWLRQV�RI�
YDOXHV�RI�LGHQWLI\LQJ�YDULDEOHV�DQG�IRU�WKH�SXEOLF�XVH�
ILOHV�LW�LV�VXIILFLHQW�WR�FKHFN�ELYDULDWH�FRPELQDWLRQV��EXW�
WKH�WKUHVKROGV�DUH�PXFK�KLJKHU��+RZHYHU��IRU�SXEOLF�
XVH�ILOHV�LW�LV�QRW�DOORZHG�WR�UHOHDVH�GLUHFW�UHJLRQDO�
YDULDEOHV��:KHQ�QR�GLUHFW�UHJLRQDO�YDULDEOH�LV�UHOHDVHG�
LQ�D�PLFURGDWD�VHW�IRU�UHVHDUFK��WKHQ�RQO\�VRPH�
ELYDULDWH�FRPELQDWLRQV�RI�YDOXHV�RI�LGHQWLI\LQJ�YDULDEOHV�
VKRXOG�EH�FKHFNHG�DFFRUGLQJ�WR�WKH�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO�UXOHV��)RU�WKH�FRUUHVSRQGLQJ�SXEOLF�
XVH�ILOHV�DOO�WKH�ELYDULDWH�FRPELQDWLRQV�RI�YDOXHV�RI�
LGHQWLI\LQJ�YDULDEOHV�VKRXOG�EH�FKHFNHG��

����)XUWKHU�H[DPSOHV�

,Q�WKLV�VHFWLRQ�ZH�SURYLGH�H[DPSOHV�EDVHG�RQ�UHDO�
VXUYH\V�RI�WKH�YDULRXV�VWHSV�GHVFULEHG�LQ�WKH�SUHYLRXV�
VHFWLRQV�LQ�RUGHU�WR�GHVFULEH�D�SRVVLEOH�SURFHVV�RI�
PLFURGDWD�DQRQ\PLVDWLRQ�LQ�SUDFWLFH��7KH�WZR�VXUYH\V�
DQDO\VHG�DUH�RQH�IURP�WKH�VRFLDO�GRPDLQ��WKH�/DERXU�
)RUFH�6XUYH\��/)6���DQG�RQH�RQ�EXVLQHVV�GDWD��WKH�
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&RPPXQLW\�,QQRYDWLRQ�6XUYH\��&,6���1RWLFH�KRZ�WKH�
FRPSOH[LW\�RI�WKH�UHDVRQLQJ�RQ�EXVLQHVV�GDWD�PD\�ULVH�
VKDUSO\�DV�FRPSDUHG�WR�VRFLDO�PLFURGDWD��

������/DERXU�)RUFH�6XUYH\�

7KH�/DERXU�)RUFH�6XUYH\��LV�RQH�RI�WKH�VXUYH\V�VXEMHFW�
WR�5HJXODWLRQ�(&����������RQ�DFFHVV�WR�PLFURGDWD�IRU�
VFLHQWLILF�SXUSRVHV��7KH�/DERXU�)RUFH�6XUYH\��/)6��LV�
WKH�PDLQ�GDWD�VRXUFH�IRU�WKH�DQDO\VLV�RI�WKH�ODERXU�
PDUNHW��HPSOR\PHQW��XQHPSOR\PHQW�DV�ZHOO�DV�WKH�
FRQGLWLRQV�DQG�WKH�OHYHO�RI�LQYROYHPHQW�DW�WKH�ODERXU�
PDUNHW��6RPH�RI�WKH�PDLQ�REVHUYHG�YDULDEOHV�DUH���

���GHPRJUDSKLF�YDULDEOH���JHQGHU��\HDU�RI�ELUWK��PDULWDO�
VWDWXV��UHODWLRQVKLS�WR�UHIHUHQFH�SHUVRQ��SODFH�RI�
UHVLGHQFH���

���ODERXU�VWDWXV���ODERXU�VWDWXV�GXULQJ�WKH�UHIHUHQFH�
ZHHN��HWF����

���HPSOR\PHQW�FKDUDFWHULVWLFV�RI�WKH�PDLQ�MRE��
�SURIHVVLRQDO�VWDWXV��HFRQRPLF�DFWLYLW\�RI�ORFDO�XQLW��
FRXQWU\�RI�SODFH�RI�ZRUN��HWF����

���HGXFDWLRQ�DQG�WUDLQLQJ��

���LQFRPH��

���WHFKQLFDO�LWHP�UHODWLQJ�WR�WKH�LQWHUYLHZ��

7KH�VDPSOLQJ�GHVLJQV�LQ�WKH�(8�/)6��DUH�H[WUHPHO\�
YDULHG��0RVW�16,V�HPSOR\�VRPH�NLQG�RI�PXOWLVWDJH�
VWUDWLILHG�UDQGRP�VDPSOLQJ�GHVLJQ��HVSHFLDOO\�WKRVH�WKDW�
GR�QRW�KDYH�FHQWUDO�SRSXODWLRQ�UHJLVWHU�DYDLODEOH��

,Q�WKH�GRFXPHQW�(XURVWDW��������D�SURSRVDO�IRU�WKH�
DQRQ\PLVDWLRQ�RI�WKH�/)6�LV�SUHVHQWHG��+HUH�ZH�VKRZ�D�
SRVVLEOH�DSSURDFK�WR�GLVFORVXUH�VFHQDULR�GHILQLWLRQ�WKDW�
OHDGV�WR�WKH�GHILQLWLRQ�RI�WKH�LGHQWLI\LQJ�YDULDEOHV���

$�VSRQWDQHRXV�LGHQWLILFDWLRQ��VHH�6HFWLRQ��������FDQ�
KDSSHQ�ZKHQ�DQ�LQWUXGHU�KDV�D�GLUHFW�NQRZOHGJH�RI�
VRPH�VWDWLVWLFDO�XQLWV�EHORQJLQJ�WR�WKH�VDPSOH�DQG��
ZKHWKHU�VXFK�XQLWV�DVVXPH�H[WUHPHO\�SDUWLFXODU�YDOXHV�
IRU�VRPH�YDULDEOHV�RU�IRU�VRPH�FRPELQDWLRQV��,Q�WKH�
/DERXU�)RUFH�GDWD�VHW�WKHUH�DUH�VHYHUDO�YDULDEOHV�WKDW�
PD\�OHDG�WR�D�VSRQWDQHRXV�LGHQWLILFDWLRQ��6RPH�RI�WKHVH�
YDULDEOHV�DUH��SURIHVVLRQDO�VWDWXV��QXPEHU�RI�SHUVRQV�
ZRUNLQJ�DW�ORFDO�XQLW��LQFRPH��HFRQRPLF�DFWLYLW\��HWF��7R�
DYRLG�D�SRVVLEOH�VSRQWDQHRXV�LGHQWLILFDWLRQ�VXFK�

�������������������������������������������
��7KH�(XURSHDQ�8QLRQ�/DERXU�)RUFH�6XUYH\��(8�/)6���LV�FRQGXFWHG�LQ�WKH����0HPEHU�6WDWHV�RI�WKH�
(XURSHDQ�8QLRQ�DQG���FRXQWULHV�RI�WKH�(XURSHDQ�)UHH�7UDGH�$VVRFLDWLRQ��()7$��LQ�DFFRUGDQFH�ZLWK�&RXQFLO�
5HJXODWLRQ��((&��1R���������RI���0DUFK�����
KWWS���HSS�HXURVWDW�HF�HXURSD�HX�SRUWDO�SDJH"BSDJHLG ������������������B��������	BGDG SRUWDO	
BVFKHPD 3257$/�

��KWWS���HSS�HXURVWDW�HF�HXURSD�HX�FDFKH�,7<B2))38%�.6�&&��������(1�.6�&&��������(1�3') 
 

'LVFORVXUH�VFHQDULRV�

http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-CC-06-007/EN/KS-CC-06-007-EN.PDF
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=1913,47567825,1913_47568351&_dad=portal&_schema=PORTAL
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=1913,47567825,1913_47568351&_dad=portal&_schema=PORTAL
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YDULDEOHV�DUH�XVXDOO\�FKHFNHG�WR�VHH�ZKHWKHU�WKHUH�DUH�
XQXVXDO�SDWWHUQV�RU�YHU\�UDUH�NH\V�DQG��LI�QHFHVVDU\�
VRPH�UHFRGLQJ�RU�VXSSUHVVLRQ�PD\�EH�VXJJHVWHG��

$OVR�WKH�H[WHUQDO�UHJLVWHU�VFHQDULR�FRXOG�EH�FRQVLGHUHG�
IRU�WKH�/)6�GDWD��7KH�WZR�H[WHUQDO�DUFKLYHV�WDNHQ�DV�
H[DPSOH�LQ�WKH�,WDOLDQ�VWXG\�DUH���L��WKH�(OHFWRUDO�UROO�IRU�
WKH�,QGLYLGXDO�DUFKLYH�VFHQDULR��DQG��LL��WKH�3RSXODWLRQ�
UHJLVWHU�IRU�WKH�+RXVHKROG�DUFKLYH�VFHQDULR��VHH�6HFWLRQ�
��������7KH�(OHFWRUDO�UROO�LV�D�UHJLVWHU�FRQWDLQLQJ�
LQIRUPDWLRQ�RQ�SHRSOH�KDYLQJ�HOHFWRUDO�ULJKWV��PDLQO\�
GHPRJUDSKLF�YDULDEOHV��JHQGHU��DJH��SODFH�RI�UHVLGHQFH�
DQG�ELUWK��DQG�VRPHWLPHV�YDULDEOHV�VXFK�DV��PDULWDO�
VWDWXV��SURIHVVLRQDO�DQG�RU�HGXFDWLRQDO�LQIRUPDWLRQ��
7KH�NH\�YDULDEOHV�FRQVLGHUHG�DV�UHOLDEOH�IRU�
UH�LGHQWLILFDWLRQ�DWWHPSWV�XQGHU�WKLV�VFHQDULR�DUH��
JHQGHU��DJH�DQG�UHVLGHQFH��3ODFH�RI�ELUWK�LV�UHPRYHG�
IURP�WKH�0)�DQG�WKH�RWKHUV�DUH�QRW�FRQVLGHUHG�DV�WKHLU�
TXDOLW\�ZDV�QRW�GHHPHG�VXIILFLHQW�IRU�UH�LGHQWLILFDWLRQ�
SXUSRVHV��7KH�3RSXODWLRQ�UHJLVWHU�PD\EH�D�SXEOLF�
UHJLVWHU�FRQWDLQLQJ�GHPRJUDSKLF�LQIRUPDWLRQ�DW�
LQGLYLGXDO�DQG�KRXVHKROG�OHYHO��3DUWLFXODUO\��WKH�VHW�RI�
NH\�YDULDEOHV�FRQVLGHUHG�IRU�WKH�KRXVHKROG�DUFKLYH�
VFHQDULR�FRPSULVHV�WKH�YDULDEOHV��JHQGHU��DJH��SODFH�RI�
UHVLGHQFH�DQG�PDULWDO�VWDWXV�DV�LQGLYLGXDO�LQIRUPDWLRQ��
WKH�KRXVHKROG�VL]H�DQG�SDUHQWDO�UHODWLRQVKLS�DV�
KRXVHKROG�LQIRUPDWLRQ��

7KH�GHILQLWLRQ�RI�WKH�LGHQWLI\LQJ�YDULDEOHV�DOORZV�IRU�D�
GHILQLWLRQ�RI�ULVN�DVVHVVPHQW��7KLV�FDQ�EH�SHUIRUPHG�DV�
LQ�(XURVWDW��������IROORZLQJ�WKH�UHDVRQLQJ�RI�6HFWLRQ�
����RU�RWKHU�ULVN�PHDVXUHV�FDQ�EH�XVHG��,I�WKH�VXUYH\�
HPSOR\V�D�FRPSOH[�PXOWL�VWDJHG�VWUDWLILHG�UDQGRP�
VDPSOH�GHVLJQ�SRVVLEO\�ZLWK�FDOLEUDWLRQ��WKHQ�WKH�$UJXV�
LQGLYLGXDO�ULVN�PD\�EH�XVHG�HVSHFLDOO\�ZKHQ�
KLHUDUFKLFDO�LQIRUPDWLRQ�RQ�WKH�KRXVHKROG�QHHG�WR�EH�
UHOHDVHG���

7KH�ULVN�DVVHVVPHQW�SURFHGXUH�ZLOO�VKRZ�WKH�NH\V�DW�
ULVN�DQG�EDVHG�RQ�WKLV�LQIRUPDWLRQ�D�VWUDWHJ\�IRU�
PLFURGDWD�SURWHFWLRQ�QHHGV�WR�EH�DGRSWHG��,I�WKH�
QXPEHU�RI�NH\V�DW�ULVN�LV�YHU\�ODUJH�WKHQ�VRPH�YDULDEOHV�
DUH�WRR�GHWDLOHG�DQG�VRPH�JOREDO�UHFRGLQJ�LV�DGYLVDEOH�
LQ�RUGHU�WR�DYRLG�WKH�DSSOLFDWLRQ�RI�D�KLJK�SHUFHQWDJH�RI�
ORFDO�VXSSUHVVLRQV��,I�WKH�NH\V�DW�ULVN�DUH�SDUWLFXODUO\�
FRQFHQWUDWHG�RQ�FHUWDLQ�YDOXHV�RI�DQ�LGHQWLI\LQJ�YDULDEOH�
D�ORFDO�UHFRGLQJ�RI�VXFK�YDULDEOH�FRXOG�EH�VXIILFLHQW�WR�
VROYH�WKH�SUREOHP���

������&RPPXQLW\�,QQRYDWLRQ�6XUYH\�

7KH�&RPPXQLW\�,QQRYDWLRQ�6XUYH\�LV�RQH�RI�WKH�VXUYH\V�
VXEMHFW�WR�5HJXODWLRQ�&(����������RQ�DFFHVV�WR�
PLFURGDWD�IRU�VFLHQWLILF�SXUSRVH��$�ORW�RI�HIIRUW�KDV�EHHQ�

5LVN�DVVHVVPHQW�

3URWHFWLRQ��
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SXW�LQ�DQRQ\PLVLQJ�WKLV�PLFURGDWD�VHW��VHH�IRU�H[DPSOH�
(XURVWDW����������

,Q�WKLV�VHFWLRQ�ZH�SURSRVH�D�VWXG\�RI�GLVFORVXUH�
VFHQDULRV�WR�GHILQH�LGHQWLI\LQJ�YDULDEOHV�DQG�D�ULVN�
DVVHVVPHQW�DQDO\VLV�WR�VLQJOH�RXW�WKH�UHFRUGV�DW�ULVN�IRU�
WKH�&RPPXQLW\�,QQRYDWLRQ�6XUYH\��&,6��EDVHG�RQ�,FKLP�
��������$�SURWHFWLRQ�VWDJH�LV�WKHQ�RXWOLQHG�JLYLQJ�
GLIIHUHQW�FKRLFHV��7KH�LQWHUHVWHG�UHDGHU�LV�UHIHUUHG�WR�
WKDW�SDSHU�IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�ZKROH�SURFHVV���

&,6�SURYLGHV�LQIRUPDWLRQ�RQ�WKH�FKDUDFWHULVWLFV�RI�
LQQRYDWLRQ�DFWLYLW\�DW�HQWHUSULVH�OHYHO���7KH�&,6�
VWDWLVWLFDO�SRSXODWLRQ�LV�GHWHUPLQHG�E\�WKH�VL]H�RI�WKH�
HQWHUSULVH��DOO�HQWHUSULVHV�ZLWK����RU�PRUH�HPSOR\HHV��
DQG�LWV�SULQFLSDO�HFRQRPLF�DFWLYLW\���

6LQFH�JHQHUDOO\��EXVLQHVV�UHJLVWHUV�DUH�SXEOLFO\�
DYDLODEOH��LW�LV�VXSSRVHG�WKDW�DQ�LQWUXGHU�FRXOG�XVH�
VXFK�LQIRUPDWLRQ�WR�LGHQWLI\�DQ�HQWHUSULVH��3XEOLF�
EXVLQHVV�UHJLVWHUV�UHSRUW�JHQHUDO�LQIRUPDWLRQ�RQ�QDPH��
DGGUHVV��WXUQRYHU��7851���QXPEHU�RI�HPSOR\HHV��(03���
SULQFLSDO�DFWLYLW\�RI�DQ�HQWHUSULVH��1$&(���UHJLRQ�
�1876���7KHUHIRUH��WKH�LGHQWLI\LQJ�YDULDEOHV�RI�WKH�
K\SRWKHVL]HG�GLVFORVXUH�VFHQDULR�DUH��HFRQRPLF�
FODVVLILFDWLRQ��1$&(���UHJLRQ��1876���QXPEHU�RI�
HPSOR\HHV��(03��DQG�WXUQRYHU��7851���7KH�LQIRUPDWLRQ�
FRQWHQW�RI�WKHVH�YDULDEOHV�PXVW�EH�VRPHKRZ�UHGXFHG�LQ�
RUGHU�WR�LQFUHDVH�WKH�LQWUXGHU�XQFHUWDLQW\��$Q�LQLWLDO�
FRGLQJ�SHUIRUPHG�RQ�VXFK�YDULDEOHV�ZDV��1$&(�DW���
GLJLWV��1XWV�UHFRGHG�DW�QDWLRQDO�OHYHO��QR�UHJLRQDO�
EUHDNGRZQ��DQG�WKUHH�HQWHUSULVH�VL]H�FODVVHV��

$GGLWLRQDOO\��LQ�WKH�&,6�GDWD�VHW�WKHUH�DUH�VHYHUDO�
FRQILGHQWLDO�YDULDEOHV�WKDW�PD\�EH�VXEMHFW�WR�
VSRQWDQHRXV�LGHQWLILFDWLRQ��6RPH�H[DPSOHV�DUH�WRWDO�
H[SHQGLWXUH�RQ�LQQRYDWLRQ��5727���H[SRUWV��QXPEHU�RI�
SHUVRQV�LQYROYHG�LQ�LQWUD�5'��HWF��6XFK�YDULDEOHV�DUH�
QHYHU�SXEOLVKHG�LQ�DQ�H[WHUQDO�UHJLVWHU��EXW�WKH\�FDQ�
DVVXPH�H[WUHPHO\�SDUWLFXODU�YDOXHV�RQ�VRPH�XQLWV��
0HUH�DGGLWLRQDO�LQIRUPDWLRQ�ZRXOG�WKHQ�FOHDUO\�LGHQWLI\�
DQ�HQWHUSULVH��6SHFLDO�DWWHQWLRQ�PXVW�EH�SDLG�RQ�WKHVH�
YDULDEOHV��$�FKHFN�SHUIRUPHG�E\�WKH�VXUYH\�H[SHUWV�LV�
JHQHUDOO\�VXJJHVWHG��7KHVH�DVVHVVPHQWV�PXVW�EH�
SHUIRUPHG�ZLWK�UHVSHFW�WR�HDFK�FRPELQDWLRQ�RI�
FDWHJRULFDO�LGHQWLI\LQJ�YDULDEOHV�WR�EH�UHOHDVHG��7KH�

�������������������������������������������
4 6RPH�RI�WKH�PDLQ�REVHUYHG�YDULDEOHV�DUH�LQ�WKH�&,6��DUH���SULQFLSDO�HFRQRPLF�DFWLYLW\��JHRJUDSKLFDO�
LQIRUPDWLRQ��QXPEHU�RI�HPSOR\HHV�LQ������DQG�������WXUQRYHU�LQ������DQG�������H[SRUWV�LQ������DQG�
������JURVV�LQYHVWPHQW�LQ�WDQJLEOH�JRRGV��������QXPEHU�RI�YDOLG�SDWHQWV�DW�HQG�RI�������QXPEHU�RI�
HPSOR\HHV�ZLWK�KLJKHU�HGXFDWLRQ��LQ�OLQH�ZLWK�WKH�QXPEHU�RI�HPSOR\HHV�LQ��������H[SHQGLWXUH�LQ�
LQWUDPXUDO�5'��LQ�OLQH�ZLWK�WKH�WXUQRYHU�LQ��������H[SHQGLWXUH�LQ�H[WUDPXUDO�5'��LQ�OLQH�ZLWK�WKH�WXUQRYHU�
LQ��������H[SHQGLWXUH�LQ�DFTXLVLWLRQ�RI�PDFKLQHU\��LQ�OLQH�ZLWK�WKH�WXUQRYHU�LQ��������H[SHQGLWXUH�LQ�RWKHU�
H[WHUQDO�NQRZOHGJH��LQ�OLQH�ZLWK�WKH�WXUQRYHU�LQ��������H[SHQGLWXUH�LQ�WUDLQLQJ��PDUNHW��LQ�OLQH�ZLWK�WKH�
WXUQRYHU�LQ��������WRWDO�LQQRYDWLRQ�H[SHQGLWXUH��LQ�OLQH�ZLWK�WKH�WXUQRYHU�LQ��������QXPEHU�RI�SHUVRQV�
LQYROYHG�LQ�LQWUD�5'��LQ�OLQH�ZLWK�WKH�QXPEHU�RI�HPSOR\HHV�LQ������� 
 

'LVFORVXUH�VFHQDULR�
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DQDO\VLV�E\�WKH�VXUYH\�H[SHUW�VXJJHVWHG�WR�UHPRYH�IURP�
WKH�GDWD�WR�EH�UHOHDVHG�WKH�YDULDEOH�&RXQWU\�RI�KHDG�
RIILFH��:LWK�WKH�JLYHQ�GHWDLOV�RQ�1$&(��VL]H�FODVV�DQG�
1876�DOO�WKH�RWKHU�FRQWLQXRXV�YDULDEOHV�ZHUH�QRW�
GHHPHG�VXIILFLHQWO\�VSUHDG�WR�OHDG�WR�D�VSRQWDQHRXV�
LGHQWLILFDWLRQ�RI�D�XQLW���)RU�WKLV�UHDVRQ�LW�PD\EH�
VXJJHVWHG�WR�OHW�WKHP�XQFKDQJHG��

$�XQLW�LV�FRQVLGHUHG�DW�ULVN�LI�LW�LV�´UHFRJQLVDEOHµ�HLWKHU�
LQ�WKH�H[WHUQDO�UHJLVWHU�VFHQDULR�RU�LQ�WKH�VSRQWDQHRXV�
LGHQWLILFDWLRQ�VFHQDULR��,W�LV�DVVXPHG�WKDW�DQ�LQWUXGHU�
PD\�FRQIXVH�D�XQLW�8�ZLWK�RWKHUV�ZKHQ�WKHUH�LV�D�
VXIILFLHQW�QXPEHU�RI�XQLWV�LQ�D�ZHOO�GHILQHG��DQG�QRW�WRR�
ODUJH��QHLJKERXUKRRG�RI�8��7KH�DQRQ\PLVDWLRQ�SURSRVDO��
GHYHORSHG�LQ�,FKLP��������LV�EDVHG�RQ�WKH�LGHD�WKDW�
VLPLODULW\�EDVHG�RQ�FOXVWHUV�DQG�FRQIXVLRQ�ERWK�H[SUHVV�
WKH�VDPH�FRQFHSW��DOWKRXJK�LQ�GLIIHUHQW�IUDPHZRUNV����
:KHQ�D�XQLW�EHORQJV�WR�D�FOXVWHU��LW�EHORQJV�WR�D�KLJK�
GHQVLW\��VXIILFLHQW�QXPEHU�RI�FORVH�XQLWV��VXEVHW�RI�
GDWD��+HQFH�WKH�XQLW�PD\�EH�FRQVLGHUHG�DV�EHLQJ�
FRQIXVHG�ZLWK�RWKHUV��7KH�DOJRULWKPV�WDNLQJ�LQWR�
DFFRXQW�WKHVH�WZR�IHDWXUHV��GLVWDQFH�IURP�HDFK�RWKHU�
DQG�QXPEHU�RI�QHLJKERXUV��DUH�FDOOHG�GHQVLW\�EDVHG�
DOJRULWKPV�DQG�,FKLP��������XVHV�RQH�RI�WKHVH�
DOJRULWKPV�WR�LGHQWLI\�LVRODWHG�XQLWV�L�H��XQLWV�DW�ULVN�
ZLWK�UHVSHFW�WR�WKH�LGHQWLI\LQJ�YDULDEOHV��

2QFH�WKH�XQLWV�DW�ULVN�KDYH�EHHQ�LGHQWLILHG��SURWHFWLRQ�
VKRXOG�EH�DSSOLHG��6HYHUDO�GLIIHUHQW�SURSRVDOV�LQ�WKH�
ILHOG�RI�GDWD�SHUWXUEDWLRQ�PHWKRGV�DUH�SRVVLEOH��7KH�
SURSRVDO�E\�(XURVWDW�SURWHFWLRQ�LV�DFKLHYHG�E\�WKH�
DSSOLFDWLRQ�WR�WKH�PDLQ�FRQWLQXRXV�YDULDEOHV�LQ�WKH�
GDWD�VHW�RI�LQGLYLGXDO�UDQNLQJ�DQG�VRPH�ORFDO�
VXSSUHVVLRQ�RI�SDUWLFXODU�YDOXHV��7KLV�PLFURDJJUHJDWLRQ�
ZRXOG�EH�DSSOLHG�WR�WKH�ZKROH�ILOH�LUUHVSHFWLYH�WR�
GLIIHUHQW�HFRQRPLF�FODVVLILFDWLRQV�RU�VL]H�FODVVHV�DQG�
ZLWKRXW�WDNLQJ�LQWR�DFFRXQW�SRVVLEOH�UHODWLRQVKLSV�
EHWZHHQ�YDULDEOHV��IRU�H[DPSOH�WXUQRYHU�QHHGV�WR�EH�
JUHDWHU�WKDQ�H[SRUW�RU�H[SHQGLWXUHV���7KLV�VWUDWHJ\�LV�
SHUIHFWO\�DFFHSWDEOH�LI�D�VOLJKW�PRGLILFDWLRQ�RI�WKH�GDWD�
LV�GHHPHG�VXIILFLHQW���

$Q�DOWHUQDWLYH�FRXOG�EH�WR�DSSO\�D�SHUWXUEDWLRQ�RQO\�WR�
WKHVH�UHFRUGV�DW�ULVN��PDLQO\�WKH�ODUJH�VL]H�HQWHUSULVHV�
LQ�VLQJOH�1$&(���GLJLWV��ZKHUHDV�WKH�UHVW�RI�WKH�ILOH�LV�
UHOHDVHG�XQFKDQJHG��,FKLP��������VXJJHVWV�GLIIHUHQW�
SHUWXUEDWLRQV�RI�WKH�SRLQWV�DW�ULVN�ZKHUHDV�WKHVH�DUH�LQ�
WKH�PLGGOH�RI�WKH�GLVWULEXWLRQ�RI�SRLQWV��QHDUHVW�FOXVWHU�
LPSXWDWLRQ��RU�LI�WKH\�DUH�LQ�WKH�WDLO��PLFURDJJUHJDWLRQ���
$�IXUWKHU�DGMXVWPHQW�LV�SURSRVHG�LQ�RUGHU�WR�SUHVHUYH�
WXUQRYHU�WRWDOV�IRU�HDFK�FRPELQDWLRQ�RI�FDWHJRULFDO�
LGHQWLI\LQJ�YDULDEOHV��7KLV�LV�GHHPHG�LPSRUWDQW�E\�XVHUV�
ZKR�QHHG�WR�FRPSDUH�UHVXOWV�ZLWK�SXEOLVKHG�WDEOHV��$�
VWXG\�RI�WKH�LQIRUPDWLRQ�ORVV�RI�WKLV�DSSURDFK�LV�
SUHVHQWHG�LQ�,FKLP����������

5LVN�DVVHVVPHQW�

3URWHFWLRQ�E\�
SHUWXUEDWLRQ�
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(XURVWDW���������3URSRVDO�RQ�DQRQ\PLVHG�/)6�PLFURGDWD��&6&�
�����%���LWHP��������

(XURVWDW���������7KH�&,6���$Q�DPHQGHG�YHUVLRQ�RI�WKH�PLFUR�
GDWD�DQRQ\PLVDWLRQ�PHWKRG��'RF��
(XURVWDW�)��67,�&,6�0�����

,FKLP��'����������0LFURGDWD�DQRQ\PLVDWLRQ�RI�WKH�&RPPXQLW\�
,QQRYDWLRQ�6XUYH\��D�GHQVLW\�EDVHG�FOXVWHULQJ�DSSURDFK�
IRU�ULVN�DVVHVVPHQW��&RQWULEXWLRQ�,VWDW��6KRUWO\�DYDLODEOH�
IURP�KWWS���ZZZ�LVWDW�LW�GDWL�SXEEVFL�FRQWULEXWL��

7URWWLQL��0���)UDQFRQL��/��DQG�3ROHWWLQL��6����������,WDOLDQ�
+RXVHKROG�([SHQGLWXUH�6XUYH\��$�SURSRVDO�IRU�'DWD�
'LVVHPLQDWLRQ��,Q�'RPLQJR�)HUUHU��-�DQG�)UDQFRQL��/��
�HGV��3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��&(1(;�6'&�
3URMHFW�,QWHUQDWLRQDO�&RQIHUHQFH��5RPH��,WDO\��'HFHPEHU�
���������������

http://www.istat.it/dati/pubbsci/contributi/
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����,QWURGXFWLRQ�

6WDWLVWLFDO�PDJQLWXGH�WDEOHV�GLVSOD\�VXPV�RI�
REVHUYDWLRQV�RI�D�TXDQWLWDWLYH�YDULDEOH�ZKHUH�HDFK�VXP�
UHODWHV�WR�D�JURXS�RI�REVHUYDWLRQV�GHILQHG�E\�FDWHJRULFDO�
YDULDEOHV�REVHUYHG�IRU�D�VHW�RI�UHVSRQGHQWV��

5HVSRQGHQWV�DUH�W\SLFDOO\�FRPSDQLHV�EXW�FDQ�DOVR�EH�
LQGLYLGXDOV�RU�KRXVHKROGV��HWF��*URXSLQJ�YDULDEOHV�
W\SLFDOO\�JLYH�LQIRUPDWLRQ�RQ�JHRJUDSK\�RU�HFRQRPLF�
DFWLYLW\�RU�VL]H�HWF��RI�WKH�UHVSRQGHQWV��7KH�´FHOOVµ�RI�D�
WDEOH�DUH�GHILQHG�E\�FURVV�FRPELQDWLRQV�RI�WKH�JURXSLQJ�
YDULDEOHV���

(DFK�´WDEOH�FHOOµ�SUHVHQWV�D�VXP�RI�D�TXDQWLWDWLYH�
YDULDEOH�VXFK�DV�LQFRPH��WXUQRYHU��H[SHQGLWXUH��VDOHV��
QXPEHU�RI�HPSOR\HHV��QXPEHU�RI�DQLPDOV�RZQHG�E\�
IDUPV��HWF���7KHVH�VXPV�DUH�WKH�´FHOO�YDOXHVµ��VRPHWLPHV�
DOVR�UHIHUUHG�WR�DV�´FHOO�WRWDOVµ��RI�D�PDJQLWXGH�WDEOH��
7KH�LQGLYLGXDO�REVHUYDWLRQV�RI�WKH�YDULDEOH��IRU�HDFK�
LQGLYLGXDO�UHVSRQGHQW��DUH�WKH�´FRQWULEXWLRQVµ�WR�WKH�FHOO�
YDOXH��

([DPSOH��

� ,QGXVWU\�
$�

,QGXVWU\�
%�

«� 7RWDO�

5HJLRQ���
7XUQRYHU�
�5HVSRQGHQWV��

����

�����

����

�����

«� �

5HJLRQ���
7XUQRYHU�
�5HVSRQGHQWV��

����

����

����

����

«� �

«� «� «� «� �

7RWDO�
7XUQRYHU�
�7RWDO�5HV���

� � � �

�

7KH�´GLPHQVLRQµ�RI�D�WDEOH�LV�JLYHQ�E\�WKH�QXPEHU�RI�
JURXSLQJ�YDULDEOHV�XVHG�WR�VSHFLI\�WKH�WDEOH��:H�VD\�
WKDW�D�WDEOH�FRQWDLQV�´PDUJLQVµ�RU�´PDUJLQDO�FHOOVµ��LI�QRW�
DOO�FHOOV�RI�D�WDEOH�DUH�VSHFLILHG�E\�WKH�VDPH�QXPEHU�RI�
JURXSLQJ�YDULDEOHV��7KH�VPDOOHU�WKH�QXPEHU�RI�JURXSLQJ�
YDULDEOHV��WKH�KLJKHU�WKH�´OHYHOµ�RI�D�PDUJLQDO�FHOO��$�
WZR�GLPHQVLRQDO�WDEOH�RI�VRPH�EXVLQHVV�VXUYH\�PD\�IRU�
LQVWDQFH�SURYLGH�VXPV�RI�REVHUYDWLRQV�JURXSHG�E\�
HFRQRPLF�DFWLYLW\�DQG�FRPSDQ\�VL]H�FODVVHV��$W�WKH�
VDPH�WLPH�LW�PD\�DOVR�GLVSOD\�WKH�VXPV�RI�REVHUYDWLRQV�
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JURXSHG�E\�RQO\�HFRQRPLF�DFWLYLW\�RU�E\�RQO\�VL]H�
FODVVHV��7KHVH�DUH�WKHQ�PDUJLQV�PDUJLQDO�FHOOV�RI�WKLV�
WDEOH��,I�D�VXP�DFURVV�DOO�REVHUYDWLRQV�LV�SURYLGHG��ZH�
UHIHU�WR�LW�DV�WKH�´WRWDOµ�RU�´RYHUDOO�WRWDOµ��

�

$W�ILUVW�VLJKW��RQH�PLJKW�ILQG�LW�GLIILFXOW�WR�XQGHUVWDQG�
KRZ�WKH�NLQG�RI�VXPPDU\�LQIRUPDWLRQ�SXEOLVKHG�LQ�
PDJQLWXGH�WDEOHV�SUHVHQWV�D�GLVFORVXUH�ULVN�DW�DOO��
+RZHYHU��LW�RIWHQ�RFFXUV�WKDW�FHOOV�RI�D�WDEOH�UHODWH�WR�D�
VLQJOH�RU�WR�RQO\�D�IHZ�UHVSRQGHQWV��7KH�QXPEHU�RI�WKLV�
NLQG�RI�VPDOO�FHOOV�LQ�D�WDEOH�ZLOO�LQFUHDVH��WKH�PRUH�
JURXSLQJ�YDULDEOHV�DUH�XVHG�WR�VSHFLI\�WKH�WDEOH��WKH�
KLJKHU�WKH�DPRXQW�RI�GHWDLO�SURYLGHG�E\�WKH�JURXSLQJ�
YDULDEOHV��DQG�WKH�PRUH�XQHYHQ�WKH�GLVWULEXWLRQV�RI�
UHVSRQGHQWV�RYHU�WKH�FDWHJRULHV�RI�WKH�JURXSLQJ�
YDULDEOHV��

,I�D�WDEOH�FHOO�UHODWHV�WR�D�VPDOO�JURXS��RU�HYHQ�RQO\�RQH��
RI�UHVSRQGHQWV��WKHQ�SXEOLFDWLRQ�RI�WKH�FHOO�YDOXH�PD\�
LPSO\�D�GLVFORVXUH�ULVN��7KLV�LV�WKH�FDVH�LI�WKHVH�
UHVSRQGHQWV�FRXOG�EH�LGHQWLILHG�E\�DQ�LQWUXGHU�XVLQJ�
LQIRUPDWLRQ�GLVSOD\HG�LQ�WKH�WDEOH��

/HW�I�L��EH�D�WDEOH�FHOO�GLVSOD\LQJ�WKH�WXUQRYHU�RI�
FRPSDQLHV�LQ�WKH�PLQLQJ�VHFWRU�IRU�D�SDUWLFXODU�UHJLRQ�
;��/HW�XV�DVVXPH�WKDW�FRPSDQ\�$�LV�WKH�RQO\�PLQLQJ�
FRPSDQ\�LQ�WKLV�UHJLRQ��7KLV�LV�D�IDFW�WKDW�ZLOO�EH�
NQRZQ�WR�FHUWDLQ�LQWUXGHUV��WKLQN�RI�I�L��RI�DQRWKHU�
PLQLQJ�FRPSDQ\��FRPSDQ\�%��LQ�D�QHLJKERXULQJ�UHJLRQ�
<���6R��LI�WKDW�WDEOH�FHOO�LV�SXEOLVKHG��FRPSDQ\�%�ZRXOG�
EH�DEOH�WR�GLVFORVH�WKH�WXUQRYHU�RI�FRPSDQ\�$��

,Q�RUGHU�WR�HVWDEOLVK�LI�D�GLVFORVXUH�ULVN�LV�FRQQHFWHG�WR�
WKH�SXEOLFDWLRQ�RI�D�FHOO�YDOXH�LQ�D�WDEOH��DQG�LQ�RUGHU�WR�
SURWHFW�DJDLQVW�WKLV�ULVN��GDWD�SURYLGHUV��OLNH��H�J��
QDWLRQDO�VWDWLVWLFDO�LQVWLWXWHV��VKRXOG�DSSO\�WDEXODU�GDWD�
SURWHFWLRQ�PHWKRGV��,Q�PDQ\�FRXQWULHV�WKLV�LV�D�OHJDO�
REOLJDWLRQ�WR�RIILFLDO�VWDWLVWLFDO�DJHQFLHV��,W�PD\�DOVR�EH�
UHJDUGHG�DV�D�QHFHVVDU\�UHTXLUHPHQW�LQ�RUGHU�WR�
PDLQWDLQ�WKH�WUXVW�RI�UHVSRQGHQWV��$IWHU�DOO��LI�LQ�WKH�
LQVWDQFH�DERYH�FRPSDQ\�$�UHDOL]HV�WKDW�FRPSDQ\�%�
PLJKW��E\�ORRNLQJ�LQWR�WKH�SXEOLVKHG�WDEOH��GLVFORVH�WKH�
YDOXH�RI�WXUQRYHU�LW�KDV�UHSRUWHG��DQG�LI�LW�FRQVLGHUV�WKLV�
YDOXH�DV�FRQILGHQWLDO�LQIRUPDWLRQ��LW�PD\�UHIXVH�WR�
UHVSRQG�WR�WKDW�VXUYH\�LQ�WKH�QH[W�SHULRG��RU��LI�WKH�
VXUYH\�LV�FRPSXOVRU\��LW�PD\�FKRRVH�WR�SURYLGH�
LQFRUUHFW�RU�LQDFFXUDWH�LQIRUPDWLRQ��

(VSHFLDOO\�IRU�EXVLQHVV�VWDWLVWLFV��WKH�PRVW�SRSXODU�
PHWKRG�IRU�WDEXODU�GDWD�SURWHFWLRQ�LV�FHOO�VXSSUHVVLRQ���
,Q�WDEOHV�SURWHFWHG�E\�FHOO�VXSSUHVVLRQ��DOO�YDOXHV�RI�
FHOOV�IRU�ZKLFK�D�GLVFORVXUH�ULVN�KDV�EHHQ�HVWDEOLVKHG�
DUH�HOLPLQDWHG�IURP�WKH�SXEOLFDWLRQ��$OWHUQDWLYHO\��RWKHU�
PHWKRGV�EDVHG�RQ�FHOO�SHUWXUEDWLRQ�HWF��PD\�DOVR�EH�
XVHG�WR�SURWHFW�WDEXODU�GDWD��:KLOH�ZH�IRFXV�LQ�WKLV�

([DPSOH���
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FKDSWHU�RQ�FHOO�VXSSUHVVLRQ��ZH�ZLOO�DOVR�PHQWLRQ�
DOWHUQDWLYHV��

6HFWLRQ�����LQWURGXFHV�LQWR�WKH�PHWKRGRORJLFDO�FRQFHSWV�
RI�WDEXODU�GDWD�SURWHFWLRQ��,Q�VHFWLRQ�������ZH�SUHVHQW�
WKH�PRVW�FRPPRQ�PHWKRGV�IRU�GLVFORVXUH�ULVN�
DVVHVVPHQW�IRU�HDFK�LQGLYLGXDO�FHOO�RI�D�WDEOH��DQG�IRU�
VSHFLDO�FRPELQDWLRQV�RI�LQGLYLGXDO�FHOOV���7KHVH�PHWKRGV�
DUH�FDOOHG�´SULPDU\µ�GLVFORVXUH�FRQWURO�PHWKRGV��7DEOH�
FHOOV�IRU�ZKLFK�D�GLVFORVXUH�ULVN�KDV�EHHQ�HVWDEOLVKHG�
DUH�FDOOHG�´VHQVLWLYHµ��´FRQILGHQWLDOµ��RU�´XQVDIHµ�FHOOV��
3ULPDU\�GLVFORVXUH�ULVN�LV�XVXDOO\�DVVHVVHG�E\�DSSO\LQJ�
FHUWDLQ�VHQVLWLYLW\�UXOHV��6HFWLRQ��������H[SODLQV�WKH�
FRQFHSW�RI�VHQVLWLYLW\�UXOHV�DQG�WKH�PRVW�FRPPRQ�UXOHV��

�

:KLOH�GHWDLOHG�WDEXODWHG�VXPPDU\�LQIRUPDWLRQ�DOVR�RQ�
VPDOOHU�JURXSV�RI�VWDWLVWLFDO�REMHFWV��FRPSDQLHV�E\�
VXEJURXSV�RI�VXEVHFWRUV�DW�WKH�GLVWULFW�OHYHO��
KRXVHKROGV�E\�VL]H�DQG�LQFRPH�DW�WKH�QHLJKERXUKRRG�
OHYHO�HWF���PLJKW�EH�RI�LQWHUHVW�WR�FHUWDLQ�XVHU�JURXSV��LW�
LV�DOVR�D�UHVSRQVLELOLW\��PD\EH�WKH�PRVW�LPSRUWDQW�RQH��
RI�RIILFLDO�VWDWLVWLFV�WR�SURYLGH�VXPPDU\�LQIRUPDWLRQ�DW�D�
KLJK�DJJUHJDWH�OHYHO�E\�SURGXFLQJ�VXPPDU\�VWDWLVWLFV�
RQ�ODUJH�JURXSV�RI�D�SRSXODWLRQ��H�J��IRU�DOO�FRPSDQLHV�
RI�DQ�HFRQRP\�VHFWRU����%HFDXVH�RI�WKLV��LW�LV�QRW�HQRXJK�
WR�KDYH�PHWKRGRORJLHV�WR�SURWHFW�LQGLYLGXDO�FHOOV��,W�
LPSOLHV�D�QHHG�IRU�WKH�VR�FDOOHG�´VHFRQGDU\µ�WDEXODU�
GDWD�SURWHFWLRQ�PHWKRGRORJLHV��

$VVXPH�WKDW�D�WDEOH�GLVSOD\V�WKH�VXP�RI�D�YDULDEOH�
¶SURGXFWLRQ·�E\�WKUHH�VXEVHFWRUV�RI�DQ�HFRQRP\�VHFWRU��
$VVXPH�WKDW�WKLV�VXP�LV�VHQVLWLYH�IRU�RQH�RI�WKH�
VXEVHFWRUV�DQG�WKDW�WKH�WDEOH�LV�SURWHFWHG�E\�FHOO�
VXSSUHVVLRQ��PHDQLQJ�WKDW�WKH�FRQILGHQWLDO�FHOO�YDOXH�LV�
VXSSUHVVHG��

([DPSOH���D��3URGXFWLRQ��LQ�PLOO��(XUR��

6HFWRU� � 6XE��

VHFWRU�,�

6XE�
VHFWRU�,,�

6XE�
VHFWRU�,,,�

�������
�

VXSSUHVVHG�

�VHQVLWLYH��

�������

QRQ�
VHQVLWLYH��

������

QRQ�
VHQVLWLYH��

:LWK�UHVSHFW�WR�WKH�WRWDO�SURGXFWLRQ�IRU�WKLV�VHFWRU�ZH�
GLVWLQJXLVK�WZR�FDVHV��(LWKHU�LW�LV�IRUHVHHQ�WR�EH�
SXEOLVKHG�²�ZH�WKHQ�FRQVLGHU�LW�DV�D�FHOO�RI�WKH�WDEOH�
�H�J��WKH�´WRWDOµ���,I�WKH�FHOO�YDOXHV�RI�WKH�WZR�QRQ�
VHQVLWLYH�VXEVHFWRUV�DQG�WKH�´WRWDOµ�DUH�GLVSOD\HG�WKHQ��
XVHUV�RI�WKH�SXEOLFDWLRQ�FDQ�GLVFORVH�WKH�FHOO�YDOXH�IRU�
WKH�VHQVLWLYH�VXEVHFWRU�E\�WDNLQJ�WKH�GLIIHUHQFH�EHWZHHQ�
WKH�´WRWDOµ�DQG�WKH�VXEVHFWRU�YDOXHV�IRU�WKH�WZR�QRQ�
VHQVLWLYH�VHFWRUV���������²��������²������� �������,Q�
RUGHU�WR�DYRLG�WKLV��D�VHFRQGDU\�SURWHFWLRQ�PHDVXUH�IRU�
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WKLV�WDEOH�KDV�WR�EH�WDNHQ��H�J��VHOHFWLQJ�RQH�RI�WKH�WZR�
QRQ�VHQVLWLYH�VXEVHFWRU�FHOOV�DQG�VXSSUHVVLQJ�LW�DV�
ZHOO��7KLV�ZRXOG�EH�FDOOHG�D�´VHFRQGDU\�VXSSUHVVLRQµ��

7KH�RWKHU�RSWLRQ�LV�WKDW�WKH�´WRWDOµ�LV�QRW�IRUHVHHQ�WR�EH�
GLVSOD\HG���SXEOLVKHG��7KHQ�QR�VHFRQGDU\�SURWHFWLRQ�
PHDVXUH�ZRXOG�EH�QHHGHG��,Q�WKLV�LQVWDQFH��EHFDXVH�WKH�
SURGXFWLRQ�IRU�RQH�VXEVHFWRU�LV�VXSSUHVVHG��LQWHUHVWHG�
XVHUV�RI�WKH�WDEOH�FDQQRW�FRPSXWH�WKH�SURGXFWLRQ�IRU�
WKH�VHFWRU�RQ�WKHLU�RZQ�²�DQG�VR�WKH�VHFWRU�OHYHO�
LQIRUPDWLRQ�LV�FRPSOHWHO\�ORVW��

)URP�D�JHQHUDO�SHUVSHFWLYH��WKH�SXUSRVH�RI�VHFRQGDU\�
WDEXODU�GDWD�SURWHFWLRQ�PHWKRGRORJLHV�LV�FKLHIO\�WR�DYRLG�
XQGHVLUDEOH�HIIHFWV�VXFK�DV�WKLV��HQVXULQJ�WKDW�²�ZKLOH�
VRPH�¶VPDOO·��SULPDU\�FRQILGHQWLDO�FHOOV�ZLWKLQ�GHWDLOHG�
WDEOHV�PD\�KDYH�WR�EH�SURWHFWHG��E\�FHOO�VXSSUHVVLRQ�RU�
E\�VRPH�SHUWXUEDWLYH�PHWKRG��²�VXPV�IRU�ODUJHU�JURXSV��
L�H��WKH�PDUJLQV�RI�WKRVH�GHWDLOHG�WDEOHV�²�DUH�SUHVHUYHG�
WR�VRPH�H[WHQW��)RU�FHOO�VXSSUHVVLRQ�WKLV�PHDQV�WKDW�
VXSSUHVVLRQ�RI�PDUJLQDO�FHOOV�VKRXOG�EH�DYRLGHG�DV�IDU�
DV�SRVVLEOH��)RU�SHUWXUEDWLYH�PHWKRGV�LW�PHDQV�WKDW�
KLJK�OHYHO�PDUJLQV�VKRXOG�WU\�WR�EH�SUHVHUYHG�H[DFWO\�
�PRUH�RU�OHVV���

&RQVLGHULQJ�WKLV�DV�WKH�EDVLF�LGHD�RI�VHFRQGDU\�
SURWHFWLRQ��DIWHU�VHFWLRQ�������ZH�DVVXPH�IRU�WKH�
UHPDLQGHU�RI�WKH�FKDSWHU�PDUJLQV�DQG�RYHUDOO�WRWDOV�
DOZD\V�WR�EH�SDUW�RI�D�WDEOH��

,Q�VHFWLRQ�������ZH�LQWURGXFH�WKH�FRQFHSWV�RI�VHFRQGDU\�
WDEXODU�GDWD�SURWHFWLRQ�PHWKRGRORJLHV��7KH�IRFXV�ZLOO�EH�
RQ�FHOO�VXSSUHVVLRQ��EXW�ZH�ZLOO�DOVR�PHQWLRQ�RWKHU�
PHWKRGRORJLHV��

7KH�VRIWZDUH�SDFNDJH�τ�$5*86��VHH�+XQGHSRRO�HW�DO��
������SURYLGHV�VRIWZDUH�WRROV�IRU�GLVFORVXUH�SURWHFWLRQ�
PHWKRGV�IRU�WDEXODU�GDWD��6HFWLRQ�����LV�FRQFHUQHG�ZLWK�
WKH�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�VHFRQGDU\�FHOO�
VXSSUHVVLRQ�DV�RIIHUHG�E\�τ�$5*86��,Q�������ZH�GLVFXVV�
LQIRUPDWLRQ�ORVV�FRQFHSWV��DV�ZHOO�DV�WDEOH�VWUXFWXUHV�
FRQVLGHUHG�E\�τ�$5*86��:H�FRPSDUH�WKH�SHUIRUPDQFH�
RI�GLIIHUHQW�DOJRULWKPV�IRU�VHFRQGDU\�FHOO�VXSSUHVVLRQ�LQ�
�������DQG�JLYH�VRIWZDUH�UHFRPPHQGDWLRQV��,Q�������ZH�
H[SODLQ�KRZ�WR�VHW�XS�SURFHGXUHV�IRU�WDEXODU�GDWD�
SURWHFWLRQ�LQ�D�SUDFWLFDO�ZD\�DQG�JLYH�DQ�LQWURGXFWLYH�
H[DPSOH�LQ��������,Q�VHFWLRQ�����ZH�EULHIO\�LQWURGXFH�
LQWR�WKH�PHWKRGRORJLFDO�FRQFHSWV�RI�WKH�VHFRQGDU\�FHOO�
VXSSUHVVLRQ�DOJRULWKPV�SURYLGHG�E\�τ�$5*86��7KH�
FKDSWHU�HQGV�ZLWK�VHFWLRQ�����LQWURGXFLQJ�&RQWUROOHG�
7DEXODU�$GMXVWPHQW�DV�QHZ�HPHUJLQJ�SURWHFWLRQ�
WHFKQLTXH�IRU�PDJQLWXGH�WDEOHV�ZKLFK�FRXOG�EHFRPH�DQ�
DOWHUQDWLYH�WR�WKH�ZHOO�HVWDEOLVKHG�FHOO�VXSSUHVVLRQ�
PHWKRGRORJLHV��

�
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����'LVFORVXUH�&RQWURO�&RQFHSWV�IRU�0DJQLWXGH�7DEXODU�
'DWD�

,Q�WKLV�VHFWLRQ�ZH�H[SODLQ�WKH�PDLQ�FRQFHSWV�IRU�
DVVHVVPHQW�DQG�FRQWURO�RI�GLVFORVXUH�ULVN�IRU�
PDJQLWXGH�WDEOHV��

6HFWLRQ�������LV�FRQFHUQHG�ZLWK�GLVFORVXUH�ULVN�IRU�HDFK�
LQGLYLGXDO�FHOO�RI�WDEOHV�SUHVHQWLQJ�VXPPDULHV�RI�
TXDQWLWDWLYH�YDULDEOHV�DQG�ZLOO�LQWURGXFH�WKH�PRVW�
FRPPRQ�PHWKRGV�XVHG�WR�DVVHVV�WKLV�ULVN��

,Q�RUGHU�WR�SUHVHUYH�WKH�PDUJLQV�RI�WDEOHV�WR�VRPH�
H[WHQW�ZKLOH�SURWHFWLQJ�LQGLYLGXDO�VHQVLWLYH�FHOOV��VSHFLDO�
GLVFORVXUH�FRQWURO�PHWKRGRORJLHV�KDYH�EHHQ�GHYHORSHG��
6HFWLRQ�������SUHVHQWV�EDVLF�FRQFHSWV�RI�WKHVH�
PHWKRGRORJLHV��IRFXVLQJ�RQ�VHFRQGDU\�FHOO�VXSSUHVVLRQ�
DV�WKH�PRVW�SURPLQHQW�LQVWDQFH��:H�ILQLVK�VHFWLRQ�
PHWKRGV�ZLWK�D�EULHI��FRPSDUDWLYH�RYHUYLHZ�RI�
DOWHUQDWLYH�PHWKRGV�IRU�WDEXODU�GDWD�SURWHFWLRQ��

������6HQVLWLYH�&HOOV�LQ�0DJQLWXGH�7DEOHV�

:H�EHJLQ�WKLV�VHFWLRQ�E\�GHVFULELQJ�LQWUXGHU�VFHQDULRV�
W\SLFDOO\�FRQVLGHUHG�E\�VWDWLVWLFDO�DJHQFLHV�LQ�WKH�FRQWH[W�RI�
GLVFORVXUH�FRQWURO�IRU�PDJQLWXGH�WDEOHV��&RQVLGHULQJ�WKHVH�
LQWUXGHU�VFHQDULRV�VWDWLVWLFDO�DJHQFLHV�KDYH�GHYHORSHG�VRPH�
¶VDIHW\�UXOHV·�DV�PHDVXUHV�WR�DVVHVV�GLVFORVXUH�ULVNV��7KLV�
VHFWLRQ�ZLOO�DOVR�LQWURGXFH�WKH�PRVW�SRSXODU�UXOHV�XVLQJ�VRPH�
LOOXVWUDWLYH�H[DPSOHV��)LQDOO\��ZH�FRPSDUH�UXOHV�DQG�JLYH�
JXLGDQFH�RQ�PDNLQJ�D�GHFLVLRQ�EHWZHHQ�DOWHUQDWLYH�UXOHV��

,I�D�WDEOH�FHOO�UHODWHV�WR�D�VPDOO�JURXS��RU�HYHQ�RQO\�RQH��
UHVSRQGHQW��WKHQ�SXEOLFDWLRQ�RI�WKH�FHOO�YDOXH�PD\�LPSO\�D�
GLVFORVXUH�ULVN��7KLV�LV�WKH�FDVH��LI�WKHVH�UHVSRQGHQWV�FRXOG�
EH�LGHQWLILHG�E\�DQ�LQWUXGHU�XVLQJ�LQIRUPDWLRQ�GLVSOD\HG�LQ�
WKH�WDEOH��,Q�H[DPSOH���RI�VHFWLRQ������IRU�WKH�LQWUXGHU�
�FRPSDQ\�%��LW�LV�HQRXJK�WR�NQRZ�WKDW�WKH�FHOO�YDOXH�UHSRUWV�
WKH�WXUQRYHU�RI�PLQLQJ�FRPSDQLHV�LQ�UHJLRQ�;��,Q�WKDW�
H[DPSOH�FRPSDQ\�%�LV�DVVXPHG�WR�EH�DEOH�WR�LGHQWLI\�
FRPSDQ\�$�DV�WKH�RQO\�PLQLQJ�FRPSDQ\�LQ�UHJLRQ�;��+HQFH��
SXEOLFDWLRQ�RI�WKH�FHOO�YDOXH�LPSOLHV�D�GLVFORVXUH�ULVN��LI�
FRPSDQ\�%�ORRNV�LQWR�WKH�SXEOLFDWLRQ�WKH\�ZLOO�EH�DEOH�WR�
GLVFORVH�WKH�WXUQRYHU�RI�FRPSDQ\�$��

%XW�ZKDW�LI�D�FHOO�YDOXH�GRHV�QRW�UHODWH�WR�RQH��EXW�WR�WZR�
UHVSRQGHQWV"�

/HW�XV�DVVXPH�WKLV�WLPH�WKDW�ERWK�FRPSDQLHV��$�DQG�%��DUH�
ORFDWHG�LQ�UHJLRQ�;��DQG�DUH�WKH�RQO\�PLQLQJ�FRPSDQLHV�WKHUH��
/HW�XV�IXUWKHU�DVVXPH�WKDW�WKH\�ERWK�DUH�DZDUH�RI�WKLV�IDFW��
7KHQ�DJDLQ�SXEOLFDWLRQ�RI�WKH�FHOO�YDOXH�LPSOLHV�D�GLVFORVXUH�
ULVN��WKLV�WLPH�WR�ERWK�FRPSDQLHV���LI�DQ\�RI�WKH�WZR�
FRPSDQLHV�ORRN�LQWR�WKH�SXEOLFDWLRQ�DQG�VXEWUDFW�WKHLU�RZQ�
FRQWULEXWLRQ�WR�WKH�FHOO�YDOXH��L�H��WKH�WXUQRYHU�WKH\�UHSRUWHG��
IURP�WKH�FDOO�YDOXH��WKH\�ZLOO�EH�DEOH�WR�GLVFORVH�WKH�WXUQRYHU�
RI�WKH�RWKHU�FRPSDQ\��

$VVXPH�QRZ�WKDW�WKH�WDEOH�FHOO�UHODWHV�WR�PRUH�WKDQ�WZR�

�([SHUW�OHYHO�

,QWUXGHU�6FHQDULRV�

([DPSOH��E�

([DPSOH��F�
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UHVSRQGHQWV��,PDJLQH�WKLV�WLPH�WKDW�IRXU�FRPSDQLHV��$��%��&�
DQG�'��DUH�ORFDWHG�LQ�UHJLRQ�;��7KHQ�WKHRUHWLFDOO\�WKUHH�RI�
WKHP��%��&�DQG�'��VD\��FRXOG�IRUP�D�FRDOLWLRQ�WR�GLVFORVH�WKH�
WXUQRYHU�RI�FRPSDQ\�$��6XFK�D�FRDOLWLRQ�PLJKW�EH�D�UDWKHU�
WKHRUHWLFDO�FRQVWUXFW��$Q�HTXLYDOHQW�EXW�SHUKDSV�PRUH�OLNHO\�
VFHQDULR�FRXOG�EH�WKDW�RI�DQRWKHU�SDUW\�ZKR�NQRZV�WKH�
FRQWULEXWLRQV�RI�FRPSDQLHV�%��&�DQG�'��SHUKDSV�D�ILQDQFLDO�
DGYLVRU�ZRUNLQJ�IRU�DOO�WKUHH�FRPSDQLHV��ZKR�ZRXOG�WKHQ�EH�
DEOH�WR�GLVFORVH�DOVR�WKH�WXUQRYHU�RI�FRPSDQ\�$�E\�
VXEWUDFWLQJ�WKH�FRQWULEXWLRQV�RI�%��&�DQG�'�IURP�WKH�FHOO�
YDOXH��

7KH�H[DPSOHV�DERYH�DUH�EDVHG�RQ�WKH�LQWUXGHU�VFHQDULR�
W\SLFDO�IRU�EXVLQHVV�GDWD��LW�LV�XVXDOO\�DVVXPHG��WKDW�WKH�
´LQWUXGHUVµ��WKRVH�ZKR�PLJKW�EH�LQWHUHVWHG�LQ�GLVFORVLQJ�
LQGLYLGXDO�UHVSRQGHQW�GDWD��PD\�EH�´RWKHU�SOD\HUV�LQ�WKH�
ILHOGµ��H�J��FRPSHWLWRUV�RI�WKH�UHVSRQGHQW�RU�RWKHU�SDUWLHV�ZKR�
DUH�JHQHUDOO\�ZHOO�LQIRUPHG�RQ�WKH�VLWXDWLRQ�LQ�WKH�SDUW�RI�WKH�
HFRQRP\�WR�ZKLFK�WKH�SDUWLFXODU�FHOO�UHODWHV��6XFK�LQWUXGHU�
VFHQDULRV�PDNH�VHQVH��EHFDXVH��XQOLNH�PLFURGDWD�ILOHV�IRU�
UHVHDUFKHUV��WDEXODU�GDWD�UHOHDVHG�E\�RIILFLDO�VWDWLVWLFV�DUH�
DFFHVVLEOH�WR�HYHU\ERG\�²�ZKLFK�PHDQV�WKH\�DUH�DFFHVVLEOH�LQ�
SDUWLFXODU�WR�WKRVH�ZHOO�LQIRUPHG�SDUWLHV��

,Q�WKH�VFHQDULRV�RI�H[DPSOH���WKHUH�LV�D�ULVN�WKDW�PDJQLWXGH�
LQIRUPDWLRQ�LV�GLVFORVHG�H[DFWO\��%XW�KRZ�DERXW�DSSUR[LPDWH�
GLVFORVXUH"�

/HW�XV�UHFRQVLGHU�WKH�H[DPSOH�RQFH�PRUH��$VVXPH�WKLV�WLPH�
WKDW�LQ�UHJLRQ�;�WKHUH�DUH����FRPSDQLHV�WKDW�EHORQJ�WR�WKH�
PLQLQJ�VHFWRU��H�J��FRPSDQ\�$�DQG����YHU\�VPDOO�FRPSDQLHV�
6��WR�6����$VVXPH�IXUWKHU�WKDW������RI�WKH�WXUQRYHU�LQ�PLQLQJ�
LQ�UHJLRQ�;�LV�FRQWULEXWHG�E\�FRPSDQ\�$��,Q�WKDW�VFHQDULR��
WKH�FHOO�YDOXH��WXUQRYHU�LQ�WKH�PLQLQJ�VHFWRU�IRU�UHJLRQ�;��LV�D�
SUHWW\�FORVH�DSSUR[LPDWLRQ�RI�WKH�WXUQRYHU�RI�FRPSDQ\�$��$QG�
HYHQ�WKRXJK�WKH�SRWHQWLDO�LQWUXGHU��LQ�RXU�H[DPSOH�PLQLQJ�
FRPSDQ\�%�RI�WKH�QHLJKERXU�UHJLRQ�<��PD\�QRW�EH�DEOH�WR�
LGHQWLI\�DOO����PLQLQJ�FRPSDQLHV�RI�UHJLRQ�;��LW�LV�YHU\�OLNHO\�
WKDW�WKH\�ZLOO�NQRZ�WKDW�WKHUH�LV�RQH�YHU\�ELJ�FRPSDQ\�LQ�
UHJLRQ�;�DQG�ZKLFK�FRPSDQ\�WKDW�LV��

7KH�SUHVXPSWLRQ�RI�WKH�VHQVLWLYLW\�RI�D�YDULDEOH�RIWHQ�PDWWHUV�
LQ�WKH�FKRLFH�RI�D�SDUWLFXODU�SURWHFWLRQ�PHWKRG��)RU�H[DPSOH��
HVSHFLDOO\�LQ�WKH�FDVH�RI�WDEOHV�SUHVHQWLQJ�EXVLQHVV�
PDJQLWXGH�LQIRUPDWLRQ�PDQ\�DJHQFLHV�GHFLGH�WKDW�WKLV�NLQG�
RI�LQIRUPDWLRQ�PXVW�EH�SURWHFWHG�DOVR�DJDLQVW�WKH�NLQG�RI�
DSSUR[LPDWH�GLVFORVXUH�LOOXVWUDWHG�E\�H[DPSOH��G�DERYH��
EHFDXVH�LW�LV�VR�VHQVLWLYH���

&RQVLGHULQJ�WKH�DERYH�H[SODLQHG�LQWUXGHU�VFHQDULRV�
VWDWLVWLFDO�DJHQFLHV�KDYH�GHYHORSHG�VRPH�¶VDIHW\�UXOHV·��DOVR�
UHIHUUHG�WR�DV�¶VHQVLWLYLW\�UXOHV·�RU�¶VHQVLWLYLW\�PHDVXUHV·���
PHDVXUHV�WR�DVVHVV�GLVFORVXUH�ULVNV��:H�ZLOO�QRZ�LQWURGXFH�
WKH�PRVW�SRSXODU�UXOHV��VWDUWLQJ�ZLWK�DQ�RYHUYLHZ�SUHVHQWLQJ�
IRUPDO�UHSUHVHQWDWLRQ�RI�WKHVH�UXOHV�LQ�WDEOH������$IWHU�WKDW��
WKH�UXOHV��RU�UDWKHU��FODVVHV�RI�UXOHV��ZLOO�EH�GLVFXVVHG�LQ�
GHWDLO��:H�H[SODLQ�LQ�ZKLFK�VLWXDWLRQV�LW�PD\�PDNH�VHQVH�WR�
XVH�WKRVH�UXOHV��XVLQJ�VLPSOH�H[DPSOHV�IRU�LOOXVWUDWLRQ�ZKHUH�
QHFHVVDU\���

7DEOH�����EULHIO\�SUHVHQWV�WKH�PRVW�FRPPRQ�VHQVLWLYLW\�UXOHV��

([DPSOH��G�

6HQVLWLYLW\�RI�YDULDEOHV�

6HQVLWLYLW\�UXOHV�
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7KURXJKRXW�WKLV�FKDSWHU�ZH�GHQRWH� 1[[[ ≥≥≥ ����� �WKH�
RUGHUHG�FRQWULEXWLRQV�E\�UHVSRQGHQWV�����«�1��UHVSHFWLYHO\��
WR�D�FHOO�ZLWK�FHOO�WRWDO��RU�FHOO�YDOXH�� ∑= ≤1L L[; �

7DEOH������6HQVLWLYLW\�UXOHV�

'HILQLWLRQ�5XOH�

$�FHOO�LV�FRQVLGHUHG�XQVDIH��ZKHQ�«�

0LQLPXP�
IUHTXHQF\�
UXOH�

WKH�FHOO�IUHTXHQF\�LV�OHVV�WKDQ�D�SUH�VSHFLILHG�PLQLPXP�
IUHTXHQF\�Q��WKH�FRPPRQ�FKRLFH�LV�Q ����

�Q�N��
GRPLQDQFH�
UXOH�

WKH�VXP�RI�WKH�Q�ODUJHVW�FRQWULEXWLRQV�H[FHHGV�N���RI�
WKH�FHOO�WRWDO��H�J�� ;N[[ Q ⋅>++ ������� �������������

S��UXOH� WKH�FHOO�WRWDO�PLQXV�WKH���ODUJHVW�FRQWULEXWLRQV �[ DQG �[ �

LV�OHVV�WKDQ�S���RI�WKH�ODUJHVW�FRQWULEXWLRQ��H�J��

��� ��� [S[[; <−− ��������������

1RWH�WKDW�WKH�GRPLQDQFH�UXOH�LV�QRW�GHILQHG�IRU�N �����
QHLWKHU�LV�WKH�S��UXOH�IRU�S� ����%RWK�DUH�DV\PSWRWLFDOO\�
HTXDO�WR�PLQLPXP�IUHTXHQF\�UXOHV�IRU�N �����RU�S ��
UHVSHFWLYHO\��

%RWK��WKH�GRPLQDQFH�UXOH�DQG�WKH�S��UXOH�EHORQJ�WR�D�FODVV�
RI�UXOHV�ZKLFK�DUH�UHIHUUHG�WR�DV�´FRQFHQWUDWLRQ�UXOHVµ�EHORZ��

:KHQ�FHOO�VXSSUHVVLRQ�LV�XVHG�WR�SURWHFW�WKH�WDEOH��DQ\�
DJJUHJDWH��RU��FHOO�LQ�D�WDEOH��WKDW�LV�LQGHHG�¶XQVDIH·��RU�
¶VHQVLWLYH·�DFFRUGLQJ�WR�WKH�VHQVLWLYLW\�UXOH�HPSOR\HG��LV�
VXEMHFW�WR�ZKDW�LV�FDOOHG�¶SULPDU\�VXSSUHVVLRQ·��

&KRLFH�RI�D�SDUWLFXODU�VHQVLWLYLW\�UXOH�LV�XVXDOO\�EDVHG�RQ�
FHUWDLQ�LQWUXGHU�VFHQDULRV�LQYROYLQJ�DVVXPSWLRQV�DERXW�
DGGLWLRQDO�NQRZOHGJH�DYDLODEOH�LQ�SXEOLF�RU�WR�SDUWLFXODU�
XVHUV�RI�WKH�GDWD��DQG�RQ�VRPH��LQWXLWLYH��QRWLRQ�RQ�WKH�
VHQVLWLYLW\�RI�WKH�YDULDEOH�LQYROYHG��

:KHQ�WKH�GLVVHPLQDWLQJ�DJHQF\�WKLQNV�LW�LV�HQRXJK�WR�
SUHYHQW�H[DFW�GLVFORVXUH��DOO�FHOOV�ZLWK�DW�OHDVW�DV�PDQ\�
UHVSRQGHQWV�DV�D�FHUWDLQ��IL[HG�PLQLPXP�IUHTXHQF\�Q�DUH�
FRQVLGHUHG�VDIH��([DPSOH���RI�WKH�LQWURGXFWLRQ������FHOO�YDOXH�
UHIHUULQJ�WR�RQH�FRPSDQ\�LQ�WKH�PLQLQJ�VHFWRU�RI�D�UHJLRQ��
LOOXVWUDWHV�WKH�GLVFORVXUH�ULVN�IRU�FHOOV�ZLWK�IUHTXHQF\����
([DPSOH��E�DERYH��RQ�WZR�PLQLQJ�FRPSDQLHV��VKRZV�WKDW�
WKHUH�LV�D�VLPLODU�ULVN�IRU�FHOOV�ZLWK�IUHTXHQF\����

1RUPDOO\�WKH�PLQLPXP�IUHTXHQF\�Q�ZLOO�EH�VHW�WR����

$Q�H[FHSWLRQ�LV�WKH�FDVH�ZKHQ�IRU�VRPH�Q��ODUJHU�WKDQ���WKH�
DJHQF\�WKLQNV�LW�LV�UHDOLVWLF�WR�DVVXPH�WKDW�D�FRDOLWLRQ�RI�Q����
UHVSRQGHQWV�FRQWULEXWLQJ�WR�WKH�VDPH�FHOO�PD\�SRRO�WKHLU�GDWD�
WR�GLVFORVH�WKH�FRQWULEXWLRQ�RI�DQRWKHU�UHVSRQGHQW��,Q�VXFK�D�
FDVH�ZH�VHW�Q�WR�Q���([DPSOH��F�DERYH�SURYLGHV�DQ�LQVWDQFH�
IRU�WKLV�FDVH�ZLWK�Q� ����7KH�LQWUXGHU�NQRZV�WKH�SRROHG�GDWD�
RI���²��� ���FRPSDQLHV��H�J��%��&�DQG�'���

�������������������������������������������
5 ��� ������ [S[[[; Q <−−−−  for the case of coalitions of n-1 respondents, where n>2 

 

0LQLPXP�IUHTXHQF\�UXOH�
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,W�VKRXOG�EH�VWUHVVHG�KHUH�WKDW�D�PLQLPXP�IUHTXHQF\�ODUJHU�
WKDQ���QRUPDOO\�GRHV�QRW�PDNH�PXFK�VHQVH��HYHQ�WKRXJK�LQ�
H[DPSOH��F��IRU�VRPH�FHOOV�RI�D�WDEOH�LW�PD\�KDSSHQ�WKDW�VXFK�
D�¶SRROHG�GDWD·�VLWXDWLRQ�DFWXDOO\�RFFXUV��8VXDOO\�WKHUH�LV�QR�
ZD\�IRU�DQ�DJHQF\�WR�NQRZ�IRU�ZKLFK�FHOO�ZKLFK�VL]H�WR�
DVVXPH�IRU�WKH�¶SRRO·��/HW�XV�DVVXPH��IRU�LQVWDQFH��WKDW�LQ�D�
FHOO�ZLWK�����UHVSRQGHQWV����DUH�LQ�WKH�VWRFN�PDUNHW�DQG�DUH�
WKHUHIRUH�REOLJHG�WR�SXEOLVK�GDWD�ZKLFK�DUH�DOVR�WKHLU�
FRQWULEXWLRQV�WR�WKDW�FHOO�YDOXH��7KHQ�ZH�VKRXOG�FRQVLGHU����
DV�WKH�VL]H�RI�WKH�SRRO��EHFDXVH�DQ\ERG\�FRXOG�DGG�XS��H�J��
SRRO��WKHVH����SXEOLVKHG�GDWD�YDOXHV�LQ�RUGHU�WR�GLVFORVH�WKH�
�FRQILGHQWLDO��FRQWULEXWLRQ�RI�FRPSDQ\�����ZKR�LV�QRW�LQ�WKH�
VWRFN�PDUNHW��%XW�VKRXOG�WKH�DJHQF\�UHDOO\�FRQVLGHU�DOO�FHOOV�
ZLWK�OHVV�WKDQ�����UHVSRQGHQWV�DV�XQVDIH"""�

$�SXEOLVKHG�FHOO�WRWDO�LV�RI�FRXUVH�DOZD\V�DQ�XSSHU�ERXQG�IRU�
HDFK�LQGLYLGXDO�FRQWULEXWLRQ�WR�WKDW�FHOO��7KLV�ERXQG�LV�WKH�
FORVHU�WR�DQ�LQGLYLGXDO�FRQWULEXWLRQ��WKH�ODUJHU�WKH�VL]H�RI�WKH�
FRQWULEXWLRQ��7KLV�IDFW�LV�WKH�PDWKHPDWLFDO�IRXQGDWLRQ�RI�WKH�
ZHOO�NQRZQ�FRQFHQWUDWLRQ�UXOHV��&RQFHQWUDWLRQ�UXOHV�OLNH�WKH�
GRPLQDQFH�DQG�S���UXOH�PDNH�VHQVH�RQO\�LI�LW�LV�DVVXPHG�
VSHFLILFDOO\�WKDW�WKH�LQWUXGHUV�DUH�DEOH�WR�LGHQWLI\�WKH�ODUJHVW�
FRQWULEXWRUV�WR�D�FHOO��7KH�FRPPRQO\�DSSOLHG�VHQVLWLYLW\�UXOHV�
GLIIHU�LQ�WKH�SDUWLFXODU�NLQG�DQG�SUHFLVLRQ�RI�DGGLWLRQDO�
NQRZOHGJH�DVVXPHG�WR�EH�DURXQG��

:KHQ�D�SDUWLFXODU�YDULDEOH�LV�GHHPHG�VWURQJO\�FRQILGHQWLDO��
SUHYHQWLQJ�RQO\�H[DFW�GLVFORVXUH�PD\�EH�MXGJHG�LQDGHTXDWH��
,Q�VXFK�D�FDVH�D�FRQFHQWUDWLRQ�UXOH�VKRXOG�EH�VSHFLILHG��)RU�
UHDVRQV�WKDW�ZLOO�EH�H[SODLQHG�EHORZ��ZH�UHFRPPHQG�XVH�RI�
WKH�VR�FDOOHG�S���UXOH��$QRWKHU��ZHOO�NQRZQ�FRQFHQWUDWLRQ�
UXOH�LV�WKH�¶Q�UHVSRQGHQW��N�SHUFHQW·�GRPLQDQFH�UXOH��1RWH��
WKDW�LW�LV�DEVROXWHO\�HVVHQWLDO�WR�NHHS�WKH�SDUDPHWHUV�RI�D�
FRQFHQWUDWLRQ�UXOH�FRQILGHQWLDO��

7UDGLWLRQDOO\��VRPH�DJHQFLHV�XVH�D�FRPELQDWLRQ�RI�D�
PLQLPXP�IUHTXHQF\�UXOH�WRJHWKHU�ZLWK�D����N��GRPLQDQFH�
UXOH��7KLV�DSSURDFK��KRZHYHU��LV�LQDGHTXDWH��EHFDXVH�LW�
LJQRUHV�WKH�SUREOHP�WKDW�LQ�VRPH�FDVHV�WKH�FRQWULEXWRU�ZLWK�
WKH�VHFRQG�ODUJHVW�FRQWULEXWLRQ�WR�D�FHOO�ZKLFK�LV�QRQ�
VHQVLWLYH�DFFRUGLQJ�WR�WKLV�UXOH�LV�DEOH�WR�GHULYH�D�FORVH�XSSHU�
HVWLPDWH�IRU�WKH�FRQWULEXWLRQ�RI�WKH�ODUJHVW�RQH�E\�VXEWUDFWLQJ�
KHU�RZQ�FRQWULEXWLRQ�IURP�WKH�DJJUHJDWH�WRWDO��([DPSOH���
SURYLGHV�DQ�LQVWDQFH��

$SSOLFDWLRQ�RI�WKH��������UXOH��/HW�WKH�WRWDO�YDOXH�RI�D�WDEOH�
FHOO�EH�;� �����������OHW�WKH�ODUJHVW�FRQWULEXWLRQV�EH �[ � �

��������� �[ � ����������6LQFH��������������������������WKH�FHOO�LV�
VDIH�DFFRUGLQJ�WR�WKH��������UXOH²�WKHUH�VHHPV�WR�EH�QR�ULVN�RI�
GLVFORVXUH��%XW�LQGHHG�WKH�VHFRQG�ODUJHVW�FRQWULEXWRU�LV�DEOH�
WR�GHULYH�DQ�XSSHU�HVWLPDWH� �Ö[ � ����������−�������� ��������
IRU�WKH�ODUJHVW�FRQWULEXWLRQ�ZKLFK�RYHUHVWLPDWHV�WKH�WUXH�
YDOXH�RI��������E\�����RQO\�²�TXLWH�D�JRRG�HVWLPDWH��

8QOLNH�WKH����N��GRPLQDQFH�UXOH��ERWK�WKH����N��GRPLQDQFH�
UXOH�DQG�S���UXOH�WDNH�WKH�DGGLWLRQDO�NQRZOHGJH�RI�WKH�
VHFRQG�ODUJHVW�FRQWULEXWRU�LQWR�DFFRXQW�SURSHUO\��2I�WKH�WZR��
WKH�S���UXOH�VKRXOG�EH�SUHIHUUHG��EHFDXVH�WKH����N��
GRPLQDQFH�UXOH�KDV�D�FHUWDLQ�WHQGHQF\�IRU�RYHUSURWHFWLRQ��DV�
ZH�ZLOO�VHH�LQ�WKH�IROORZLQJ��

&RQFHQWUDWLRQ�UXOHV�

([DPSOH���
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:H�ZLOO�VKRZ�LQ�WKH�IROORZLQJ�WKDW��DFFRUGLQJ�WR�ERWK�W\SHV�RI�
FRQFHQWUDWLRQ�UXOHV��DQ�DJJUHJDWH�WRWDO��H�J��FHOO�YDOXH��;�LV�
FRQVLGHUHG�DV�VHQVLWLYH��LI�LW�SURYLGHV�DQ�XSSHU�HVWLPDWH�IRU�
RQH�RI�WKH�LQGLYLGXDO�FRQWULEXWLRQV�WKDW�LV�UHODWLYHO\�FORVH�WR�
WKLV�FRQWULEXWLRQ��

$VVXPLQJ�WKDW�WKHUH�DUH�QR�FRDOLWLRQV�RI�UHVSRQGHQWV��L�H��
WKHUH�DUH�QR�LQWUXGHUV�NQRZLQJ�PRUH�WKDQ�RQH�RI�WKH�
FRQWULEXWLRQV��7KHQ�WKH�FORVHVW�XSSHU�HVWLPDWH�RI�DQ\�RWKHU�
FRQWULEXWLRQ�FDQ�EH�REWDLQHG�E\�WKH�VHFRQG�ODUJHVW�
FRQWULEXWRU��ZKHQ�LW�VXEWUDFWV�LWV�RZQ�FRQWULEXWLRQ� �[ IURP�
WKH�DJJUHJDWH�WRWDO��H�J��FHOO�YDOXH��;�WR�HVWLPDWH�WKH�ODUJHVW�
FRQWULEXWLRQ�� ��Ö [;[ −= ��DV�VHHQ�LQ�H[DPSOH����$OO�RWKHU�
VFHQDULRV�RI�D�FRQWULEXWRU�VXEWUDFWLQJ�LWV�RZQ�YDOXH�IURP�WKH�
WRWDO��WR�HVWLPDWH�DQRWKHU��UHVXOW�LQ�ODUJHU�HUURU��,Q�WKH��UDWKHU�
XQOLNHO\��VFHQDULR�WKDW� ( )� �Q Q− > �UHVSRQGHQWV�SRRO�WKHLU�

GDWD�LQ�RUGHU�WR�GLVFORVH�WKH�FRQWULEXWLRQ�RI�DQRWKHU��WKH�
FORVHVW�XSSHU�HVWLPDWH�RI�DQ\�RWKHU�FRQWULEXWLRQ�FDQ�EH�
REWDLQHG�E\�WKH�FRDOLWLRQ�RI�UHVSRQGHQWV������«Q�ZKHQ�WKH\�
HVWLPDWH� Q[[[;[ −−−−= ���Ö ��� ��

7KH�TXHVWLRQ�LV�QRZ��KRZ�WR�GHWHUPLQH�ZKHWKHU�VXFK�DQ�
HVWLPDWH�LV�¶UHODWLYHO\�FORVH·��

$SSOLFDWLRQ�RI�WKH�S��UXOH�\LHOGV�WKDW�WKH�XSSHU�HVWLPDWH� �Ö[ �
ZLOO�RYHUHVWLPDWH�WKH�WUXH�YDOXH�E\�DW�OHDVW�S���IRU�DQ\�QRQ�
VHQVLWLYH�FHOO��H�J�� ��� ���Ö [S[[ ⋅≥− ���7KDW�LV��WKH�S���UXOH�
VHWV�WKH�GLIIHUHQFH�EHWZHHQ�HVWLPDWH�DQG�WUXH�YDOXH�RI�WKH�
ODUJHVW�FRQWULEXWLRQ�LQ�UHODWLRQ�WR�WKH�YDOXH�RI�WKH�ODUJHVW�
FRQWULEXWLRQ�LWVHOI��

:KHQ�ZH�DGDSW�UHODWLRQ�����LQ�WDEOH����VHH�GHILQLWLRQ�RI�WKH�
�Q�N��UXOH��WR�WKH�FDVH�RI�Q� ����VXEWUDFW�ERWK�VLGHV�IURP�;�
DQG�WKHQ�GLYLGH�E\�;�WKH�UHVXOW�LV��
� ;N[[; ⋅−<−− ���������� �� � ����

,Q�WKLV�IRUPXODWLRQ��WKH����N��UXOH�ORRNV�YHU\�VLPLODU�WR�WKH�
IRUPXODWLRQ�RI�WKH�S��UXOH�JLYHQ�E\������%RWK�UXOHV�GHILQH�DQ�
DJJUHJDWH�WR�EH�VHQVLWLYH��ZKHQ�WKH�HVWLPDWH� � �Ö = −[ ; [ �GRHV�

QRW�RYHUHVWLPDWH�WKH�WUXH�YDOXH�RI� �[ ·VXIILFLHQWO\·��7KH�
GLIIHUHQFH�EHWZHHQ�ERWK�UXOHV�LV�LQ�KRZ�WKH\�GHWHUPLQH�WKLV�
¶VXIILFLHQF\·��$FFRUGLQJ�WR�WKH�S���UXOH��LW�LV�H[SUHVVHG�DV�D�
UDWH��L�H��S����RI�WKH�WUXH�YDOXH�RI�WKH�ODUJHVW�FRQWULEXWLRQ� �[ ��
ZKLOH�DFFRUGLQJ�WR�WKH����N���UXOH��LW�LV�H[SUHVVHG�DV�D�UDWH��L�H��
����N����RI�WKH�DJJUHJDWH�WRWDO�;��&RQVLGHULQJ�WKLV��WKH�
FRQFHSW�RI�WKH�S��UXOH�VHHPV�WR�EH�PRUH�QDWXUDO�WKDQ�WKDW�RI�
WKH����N��UXOH��

���N��UXOHV�FRUUHVSRQG�WR�S��UXOHV�LQ�WKH�IROORZLQJ�ZD\��

,I�N�LV�VHW�WR�
���

���
���

⋅
+ S

�WKHQ�

$� DQ\�DJJUHJDWH��ZKLFK�LV�VDIH�DFFRUGLQJ�WR�WKH�
���N��UXOH��LV�DOVR�VDIH�DFFRUGLQJ�WR�WKH�S��UXOH��WKLV�ZLOO�
EH�SURYHQ�EHORZ���EXW�

%� QRW�DQ\�DJJUHJDWH��ZKLFK�LV�VDIH�DFFRUGLQJ�WR�WKH�
S���UXOH��LV�DOVR�VDIH�DFFRUGLQJ�WR�WKLV����N��UXOH��$Q�

S��UXOH�DQG�
GRPLQDQFH�UXOH�
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H[DPSOH�LV�JLYHQ�EHORZ��H[DPSOH�����,Q�WKHVH�FDVHV�WKH�
DJJUHJDWH�FRXOG�EH�SXEOLVKHG�DFFRUGLQJ�WR�WKH�S���UXOH��
EXW�ZRXOG�KDYH�WR�EH�VXSSUHVVHG�DFFRUGLQJ�WR�WKH����N��
UXOH��

%DVHG�RQ�WKH�DERYH�H[SODLQHG�LGHD��WKDW�WKH�FRQFHSW�RI�WKH�
S���UXOH�LV�PRUH�QDWXUDO�WKDQ�WKDW�RI�WKH����N��UXOH��ZH�
LQWHUSUHW�WKLV�DV�D�WHQGHQF\�IRU�RYHU�SURWHFWLRQ�LQ�WKH����N��
UXOH��([DPSOH���EHORZ�LV�DQ�LQVWDQFH�IRU�WKLV�NLQG�RI�RYHU�
SURWHFWLRQ��

:H�WKHUHIRUH�UHFRPPHQG�XVH�RI�WKH�S���UXOH�LQVWHDG�RI�D�
���N��GRPLQDQFH�UXOH��

:KHQ�ZH�UHSODFH�D����N��GRPLQDQFH�UXOH��E\�D�S���UXOH��WKH�
QDWXUDO�FKRLFH�LV�WR�GHULYH�WKH�SDUDPHWHU�S�IURP�

S
N

+
⋅=
���
���

��� ���H�J��WR�VHW�S�WR�
N

N−⋅������ ��

7KXV��D��������GRPLQDQFH�UXOH�ZRXOG�EH�UHSODFHG�E\�D�
S���UXOH�ZLWK�S� �����D��������GRPLQDQFH�UXOH�E\�D�S���UXOH�
ZLWK�S� ��������

,I�ZH�DOVR�GHULYH�S�IURP�WKLV�IRUPXOD��ZKHQ�UHSODFLQJ�D�
���N��GRPLQDQFH�UXOH��ZH�ZLOO�REWDLQ�D�PXFK�ODUJHU�QXPEHU�RI�
VHQVLWLYH�FHOOV��,Q�DGGLWLRQ�WR�WKH�FHOOV�ZKLFK�DUH�XQVDIH�
DFFRUGLQJ�WR�WKH����N��GRPLQDQFH�UXOH�ZKLFK�ZLOO�WKHQ�DOVR�EH�
XQVDIH�DFFRUGLQJ�WR�WKH�S���UXOH��WKHUH�ZLOO�EH�FHOOV�ZKLFK�
ZHUH�VDIH�DFFRUGLQJ�WR�WKH����N��GRPLQDQFH�UXOH��EXW�DUH�QRW�
VDIH�DFFRUGLQJ�WR�WKH�S���UXOH��EHFDXVH�WKH�UXOH�FRUUHFWO\�
FRQVLGHUV�WKH�LQVLGHU�NQRZOHGJH�RI�D�ODUJH�VHFRQG�ODUJHVW�
FRQWULEXWRU��:H�FRXOG�WKHQ�SXW�XS�ZLWK�WKLV�LQFUHDVH�LQ�WKH�
QXPEHU�RI�VHQVLWLYH�FHOOV��$OWHUQDWLYHO\��ZH�FRXOG�FRQVLGHU�WKH�
QXPEHU�RI�VHQVLWLYH�FHOOV�WKDW�ZH�XVHG�WR�DVVLJQ��ZLWK�WKH�
���N��GRPLQDQFH�UXOH��DV�D�NLQG�RI�D�PD[LPXP�SUL]H�ZH�DUH�
SUHSDUHG�WR�¶SD\·�IRU�GDWD�SURWHFWLRQ��,Q�WKDW�FDVH�ZH�ZLOO�
UHGXFH�WKH�SDUDPHWHU�S��7KH�HIIHFW�ZLOO�EH�WKDW�VRPH�RI�WKH�
FHOOV�ZH�XVHG�WR�FRQVLGHU�DV�VHQVLWLYH�DFFRUGLQJ�WR�WKH����N��
GRPLQDQFH�UXOH�ZLOO�QRZ�QRW�EH�VHQVLWLYH��%XW�WKLV�ZRXOG�EH�
MXVWLILHG�EHFDXVH�WKRVH�FHOOV�DUH�OHVV�VHQVLWLYH�DV�WKH�FHOOV�
ZKLFK�DUH�XQVDIH�DFFRUGLQJ�WR�WKH�S���UXOH��EXW�DUH�QRW�
DFFRUGLQJ�WR�WKH�IRUPHU����N��GRPLQDQFH�UXOH���

/HW�S� �����WKHQ�
���

���
���

= ⋅
+

N
S
� �������OHW�WKH�WRWDO�YDOXH�RI�D�

WDEOH�FHOO�EH�;� �����������OHW�WKH�ODUJHVW�WZR�FRQWULEXWLRQV�EH
� �[ � ����������DQG� �[ � ����������

7KHQ� �Ö = −[ ; [ � ���������−�������� ���������

⋅=
−

⋅⇒ ���
Ö

���
�
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[
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����

�����
���������� =−

�
H�J��WKH�XSSHU�HVWLPDWH� �Ö[ ; [= − �ZLOO�RYHUHVWLPDWH��

WKH�WUXH�YDOXH�E\���������6R�WKH�DJJUHJDWH�LV�VDIH�DFFRUGLQJ�
WR�WKH�S���UXOH�DW�S� �����

+RZ�WR�REWDLQ�WKH�S�
SDUDPHWHU"�

([DPSOH���
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2Q�WKH�RWKHU�KDQG�WKH�WZR�ODUJHVW�FRQWULEXWLRQV�DUH� � �+[ [  �
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S
⋅

+
� ����������WKH�DJJUHJDWH�

LV�QRW�VDIH�DFFRUGLQJ�WR�WKH����N��UXOH��

�

RZQ�FRQWULEXWLRQ�IURP�WKH�DJJUHJDWH�WRWDO��([DPSOH���
SURYLGHV�DQ�LQVWDQFH��

)RU�DQ�DJJUHJDWH�ZKLFK�LV�VDIH�DFFRUGLQJ�WR�WKH����N��UXOH�ZLWK�
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$�ZHOO�NQRZQ�H[WHQVLRQ�RI�WKH�S��²UXOH�LV�WKH�VR�FDOOHG�
SULRU�SRVWHULRU��L���UXOH��:LWK�WKH�H[WHQGHG�UXOH��RQH�FDQ�
IRUPDOO\�DFFRXQW�IRU�JHQHUDO�NQRZOHGJH�DERXW�LQGLYLGXDO�
FRQWULEXWLRQV�DVVXPHG�WR�EH�DURXQG�SULRU�WR�WKH�SXEOLFDWLRQ��
LQ�SDUWLFXODU�WKDW�WKH�VHFRQG�ODUJHVW�FRQWULEXWRU�FDQ�HVWLPDWH�
WKH�VPDOOHU�FRQWULEXWLRQV� �

�

�
>

= ∑5
L

; [ �WR�ZLWKLQ�T����$Q�

DJJUHJDWH�LV�WKHQ�FRQVLGHUHG�XQVDIH�ZKHQ�WKH�VHFRQG�ODUJHVW�
UHVSRQGHQW�FRXOG�HVWLPDWH�WKH�ODUJHVW�FRQWULEXWLRQ� �[ �WR�

ZLWKLQ�S�SHUFHQW�RI� �[ ���E\�VXEWUDFWLQJ�KHU�RZQ�FRQWULEXWLRQ�

DQG�WKLV�HVWLPDWH� 5;Ö �IURP�WKH�FHOO�WRWDO��H�J��ZKHQ�

( ) ��� ���
Ö [

S
;[[; 5 ⋅<−−− ��%HFDXVH� ( ) 5;[[; =−− �� ��

WKH�OHIW�KDQG�VLGH�LV�DVVXPHG�WR�EH�OHVV�WKDQ� 5;
T ⋅
���

��6R�WKH�

DJJUHJDWH�LV�FRQVLGHUHG�WR�EH�VHQVLWLYH��LI� �[T
S

; 5 ⋅< ��

(YLGHQWO\��LW�LV�DFWXDOO\�WKH�UDWLR�S�T�ZKLFK�GHWHUPLQHV�ZKLFK�
FHOOV�DUH�FRQVLGHUHG�VDIH��RU�XQVDIH��7KHUHIRUH��DQ\��S�T��UXOH�

3URRI�RI�$�

7KH��S�T��UXOH�
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ZLWK�T�������FDQ�DOVR�EH�H[SUHVVHG�DV� ( )�∗ ∗S T �UXOH��ZLWK�

���∗ =T ��H�J��FKRRVH�

TSS ⋅= ���� � ����

�

2I�FRXUVH�ZH�FDQ�DOVR�DGDSW�WKH��Q�N��GRPLQDQFH�UXOH�WR�
DFFRXQW�IRU�T���UHODWLYH�D�SULRUL�ERXQGV��/HW�H�J��Q� �����
$FFRUGLQJ�WR�����DERYH��DQ�DJJUHJDWH�VKRXOG�WKHQ�EH�
FRQVLGHUHG�XQVDIH�ZKHQ�WKH�VHFRQG�ODUJHVW�UHVSRQGHQW�FRXOG�
HVWLPDWH�WKH�ODUJHVW�FRQWULEXWLRQ� �[ �WR�ZLWKLQ������²��N��
SHUFHQW�RI�;���E\�VXEWUDFWLQJ�KHU�RZQ�FRQWULEXWLRQ�DQG�WKH�

HVWLPDWH� 5;Ö �IURP�WKH�FHOO�WRWDO��H�J��ZKHQ�

( ) ;N;[[; 5 ⋅−<−−− ��������Ö
�� ��-XVW�DV�LQ�WKH�FDVH�RI�

WKH�S��UXOH��ZH�VHH�WKDW�WKH�DJJUHJDWH�LV�VHQVLWLYH��ZKHQ�
;TN; 5 ⋅−< ����� ��DQG�WKDW�IRU�JLYHQ�SDUDPHWHUV�N�DQG�T�

WKH�SDUDPHWHU�N�FRUUHVSRQGLQJ�WR� ���∗ =T �VKRXOG�EH�FKRVHQ�
VXFK�WKDW�

� TNN ������������� −=− � ����

�

)RU�D�PRUH�DQDO\WLFDO�GLVFXVVLRQ�RI�VHQVLWLYLW\�UXOHV�WKH�
LQWHUHVWHG�UHDGHU�LV�UHIHUUHG�WR��&R[���������IRU�PRUH�
JHQHUDOL]HG�IRUPXODWLRQV�FRQVLGHULQJ�FRDOLWLRQV�WR��/RHYH��
������

:KHQ�GLVFORVXUH�ULVN�KDV�WR�EH�DVVHVVHG�IRU�D�YDULDEOH�WKDW�
FDQ�WDNH�QRW�RQO\�SRVLWLYH��EXW�DOVR�QHJDWLYH�YDOXHV��ZH�
VXJJHVW�WR�UHGXFH�WKH�YDOXH�RI�S��RU�LQFUHDVH�N��IRU�WKH�
GRPLQDQFH�UXOH��UHVS����,W�PD\�HYHQ�EH�DGHTXDWH�WR�WDNH�WKDW�
UHGXFWLRQ�HYHQ�WR�WKH�H[WHQW�RI�UHSODFLQJ�D�FRQFHQWUDWLRQ�UXOH�
E\�D�PLQLPXP�IUHTXHQF\�UXOH��7KLV�UHFRPPHQGDWLRQ�LV�
PRWLYDWHG�E\�WKH�IROORZLQJ�FRQVLGHUDWLRQ��$ERYH��ZH�KDYH�
H[SODLQHG�WKDW�WKH�S��UXOH�LV�HTXLYDOHQW�WR�D��S�T��UXOH�ZLWK�
T� ������:KHQ�FRQWULEXWLRQV�PD\�WDNH�QHJDWLYH��DV�ZHOO�DV�
SRVLWLYH�YDOXHV��LW�PDNHV�VHQVH�WR�DVVXPH�WKDW�WKH�ERXQG�T��

IRU�WKH�UHODWLYH�GHYLDWLRQ�RI�D�SULRUL�HVWLPDWHV� 5;Ö �H[FHHGV�

�������7KLV�FDQ�EH�H[SUHVVHG�DV� � ���T I= ∗ ��ZLWK� �I > ��
$FFRUGLQJ�WR�����WKH�S�SDUDPHWHU�SI��IRU�WKH�FDVH�RI�
QHJDWLYH�SRVLWLYH�GDWD�VKRXOG�EH�FKRVHQ�DV�

( )���� � ��� � ��� �IS S T S I S I S= ∗ = ∗ ∗ = < ��7KDW�PHDQV�

SDUWLFXODUO\�WKDW�IRU�ODUJH�I�WKH�S��UXOH�ZLWK�FRUUHVSRQGLQJ�
SDUDPHWHU� IS �LV�DV\PSWRWLFDOO\�HTXDO�WR�WKH�PLQLPXP�

IUHTXHQF\�UXOH��F�I��WKH�UHPDUN�MXVW�EHORZ�WDEOH�����

,Q�FDVH�RI�WKH�GRPLQDQFH�UXOH��EHFDXVH�RI������� IN �FDQ�EH�

GHWHUPLQHG�E\� ���� � ��� ���� � ���� �IN N I− = − ⋅ ��DQG�EHFDXVH�

�I > �WKLV�PHDQV�WKDW� IN N> ��)RU�ODUJH�I�WKH�GRPLQDQFH�UXOH�

ZLWK�SDUDPHWHU� IN �ZLOO�EH�DV\PSWRWLFDOO\�HTXDO�WR�WKH�

PLQLPXP�IUHTXHQF\�UXOH��

6RPHWLPHV��UHVSRQGHQWV�DXWKRUL]H�SXEOLFDWLRQ�RI�DQ�

1HJDWLYH�&RQWULEXWLRQV�

:DLYHUV�
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DJJUHJDWH�HYHQ�LI�WKLV�SXEOLFDWLRQ�PLJKW�FDXVH�D�ULVN�RI�
GLVFORVXUH�IRU�WKHLU�FRQWULEXWLRQV��6XFK�DXWKRUL]DWLRQV�DUH�
DOVR�UHIHUUHG�WR�DV�¶ZDLYHUV·��:KHQ�V�LV�WKH�ODUJHVW�UHVSRQGHQW�
IURP�ZKLFK�QR�VXFK�ZDLYHU�KDV�EHHQ�REWDLQHG��DQG�U�LV�WKH�
ODUJHVW�UHVSRQGHQW�H[FHSW�IRU�V�WKHQ�IRU�DQ\�SDLU��L�M��� L M≠ �RI�
UHVSRQGHQWV��ZKHUH�QR�ZDLYHU�KDV�EHHQ�REWDLQHG�IURP�M��LW�
KROGV� VUML [[[[ +≤+ ��7KHUHIRUH��ZH�ZLOO�EH�DEOH�WR�GHDO�ZLWK�

VXFK�D�VLWXDWLRQ�SURSHUO\��LI�ZH�UHIRUPXODWH�WKH�FRQFHQWUDWLRQ�
UXOHV�DV�

VUV [S[[; ���<−− ���IRU�WKH�S��UXOH��DQG�

;N[[ VU ⋅>+ ��� ���IRU�WKH����N��GRPLQDQFH�UXOH��

,Q�IRUHLJQ�WUDGH�VWDWLVWLFV�WUDGLWLRQDOO\�D�VSHFLDO�UXOH�LV�
DSSOLHG��2QO\�IRU�WKRVH�HQWHUSULVHV�WKDW�KDYH�DFWLYHO\�DVNHG�
IRU�SURWHFWLRQ�RI�WKHLU�LQIRUPDWLRQ�VSHFLDO�VHQVLWLYLW\�UXOHV�DUH�
DSSOLHG��7KLV�LPSOLHV�WKDW�LI�WKH�ODUJHVW�FRQWULEXWRU�WR�D�FHOO�
DVNV�IRU�SURWHFWLRQ�DQG�FRQWULEXWHV�RYHU�D�FHUWDLQ�SHUFHQWDJH�
WR�WKH�FHOO�WRWDO��WKDW�FHOO�LV�FRQVLGHUHG�D�SULPDULO\�XQVDIH�FHOO��

*LYHQ�WKH�QRUPDO�OHYHO�RI�GHWDLO�LQ�WKH�IRUHLJQ�WUDGH�WDEOHV�WKH�
DSSOLFDWLRQ�RI�WKH�VWDQGDUG�VHQVLWLYLW\�UXOHV�ZRXOG�LPSO\�WKDW�
D�YHU\�ODUJH�SURSRUWLRQ�RI�WKH�WDEOH�VKRXOG�KDYH�EHHQ�
VXSSUHVVHG��7KLV�LV�FRQVLGHUHG�QRW�WR�EH�D�GHVLUDEOH�VLWXDWLRQ�
DQG�IRU�D�ORQJ�WLPH�WKHUH�KDYH�QRW�EHHQ�VHULRXV�FRPSODLQWV��
7KLV�KDV�OHG�WR�WKLV�VSHFLDO�UXOH��$QG�WKLV�UXOH�KDV�D�OHJDO�
EDVLV�LQ�WKH�(XURSHDQ�UHJXODWLRQ�����������

,Q�τ�$5*86�VSHFLDO�RSWLRQV��WKH�UHTXHVW�UXOH��KDYH�EHHQ�
LQWURGXFHG�WR�DSSO\�WKLV�UXOH��7KH�VHFRQGDU\�FHOO�VXSSUHVVLRQ�
ZLOO�EH�GRQH�LQ�WKH�VWDQGDUG�ZD\��

,Q�PDQ\�GDWDVHWV��HVSHFLDOO\�HFRQRPLF�GDWDVHWV��WKH�UHSRUWLQJ�
XQLW�LV�GLIIHUHQW�IURP�WKH�HQWLWLHV�ZH�ZDQW�WR�SURWHFW��2IWHQ�
FRPSDQLHV�KDYH�VHYHUDO�EUDQFKHV�LQ�YDULRXV�UHJLRQV��6R�WKH�
PDUJLQDO�FHOO�PD\�KDYH�VHYHUDO�FRQWULEXWLRQV�EXW�IURP�RQH�
FRPSDQ\�RQO\��7KHUHIRUH�LW�PLJKW�EH�D�PLVWDNH�WR�WKLQN�WKDW�
VXFK�D�FHOO�LV�VDIH�LI�ZH�ORRN�RQO\�DW�WKH�ODUJHVW�WZR�
FRQWULEXWRUV��ZKLOH�WKH�ODUJHVW�WKUHH�PLJKW�EHORQJ�WR�RQO\�RQH�
FRPSDQ\��

:H�QHHG�WR�JURXS�WKH�FRQWULEXWLRQV�IURP�RQH�FRPSDQ\�
WRJHWKHU�WR�RQH�FRQWULEXWLRQ�EHIRUH�ZH�FDQ�DSSO\�WKH�
VHQVLWLYLW\�UXOHV���

7KHUH�LV�QR�SUREOHP�LQ�PDNLQJ�WKH�FHOO�WRWDOV�EHFDXVH�ZH�DUH�
RQO\�LQWHUHVWHG�LQ�WKH�VXP�RI�WKH�FRQWULEXWLRQV��

,Q�τ�$5*86�LW�LV�SRVVLEOH�WR�WDNH�WKLV�LQWR�DFFRXQW�E\�XVLQJ�
WKH�KROGLQJ�RSWLRQ��

2IWHQ�WDEOHV�DUH�FUHDWHG�IURP�GDWDVHWV�EDVHG�RQ�VDPSOH�
VXUYH\V�DQG�16,V�FROOHFW�D�ORW�RI�WKHLU�LQIRUPDWLRQ�WKLV�ZD\��
7KHUH�DUH�WZR�UHDVRQV�ZK\�GLVFORVXUH�ULVN�DVVHVVPHQW�PD\�
DOVR�EH�QHFHVVDU\�IRU�D�VDPSOH�VXUYH\��HVSHFLDOO\�LQ�EXVLQHVV�
VXUYH\V�WKH�FRPPRQ�DSSURDFK�LV�WR�VDPSOH�ZLWK�XQHTXDO�
SUREDELOLWLHV��7KH�ILUVW�LV�WKDW�ODUJH�FRPSDQLHV�DUH�RIWHQ�
VDPSOHG�ZLWK�SUREDELOLW\����7\SLFDOO\�LW�ZLOO�EH�WKH�FDVH�IRU�
VRPH�RI�WKH�DJJUHJDWHV�IRUHVHHQ�IRU�D�SXEOLFDWLRQ�WKDW�DOO�
UHVSRQGHQWV�KDYH�EHHQ�VDPSOHG�ZLWK�SUREDELOLW\����,Q�WKH�
DEVHQFH�RI�QRQ�UHVSRQVH��IRU�VXFK�DQ�DJJUHJDWH��WKH�VXUYH\�

)RUHLJQ�7UDGH�5XOH�

+ROGLQJV�

6DPSOLQJ�:HLJKWV�

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32004R0638:EN:HTML
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GDWD�DUH�GDWD�IRU�WKH�IXOO�SRSXODWLRQ��6HFRQGO\��HYHQ��LI�
VDPSOLQJ�SUREDELOLWLHV�DUH�VPDOOHU�WKHQ����LI�DQ�DJJUHJDWH�
UHODWHV�WR�D�VWURQJO\�VNHZHG�SRSXODWLRQ��DQG�WKH�VDPSOLQJ�
HUURU�LV�VPDOO��WKHQ�WKH�SUREDELOLW\�LV�KLJK�WKDW�WKH�VXUYH\�
HVWLPDWH�IRU�WKH�DJJUHJDWH�WRWDO�PD\�DOVR�EH�D�FORVH�HVWLPDWH�
IRU�WKH�ODUJHVW�XQLW�LQ�WKDW�SRSXODWLRQ��,W�PDNHV�VHQVH�
WKHUHIRUH�WR�DVVHVV�WKH�GLVFORVXUH�ULVN�IRU�VXUYH\�VDPSOH�
HVWLPDWHV��LI�WKH�VDPSOLQJ�HUURUV�DUH�VPDOO�EXW�WKH�YDULDEOHV�
DUH�VWURQJO\�VHQVLWLYH��7KH�TXHVWLRQ�LV�WKHQ��KRZ�WR�GHWHUPLQH�
WHFKQLFDOO\��LI�D�VDPSOH�VXUYH\�DJJUHJDWH�VKRXOG�EH�
FRQVLGHUHG�VDIH��RU�XQVDIH��7KH�IROORZLQJ�SURFHGXUH�LV�XVHG�LQ�
τ�$5*86��

)RU�VDPSOH�VXUYH\�GDWD�HDFK�UHFRUG�KDV�D�VDPSOH�ZHLJKW�
DVVRFLDWHG�ZLWK�LW��7KHVH�VDPSOH�ZHLJKWV�DUH�FRQVWUXFWHG�
VXFK�WKDW�WKH�WDEOHV�SURGXFHG�IURP�WKLV�GDWDVHWV�ZLOO�
UHVHPEOH�DV�PXFK�DV�SRVVLEOH�WKH�SRSXODWLRQ��DV�LI�WKH�WDEOH�
KDG�EHHQ�EDVHG�RQ�D�IXOO�FHQVXV���

0DNLQJ�D�WDEOH�RQH�KDV�WR�WDNH�LQWR�DFFRXQW�WKHVH�VDPSOH�
ZHLJKWV��,I�WKH�GDWD�ILOH�KDV�D�VDPSOH�ZHLJKW��VSHFLILHG�LQ�WKH�
PHWDGDWD��WKH�WDEOH�FDQ�EH�FRPSXWHG�WDNLQJ�WKHVH�ZHLJKWV�
LQWR�DFFRXQW��)RU�PDNLQJ�D�FHOO�WRWDO�WKLV�LV�D�VWUDLJKWIRUZDUG�
SURFHGXUH��KRZHYHU�WKH�VHQVLWLYLW\�UXOHV�KDYH�WR�EH�DGDSWHG�
WR�WKH�VLWXDWLRQ�ZKHUH�ZH�GR�QRW�NQRZ�WKH�XQLWV�RI�WKH�
SRSXODWLRQ�ZLWK�WKH�ODUJHVW�YDOXHV��

2QH�RSWLRQ�LV�WKH�IROORZLQJ�DSSUR[LPDWLRQ��

)RU�H[DPSOH�LI�WKHUH�LV�D�FHOO�ZLWK�WZR�FRQWULEXWLRQV��

�����ZHLJKW���

����ZHLJKW���

7KH�FHOO�YDOXH� ����[�����������[����� ������:LWKRXW�
FRQVLGHULQJ�WKH�ZHLJKWV�WKHUH�DUH�RQO\�WZR�FRQWULEXWRUV�WR�WKH�
FHOO�����DQG�����+RZHYHU�E\�WDNLQJ�DFFRXQW�RI�WKH�VDPSOLQJ�
ZHLJKWV�WKH�LQGLYLGXDO�FRQWULEXWLRQV�FDQ�EH�DSSUR[LPDWHG�DV�
�������������������������������������������DQG�����7KH�
ODUJHVW�WZR�FRQWULEXWRUV�DUH�QRZ�����DQG������7KHVH�DUH�
UHJDUGHG�DV�WKH�ODUJHVW�WZR�YDOXHV�IRU�DSSOLFDWLRQ�RI�WKH�
VDIHW\�UXOHV��,I�WKH�ZHLJKWV�DUH�QRW�LQWHJHUV��D�VLPSOH�
H[WHQVLRQ�LV�DSSOLHG���

1RWH��
7KLV�SURFHGXUH�FDQQRW�EH�DSSOLHG�LQ�FRPELQDWLRQ�ZLWK�WKH�
KROGLQJ�FRQFHSW��EHFDXVH�QDWXUDOO\�IRU�WKH�DSSUR[LPDWH�
FRQWULEXWLRQV�LW�LV�XQNQRZQ�ZKLFK�KROGLQJ�WKH\�EHORQJ�WR��

,W�VKRXOG�EH�QRWHG�KHUH�WKDW�ZLWK�WKH�DERYH�SURFHGXUH�LW�PD\�
KDSSHQ�WKDW�D�FHOO�LV�FRQVLGHUHG�VDIH��HYHQ�WKRXJK�WKH�VDPSOH�
HVWLPDWH�RI�WKH�FHOO�WRWDO�SURYLGHV�D�YHU\�FORVH�HVWLPDWH�RI�WKH�
XQLW�LQ�WKH�SRSXODWLRQ�ZLWK�WKH�ODUJHVW�YDOXH��$VVXPH�WKH�
VHTXHQFH�RI�YDOXHV�LQ�WKH�IXOO�SRSXODWLRQ�WR�EH����������������
DQG�VHYHQ�WLPHV����7KHQ�WKH�SRSXODWLRQ�WRWDO�ZRXOG�EH�������
$VVXPH�WKDW�ZH�VDPSOHG�WZR�XQLWV��ERWK�ZLWK�D�YDOXH�RI������
EXW�ZLWK�GLIIHUHQW�SUREDELOLWLHV�VR�WKDW�WKH�VDPSOLQJ�ZHLJKWV�
IRU�WKH�WZR�DUH����DQG����UHVSHFWLYHO\��\LHOGLQJ�D�SRSXODWLRQ�
HVWLPDWH�RI������ZKLFK�ZLOO�QRW�EH�VHQVLWLYH�DFFRUGLQJ�WR�WKH�
DERYH�SURFHGXUH��,I�WKH�VHFRQG�ODUJHVW�XQLW�DV�DQ�LQWUXGHU�
VXEWUDFWV�KHU�RZQ�FRQWULEXWLRQ�� ������IURP�WKH�SRSXODWLRQ�
HVWLPDWH�VKH�ZLOO�REWDLQ�DQ�HVWLPDWH�RI�WKH�YDOXH�RI�WKH�
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ODUJHVW�XQLW�ZKLFK�H[DFWO\�PDWFKHV�WKH�WUXH�YDOXH�RI������%XW�
WKHUH�LV�RI�FRXUVH�D�VDPSOLQJ�HUURU�FRQQHFWHG�WR�WKLV�HVWLPDWH�
DQG�WKLV�IDFW�VKRXOG�EH�FRQVLGHUHG�E\�WKH�LQWUXGHU��

2Q�WKH�RWKHU�KDQG��WKHUH�LV�D�FHUWDLQ�WHQGHQF\�IRU�
RYHUSURWHFWLRQ�DVVRFLDWHG�WR�WKH�DERYH�SURFHGXUH��H�J��WKHUH�LV�
D�FKDQFH�WKDW�DFFRUGLQJ�WR�WKH�DERYH�SURFHGXUH�DQ�DJJUHJDWH�
LV�XQVDIH��ZKHQ�LQ�IDFW�LW�LV�QRW��$VVXPH�WKH�VHTXHQFH�RI�
YDOXHV�LQ�WKH�IXOO�SRSXODWLRQ�WR�EH��������������������$VVXPH�
ZH�KDYH�VDPSOHG��ZLWK�XQHTXDO�SUREDELOLWLHV��WKH�XQLW�ZLWK�
YDOXH�����ZLWK�D�VDPSOLQJ�ZHLJKW�RI���DVVRFLDWHG�WR�LW��DQG�
RQH�RI�WKH�XQLWV�ZLWK�YDOXH���ZLWK�D�VDPSOLQJ�ZHLJKW�RI����
$FFRUGLQJ�WR�WKH�DERYH�SURFHGXUH�WZR�YDOXHV�RI�����ZRXOG�EH�
FRQVLGHUHG�DV�ODUJHVW�FRQWULEXWLRQ�IRU�DQ�HVWLPDWHG�FHOO�WRWDO�
RI�����ZKLFK�DFFRUGLQJ�WR�IRU�LQVWDQFH�D�S��UXOH�ZRXOG�EH�
FRQVLGHUHG�DV�VHQVLWLYH�IRU�DQ\�S!����%XW�LQ�IDFW��HYHQ�WKH�
VHFRQG�ODUJHVW�XQLW�LQ�WKH�SRSXODWLRQ�ZLWK�D�YDOXH�RI����ZLOO�
RYHUHVWLPDWH�WKH�YDOXH�����RI�WKH�ODUJHVW�XQLW�E\�DERXW������
ZKHQ�LW�VXEWUDFWV�KHU�RZQ�FRQWULEXWLRQ�IURP�WKH�SRSXODWLRQ�
HVWLPDWH�RI������

7KLV�WHQGHQF\�IRU�RYHUSURWHFWLRQ�FDQ�EH�DYRLGHG��ZKHQ��
LQVWHDG�RI�WKH�DERYH�SURFHGXUH��LQ�WKH�FDVH�RI�VDPSOH�VXUYH\V�
ZH�UHSODFH�IRU�LQVWDQFH�IRU�WKH�S���UXOH�WKH�IRUPXODWLRQ�����RI�
WDEOH�����E\�WKH�IROORZLQJ�

VVV [
S

[[; ��� ���
Ö ⋅<−− � ����

ZKHUH� ;Ö �GHQRWH�WKH�HVWLPDWHG�SRSXODWLRQ�WRWDO��DQG� V
L[ ��L� �

�����WKH�ODUJHVW�WZR�REVHUYDWLRQV�IURP�WKH�VDPSOH��

7KH�GLIIHUHQFH�EHWZHHQ�WKLV��DQG�WKH�DERYH�SURFHGXUH�LV�WKDW�
ZLWK�����ZH�FRQVLGHU�DV�LQWUXGHU�WKH�UHVSRQGHQW�ZLWK�WKH�
VHFRQG�ODUJHVW�FRQWULEXWLRQ�REVHUYHG�LQ�WKH�VDPSOH��ZKHUHDV�
DFFRUGLQJ�WR�WKH�DERYH�SURFHGXUH��ZKHQHYHU�WKH�VDPSOLQJ�
ZHLJKW�RI�WKH�ODUJHVW�UHVSRQGHQW�LV���RU�PRUH��DQ�¶DUWLILFLDO·�
LQWUXGHU�LV�DVVXPHG�ZKR�FRQWULEXWHV�DV�PXFK�DV�WKH�ODUJHVW�
REVHUYDWLRQ�IURP�WKH�VDPSOH��

&RQVLGHULQJ�IRUPXODWLRQ�����RI�WKH�GRPLQDQFH�UXOH��LW�LV�
VWUDLJKWIRUZDUG�WR�VHH�WKDW�ZH�FDQ�DGDSW�����WR�WKH�FDVH�RI�
GRPLQDQFH�UXOHV�E\�

;
N

[[ V
Q

V Ö
���

���� ⋅>++ � ����

,W�LV�DOVR�LPSRUWDQW�WR�QRWH�LQ�WKLV�FRQWH[W�WKDW�VDPSOLQJ�
ZHLJKW�VKRXOG�EH�NHSW�FRQILGHQWLDO��EHFDXVH�RWKHUZLVH�ZH�
PXVW�UHSODFH�����E\�

� � � � �
Ö

���
V V VS

; Z [ Z [ [− − < ⋅ � ��D���

ZKHUH� LZ ��L �����GHQRWH�WKH�VDPSOLQJ�ZHLJKWV��2EYLRXVO\��
DFFRUGLQJ�WR���D��PRUH�DJJUHJDWHV�ZLOO�EH�VHQVLWLYH��

&RQVLGHULQJ�WKLV�DV�WKH�EDVLF�LGHD�RI�VHFRQGDU\�SURWHFWLRQ��
DIWHU�VHFWLRQ�������ZH�DVVXPH�IRU�WKH�UHPDLQGHU�RI�WKH�
FKDSWHU�PDUJLQV�DQG�RYHUDOO�WRWDOV�DOZD\V�WR�EH�SDUW�RI�D�
WDEOH��
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,Q�VHFWLRQ�������ZH�LQWURGXFH�LQWR�WKH�FRQFHSWV�RI�VHFRQGDU\�
WDEXODU�GDWD�SURWHFWLRQ�PHWKRGRORJLHV��

�

������6HFRQGDU\�WDEXODU�GDWD�SURWHFWLRQ�PHWKRGV�

)RU�UHDVRQV�H[SODLQHG�LQ�WKH�LQWURGXFWLRQ�RI�WKLV�FKDSWHU��ZH�
DVVXPH�KHUH�WKDW�WDEOHV�DOZD\V�LQFOXGH�PDUJLQV�DQG�RYHUDOO�
WRWDOV�DORQJ�ZLWK�WKHLU�¶LQQHU·�FHOOV��7KXV��WKHUH�LV�DOZD\V�D�
OLQHDU�UHODWLRQVKLS�EHWZHHQ�FHOOV�RI�D�WDEOH���&RQVLGHU�IRU�
LQVWDQFH�H[DPSOH��D�RI�WKH�LQWURGXFWLRQ�WR�WKLV�FKDSWHU��7KH�
VHFWRU�UHVXOW��VD\��;7��LV�WKH�VXP�RI�WKH�WKUHH�VXE�VHFWRU�
UHVXOWV��;��WR�;����H�J��WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKHVH�
IRXU�FHOOV�LV�JLYHQ�E\�WKH�UHODWLRQ�;7� �;����;����;���$V�ZH�
KDYH�VHHQ�LQ�H[DPSOH��D��LI�LW�KDV�EHHQ�HVWDEOLVKHG�WKDW�D�
GLVFORVXUH�ULVN�LV�FRQQHFWHG�WR�WKH�UHOHDVH�RI�FHUWDLQ�FHOOV�RI�D�
WDEOH��WKHQ�LW�LV�QRW�HQRXJK�WR�SUHYHQW�SXEOLFDWLRQ�RI�WKHVH�
FHOOV��2WKHU�FHOOV��VR�FDOOHG�¶FRPSOHPHQWDU\·�RU�¶VHFRQGDU\·�
VXSSUHVVLRQV��PXVW�EH�VXSSUHVVHG��RU�EH�RWKHUZLVH�
PDQLSXODWHG�LQ�RUGHU�WR�SUHYHQW�WKH�YDOXH�RI�WKH�SURWHFWHG�
VHQVLWLYH�FHOO�EHLQJ�UHFDOFXODWHG�WKURXJK�I�L��GLIIHUHQFLQJ��

:LWKLQ�WKLV�VHFWLRQ�ZH�H[SODLQ�WKH�PHWKRGRORJLFDO�
EDFNJURXQG�RI�VHFRQGDU\�WDEXODU�GDWD�SURWHFWLRQ�PHWKRGV��

$W�WKH�HQG�RI�WKH�VHFWLRQ�ZH�JLYH�D�EULHI�FRPSDULVRQ�RI�
VHFRQGDU\�FHOO�VXSSUHVVLRQ��SDUWLDO�VXSSUHVVLRQ�DQG�
FRQWUROOHG�WDEXODU�DGMXVWPHQW�DV�DOWHUQDWLYH�GLVFORVXUH�
OLPLWDWLRQ�WHFKQLTXHV��

:KHQ�D�WDEOH�LV�SURWHFWHG�E\�FHOO�VXSSUHVVLRQ��E\�PDNLQJ�XVH�
RI�WKH�OLQHDU�UHODWLRQ�EHWZHHQ�SXEOLVKHG�DQG�VXSSUHVVHG�FHOO�
YDOXHV�LQ�D�WDEOH�ZLWK�VXSSUHVVHG�HQWULHV��LW�LV�DOZD\V�
SRVVLEOH�IRU�DQ\�SDUWLFXODU�VXSSUHVVHG�FHOO�RI�D�WDEOH�WR�GHULYH�
XSSHU�DQG�ORZHU�ERXQGV�IRU�LWV�WUXH�YDOXH��7KLV�KROGV�IRU�
HLWKHU�WDEOHV�ZLWK�QRQ�QHJDWLYH�YDOXHV��DQG�WKRVH�WDEOHV�
FRQWDLQLQJ�QHJDWLYH�YDOXHV�DV�ZHOO��ZKHQ�LW�LV�DVVXPHG�WKDW�
LQVWHDG�RI�]HUR��VRPH�RWKHU��SRVVLEO\�WLJKW��ORZHU�ERXQG�IRU�
DQ\�FHOO�LV�DYDLODEOH�WR�GDWD�XVHUV�LQ�DGYDQFH�RI�SXEOLFDWLRQ��
7KH�LQWHUYDO�JLYHQ�E\�WKHVH�ERXQGV�LV�FDOOHG�WKH�¶IHDVLELOLW\�
LQWHUYDO·��([DPSOH����LOOXVWUDWHV�WKH�FRPSXWDWLRQ�RI�WKH�
IHDVLELOLW\�LQWHUYDO�LQ�WKH�FDVH�RI�D�VLPSOH�WZR�GLPHQVLRQDO�
WDEOH�ZKHUH�DOO�FHOOV�PD\�RQO\�DVVXPH�QRQ�QHJDWLYH�YDOXHV��

�

�

�

�

�

�

)RU�WKLV�WDEOH�WKH�IROORZLQJ�OLQHDU�UHODWLRQV�KROG��

�������������������������������������������
6 (Geurts, 1992, Table 10, p 20) 

�([SHUW�OHYHO�

)HDVLELOLW\�,QWHUYDO�

([DPSOH���

([DPSOH� �� �� 7RWDO�

�� ;��� ;��� ��

�� ;��� ;��� ��

�� �� �� ��

7RWDO� �� �� ���
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8VLQJ�OLQHDU�SURJUDPPLQJ�PHWKRGRORJ\��LW�LV�SRVVLEOH�WR�
GHULYH�V\VWHPDWLFDOO\�IRU�DQ\�VXSSUHVVHG�FHOO�LQ�D�WDEOH�DQ�

XSSHU�ERXQG� ( )PD[; �DQG�D�ORZHU�ERXQG� ( )PLQ
��; �IRU�WKH�VHW�RI�

IHDVLEOH�YDOXHV��,Q�WKH�H[DPSOH�DERYH��IRU�FHOO�������WKHVH�

ERXQGV�DUH� ( )PLQ
��; � ���DQG� PD[

��; � �����

,Q�WKLV�VLPSOH�LQVWDQFH��KRZHYHU��ZH�GR�QRW�QHHG�OLQHDU�
SURJUDPPLQJ�WHFKQRORJ\�WR�GHULYH�WKLV�UHVXOW��%HFDXVH�RI�WKH�
ILUVW�FROXPQ�UHODWLRQ��&��� ��; �PXVW�EH�OHVV�RU�HTXDO����DQG�

EHFDXVH�RI�WKH�VHFRQG�URZ�UHODWLRQ��5��� ��; �PXVW�EH�OHVV�RU�
HTXDO����7KHUHIRUH��DQG�EHFDXVH�RI�WKH�ILUVW�FROXPQ�UHODWLRQ�
�5��� ��; �PXVW�EH�DW�OHDVW����

$�JHQHUDO�PDWKHPDWLFDO�VWDWHPHQW�IRU�WKH�OLQHDU�
SURJUDPPLQJ�SUREOHP�WR�FRPSXWH�XSSHU�DQG�ORZHU�ERXQGV�
IRU�WKH�VXSSUHVVHG�HQWULHV�RI�D�WDEOH�LV�JLYHQ�LQ�)LVFKHWWL�DQG�
6DOD]DU���������

,Q�SULQFLSOH��D�VHW�RI�VXSSUHVVLRQV��WKH�¶VXSSUHVVLRQ�SDWWHUQ·��
VKRXOG�RQO\�EH�FRQVLGHUHG�YDOLG��LI�WKH�ERXQGV�IRU�WKH�
IHDVLELOLW\�LQWHUYDO�RI�DQ\�VHQVLWLYH�FHOO�FDQQRW�EH�XVHG�WR�
GHGXFH�ERXQGV�RQ�DQ�LQGLYLGXDO�UHVSRQGHQW�FRQWULEXWLRQ�
FRQWULEXWLQJ�WR�WKDW�FHOO�WKDW�DUH�WRR�FORVH�DFFRUGLQJ�WR�WKH�
VHQVLWLYLW\�UXOH�HPSOR\HG��)RU�D�PDWKHPDWLFDO�VWDWHPHQW�RI�
WKDW�FRQGLWLRQ��ZH�GHWHUPLQH�VDIHW\�ERXQGV�IRU�SULPDU\�
VXSSUHVVLRQV��:H�FDOO�WKH�GHYLDWLRQ�EHWZHHQ�WKRVH�VDIHW\�
ERXQGV�DQG�WKH�WUXH�FHOO�YDOXH�¶XSSHU�DQG�ORZHU�SURWHFWLRQ�
OHYHOV·��7KH�IRUPXODV�RI�WDEOH���FDQ�EH�XVHG�WR�FRPSXWH�XSSHU�
SURWHFWLRQ�OHYHOV��2XW�RI�V\PPHWU\�FRQVLGHUDWLRQV�WKH�ORZHU�
SURWHFWLRQ�OHYHO�LV�RIWHQ�VHW�LGHQWLFDO�WR�WKH�XSSHU�SURWHFWLRQ�
OHYHO��

1RWH�WKDW�ZH�UHFRPPHQG�XVLQJ�SURWHFWLRQ�OHYHOV�RI�]HUR�ZKHQ�
LQVWHDG�RI�D�FRQFHQWUDWLRQ�UXOH�RQO\�D�PLQLPXP�IUHTXHQF\�
UXOH�KDV�EHHQ�XVHG�IRU�SULPDU\�GLVFORVXUH�ULVN�DVVHVVPHQW��
$V�H[SODLQHG�LQ��������PLQLPXP�IUHTXHQF\�UXOHV��LQVWHDG�RI�
FRQFHQWUDWLRQ�UXOHV��VKRXOG�RQO\�EH�XVHG��LI�LW�LV�HQRXJK�WR�
SUHYHQW�H[DFW�GLVFORVXUH�RQO\��$QG�LQ�VXFK�D�FDVH��D�
SURWHFWLRQ�OHYHO�RI�]HUR�VKRXOG�EH�HQRXJK��8VLQJ�τ�$5*86�
WKLV�FDQ�EH�DFKLHYHG�E\�VHWWLQJ�WKH�SDUDPHWHU�¶PLQLPXP�
IUHTXHQF\�UDQJH·�WR�]HUR��

3URWHFWLRQ�/HYHO�
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7DEOH������8SSHU�SURWHFWLRQ�OHYHOV�
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,I�WKH�GLVWDQFH�EHWZHHQ�XSSHU�ERXQG�RI�WKH�IHDVLELOLW\�LQWHUYDO�
DQG�WUXH�YDOXH�RI�D�VHQVLWLYH�FHOO�LV�EHORZ�WKH�XSSHU�
SURWHFWLRQ�OHYHO�FRPSXWHG�DFFRUGLQJ�WR�WKH�IRUPXODV�RI�WDEOH�
�����WKHQ�WKLV�XSSHU�ERXQG�FRXOG�EH�XVHG�WR�GHULYH�DQ�
HVWLPDWH�IRU�LQGLYLGXDO�FRQWULEXWLRQV�RI�WKH�VHQVLWLYH�FHOO�WKDW�
LV�WRR�FORVH�DFFRUGLQJ�WR�WKH�VDIHW\�UXOH�HPSOR\HG��ZKLFK�FDQ�
HDVLO\�EH�SURYHQ�DORQJ�WKH�OLQHV�RI�&R[���������

&HOO�;� �����ZLWK���FRQWULEXWLRQV�RI�GLVWLQFW�
UHVSRQGHQWV ���� [� � ��� [ � � �� [� �LV�FRQILGHQWLDO��RU�
¶XQVDIH·��DFFRUGLQJ�WR�WKH���������GRPLQDQFH�UXOH��,I�WKH�

IHDVLEOH�XSSHU�ERXQG� PD[; �IRU�WKLV�FRQILGHQWLDO�FHOO�YDOXH�LV�
OHVV�WKDQ� ������[����� � =⋅ ���WKHQ�LW�ZLOO�SURYLGH�DQ�XSSHU�

HVWLPDWH�IRU�WKH�ODUJHVW�FRQWULEXWLRQ� �[ �ZKLFK�LV�WRR�FORVH�
DFFRUGLQJ�WR�WKH��������GRPLQDQFH�UXOH��

([DPSOH���SURYHV�WKH�IRUPXOD�JLYHQ�LQ�WDEOH�����IRU�WKH�FDVH�
RI�WKH�S��UXOH��

/HW�;���8�EH�WKH�XSSHU�ERXQG�RI�WKH�IHDVLELOLW\�LQWHUYDO�IRU�D�
FHOO�ZLWK�FHOO�YDOXH�;���7KH�VHFRQG�ODUJHVW�UHVSRQGHQW�FDQ�

WKHQ�GHGXFH�DQ�XSSHU�ERXQG� 8[� E\�VXEWUDFWLQJ�LWV�RZQ�

FRQWULEXWLRQ�IURP�WKDW�XSSHU�ERXQG�� �� [8;[8 −+= ��
$FFRUGLQJ�WR�WKH�GHILQLWLRQ�RI�WKH�S��UXOH�SURSHU�SURWHFWLRQ�

PHDQV�WKDW� ( ) �� ����� [S[8 ⋅+≥ ��6R��LI�WKH�IHDVLELOLW\�LQWHUYDO�
SURYLGHV�XSSHU�SURWHFWLRQ��LW�PXVW�KROG�WKDW�

( ) =+−⋅+≥ ������� [;[S8  ( )������ [[;[S −−−⋅ ��

7KH�GLVWDQFH�EHWZHHQ�XSSHU�ERXQG�RI�WKH�IHDVLELOLW\�LQWHUYDO�
DQG�WUXH�YDOXH�RI�D�VHQVLWLYH�FHOO�PXVW�H[FHHG�WKH�XSSHU�
SURWHFWLRQ�OHYHO��RWKHUZLVH�WKH�VHQVLWLYH�FHOO�LV�QRW�SURSHUO\�
SURWHFWHG��7KLV�VDIHW\�FULWHULRQ�LV�D�QHFHVVDU\��EXW�QRW�DOZD\V�
VXIILFLHQW�FULWHULRQ�IRU�SURSHU�SURWHFWLRQ��,W�LV�D�VXIILFLHQW�
FULWHULRQ��ZKHQ�WKH�ODUJHVW�UHVSRQGHQW�PDNHV�WKH�VDPH�
FRQWULEXWLRQ�DOVR�ZLWKLQ�WKH�FRPELQDWLRQ�RI�VXSSUHVVHG�FHOOV�
ZLWKLQ�WKH�VDPH�DJJUHJDWLRQ��D�URZ�RU�FROXPQ�UHODWLRQ�RI�WKH�
WDEOH��IRU�LQVWDQFH���DQG�ZKHQ�QR�LQGLYLGXDO�FRQWULEXWLRQ�RI�
DQ\�UHVSRQGHQW��RU�FRDOLWLRQ�RI�UHVSRQGHQWV��WR�VXFK�D�
FRPELQDWLRQ�RI�VXSSUHVVHG�FHOOV�LV�ODUJHU�WKDQ�WKH�VHFRQG�
ODUJHVW�UHVSRQGHQW·V��RU�FRDOLWLRQ·V��FRQWULEXWLRQ��

&DVHV�ZKHUH�WKH�FULWHULRQ�LV�QRW�VXIILFLHQW�DULVH�W\SLFDOO\��
ZKHQ�WKH�RQO\�RWKHU�VXSSUHVVHG�FHOO�ZLWKLQ�WKH�VDPH�
DJJUHJDWLRQ�LV�D�VHQVLWLYH�FHOO�WRR��DQG�QRW�WKH�PDUJLQDO�FHOO�RI�
WKH�DJJUHJDWLRQ���RU�ZKHQ�WKH�VDPH�UHVSRQGHQW�FDQ�
FRQWULEXWH�WR�PRUH�WKDQ�RQH�FHOO�ZLWKLQ�WKH�VDPH�DJJUHJDWLRQ��

8SSHU�SURWHFWLRQ�OHYHOV�
6HQVLWLYLW\�UXOH� 8SSHU�SURWHFWLRQ�OHYHO��

���N��UXOH� ;[N −⋅ ���� �

�Q�N��UXOH� ( ) ;[[[N Q −+++⋅ ������ �� �

S��UXOH� ( )������ [[;[S −−−⋅ �

�S�T��UXOH� ( )��� [[;[TS −−−⋅ �

([DPSOH���

([DPSOH���

6LQJOHWRQ�DQG�PXOWL�FHOO�
GLVFORVXUH�
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,Q�WKHVH�FDVHV��LW�PD\�WXUQ�RXW�WKDW�WKH�LQGLYLGXDO�
FRQWULEXWLRQ�RI�D�UHVSRQGHQW�PD\�VWLOO�EH�GLVFORVHG��HYHQ�
WKRXJK�WKH�XSSHU�ERXQG�RI�WKH�IHDVLELOLW\�LQWHUYDO�LV�ZHOO�
DZD\�IURP�WKH�YDOXH�RI�WKH�VHQVLWLYH�FHOO�WR�ZKLFK�WKLV�
UHVSRQGHQW�FRQWULEXWHV��7KH�PRVW�SURPLQHQW�FDVH�LV�WKDW�RI�
WZR�FHOOV�ZLWK�RQO\�RQH�VLQJOH�FRQWULEXWRU��D�N�D��¶VLQJOHWRQV·��
ZLWKLQ�WKH�VDPH�DJJUHJDWLRQ��1R�PDWWHU�KRZ�ODUJH�WKH�FHOO�
YDOXHV��EHFDXVH�WKH\�ERWK�NQRZ�WKHLU�RZQ�FRQWULEXWLRQ�RI�
FRXUVH��ERWK�FDQ�XVH�WKLV�DGGLWLRQDO�NQRZOHGJH�WR�GLVFORVH�
WKH�RWKHU·V�FRQWULEXWLRQ��)RU�DQ�DQDO\WLFDO�GLVFXVVLRQ�RI�WKHVH�
LVVXHV�VHH�&R[��������,Q�SULQFLSOH��D�VXSSUHVVLRQ�SDWWHUQ�
VKRXOG�QRW�EH�FRQVLGHUHG�DV�YDOLG��ZKHQ�FHUWDLQ�UHVSRQGHQWV�
FDQ�XVH�WKHLU�LQVLGHU�NQRZOHGJH��RQ�WKHLU�RZQ�FRQWULEXWLRQ�WR�
D�FHOO��WR�GLVFORVH�LQGLYLGXDO�FRQWULEXWLRQV�RI�RWKHU�
UHVSRQGHQWV��

7KH�SUREOHP�RI�ILQGLQJ�DQ�RSWLPXP�VHW�RI�VXSSUHVVLRQV�
NQRZQ�DV�WKH�¶VHFRQGDU\�FHOO�VXSSUHVVLRQ�SUREOHP·�LV�WR�ILQG�
D�YDOLG�VHW�RI�VHFRQGDU\�VXSSUHVVLRQV�ZLWK�D�PLQLPXP�ORVV�RI�
LQIRUPDWLRQ�FRQQHFWHG�WR�LW��)RU�D�PDWKHPDWLFDO�VWDWHPHQW�RI�
WKH�VHFRQGDU\�FHOO�VXSSUHVVLRQ�SUREOHP�VHH�H�J��)LVFKHWWL�DQG�
6DOD]DU���������

+RZHYHU��FHOO�VXSSUHVVLRQ�LV�QRW�WKH�RQO\�RSWLRQ�WR�SURWHFW�
PDJQLWXGH�WDEOHV��$V�RQH�DOWHUQDWLYH�WR�FHOO�VXSSUHVVLRQ��
¶3DUWLDO�6XSSUHVVLRQ·�KDV�EHHQ�VXJJHVWHG�LQ�6DOD]DU���������
7KH�SDUWLDO�VXSSUHVVLRQ�SUREOHP�LV�WR�ILQG�D�YDOLG�
VXSSUHVVLRQ�SDWWHUQ��ZKHUH�WKH�VL]H�RI�WKH�IHDVLELOLW\�LQWHUYDOV�
LV�PLQLPDO��7KH�LGHD�RI�WKH�SDUWLDO�VXSSUHVVLRQ�PHWKRG�LV�WR�
SXEOLVK�WKH�IHDVLELOLW\�LQWHUYDOV�RI�WKH�UHVXOWLQJ�VXSSUHVVLRQ�
SDWWHUQ��%HFDXVH�WKHUH�LV�D�SHUFHSWLRQ�WKDW�WKH�PDMRULW\�RI�
XVHUV�RI�WKH�SXEOLFDWLRQV�SUHIHU�WKH�VWDWLVWLFDO�DJHQFLHV�WR�
SURYLGH�DFWXDO�ILJXUHV�UDWKHU�WKDQ�LQWHUYDOV��DQG�SDUWLDO�
VXSSUHVVLRQ�WHQGV�WR�DIIHFW�PRUH�FHOOV�WKDQ�FHOO�VXSSUHVVLRQ��
WKLV�PHWKRG�KDV�QRW�\HW�EHHQ�LPSOHPHQWHG��

$QRWKHU�DOWHUQDWLYH�PHWKRG�IRU�PDJQLWXGH�WDEOH�SURWHFWLRQ�LV�
NQRZQ�DV�¶&RQWUROOHG�7DEXODU�$GMXVWPHQW·��&7$��VXJJHVWHG�IRU�
LQVWDQFH�LQ�&R[�DQG�'DQGHNDU���������&DVWUR���������RU�
&DVWUR�DQG�*LHVVLQJ���������&7$�PHWKRGV�DWWHPSW�WR�ILQG�WKH�
FORVHVW�WDEOH�FRQVLVWHQW�ZLWK�WKH�FRQVWUDLQWV�LPSRVHG�E\�WKH�
VHW�RI�WDEOH�HTXDWLRQV�DQG�E\�WKH�SURWHFWLRQ�OHYHOV�IRU�WKH�
VHQVLWLYH�FHOOV��RI�FRXUVH�WDNLQJ�LQWR�DFFRXQW�DOVR�ERXQGV�RQ�
FHOO�YDOXHV�DYDLODEOH�WR�GDWD�XVHUV�LQ�DGYDQFH�RI�SXEOLFDWLRQ��
OLNH�QRQ�QHJDWLYLW\��7KLV�DGMXVWHG�WDEOH�ZRXOG�WKHQ�EH�
UHOHDVHG�LQVWHDG�RI�WKH�RULJLQDO�WDEOH��

����7KH�W�$5*86�,PSOHPHQWDWLRQ�RI�&HOO�6XSSUHVVLRQ��
0HWKRGRORJLFDO�%DFNJURXQG��*XLGDQFH�DQG�
5HFRPPHQGDWLRQV�

7KH�VRIWZDUH�SDFNDJH�τ�$5*86�SURYLGHV�VRIWZDUH�WRROV�
IRU�GLVFORVXUH�SURWHFWLRQ�PHWKRGV�IRU�WDEXODU�GDWD��7KLV�
FDQ�EH�DFKLHYHG�E\�PRGLI\LQJ�WKH�WDEOH�VR�WKDW�LW�
FRQWDLQV�OHVV��RU�OHVV�GHWDLOHG��LQIRUPDWLRQ��τ�$5*86�
DOORZV�IRU�VHYHUDO�PRGLILFDWLRQV�RI�D�WDEOH��D�WDEOH�FDQ�
EH�UHGHVLJQHG��PHDQLQJ�WKDW�URZV�DQG�FROXPQV�FDQ�EH�

&HOO�6XSSUHVVLRQ��,QWHUYDO�
3XEOLFDWLRQ��DQG�&RQWUROOHG�

$GMXVWPHQW�
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FRPELQHG��VHQVLWLYH�FHOOV�FDQ�EH�VXSSUHVVHG�DQG�
DGGLWLRQDO�FHOOV�WR�SURWHFW�WKHVH�FDQ�EH�IRXQG�LQ�VRPH�
RSWLPXP�ZD\��VHFRQGDU\�FHOO�VXSSUHVVLRQ���6HYHUDO�
DOWHUQDWLYH�DOJRULWKPV�IRU�WKH�VHOHFWLRQ�RI�VHFRQGDU\�
VXSSUHVVLRQV�DUH�DYDLODEOH�LQ�τ�$5*86��H�J��WKH�
+\SHUFXEH�*+0LWHU�PHWKRG��D�0RGXODU�DQG�D�)XOO�
RSWLPDO�VROXWLRQ��DQG�D�PHWKRG�EDVHG�RQ�D�QHWZRUN�
IORZ�DOJRULWKP��,QVWHDG�RI�FHOO�VXSSUHVVLRQ�RQH�FRXOG�
DOVR�XVH�RWKHU�PHWKRGV�IRU�GLVFORVXUH�FRQWURO�RI�WDEOHV��
2QH�RI�WKHVH�DOWHUQDWLYH�PHWKRGV�LV�&RQWUROOHG�
5RXQGLQJ��+RZHYHU��XVH�RI�&RQWUROOHG�5RXQGLQJ�LV�PRUH�
FRPPRQ�IRU�IUHTXHQF\�WDEOHV��

τ�$5*86

'RPLQDQFH�UXOH

*OREDO�UHFRGLQJ
+\SHUFXEH�
*+0LWHU

0RGXODU�RSWLPDO�
VROXWLRQ

)XOO�RSWLPDO�VROXWLRQ

1HWZRUN�IORZV�
VROXWLRQ

Prior-posterior rule

)UHTXHQF\�UXOH
&RQWUROOHG�
URXQGLQJ

)LJXUH������2YHUYLHZ�RI�WKH�τ�$5*86�DUFKLWHFWXUH��

:H�VWDUW�WKLV�VHFWLRQ�E\�LQWURGXFLQJ�LQWR�WKH�EDVLF�
LVVXHV�UHODWHG�WR�WKH�TXHVWLRQ�RI�KRZ�WR�VHW�XS�D�WDEXODU�
GDWD�SURWHFWLRQ�SUREOHP�SURSHUO\�JLYHQ�D�VHW�RI�WDEOHV�
WKDW�DUH�LQWHQGHG�WR�EH�SXEOLVKHG��GLVFXVVLQJ�WDEXODU�
GDWD�VWUXFWXUHV��DQG�SDUWLFXODUO\�WDEOHV�ZLWK�
KLHUDUFKLFDO�VWUXFWXUHV��6HFWLRQ�������SURYLGHV�DQ�
HYDOXDWLRQ�RI�DOJRULWKPV�IRU�VHFRQGDU\�FHOO�VXSSUHVVLRQ�
RIIHUHG�E\�τ�$5*86��LQFOXGLQJ�D�UHFRPPHQGDWLRQ�RQ�
ZKLFK�WRRO�WR�XVH�LQ�ZKLFK�VLWXDWLRQ��$IWHU�WKDW��LQ�
VHFWLRQ�������ZH�JLYH�VRPH�JXLGDQFH�RQ�SURFHVVLQJ�
WDEOH�SURWHFWLRQ�HIILFLHQWO\��HVSHFLDOO\�LQ�WKH�FDVH�RI�
OLQNHG�WDEOHV��:H�ILQLVK�WKH�VHFWLRQ�ZLWK�DQ�LQWURGXFWLYH�
H[DPSOH�LQ��������

������6HWWLQJ�XS�D�7DEXODU�'DWD�3URWHFWLRQ�3UREOHP�LQ�
3UDFWLFH�

$W�WKH�EHJLQQLQJ�RI�WKLV�VHFWLRQ�ZH�H[SODLQ�WKH�EDVLF�
FRQFHSW�RI�WDEOHV�LQ�WKH�FRQWH[W�RI�WDEXODU�GDWD�
SURWHFWLRQ��DQG�FRPSOH[�VWUXFWXUHV�OLNH�KLHUDUFKLFDO�
DQG�OLQNHG�WDEOHV��,Q�RUGHU�WR�ILQG�D�JRRG�EDODQFH�
EHWZHHQ�SURWHFWLRQ�RI�LQGLYLGXDO�UHVSRQVH�GDWD�DQG�
SURYLVLRQ�RI�LQIRUPDWLRQ�²�LQ�RWKHU�ZRUGV��WR�WDNH�
FRQWURO�RI�WKH�ORVV�RI�LQIRUPDWLRQ�WKDW�REYLRXVO\�FDQQRW�
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EH�DYRLGHG�FRPSOHWHO\�EHFDXVH�RI�WKH�UHTXLUHPHQWV�RI�
GLVFORVXUH�FRQWURO��LW�LV�QHFHVVDU\�WR�VRPHKRZ�UDWH�WKH�
LQIRUPDWLRQ�ORVV�FRQQHFWHG�WR�D�FHOO�WKDW�LV�VXSSUHVVHG��
:H�WKHUHIRUH�FRPSOHWH�WKLV�VHFWLRQ�E\�H[SODLQLQJ�WKH�
FRQFHSW�RI�FHOO�FRVWV�WR�UDWH�LQIRUPDWLRQ�ORVV��

)RU�VHWWLQJ�XS�WKH�PDWKHPDWLFDO�IRUPXODWLRQ�RI�WKH�
SURWHFWLRQ�SUREOHPV�FRQQHFWHG�WR�WKH�UHOHDVH�RI�
WDEXODWLRQV�IRU�D�FHUWDLQ�GDWD�VHW��DOO�WKH�OLQHDU�UHODWLRQV�
EHWZHHQ�WKH�FHOOV�RI�WKRVH�WDEXODWLRQV�KDYH�WR�EH�
FRQVLGHUHG��7KLV�OHDGV�XV�WR�D�FUXFLDO�TXHVWLRQ��:KDW�LV�
D�WDEOH�DQ\ZD\"�,Q�WKH�DEVHQFH�RI�FRQILGHQWLDOLW\�
FRQFHUQV��D�VWDWLVWLFLDQ�FUHDWHV�D�WDEOH�LQ�RUGHU�WR�VKRZ�
FHUWDLQ�SURSHUWLHV�RI�D�GDWD�VHW��RU�WR�HQKDQFH�
FRPSDULVRQ�EHWZHHQ�GLIIHUHQW�YDULDEOHV��6R�D�VLQJOH�
WDEOH�PLJKW�OLWHUDOO\�PL[�DSSOHV�DQG�RUDQJHV��6HFRQGO\��
VWDWLVWLFLDQV�PD\�ZLVK�WR�SUHVHQW�D�QXPEHU�RI�WKRVH�
¶SURSHUWLHV·��SXEOLVKLQJ�PXOWLSOH�WDEOHV�IURP�D�SDUWLFXODU�
GDWD�VHW��:KHUH�GRHV�RQH�WDEOH�HQG��DQG�WKH�QH[W�VWDUW"�
,V�WKH�LGHDO�WDEOH�RQH�WKDW�ILWV�QLFHO\�RQ�D�VWDQGDUG�
VL]H�VKHHW�RI�SDSHU"�:LWK�UHVSHFW�WR�WDEXODU�GDWD�
SURWHFWLRQ��ZH�KDYH�WR�WKLQN�RI�WDEOHV�LQ�D�GLIIHUHQW�ZD\��

0DJQLWXGH�WDEOHV�GLVSOD\�VXPV�RI�REVHUYDWLRQV�RI�D�
TXDQWLWDWLYH�YDULDEOH��WKH�VR�FDOOHG�¶UHVSRQVH�YDULDEOH·��
7KH�VXPV�DUH�GLVSOD\HG�DFURVV�DOO�REVHUYDWLRQV�DQG�RU�
ZLWKLQ�JURXSV�RI�REVHUYDWLRQV��7KHVH�JURXSV�FDQ�EH�
IRUPHG�E\�JURXSLQJ�WKH�UHVSRQGHQWV�DFFRUGLQJ�WR�
FHUWDLQ�FULWHULD�VXFK�DV�WKHLU�HFRQRPLF�DFWLYLW\��UHJLRQ��
VL]H�FODVV�RI�WXUQRYHU��OHJDO�IRUP��,Q�WKDW�FDVH�WKH�
JURXSLQJ�RI�REVHUYDWLRQV�LV�GHILQHG�E\�FDWHJRULFDO�
YDULDEOHV�REVHUYHG�IRU�HDFK�LQGLYLGXDO�UHVSRQGHQW��WKH�
¶H[SODQDWRU\�YDULDEOHV·��,W�DOVR�RFFXUV�WKDW�REVHUYDWLRQV�
DUH�JURXSHG�E\�FDWHJRULHV�RI�WKH�UHVSRQVH�YDULDEOH��IRU�
LQVWDQFH�IUXLW�SURGXFWLRQ�LQWR�DSSOHV��SHDUV��FKHUULHV��
HWF����

7KH�´GLPHQVLRQµ�RI�D�WDEOH�LV�JLYHQ�E\�WKH�QXPEHU�RI�
JURXSLQJ�YDULDEOHV�XVHG�WR�VSHFLI\�WKH�WDEOH��´0DUJLQVµ�
RU�´PDUJLQDO�FHOOVµ�RI�D�WDEOH�DUH�WKRVH�FHOOV��ZKLFK�DUH�
VSHFLILHG�E\�D�VPDOOHU�QXPEHU�RI�JURXSLQJ�YDULDEOHV��
7KH�VPDOOHU�WKH�QXPEHU�RI�JURXSLQJ�YDULDEOHV��WKH�
KLJKHU�WKH�´OHYHOµ�RI�D�PDUJLQDO�FHOO��$�WZR�GLPHQVLRQDO�
WDEOH�RI�VRPH�EXVLQHVV�VXUYH\�PD\�IRU�LQVWDQFH�SURYLGH�
VXPV�RI�REVHUYDWLRQV�JURXSHG�E\�HFRQRPLF�DFWLYLW\�DQG�
FRPSDQ\�VL]H�FODVVHV��$W�WKH�VDPH�WLPH�LW�PD\�DOVR�
GLVSOD\�WKH�VXPV�RI�REVHUYDWLRQV�JURXSHG�E\�RQO\�
HFRQRPLF�DFWLYLW\�RU�E\�RQO\�VL]H�FODVVHV��7KHVH�DUH�WKHQ�
PDUJLQV�PDUJLQDO�FHOOV�RI�WKLV�WDEOH��,I�D�VXP�DFURVV�DOO�
REVHUYDWLRQV�LV�SURYLGHG��ZH�UHIHU�WR�LW�DV�WKH�´WRWDOµ�RU�
´RYHUDOO�WRWDOµ��

1RWH�WKDW�WDEOHV�SUHVHQWLQJ�UDWLRV�RU�LQGH[HV�W\SLFDOO\�
GR�QRW�GHILQH�D�WDEXODU�GDWD�SURWHFWLRQ�SUREOHP��
EHFDXVH�WKHUH�DUH�QR�DGGLWLYH�VWUXFWXUHV�EHWZHHQ�WKH�
FHOOV�RI�VXFK�D�WDEOH��DQG�QHLWKHU�EHWZHHQ�D�FHOO�YDOXH��

7DEOH�VSHFLILFDWLRQ�
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DQG�WKH�YDOXHV�RI�WKH�FRQWULEXWLQJ�XQLWV��7KLQN��IRU�
LQVWDQFH�RI�PHDQ�ZDJHV��ZKHUH�WKH�FHOO�YDOXHV�ZRXOG�EH�
D�VXP�RI�ZDJHV�GLYLGHG�E\�D�VXP�RYHU�WKH�QXPEHU�RI�
HPSOR\HHV�RI�VHYHUDO�FRPSDQLHV��+RZHYHU��WKHUH�PD\�EH�
H[FHSWLRQV��LI��IRU�LQVWDQFH��LW�LV�UHDOLVWLF�WR�DVVXPH�WKDW�
WKH�GHQRPLQDWRUV��VD\��WKH�QXPEHU�RI�HPSOR\HHV��FDQ�
EH�HVWLPDWHG�TXLWH�FORVHO\��ERWK�RQ�WKH�FRPSDQ\�OHYHO��
DQG�RQ�WKH�FHOO�OHYHO��WKHQ�LW�PLJKW�LQGHHG�EH�DGHTXDWH�
WR�DSSO\�GLVFORVXUH�FRQWURO�PHWKRGV�EDVHG�IRU�H[DPSOH�
RQ�WKH�HQXPHUDWRU�YDULDEOH��LQ�RXU�LQVWDQFH��WKH�ZDJHV��

'DWD�FROOHFWHG�ZLWKLQ�JRYHUQPHQW�VWDWLVWLFDO�V\VWHPV�
PXVW�PHHW�WKH�UHTXLUHPHQWV�RI�PDQ\�XVHUV��ZKR�GLIIHU�
ZLGHO\�LQ�WKH�SDUWLFXODU�LQWHUHVW�WKH\�WDNH�LQ�WKH�GDWD��
6RPH�PD\�QHHG�FRPPXQLW\�OHYHO�GDWD��ZKLOH�RWKHUV�
QHHG�GHWDLOHG�GDWD�RQ�D�SDUWLFXODU�EUDQFK�RI�WKH�
HFRQRP\�EXW�QR�UHJLRQDO�GHWDLO��$V�VWDWLVWLFLDQV��ZH�WU\�
WR�FRSH�ZLWK�WKLV�UDQJH�RI�LQWHUHVW�LQ�RXU�GDWD�E\�
SURYLGLQJ�WKH�GDWD�DW�VHYHUDO�OHYHOV�RI�GHWDLO��:H�XVXDOO\�
FRPELQH�H[SODQDWRU\�YDULDEOHV�LQ�PXOWLSOH�ZD\V��ZKHQ�
FUHDWLQJ�WDEOHV�IRU�SXEOLFDWLRQ��,I�WZR�WDEOHV�SUHVHQWLQJ�
GDWD�RQ�WKH�VDPH�UHVSRQVH�YDULDEOH�VKDUH�VRPH�
FDWHJRULHV�RI�DW�OHDVW�RQH�H[SODQDWRU\�YDULDEOH��WKHUH�ZLOO�
EH�FHOOV�ZKLFK�DUH�SUHVHQWHG�LQ�ERWK�WDEOHV�²�WKRVH�
WDEOHV�DUH�VDLG�WR�EH�OLQNHG�E\�WKH�FHOOV�WKH\�KDYH�LQ�
FRPPRQ��,Q�RUGHU�WR�RIIHU�D�UDQJH�RI�VWDWLVWLFDO�GHWDLO��
ZH�XVH�HODERUDWH�FODVVLILFDWLRQ�VFKHPHV�WR�FDWHJRUL]H�
UHVSRQGHQWV��7KXV��D�UHVSRQGHQW�ZLOO�RIWHQ�EHORQJ�WR�
YDULRXV�FDWHJRULHV�RI�WKH�VDPH�FODVVLILFDWLRQ�VFKHPH���
IRU�LQVWDQFH�D�SDUWLFXODU�FRPPXQLW\�ZLWKLQ�D�SDUWLFXODU�
FRXQW\�ZLWKLQ�D�SDUWLFXODU�VWDWH���DQG�PD\�WKXV�IDOO�LQWR�
WKUHH�FDWHJRULHV�RI�WKH�UHJLRQDO�FODVVLILFDWLRQ��

7KH�VWUXFWXUH�EHWZHHQ�WKH�FDWHJRULHV�RI�KLHUDUFKLFDO�
YDULDEOHV�DOVR�LPSOLHV�VXE�VWUXFWXUH�IRU�WKH�WDEOH��
:KHQ��LQ�WKH�IROORZLQJ��ZH�WDON�DERXW�VXE�WDEOHV�
ZLWKRXW�VXEVWUXFWXUH��ZH�PHDQ�D�WDEOH�FRQVWUXFWHG�LQ�
WKH�IROORZLQJ�ZD\��

)RU�DQ\�H[SODQDWRU\�YDULDEOH�ZH�SLFN�RQH�SDUWLFXODU�
QRQ�ERWWRP�OHYHO�FDWHJRU\��WKH�¶IRRG�SURGXFWLRQ�VHFWRU·�
IRU�LQVWDQFH���7KHQ�ZH�FRQVWUXFW�D�¶VXE�YDULDEOH·��7KLV�
VXE�YDULDEOH�FRQVLVWV�RQO\�RI�WKH�FDWHJRU\�SLFNHG�LQ�WKH�
ILUVW�VWHS�DQG�WKRVH�FDWHJRULHV�RI�WKH�OHYHO�LPPHGLDWHO\�
EHORZ�EHORQJLQJ�WR�WKLV�FDWHJRU\��EDNHUV��EXWFKHUV��
HWF����$IWHU�GRLQJ�WKDW�IRU�HDFK�H[SODQDWRU\�YDULDEOH�WKH�
WDEOH�VSHFLILHG�WKURXJK�D�VHW�RI�WKHVH�VXE�YDULDEOHV�LV�
IUHH�IURP�VXEVWUXFWXUH�WKHQ��DQG�LV�D�VXE�WDEOH�RI�WKH�
RULJLQDO�RQH��$Q\�FHOO�ZLWKLQ�WKH�VXE�WDEOH�GRHV�DOVR�
EHORQJ�WR�WKH�RULJLQDO�WDEOH��0DQ\�FHOOV�RI�WKH�RULJLQDO�
WDEOH�ZLOO�DSSHDU�LQ�PRUH�WKDQ�RQH�VXE�WDEOH��7KH�VXE�
WDEOHV�DUH�OLQNHG��([DPSOH���SURYLGHV�D�VLPSOH�LQVWDQFH�
RI�D�RQH�GLPHQVLRQDO�WDEOH�ZLWK�KLHUDUFKLFDO�VWUXFWXUH��

�$VVXPH�WKH�FDWHJRULHV�$��$$��$%��$%���$%���DQG�$%��

+LHUDUFKLFDO�7DEOHV���
/LQNHG�7DEOHV�

([DPSOH����
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RI�VRPH�YDULDEOH�(;3�UHVHPEOH�D�KLHUDUFKLFDO�VWUXFWXUH�
DV�GHSLFWHG�LQ�)LJXUH�����EHORZ��

)LJXUH�����

�

/HW�WKH�IXOO�WDEOH�SUHVHQW�WXUQRYHU�E\�WKH�FDWHJRULHV�RI�
(;3��7KHQ�WKH�WZR�VXEWDEOHV�RI�WKLV�WDEOH�ZLOO�EH�
�

(;3� 7XUQRYHU� � (;3� 7XUQRYHU�
$� � � $%� �
$$� � � $%�� �
$%� � � $%�� �

� � � $%�� �

1RWH�WKDW�FHOO�$%�LV�FRQWDLQHG�LQ�ERWK�VXEWDEOHV�

2I�FRXUVH��ZKHQ�XVLQJ�FHOO�VXSSUHVVLRQ�PHWKRGV�WR�
SURWHFW�D�VHW�RI�OLQNHG�WDEOHV��RU�VXE�WDEOHV��LW�LV�QRW�
HQRXJK�WR�VHOHFW�VHFRQGDU\�VXSSUHVVLRQV�IRU�HDFK�WDEOH�
�RU�VXE�WDEOH��VHSDUDWHO\��2WKHUZLVH�LW�PLJKW�IRU�
LQVWDQFH�KDSSHQ�WKDW�WKH�VDPH�FHOO�LV�VXSSUHVVHG�LQ�
RQH�WDEOH�EHFDXVH�LW�LV�XVHG�DV�VHFRQGDU\�VXSSUHVVLRQ��
ZKLOH�ZLWKLQ�DQRWKHU�WDEOH�LW�UHPDLQV�XQVXSSUHVVHG��$�
XVHU�FRPSDULQJ�WKH�WZR�WDEOHV�ZRXOG�WKHQ�EH�DEOH�WR�
GLVFORVH�FRQILGHQWLDO�FHOOV�LQ�WKH�ILUVW�WDEOH��$�FRPPRQ�
DSSURDFK�LV�WR�SURWHFW�WDEOHV�VHSDUDWHO\��EXW�QRWH�DQ\�
FRPSOHPHQWDU\�VXSSUHVVLRQ�EHORQJLQJ�DOVR�WR�RQH�RI�
WKH�RWKHU�WDEOHV��VXSSUHVV�LW�LQ�WKLV�WDEOH�DV�ZHOO��DQG�
UHSHDW�WKH�FHOO�VXSSUHVVLRQ�SURFHGXUH�IRU�WKLV�WDEOH��
7KLV�DSSURDFK�LV�FDOOHG�D�¶EDFNWUDFNLQJ�SURFHGXUH·��
$OWKRXJK�ZLWKLQ�D�EDFNWUDFNLQJ�SURFHVV�IRU�D�
KLHUDUFKLFDO�WDEOH�WKH�FHOO�VXSSUHVVLRQ�SURFHGXUH�ZLOO�
XVXDOO\�EH�UHSHDWHG�VHYHUDO�WLPHV�IRU�HDFK�VXE�WDEOH��
WKH�QXPEHU�RI�FRPSXWDWLRQV�UHTXLUHG�IRU�WKH�SURFHVV�
ZLOO�EH�PXFK�VPDOOHU�WKDQ�ZKHQ�WKH�HQWLUH�WDEOH�LV�
SURWHFWHG�DOO�DW�RQFH��

,W�PXVW�KRZHYHU�EH�VWUHVVHG��WKDW�D�EDFNWUDFNLQJ�
SURFHGXUH�LV�QRW�JOREDO�DFFRUGLQJ�WR�WKH�GHQRWDWLRQ�LQ�
&R[���������6HH�&R[��������IRU�GLVFXVVLRQ�RI�SUREOHPV�
UHODWHG�WR�QRQ�JOREDO�PHWKRGV�IRU�VHFRQGDU\�FHOO�
VXSSUHVVLRQ��

)RU�PDWKHPDWLFDO�IRUPXODWLRQ�RI�OLQNHG�WDEOHV�
VWUXFWXUHV�VHH�GH�:ROI��������DQG�GH�:ROI��*LHVVLQJ�
��������

7KH�FKDOOHQJH�RI�WDEXODU�GDWD�SURWHFWLRQ�LV�WR�SUHVHUYH�
DV�PXFK�LQIRUPDWLRQ�LQ�WKH�WDEOH�DV�SRVVLEOH��ZKLOH�

�

&HOO�FRVWV�

$�

$$� $%�

$%�� $%�� $%��
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FUHDWLQJ�WKH�UHTXLUHG�XQFHUWDLQW\�DERXW�WKH�WUXH�YDOXHV�
RI�WKH�VHQVLWLYH�FHOOV��DV�H[SODLQHG�LQ�WKH�SUHYLRXV�
VHFWLRQ��,W�LV�QHFHVVDU\�WR�VRPHKRZ�UDWH�WKH�LQIRUPDWLRQ�
FRQWHQW�RI�GDWD��LQ�RUGHU�WR�EH�DEOH�WR�H[SUHVV�WKH�WDVN�
RI�VHOHFWLQJ�DQ�¶RSWLPDO�VHW·�RI�VHFRQGDU\�VXSSUHVVLRQV��
RU��DOWHUQDWLYHO\��RI�DGMXVWLQJ�D�WDEOH�LQ�DQ�RSWLPDO�ZD\��
DV�PDWKHPDWLFDO�SURJUDPPLQJ�SUREOHP��,QIRUPDWLRQ�
ORVV�LV�H[SUHVVHG�LQ�WKHVH�PDWKHPDWLFDO�PRGHOV�DV�WKH�
VXP�RI�FRVWV�DVVRFLDWHG�WR�WKH�VHFRQGDU\�VXSSUHVVLRQV��
RU�QRQ�VHQVLWLYH�FHOOV�VXEMHFW�WR�DGMXVWPHQW��

)RU�FHOO�VXSSUHVVLRQ��WKH�LGHD�RI�HTXDWLQJ�D�PLQLPXP�
ORVV�RI�LQIRUPDWLRQ�ZLWK�WKH�VPDOOHVW�QXPEHU�RI�
VXSSUHVVLRQV�LV�SUREDEO\�WKH�PRVW�QDWXUDO�FRQFHSW��
7KLV�ZRXOG�EH�LPSOHPHQWHG�WHFKQLFDOO\�E\�DVVLJQLQJ�
LGHQWLFDO�FRVWV�WR�HDFK�FHOO��<HW�H[SHULHQFH�KDV�VKRZQ�
WKDW�WKLV�FRQFHSW�RIWHQ�\LHOGV�D�VXSSUHVVLRQ�SDWWHUQ�LQ�
ZKLFK�PDQ\�ODUJH�FHOOV�DUH�VXSSUHVVHG��ZKLFK�LV�
XQGHVLUDEOH��,Q�SUDFWLFH�RWKHU�FRVW�IXQFWLRQV��EDVHG�RQ�
FHOO�YDOXHV��RU�SRZHU�WUDQVIRUPDWLRQV�WKHUHRI��RU�FHOO�
IUHTXHQFLHV�\LHOG�EHWWHU�UHVXOWV��1RWH�WKDW�VHYHUDO�
FULWHULD��RWKHU�WKDQ�WKH�QXPHULF�YDOXH��PD\�DOVR�KDYH�
DQ�LPSDFW�RQ�D�XVHUV�SHUFHSWLRQ�RI�D�SDUWLFXODU�FHOOV�
LPSRUWDQFH��VXFK�DV�LWV�VLWXDWLRQ�ZLWKLQ�WKH�WDEOH�
�WRWDOV�DQG�VXE�WRWDOV�DUH�RIWHQ�UDWHG�DV�KLJKO\�
LPSRUWDQW���RU�LWV�FDWHJRU\��FHUWDLQ�FDWHJRULHV�RI�
YDULDEOHV�DUH�RIWHQ�FRQVLGHUHG�WR�EH�RI�VHFRQGDU\�
LPSRUWDQFH���τ�$5*86�RIIHUV�VSHFLDO�IDFLOLWLHV�WR�FKRRVH�
D�FRVW�IXQFWLRQ�DQG�WR�FDUU\�RXW�SRZHU�WUDQVIRUPDWLRQV�
RI�WKH�FRVW�IXQFWLRQ��

7KH�FRVW�IXQFWLRQ�LQGLFDWHV�WKH�UHODWLYH�LPSRUWDQFH�RI�D�
FHOO��,Q�SULQFLSOH�WKH�XVHU�FRXOG�DWWDFK�D�VHSDUDWH�FRVW�
WR�HDFK�LQGLYLGXDO�FHOO��EXW�WKDW�ZLOO�EHFRPH�D�UDWKHU�
FXPEHUVRPH�RSHUDWLRQ��7KHUHIRUH�LQ�τ�$5*86�D�IHZ�
VWDQGDUG�FRVW�IXQFWLRQV�DUH�DYDLODEOH����

•� 8QLW\��L�H��DOO�FHOOV�KDYH�HTXDO�ZHLJKW��MXVW�
PLQLPLVLQJ�WKH�QXPEHU�RI�VXSSUHVVLRQV��

•� 7KH�QXPEHU�RI�FRQWULEXWRUV��PLQLPLVLQJ�WKH�QXPEHU�
RI�FRQWULEXWRUV�WR�EH�KLGGHQ��

•� 7KH�FHOO�YDOXH�LWVHOI��SUHVHUYLQJ�DV�PXFK�DV�SRVVLEOH�
WKH�ODUJHVW��PRVW�LPSRUWDQW��FHOOV��

•� 7KH�FHOO�YDOXH�RI�DQRWKHU�YDULDEOH�LQ�WKH�GDWDVHW��WKLV�
ZLOO�EH�WKH�LQGLFDWLRQ�RI�WKH�LPSRUWDQW�FHOOV���

(VSHFLDOO\�LQ�WKH�ODWWHU�WZR�FDVHV�WKH�FHOO�YDOXH�FRXOG�
JLYH�WRR�PXFK�SUHIHUHQFH�WR�WKH�ODUJHU�FHOOV��,V�D����

�������������������������������������������
7 2QH�RI�WKH�VHFRQGDU\�FHOO�VXSSUHVVLRQ�PHWKRGV�RI�W�$5*86��WKH�K\SHUFXEH�PHWKRG��XVHV�DQ�HODERUDWH�
LQWHUQDO�ZHLJKWLQJ�VFKHPH�LQ�RUGHU�WR�DYRLG�WR�VRPH�H[WHQW�WKH�VXSSUHVVLRQ�RI�WRWDOV�DQG�VXEWRWDOV�ZKLFK�
LV�HVVHQWLDO�IRU�WKH�SHUIRUPDQFH�RI�WKH�PHWKRG��,Q�RUGHU�WR�DYRLG�WKDW�WKLV�LQWHUQDO�ZHLJKWLQJ�VFKHPH�LV�
WKURZQ�RXW�RI�EDODQFH��LW�KDV�EHHQ�GHFLGHG�WR�PDNH�WKH�FRVW�IXQFWLRQ�IDFLOLWLHV�RI�W�$5*86�LQRSHUDWLRQDO�
IRU�WKLV�PHWKRG� 

&RVW�IXQFWLRQ�DQG�λ��
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WLPHV�ELJJHU�FHOO�UHDOO\����WLPHV�DV�LPSRUWDQW"�
6RPHWLPHV�KHUH�LV�D�QHHG�WR�EH�D�ELW�PRUH�PRGHUDWH��
6RPH�WUDQVIRUPDWLRQ�RI�WKH�FRVW�IXQFWLRQ�LV�GHVLUHG��
3RSXODU�WUDQVIRUPDWLRQV�DUH�VTXDUH�URRW�RU�D�ORJ�
WUDQVIRUPDWLRQ��%R[�DQG�&R[��������KDYH�SURSRVHG�D�
V\VWHP�RI�SRZHU�WUDQVIRUPDWLRQV��

λ

λ �−= [
\ �

,Q�WKLV�IRUPXOD�λ� ���\LHOGV�WR�D�ORJ�WUDQVIRUPDWLRQ�DQG�
WKH����LV�QHHGHG�IRU�PDNLQJ�WKLV�IRUPXOD�FRQWLQXRXV�LQ�
λ.  

7KLV�ODVW�DVSHFW�DQG�WKH�IDFW�WKDW�WKLV�FRXOG�OHDG�WR�
QHJDWLYH�YDOXHV�ZH�KDYH�LQWURGXFHG�D�VLPSOLILHG�YHUVLRQ�
RI�WKH�ODPGD�WUDQVIRUPDWLRQ�LQ�τ�$5*86��

λ[\ = �IRU�λ�����DQG��

�ORJ�[\ = �IRU�λ� ���

6R�FKRRVLQJ�λ� �ò�ZLOO�JLYH�WKH�VTXDUH�URRW��

�

������(YDOXDWLRQ�RI�6HFRQGDU\�&HOO�6XSSUHVVLRQ�DOJRULWKPV�
RIIHUHG�E\�τ�$5*86�

7KH�VRIWZDUH�SDFNDJH�τ−$5*86�RIIHUV�D�YDULHW\�RI�
DOJRULWKPV�WR�DVVLJQ�VHFRQGDU\�VXSSUHVVLRQV�ZKLFK�ZLOO�
EH�GHVFULEHG�LQ�GHWDLO�LQ�VHFWLRQ������:KLOH�VRPH�RI�
WKRVH�DOJRULWKPV�DUH�QRW�\HW�IXOO\�GHYHORSHG��RU�QRW�\HW�
IXOO\�LQWHJUDWHG�LQWR�WKH�SDFNDJH��UHVSHFWLYHO\��WZR�DUH�
LQGHHG�SRZHUIXO�WRROV�IRU�DXWRPDWHG�WDEXODU�GDWD�
SURWHFWLRQ��,Q�WKLV�VHFWLRQ�ZH�IRFXV�RQ�WKRVH�ODWWHU�
DOJRULWKPV��:H�FRPSDUH�WKHP�ZLWK�UHVSHFW�WR�TXDOLW\�
DVSHFWV�RI�WKH�SURWHFWHG�WDEOHV��ZKLOH�FRQVLGHULQJ�DOVR�
VRPH�SUDFWLFDO�LVVXHV��%DVHG�RQ�WKLV�FRPSDULVRQ��ZH�
ILQDOO\�JLYH�VRPH�UHFRPPHQGDWLRQ�RQ�WKH�XVH�RI�WKRVH�
DOJRULWKPV��

:H�EHJLQ�WKLV�VHFWLRQ�E\�LQWURGXFWLRQ�RI�FHUWDLQ�
PLQLPXP�SURWHFWLRQ�VWDQGDUGV�36���DQG�36���:H�
H[SODLQ�ZK\�LW�LV�D�¶PXVW·�IRU�DQ�DOJRULWKP�WR�VDWLVI\�
WKRVH�VWDQGDUGV�LQ�RUGHU�WR�EH�XVHDEOH�LQ�SUDFWLFH��)RU�
WKRVH�DOJRULWKPV�WKDW�TXDOLI\�¶XVHDEOH·�DFFRUGLQJ�WR�
WKHVH�FULWHULD��ZH�UHSRUW�VRPH�UHVXOWV�RI�VWXGLHV�
FRPSDULQJ�DOJRULWKP�SHUIRUPDQFH�ZLWK�UHJDUG�WR�
LQIRUPDWLRQ�ORVV��DQG�GLVFORVXUH�ULVN��

,Q�VHFWLRQ�������ZH�KDYH�GHILQHG�FULWHULD�IRU�D�VDIH�
VXSSUHVVLRQ�SDWWHUQ��,W�LV�RI�FRXUVH�SRVVLEOH�WR�GHVLJQ�
DOJRULWKPV�WKDW�ZLOO�HQVXUH�WKDW�QR�VXSSUHVVLRQ�SDWWHUQ�
LV�FRQVLGHUHG�IHDVLEOH�XQOHVV�DOO�RI�WKHVH�FULWHULD�DUH�
VDWLVILHG��,Q�SUDFWLFH��KRZHYHU��VXFK�DQ�DOJRULWKP�ZRXOG�
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HLWKHU�UHTXLUH�WRR�PXFK�FRPSXWHU�UHVRXUFH��LQ�
SDUWLFXODU��&38�WLPH��ZKHQ�DSSOLHG�WR�WKH�ODUJH��
GHWDLOHG�WDEXODWLRQV�RI�RIILFLDO�VWDWLVWLFV��RU�WKH�XVHU�
ZRXOG�KDYH�WR�SXW�XS�ZLWK�D�VWURQJ�WHQGHQF\�IRU�
RYHUVXSSUHVVLRQ��,Q�WKH�IROORZLQJ��ZH�WKHUHIRUH�GHILQH�
PLQLPXP�VWDQGDUGV�IRU�D�VXSSUHVVLRQ�SDWWHUQ�WKDW�LV�
VDIH�Z�U�W��WKH�VDIHW\�UXOH�DGRSWHG�H[FHSW�IRU�D�UHVLGXDO�
GLVFORVXUH�ULVN�WKDW�PLJKW�EH�DFFHSWDEOH�WR�DQ�DJHQF\��,W�
VKRXOG�EH�QRWHG�WKDW�WKRVH�VWDQGDUGV�DUH�GHILQLWHO\�
VXSHULRU��RU�DW�OHDVW�HTXDO�WR�ZKDW�FRXOG�EH�DFKLHYHG�E\�
WKH�WUDGLWLRQDO�PDQXDO�SURFHGXUHV�IRU�FHOO�VXSSUHVVLRQ��
HYHQ�LI�FDUULHG�RXW�ZLWK�XWPRVW�FDUH��)RU�WKH�HYDOXDWLRQ��
ZH�FRQVLGHU�RQO\�WKRVH�DOJRULWKPV�WKDW�HQVXUH�YDOLGLW\�
RI�WKH�VXSSUHVVLRQ�SDWWHUQ�DW�OHDVW�ZLWK�UHVSHFW�WR�WKRVH�
UHOD[HG�VWDQGDUGV��

)RU�D�WDEOH�ZLWK�KLHUDUFKLFDO�VXEVWUXFWXUH��IHDVLELOLW\�
LQWHUYDOV�FRPSXWHG�RQ�EDVLV�RI�WKH�VHW�RI�HTXDWLRQV�IRU�
WKH�IXOO�WDEOH�QRUPDOO\�WHQG�WR�EH�PXFK�FORVHU�WKDQ�
WKRVH�FRPSXWHG�RQ�EDVLV�RI�VHSDUDWH�VHWV�RI�HTXDWLRQV�
FRUUHVSRQGLQJ�WR�VXE�WDEOHV�ZLWKRXW�DQ\�VXEVWUXFWXUH��
0RUHRYHU��PDNLQJ�XVH�RI�WKH�DGGLWLRQDO�NQRZOHGJH�RI�D�
UHVSRQGHQW��ZKR�LV�WKH�VLQJOH�UHVSRQGHQW�WR�D�FHOO��D�VR�
FDOOHG�¶VLQJOHWRQ·���LW�LV�SRVVLEOH�WR�GHULYH�LQWHUYDOV�WKDW�
DUH�PXFK�FORVHU�WKDQ�ZLWKRXW�WKLV�NQRZOHGJH����

%DVHG�RQ�WKH�DVVXPSWLRQ�RI�D�VLPSOH�EXW�SUREDEO\�
PRUH�UHDOLVWLF�GLVFORVXUH�VFHQDULR�ZKHUH�LQWUXGHUV�ZLOO�
GHGXFH�IHDVLELOLW\�LQWHUYDOV�VHSDUDWHO\�IRU�HDFK�VXE�
WDEOH��UDWKHU�WKDQ�WDNLQJ�WKH�HIIRUW�WR�FRQVLGHU�WKH�IXOO�
WDEOH��DQG�WKDW�VLQJOH�UHVSRQGHQWV��XVLQJ�WKHLU�VSHFLDO�
DGGLWLRQDO�NQRZOHGJH��DUH�PRUH�OLNHO\�DWWHPSWLQJ�WR�
UHYHDO�RWKHU�VXSSUHVVHG�FHOO�YDOXHV�ZKHQ�WKH\�DUH�
ZLWKLQ�WKH�VDPH�URZ�RU�FROXPQ��PRUH�JHQHUDO��UHODWLRQ���
WKH�IROORZLQJ�PLQLPXP�SURWHFWLRQ�VWDQGDUGV�PDNH�
VHQVH��

�36���3URWHFWLRQ�DJDLQVW�H[DFW�H[WHUQDO�GLVFORVXUH���
:LWK�D�YDOLG�VXSSUHVVLRQ�SDWWHUQ��LW�LV�QRW�
SRVVLEOH�WR�GLVFORVH�WKH�YDOXH�RI�D�VHQVLWLYH�FHOO�
H[DFWO\��LI�QR�DGGLWLRQDO�NQRZOHGJH��OLNH�WKDW�RI�D�
VLQJOHWRQ��LV�FRQVLGHUHG��DQG�LI�VXEVHWV�RI�WDEOH�
HTXDWLRQV�DUH�FRQVLGHUHG�VHSDUDWHO\��L�H��ZKHQ�
IHDVLELOLW\�LQWHUYDOV�DUH�FRPSXWHG�VHSDUDWHO\�IRU�
HDFK�VXE�WDEOH��

�36���3URWHFWLRQ�DJDLQVW�VLQJOHWRQ�GLVFORVXUH���
$�VXSSUHVVLRQ�SDWWHUQ��ZLWK�RQO\�WZR�VXSSUHVVHG�
FHOOV�ZLWKLQ�D�URZ��RU�FROXPQ��RI�D�WDEOH�LV�QRW�

�������������������������������������������
8 &RQVLGHU�IRU�LQVWDQFH�WKH�WDEOH�RI�H[DPSOH���LQ�VHFWLRQ���������:LWKRXW�DGGLWLRQDO�NQRZOHGJH�WKH�ERXQGV�

IRU�FHOO�������DUH� ( )PLQ
��; � ���DQG�

PD[
��; � �����+RZHYHU��LI�FHOO�������ZHUH�D�VLQJOHWRQ�FHOO��D�FHOO�ZLWK�D�

VLQJOH�FRQWULEXWRU�RQO\�� WKHQ�WKLV�VLQJOH�FRQWULEXWRU�FRXOG�RI�FRXUVH�H[DFWO\�FRPSXWH�WKH�FHOO�YDOXH�RI�
FHOO�������E\�VXEWUDFWLQJ�KHU�RZQ�FRQWULEXWLRQ�IURP�WKH�URZ�WRWDO�RI�URZ��� 

0LQLPXP�SURWHFWLRQ�
VWDQGDUGV�
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YDOLG��LI�HDFK�RI�WKH�WZR�FRUUHVSRQGV�WR�D�VLQJOH�
UHVSRQGHQW�ZKR�DUH�QRW�LGHQWLFDO��

�36���H[WHQVLRQ�RI��36���IRU�LQIHUHQWLDO��LQVWHDG�RI�
H[DFW��GLVFORVXUH��

�36���H[WHQVLRQ�RI��36����FRYHULQJ�WKH�PRUH�JHQHUDO�
FDVH�ZKHUH�D�VLQJOH�UHVSRQGHQW�FDQ�GLVFORVH�
DQRWKHU�VLQJOH�UHVSRQGHQW�FHOO��QRW�QHFHVVDULO\�
ORFDWHG�ZLWKLQ�WKH�VDPH�URZ��RU�FROXPQ��RI�WKH�
WDEOH��

τ�$5*86�RIIHUV�EDVLFDOO\�WZR�DOJRULWKPV��0RGXODU�DQG�
+\SHUFXEH��ERWK�VDWLVI\LQJ�WKH�DERYH�PHQWLRQHG�
PLQLPXP�VWDQGDUGV�UHJDUGLQJ�GLVFORVXUH�ULVN��%RWK�
WDNH�D�EDFNWUDFNLQJ�DSSURDFK�WR�SURWHFW�KLHUDUFKLFDO�
WDEOHV�ZLWKLQ�DQ�LWHUDWLYH�SURFHGXUH��WKH\�VXEGLYLGH�
KLHUDUFKLFDO�WDEOHV�LQWR�VHWV�RI�OLQNHG��XQVWUXFWXUHG�
WDEOHV��7KH�FHOO�VXSSUHVVLRQ�SUREOHP�LV�VROYHG�IRU�HDFK�
VXEWDEOH�VHSDUDWHO\��6HFRQGDU\�VXSSUHVVLRQV�DUH�FR�
RUGLQDWHG�IRU�RYHUODSSLQJ�VXEWDEOHV���

7KH�0RGXODU�DSSURDFK��D�N�D��+L7D6�DOJRULWKP����VHH�'H�
:ROI�������LV�EDVHG�RQ�WKH�RSWLPDO�VROXWLRQ�DV�
LPSOHPHQWHG�E\�)LVFKHWWL�DQG�6DOD]DU��%\�EUHDNLQJ�
GRZQ�WKH�KLHUDUFKLFDO�WDEOH�LQ�VPDOOHU�QRQ�VWUXFWXUHG�
VXEWDEOHV��SURWHFWLQJ�WKHVH�VXEWDEOHV�DQG�OLQNLQJ�WKH�
VXEWDEOHV�WRJHWKHU�E\�D�EDFNWUDFNLQJ�SURFHGXUH�WKH�
ZKROH�WDEOH�LV�SURWHFWHG��)RU�D�GHVFULSWLRQ�RI�WKH�
PRGXODU�DSSURDFK�VHH�VHFWLRQ���������WKH�RSWLPDO�
)LVFKHWWL�6DOD]DU�PHWKRG�LV�GHVFULEHG�LQ�VHFWLRQ��������
6HH�DOVR�)LVFKHWWL�DQG�6DOD]DU���������

7KH�+\SHUFXEH�LV�EDVHG�RQ�D�K\SHUFXEH�KHXULVWLF�
LPSOHPHQWHG�E\�5HSVLOEHU���������6HH�DOVR�WKH�
GHVFULSWLRQV�RI�WKLV�PHWKRG�LQ���������

1RWH�WKDW�LQ�WKH�FXUUHQW�LPSOHPHQWDWLRQ�RI�τ�$5*86��
XVH�RI�WKH�RSWLPL]DWLRQ�WRROV�UHTXLUHV�D�OLFHQVH�IRU�
DGGLWLRQDO�FRPPHUFLDO�VRIWZDUH��/3�VROYHU���ZKHUHDV�XVH�
RI�WKH�K\SHUFXEH�PHWKRG�LV�IUHH��:KLOH�0RGXODU�LV�RQO\�
DYDLODEOH�IRU�WKH�:LQGRZV�SODWIRUP��RI�+\SHUFXEH�WKHUH�
DUH�DOVR�YHUVLRQV�IRU�8QL[��,%0��26������DQG�61,�
�%6�������

%RWK�0RGXODU�DQG�+\SHUFXEH�SURYLGH�VXIILFLHQW�
SURWHFWLRQ�DFFRUGLQJ�WR�VWDQGDUGV�36���SURWHFWLRQ�
DJDLQVW�LQIHUHQWLDO�GLVFORVXUH��DQG�36��DERYH��
5HJDUGLQJ�VLQJOHWRQ�GLVFORVXUH��+\SHUFXEH�HYHQ�
VDWLVILHV�WKH�H[WHQGHG�VWDQGDUG�36���+RZHYHU��
VLPSOLILFDWLRQV�RI�WKH�KHXULVWLF�DSSURDFK�RI�+\SHUFXEH�
FDXVH�D�FHUWDLQ�WHQGHQF\�IRU�RYHU�VXSSUHVVLRQ��7KLV�
HYDOXDWLRQ�WKHUHIRUH�LQFOXGHV�D�UHOD[HG�YDULDQW�WKDW��
LQVWHDG�RI�36���VDWLVILHV�RQO\�WKH�UHGXFHG�VWDQGDUG�
36���L�H��]HUR�SURWHFWLRQ�DJDLQVW�LQIHUHQWLDO�GLVFORVXUH��
:H�WKHUHIRUH�UHIHU�WR�WKLV�PHWKRG�DV�+\SHU��LQ�WKH�
IROORZLQJ��+\SHU��SURFHVVLQJ�FDQ�EH�DFKLHYHG�VLPSO\�E\�

$OJRULWKPV�IRU�SUDFWLFDO�
XVH�
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LQDFWLYDWLQJ�WKH�RSWLRQ�´3URWHFWLRQ�DJDLQVW�LQIHUHQWLDO�
GLVFORVXUH�UHTXLUHGµ�ZKHQ�UXQQLQJ�+\SHUFXEH�IURP�RXW�
RI�τ�$5*86��

7DEOH������$OJRULWKPV�IRU�SUDFWLFDO�XVH�

�

�

�

�

,Q�WKH�IROORZLQJ��ZH�EULHIO\�UHSRUW�UHVXOWV�RI�WZR�
HYDOXDWLRQV�VWXGLHV��LQ�WKH�IROORZLQJ�UHIHUUHG�WR�DV�VWXG\�
$��DQG�VWXG\�%��)RU�IXUWKHU�GHWDLO�RQ�WKHVH�VWXGLHV�VHH�
*LHVVLQJ��������VWXG\�$���DQG�*LHVVLQJ��'LWWULFK��
*HKUOLQJ��.U�JHU��0HU]�DQG�:LUW]��������VWXG\�%���%RWK�
VWXGLHV�DUH�EDVHG�RQ�WDEXODWLRQV�RI�D�VWURQJO\�VNHZHG�
PDJQLWXGH�YDULDEOH��

)RU�VWXG\�$��ZH�XVHG�D�YDULHW\�RI�KLHUDUFKLFDO�WDEOHV�
JHQHUDWHG�IURP�WKH�V\QWKHWLF�PLFUR�GDWD�VHW�VXSSOLHG�DV�
&$6&�GHOLYHUDEOH���'���,Q�SDUWLFXODU��ZH�JHQHUDWHG����
DQG���GLPHQVLRQDO�WDEOHV��ZKHUH�RQH�RI�WKH�GLPHQVLRQV�
KDG�D�KLHUDUFKLFDO�VWUXFWXUH��0DQLSXODWLRQ�RI�WKH�GHSWK�
RI�WKLV�KLHUDUFK\�UHVXOWHG�LQ���GLIIHUHQW�WDEOHV��ZLWK�D�
WRWDO�QXPEHU�RI�FHOOV�YDU\LQJ�EHWZHHQ�����DQG�����WVG��
FHOOV��1RWH�WKDW�WKH�+\SHU��PHWKRG�ZDV�QRW�LQFOXGHG�LQ�
VWXG\�$��

)RU�VWXG\�%��ZKLFK�ZDV�FDUULHG�RXW�RQ�EHKDOI�RI�WKH�
*HUPDQ�IHGHUDO�DQG�VWDWH�VWDWLVWLFDO�RIILFHV��ZH�XVHG���
GLPHQVLRQDO�WDEOHV�RI�WKH�*HUPDQ�WXUQRYHU�WD[�
VWDWLVWLFV��5HVXOWV�KDYH�EHHQ�GHULYHG�IRU�WDEOHV�ZLWK���
OHYHO�KLHUDUFKLFDO�VWUXFWXUH��JLYHQ�E\�WKH�1$&(�
HFRQRP\�FODVVLILFDWLRQ��RI�WKH�ILUVW�GLPHQVLRQ��DQG�
��OHYHO�VWUXFWXUH�RI�WKH�VHFRQG�GLPHQVLRQ�JLYHQ�E\�WKH�
YDULDEOH�5HJLRQ��

:H�FRPSDUH�WKH�ORVV�RI�LQIRUPDWLRQ�GXH�WR�VHFRQGDU\�
VXSSUHVVLRQ�LQ�WHUPV�RI�WKH�QXPEHU�DQG�FHOO�YDOXHV�RI�
VHFRQGDU\�VXSSUHVVLRQ��DQG�DQDO\]H�WKH�GLVFORVXUH�ULVN�
RI�WKH�SURWHFWHG�WDEOHV��7DEOH�����UHSRUWV�WKH�UHVXOWV�
UHJDUGLQJ�WKH�ORVV�RI�LQIRUPDWLRQ�REWDLQHG�LQ�VWXG\�$���

7DEOH������5HVXOWV�RI�VWXG\�$��QXPEHU�DQG�YDOXH�RI�
VHFRQGDU\�VXSSUHVVLRQV�

�

$OJRULWKPV�IRU�SUDFWLFDO�
XVH�

Algorithm Modular Hypercube Hyper0 
Procedure for secondary 

suppression 
Fischetti/Salazar 

optimization 
Hypercube heuristic 

Interval/Exact 
disclosure 

36�� 36�� 36��
Protection 
standard Singleton 

disclosure 
36�� 36�� 36��

(YDOXDWLRQ�VWXGLHV�

,QIRUPDWLRQ�ORVV�

5HVXOWV�RI�VWXG\�$��
QXPEHU�DQG�YDOXH�RI�

VHFRQGDU\�
VXSSUHVVLRQV�

7DEOH� +LHU��
/HYHOV�

1R�&HOOV� 1R�6XSSUHVVLRQV�
����

$GGHG�9DOXH�RI�
6XSSUHVVLRQV�����

� � � +\SHUFXEH�0RGXODU� +\SHUFXEH� 0RGXODU�

��GLPHQVLRQDO�WDEOHV�
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�7DEOH�����SUHVHQWV�LQIRUPDWLRQ�ORVV�UHVXOWV�IURP�VWXG\�
%�RQ�WKH�WZR�WRSPRVW�OHYHOV�RI�WKH�VHFRQG�GLPHQVLRQ�
YDULDEOH�5HJLRQ��H�J��RQ�WKH�QDWLRQDO��DQG�VWDWH�OHYHO��

7DEOH������5HVXOWV�RI�VWXG\�%��QXPEHU�DQG�YDOXH�RI�
VHFRQGDU\�VXSSUHVVLRQ�

�

�

�

�

�

�

�

�

%RWK�VWXGLHV�VKRZ�WKDW�EHVW�UHVXOWV�DUH�DFKLHYHG�E\�WKH�
PRGXODU�PHWKRG��ZKLOH�XVLQJ�HLWKHU�YDULDQW�RI�WKH�
K\SHUFXEH�PHWKRG�OHDGV�WR�DQ�RIWHQ�TXLWH�FRQVLGHUDEOH�
LQFUHDVH�LQ�WKH�DPRXQW�RI�VHFRQGDU\�VXSSUHVVLRQ�
FRPSDUHG�WR�WKH�UHVXOW�RI�WKH�PRGXODU�PHWKRG��7KH�VL]H�
RI�WKLV�LQFUHDVH�YDULHV�EHWZHHQ�KLHUDUFKLFDO�OHYHOV�RI�WKH�
DJJUHJDWLRQ��RQ�WKH�KLJKHU�OHYHOV�RI�D�WDEOH�WKH�LQFUHDVH�
WHQGV�WR�EH�HYHQ�ODUJHU�WKDQ�RQ�WKH�ORZHU�OHYHOV��
&RQVLGHULQJ�WKH�UHVXOWV�RI�VWXG\�%�SUHVHQWHG�LQ�WDEOH�
�����RQ�WKH�QDWLRQDO�OHYHO�ZH�REVHUYH�DQ�LQFUHDVH�RI�
DERXW�������IRU�+\SHUFXEH������IRU�+\SHU����FRPSDUHG�
WR�DQ�LQFUHDVH�RI�������������RQ�WKH�VWDWH�OHYHO��,Q�
�*LHVVLQJ��'LWWULFK��*HKUOLQJ��.U�JHU��0HU]�DQG�:LUW]��
������ZH�UHSRUW�DOVR�UHVXOWV�RQ�WKH�GLVWULFW�OHYHO��2Q�
WKDW�OHYHO�WKH�LQFUHDVH�ZDV�DERXW�����RQ�WKH�KLJKHU�
1$&(�OHYHOV�IRU�+\SHUFXEH�����IRU�+\SHU����DQG������
IRU�+\SHUFXEH������IRU�+\SHU���RQ�WKH�ORZHU�OHYHOV��,Q�
VWXG\�$�ZH�REVHUYHG�LQFUHDVHV�PRVWO\�DURXQG�����IRU�
+\SHUFXEH��IRU�WKH�VPDOOHVW���GLPHQVLRQDO��DQG�WKH�
ODUJHVW���GLPHQVLRQDO�LQVWDQFH�HYHQ�RI�����DQG�������
UHVSHFWLYHO\��,Q�SDUWLFXODU��RXU�LPSUHVVLRQ�LV�WKDW�WKH�
K\SHUFXEH�PHWKRG�WHQGV�WR�EHKDYH�HVSHFLDOO\�EDGO\�
�FRPSDUHG�WR�0RGXODU���ZKHQ�WDEXODWLRQV�LQYROYH�PDQ\�
VKRUW�HTXDWLRQV��ZLWK�RQO\�D�IHZ�SRVLWLRQV��

�� �� ���� ����� ����� ����� �����

�� �� ����� ����� ����� ����� �����

�� �� ����� ����� ����� ����� �����

�� �� ������ ����� ������ ����� �����

��GLPHQVLRQDO�WDEOHV�

�� �� ����� �����
10.72 

�����
1.41 

�� �� ������ �����
15.41 

������
3.55 

�� �� ������� �����
10.63 

������
3.91 

�5HVXOWV�RI�VWXG\�%��
QXPEHU�DQG�YDOXH�RI�

VHFRQGDU\�VXSSUHVVLRQV� 1XPEHU�
$GGHG�
9DOXH�

6WDWH�/HYHO�
1DWLRQDO�
/HYHO� �RYHUDOO��

$OJRULWKP�
IRU�

6HFRQGDU\�
6XSSUHVVLRQ�

DEV�� �� DEV�� �� ��

0RGXODU� ������ ����� �� ���� �����

+\SHU�� ������ ����� �� ���� �����

+\SHUFXEH� ������ ����� ��� ���� �����
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$�ILUVW�FRQFOXVLRQ�IURP�WKH�UHVXOWV�RI�VWXG\�%�UHSRUWHG�
DERYH�ZDV��EHFDXVH�RI�WKH�PDVVLYH�RYHU�VXSSUHVVLRQ��WR�
H[FOXGH�WKH�+\SHUFXEH�PHWKRG�LQ�WKH�YDULDQW�WKDW�
SUHYHQWV�LQIHUHQWLDO�GLVFORVXUH�IURP�DQ\�IXUWKHU�
H[SHULPHQWDWLRQ��$OWKRXJK�FOHDUO\�RQO\�VHFRQG�EHVW�
SHUIRUPHU��WHVWLQJ�ZLWK�+\SHU��ZDV�WR�EH�FRQWLQXHG��
EHFDXVH�RI�WHFKQLFDO�DQG�FRVW�DGYDQWDJHV�PHQWLRQHG�
DERYH��

,Q�H[SHULPHQWV�ZLWK�VWDWH�WDEOHV�ZKHUH�WKH�YDULDEOH�
5HJLRQ�ZDV�WDNHQ�GRZQ�WR�WKH�FRPPXQLW\�OHYHO��ZH�
IRXQG�WKDW�WKLV�DGGLWLRQDO�GHWDLO�LQ�WKH�WDEOH�FDXVHG�DQ�
LQFUHDVH�LQ�VXSSUHVVLRQ�DW�WKH�GLVWULFW�OHYHO�RI�DERXW����
�������ZLWK�+\SHU��DQG�DERXW����²������ZLWK�0RGXODU���

$V�H[SODLQHG�LQ��������LQ�SULQFLSOH��WKHUH�LV�D�ULVN�RI�
LQIHUHQWLDO�GLVFORVXUH��ZKHQ�WKH�ERXQGV�RI�WKH�
IHDVLELOLW\�LQWHUYDO�RI�D�VHQVLWLYH�FHOO�FRXOG�EH�XVHG�WR�
GHGXFH�ERXQGV�RQ�DQ�LQGLYLGXDO�UHVSRQGHQW�
FRQWULEXWLRQ�WKDW�DUH�WRR�FORVH�DFFRUGLQJ�WR�WKH�PHWKRG�
HPSOR\HG�IRU�SULPDU\�GLVFORVXUH�ULVN�DVVHVVPHQW��
+RZHYHU��IRU�ODUJH��FRPSOH[�VWUXFWXUHG�WDEOHV��WKLV�ULVN�
LV�UDWKHU�D�ULVN�SRWHQWLDO��QRW�FRPSDUDEOH�WR�WKH�
GLVFORVXUH�ULVN�WKDW�ZRXOG�UHVXOW�IURP�D�SXEOLFDWLRQ�RI�
WKDW�FHOO��$IWHU�DOO��WKH�HIIRUW�FRQQHFWHG�WR�WKH�
FRPSXWDWLRQ�RI�IHDVLELOLW\�LQWHUYDOV�EDVHG�RQ�WKH�IXOO�VHW�
RI�WDEOH�HTXDWLRQV�LV�TXLWH�FRQVLGHUDEOH��0RUHRYHU��LQ�D�
SDUW�RI�WKH�GLVFORVXUH�ULVN�FDVHV�RQO\�LQVLGHUV��RWKHU�
UHVSRQGHQWV��ZRXOG�DFWXDOO\�EH�DEOH�WR�GLVFORVH�WKH�
LQGLYLGXDO�FRQWULEXWLRQ��

$Q\ZD\��ZLWK�WKLV�GHILQLWLRQ��DQG�FRQVLGHULQJ�WKH�IXOO�
VHW�RI�WDEOH�HTXDWLRQV��LQ�VWXG\�%�ZH�IRXQG�EHWZHHQ�
DERXW������SURWHFWLRQ�E\�0RGXODU��DQG�DERXW�����
�SURWHFWLRQ�E\�+\SHU���RI�VHQVLWLYH�FHOOV�DW�ULVN�LQ�DQ�
DXGLW�VWHS�ZKHUH�ZH�FRPSXWHG�WKH�IHDVLELOLW\�LQWHUYDOV�
IRU�D�WDEXODWLRQ�E\�1$&(�DQG�VWDWH��DQG�IRU�WZR�PRUH�
GHWDLOHG�WDEOHV��GRZQ�WR�WKH�GLVWULFW�OHYHO��DXGLWHG�
VHSDUDWHO\�IRU�WZR�RI�WKH�VWDWHV��,Q�VWXG\�$��ZH�IRXQG�XS�
WR�DERXW���������������FHOOV�DW�ULVN�IRU�WKH���
GLPHQVLRQDO�WDEOHV�SURWHFWHG�E\�0RGXODU��+\SHUFXEH��
UHVS����DQG�IRU�WKH���GLPHQVLRQDO�WDEOHV�XS�WR�������
�0RGXODU��DQG������+\SHUFXEH���

2I�FRXUVH��WKH�ULVN�SRWHQWLDO�LV�PXFK�KLJKHU�IRU�DW�ULVN�
FHOOV�ZKHQ�WKH�DXGLW�LV�FDUULHG�RXW�VHSDUDWHO\�IRU�HDFK�
VXEWDEOH�ZLWKRXW�VXEVWUXFWXUH��F�I����������EHFDXVH�WKH�
HIIRUW�IRU�WKLV�NLQG�RI�DQDO\VLV�LV�PXFK�ORZHU��%HFDXVH�
0RGXODU�SURWHFWV�DFFRUGLQJ�WR�36��VWDQGDUG��WKHUH�DUH�
QR�VXFK�FHOOV�LQ�WDEOHV�SURWHFWHG�E\�0RGXODU��)RU�
+\SHU���LQ�VWXG\�%�ZH�IRXQG�DERXW�������FHOOV�DW�ULVN��
ZKHQ�FRPSXWLQJ�IHDVLELOLW\�LQWHUYDOV�IRU�VHYHUDO�
VXEWDEOHV�RI�D�GHWDLOHG�WDEXODWLRQ��

)RU�WKRVH�VXEWDEOHV��ZKHQ�SURWHFWHG�E\�0RGXODU��IRU�
DERXW��������RI�WKH�VLQJOHWRQV��LW�WXUQHG�RXW�WKDW�

'LVFORVXUH�5LVN�
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DQRWKHU�VLQJOHWRQ�ZRXOG�EH�DEOH�WR�GLVFORVH�LWV�
FRQWULEXWLRQ��+\SHU��VDWLVILHV�36��VWDQGDUG��WKHUHIRUH�
RI�FRXUVH�QR�VXFK�FDVH�ZDV�IRXQG��ZKHQ�WKH�WDEOH�ZDV�
SURWHFWHG�E\�+\SHU���

7KH�PHWKRGV�0RGXODU�DQG�+\SHUFXEH�RI�τ�$5*86�DUH�
SRZHUIXO�WRROV�IRU�VHFRQGDU\�FHOO�VXSSUHVVLRQ��
&RQFHUQLQJ�SURWHFWLRQ�DJDLQVW�H[WHUQDO�GLVFORVXUH�ERWK�
VDWLVI\�WKH�VDPH�SURWHFWLRQ�VWDQGDUG��+RZHYHU��0RGXODU�
JLYHV�PXFK�EHWWHU�UHVXOWV�UHJDUGLQJ�LQIRUPDWLRQ�ORVV��
(YHQ�FRPSDUHG�WR�D�YDULDQW�RI�+\SHUFXEH��+\SHU���ZLWK�
UHOD[HG�SURWHFWLRQ�VWDQGDUG��0RGXODU�SHUIRUPV�FOHDUO\�
EHWWHU��$OWKRXJK�ORQJHU�FRPSXWDWLRQ�WLPHV�IRU�WKLV�
PHWKRG��FRPSDUHG�WR�WKH�IDVW�K\SHUFXEH�PHWKRG��FDQ�
EH�D�QXLVDQFH�LQ�SUDFWLFH��WKH�UHVXOWV�FOHDUO\�MXVWLI\�WKLV�
DGGLWLRQDO�HIIRUW�²�DIWHU�DOO��LW�LV�SRVVLEOH��IRU�LQVWDQFH��WR�
SURWHFW�D�WDEOH�ZLWK�GHWDLOHG�KLHUDUFKLFDO�VWUXFWXUH�LQ�
WZR�GLPHQVLRQV�DQG�PRUH�WKDQ���������FHOOV�ZLWKLQ�
MXVW�DERXW�DQ�KRXU��&RQVLGHULQJ�WKH�WRWDO�FRVWV�LQYROYHG�
LQ�SURFHVVLQJ�D�VXUYH\��LW�ZRXOG�QHLWKHU�EH�MXVWLILHG�WR�
XVH�+\SHUFXEH��RU�+\SHU���RQO\�LQ�RUGHU�WR�DYRLG�WKH�
FRVWV�IRU�WKH�FRPPHUFLDO�OLFHQVH�ZKLFK�LV�QHFHVVDU\�WR�
UXQ�WKH�RSWLPL]DWLRQ�WRROV�RI�0RGXODU��

:H�DOVR�UHFRPPHQG�XVH�RI�0RGXODU�WR�DVVLJQ�VHFRQGDU\�
VXSSUHVVLRQV�LQ���GLPHQVLRQDO�WDEOHV��+RZHYHU��ZKHQ�
WKRVH�WDEOHV�DUH�JLYHQ�E\�KXJH�FODVVLILFDWLRQV��ORQJ�
FRPSXWDWLRQ�WLPHV�PD\�EHFRPH�DQ�DFWXDO�REVWDFOH��,W�
WRRN�XV��IRU�LQVWDQFH��DERXW����KRXUV�WR�UXQ�D�����[����
[����WDEOH��ILUVW�GLPHQVLRQ�KLHUDUFKLFDO���7KH�VDPH�WDEOH�
ZDV�SURWHFWHG�E\�+\SHU��ZLWKLQ�DERXW���PLQXWHV��
8QIRUWXQDWHO\��UHSODFLQJ�0RGXODU�E\�+\SHU��LQ�WKDW�
LQVWDQFH�OHDGV�WR�DERXW������LQFUHDVH�LQ�WKH�QXPEHU�RI�
VHFRQGDU\�VXSSUHVVLRQV��

$FFRUGLQJ�WR�RXU�ILQGLQJV��ZH�ZRXOG�H[SHFW�WKH�
+\SHUFXEH�PHWKRG��L�H��+\SHU���WR�EH�JRRG�DOWHUQDWLYH�
WR�0RGXODU��LI�

•� 7DEXODWLRQV�LQYROYH�PRUH�WKDQ���GLPHQVLRQV�DQG�
DUH�YHU\�ODUJH��DQG�

•� WKH�PDMRULW\�RI�WDEOH�HTXDWLRQV��H�J��URZV��
FROXPQV�«��DUH�ORQJ��LQYROYLQJ�PDQ\�SRVLWLRQV��DQG�

•� WKH�GLVWULEXWLRQ�RI�WKH�YDULDEOH�ZKLFK�LV�WDEXODWHG�LV�
UDWKHU�HYHQ��QRW�VNHZHG��UHVXOWLQJ�LQ�D�ORZHU�UDWH�RI�
VHQVLWLYH�FHOOV��DQG�

•� SURWHFWLRQ�DJDLQVW�LQIHUHQWLDO�GLVFORVXUH�LV�QRW�DQ�
LPSRUWDQW�LVVXH��IRU�LQVWDQFH�ZKHQ�D�PLQLPXP�
IUHTXHQF\�UXOH�LQVWHDG�RI�D�FRQFHQWUDWLRQ�UXOH�LV�
HPSOR\HG�WR�DVVHVV�WKH�SULPDU\�GLVFORVXUH�ULVN��

,Q�WKH�QH[W�VHFWLRQ�ZH�ZLOO�JLYH�VRPH�KLQWV�ZKDW�WR�GR��LI�
DFFRUGLQJ�WR�WKHVH�FRQGLWLRQV�XVH�RI�WKH�0RGXODU�
PHWKRG�VHHPV�WR�EH�QRW�DQ�RSWLRQ��EHFDXVH�WDEOH�VL]HV�

5HFRPPHQGDWLRQ�
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DUH�WRR�ODUJH��LQ�RUGHU�WR�DYRLG�WR�EH�FRQILQHG�WR�XVH�RI�
+\SHU��RU�+\SHU���

&RQFHUQLQJ�SURWHFWLRQ�DJDLQVW�VLQJOHWRQ��LQVLGHU��
GLVFORVXUH��WKH�+\SHUFXEH�PHWKRG�IXOILOV�D�KLJKHU�
VWDQGDUG��+RZHYHU��RXU�HPSLULFDO�UHVXOWV�FRQILUP�WKDW�
LQ�SUDFWLFH�WKHUH�DUH�YHU\�IHZ�VLQJOHWRQ�FHOOV�OHIW�
XQSURWHFWHG�E\�0RGXODU�DJDLQVW�WKLV�NLQG�RI�GLVFORVXUH�
ULVN��:H�DUH�WKHUHIRUH�FRQILGHQW�WKDW�WKH�SUREOHP�FDQ�EH�
IL[HG�HDVLO\�E\�D�VSHFLDOL]HG�DXGLW�VWHS�WKDW�ZRXOG�QRW�
HYHQ�LQYROYH�OLQHDU�SURJUDPPLQJ�PHWKRGV��

������3URFHVVLQJ�WDEOH�SURWHFWLRQ�HIILFLHQWO\�

:LWKLQ�WKLV�VHFWLRQ�ZH�JLYH�VRPH�JXLGDQFH�IRU�KRZ�WR�
IDFLOLWDWH�GLVFORVXUH�DQDO\VLV��DQG�KRZ�WR�XVH�WKH�
PHWKRGV�RI�τ�$5*86�LQ�DQ�HIILFLHQW�ZD\��)RU�PRUH�WLSV�
DQG�WULFNV�WR�LPSURYH�SUDFWLFDO�SHUIRUPDQFH��VHH��YDQ�
GHU�0HLMGHQ���������

(VSHFLDOO\�LQ�ODUJH�WDEOHV�ZLWK�GHWDLOHG�KLHUDUFKLFDO�
VWUXFWXUH�ZH�KDYH�REVHUYHG�WKDW�WKH�FKRLFH�RI�WKH�ODPGD�
�λ)−SDUDPHWHU�PD\�VXEVWDQWLDOO\�DIIHFW�WKH�VXSSUHVVLRQ�
SDWWHUQ�²�DQG�WKH�UHVXOWV�PD\�EH�XQH[SHFWHG��1RUPDOO\�
ZH�ZRXOG�H[SHFW�WKDW�FRQVWDQW�FHOO�FRVWV�ZLOO�OHDG�WR�D�
VROXWLRQ�ZLWK�D��UHODWLYHO\��VPDOO�QXPEHU�RI�VHFRQGDU\�
VXSSUHVVLRQV��,Q�KLHUDUFKLFDO�WDEOHV��KRZHYHU��LW�PD\�
WXUQ�RXW�WKDW�JLYHQ�WKLV�FRVW�IXQFWLRQ�WKH�0RGXODU�
PHWKRG�WHQGV�WR�VXSSUHVV�FHOOV�LQ�WKH�PDUJLQV�RI�
VXEWDEOHV�UDWKHU�WKDQ�LQQHU�FHOOV�ZKLFK�LQ�WXUQ�UHTXLUH�
DGGLWLRQDO�VXSSUHVVLRQV�LQ�D��OLQNHG��VXEWDEOH��7KLV�
HIIHFW�PD\�EH�VR�VWURQJ�WKDW�LQ�WKH�HQG��D�λ�FORVH�WR�]HUR�
\LHOGLQJ�DSSUR[LPDWHO\�FRQVWDQW�FRVWV�PD\�OHDG�WR�D�
ODUJHU�QXPEHU�RI�VXSSUHVVLRQV�DV�LI�D�ODUJHU�λ��VD\�������
KDG�EHHQ�FKRVHQ��)RU�ODUJHU�WDEOHV�LW�PDNHV�WKHUHIRUH�
VHQVH�WR�WHVW�WKH�RXWFRPH�ZLWK�GLIIHUHQW�YDOXHV�RI�λ���

,Q�������DERYH�ZH�DOUHDG\�GLVFXVVHG�KRZ�WR�VHW�XS�
WDEOHV�IRU�WDEXODU�GDWD�SURWHFWLRQ��,I�WKH�FRQFHSW�IRU�WKH�
SXEOLFDWLRQ�LV�QRW�\HW�IL[HG��VRPH�WDEOH�UHGHVLJQ�PD\�
KHOS�WR�UHGXFH�WKH�FRPSOH[LW\�RI�WKH�SUREOHP��

,I�D�ODUJH�QXPEHU�RI�VHQVLWLYH�FHOOV�DUH�SUHVHQW�LQ�D�
WDEOH��LW�PLJKW�EH�DQ�LQGLFDWLRQ�WKDW�WKH�VSDQQLQJ�
YDULDEOHV�DUH�WRR�GHWDLOHG��,Q�WKDW�FDVH�RQH�FRXOG�
FRQVLGHU�FRPELQLQJ�FHUWDLQ�URZV�DQG�FROXPQV�LQ�WKH�
WDEOH���7KLV�PLJKW�QRW�DOZD\V�EH�SRVVLEOH�EHFDXVH�RI�
SXEOLFDWLRQ�SROLF\���2WKHUZLVH�WKH�QXPEHU�RI�VHFRQGDU\�
FHOO�VXSSUHVVLRQV�PLJKW�MXVW�EH�WRR�HQRUPRXV��,W�LV�D�
SURSHUW\�RI�WKH�VHQVLWLYLW\�UXOHV�WKDW�D�MRLQW�FHOO�LV�VDIHU�
WKDQ�DQ\�RI�WKH�LQGLYLGXDO�FHOOV��6R�DV�D�UHVXOW�RI�WKLV�
RSHUDWLRQ�WKH�QXPEHU�RI�XQVDIH�FHOOV�LV�UHGXFHG��2QH�
FDQ�WU\�WR�HOLPLQDWH�DOO�XQVDIH�FRPELQDWLRQV�LQ�WKLV�
ZD\��EXW�WKDW�PLJKW�OHDG�WR�DQ�XQDFFHSWDEO\�KLJK�
LQIRUPDWLRQ�ORVV��,QVWHDG��RQH�FRXOG�VWRS�DW�VRPH�SRLQW��

7DEOH�GHVLJQ�

7DEOH�UHGHVLJQ�
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DQG�HOLPLQDWH�WKH�UHPDLQLQJ�XQVDIH�FRPELQDWLRQV�E\�
XVLQJ�RWKHU�WHFKQLTXHV�VXFK�DV�FHOO�VXSSUHVVLRQ��

,Q�SUDFWLFH��LW�PD\�DOVR�RIWHQ�EH�FRQVLGHUHG�LPSUDFWLFDO�
DQG�DOVR�QRW�DGHTXDWH�WR�GR�WKH�GLVFORVXUH�DQDO\VLV�IRU�
HDFK�WDEOH�RI�WKH�HQWLUH�SXEOLFDWLRQ�VHSDUDWHO\��$�ZHOO�
NQRZQ�VLPSOLILFDWLRQ�LV�WR�IRFXV�WKH�DQDO\VLV�RQ�FHUWDLQ�
OHDG�YDULDEOHV��7KHVH�OHDG�WDEOHV�DUH�SURWHFWHG�ZLWK�
τ−$5*86�DV�GHVFULEHG�DERYH�DQG�WKH�SDWWHUQ�IRXQG�LV�
WKHQ�XVHG�IRU�DOO�WKH�RWKHU�WDEOHV��7KLV�VWUDWHJ\�KDV�WKH�
DGYDQWDJH�WKDW�LW�LV�HIILFLHQW�DQG�SUHYHQWV�WKH�
UHFDOFXODWLRQ�RI�VXSSUHVVHG�FHOOV�E\�XVLQJ�WKH�LQKHUHQW�
UHODWLRQV�EHWZHHQ�WKH�GLIIHUHQW�WDEOHV�LQ�WKH�SXEOLFDWLRQ��
7KH�IDFW�WKDW�IRU�FHUWDLQ�FHOOV�LQ�WKH�RWKHU�WDEOHV�QRW�
DOZD\V�DOO�FHOOV�WKDW�VKRXOG�EH�FRQVLGHUHG�XQVDIH�
DFFRUGLQJ�WR�WKH�FRQFHQWUDWLRQ�UXOHV�ZLOO�DFWXDOO\�EH�
FRQVLGHUHG�XQVDIH��LV�FRQVLGHUHG�D�PLQRU�SUREOHP���

$�FRPSURPLVH�EHWZHHQ�WKH�FRS\LQJ�RI�WKH�VXSSUHVVLRQ�
SDWWHUQ�DQG�SURWHFWLQJ�HDFK�WDEOH�LQGLYLGXDOO\�LV�WKH�
FRRUGLQDWLRQ�RI�WKH�SULPDU\�VXSSUHVVLRQV�RQO\��7KLV�
VWUDWHJ\�LV�VXSSRUWHG�E\�WKH�FRQFHSW�RI�VKDGRZ�
YDULDEOHV�LQ�τ−$5*86��7KH�VKDGRZ�YDULDEOH�LV�XVHG�IRU�
WKH�OHDG�WDEOH�DQG�RQO\�IRU�ILQGLQJ�WKH�SULPDU\�XQVDIH�
FHOOV��$IWHU�WKDW�WKH�SDWWHUQ�LV�XVHG�IRU�HDFK�LQGLYLGXDO�
WDEOH�LWVHOI�DQG�WKH�VHFRQGDU\�FHOO�VXSSUHVVLRQ�LV�GRQH�
LQ�WKH�WUDGLWLRQDO�ZD\��

7KH�ZKROH�WKHRU\�RI�SULPDU\�XQVDIH�FHOOV�LV�EDVHG�RQ�
WKH�LGHD�WKDW�FHUWDLQ�ODUJHU�FRQWULEXWRUV�LQ�D�FHOO�PLJKW�
EH�DW�ULVN�DQG�QHHG�SURWHFWLRQ��7KH�ODUJHVW�FRQWULEXWRUV�
WKHUHIRUH�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�VHQVLWLYLW\�UXOHV��

2IWHQ�WKH�FHOO�YDOXH�LWVHOI�LV�D�YHU\�JRRG�HVWLPDWH�RI�WKH�
VL]H�RI�WKH�FRQWULEXWRUV��%XW�VRPHWLPHV�WKH�FHOO�YDOXH�RI�
D�WDEOH�LV�QRW�DOZD\V�WKH�EHVW�LQGLFDWRU�RI�WKH�VL]H�RI�WKH�
FRPSDQ\��(�J��LI�WKH�FHOO�YDOXH�LV�WKH�LQYHVWPHQW�LQ�
VRPH�FRPPRGLW\��QRW�DOZD\V�WKH�ODUJHVW�FRPSDQLHV�
KDYH�WKH�ODUJHVW�YDOXHV��6LPSO\�DSSO\LQJ�WKH�VHQVLWLYLW\�
UXOHV�ZRXOG�\LHOG�WR�D�VLWXDWLRQ�WKDW�D�UDWKHU�VPDOO�
FRPSDQ\�ZLOO�GRPLQDWH�WKH�FHOO�DQG�IRUFH�WKH�FHOO�WR�
EHFRPH�XQVDIH��,I�ZH�DVVXPH�WKDW�WKLV�VPDOOHU�FRPSDQ\�
LV�QRW�YHU\�ZHOO�NQRZQ�DQG�YLVLEOH�WKHUH�LV�QR�UHDVRQ�WR�
SURWHFW�WKLV�FHOO���

,I�ZH�ZDQW�WR�SURWHFW�WKH�UHDO�ODUJH�FRPSDQLHV�LW�FRXOG�
EH�D�JRRG�LGHD�WR�DSSO\�WKH�VHQVLWLYLW\�UXOHV�RQ�DQRWKHU�
WDEOH��VKDGRZ�YDULDEOH��ZLWK�WKH�VDPH�VSDQQLQJ�
YDULDEOHV��H�J��WXUQ�RYHU��DQG�XVH�WKH�SDWWHUQ�RI�SULPDU\�
XQVDIH�FHOOV��&RS\�WKH�SDWWHUQ�WR�WKH�FXUUHQW�WDEOH�DQG�
FRPSXWH�WKH�VHFRQGDU\�XQVDIH�FHOOV�LQ�WKH�QRUPDO�ZD\��

,Q�τ�$5*86�ZH�FDOO�WKH�WDEOH�ZKHUH�WKH�SULPDU\�XQVDIH�
FHOOV�DUH�FRPSXWHG�WKH�VKDGRZ�WDEOH��

$QRWKHU�UHDVRQ�IRU�XVLQJ�D�VKDGRZ�YDULDEOH�FRXOG�EH�
WKH�FRRUGLQDWLRQ�RI�WKH�SDWWHUQ�LQ�GLIIHUHQW�WDEOHV�ZLWK�

6KDGRZ�YDULDEOHV�
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WKH�VDPH�VSDQQLQJ�YDULDEOHV�EDVHG�RQ�RQH�GDWDVHW��6HH�
WKH�UHPDUNV�RQ�SHULRGLFDO�GDWDVHWV�EHORZ��

$�FRPPRQO\�XVHG�VWUDWHJ\�WR�VLPSOLI\�GLVFORVXUH�
DQDO\VLV�LV�QRW�WR�UHIOHFW�WKH�IXOO�OLQHDU�UHODWLRQVKLS�
EHWZHHQ�SXEOLVKHG�WDEXODWLRQ�FHOOV�LQ�WKH�WDEOH�
SURWHFWLRQ�SURFHGXUH��$�W\SLFDO�FDVH��ZKHUH�WKLV�ZRXOG�
EH�MXVWLILHG�LV�WKH�IROORZLQJ��$VVXPH�ZH�SXEOLVK�VDODULHV�
RI�VHDVRQDO�ZRUNHUV�IURP�IRUHLJQ�FRXQWULHV��6IRUHLJQHUV���
DQG�DOVR�VDODULHV�RI�DOO�VHDVRQDO�ZRUNHUV��66�:���E\�
UHJLRQ��IRU�LQVWDQFH��1RUPDOO\��IRU�WDEOH�SURWHFWLRQ�ZH�
VKRXOG�FRQVLGHU�WKH�UHODWLRQ�
�5���66�:� �6IRUHLJQHUV���6QRQ�IRUHLJQHUV��HYHQ�LI�ZH�DUH�QRW�
LQWHUHVWHG�LQ�SXEOLVKLQJ�6QRQ�IRUHLJQHUV�GDWD��DQG�PD\�QRW�
HYHQ�KDYH�FROOHFWHG�WKHP��7\SLFDOO\�66�:�GDWD�ZRXOG�DOVR�
DSSHDU�LQ�RWKHU�UHODWLRQV��IRU�LQVWDQFH�WRJHWKHU�ZLWK�
GDWD�IRU�SHUPDQHQW�ZRUNHUV�DV�
�5���6DOO� �66�:���6SHUPDQHQW���VR�ZH�ZRXOG�KDYH�WR�SURWHFW�D�
VHW�RI�OLQNHG�WDEOHV��)URP�D�SUDFWLFDO�SRLQW�RI�YLHZ�WKLV�
LV�RI�FRXUVH�QRW�GHVLUDEOH��:H�DVVXPH�QRZ�WKDW�
6QRQ�IRUHLJQHUV�ILJXUHV�DUH�IRU�DOO�UHJLRQV�PXFK�ODUJHU�DV�
66�:�ILJXUHV�DQG�WKDW�WKH�6QRQ�IRUHLJQHUV�DUH�QRW�SXEOLVKHG��
7KHQ�WKH�66�:�ILJXUHV�FDQQRW�EH�XVHG�WR�HVWLPDWH�D�
VHQVLWLYH�6IRUHLJQHUV�FHOO�YDOXH��,W�LV�WKXV�QRW�QHFHVVDU\�WR�
FR�RUGLQDWH�WKH�VXSSUHVVLRQ�SDWWHUQ�IRU�66�:�DQG�
6IRUHLJQHUV��7KLV�PHDQV�WKDW�LW�LV�QRW�QHFHVVDU\�WR�FDUU\�
RXW�WDEXODU�GDWD�SURWHFWLRQ�IRU�WKH��5���E\�5HJLRQ�
WDEXODWLRQ��,W�LV�HQRXJK�WR�SURWHFW�WZR�VHSDUDWH�WDEOHV��
66�:��RU��5���E\�5HJLRQ��DQG�6IRUHLJQHUV�E\�5HJLRQ��

7KLV�KDV�EHHQ�DQ�LQVWDQFH�RI�KRZ�WR�DYRLG�D�OLQNHG�
WDEOHV�VWUXFWXUH��7KRVH�VWUXFWXUHV�FDQ��RQ�WKH�RWKHU�
KDQG��EH�YHU\�XVHIXO�WR�PDNH�WDEXODU�GDWD�SURWHFWLRQ�
SUREOHPV�WUDFWDEOH�LQ�SUDFWLFH��

$VVXPH�ZH�KDYH�FROOHFWHG�GDWD�RQ�ODERXU�FRVWV��
LQFOXGLQJ�LQIRUPDWLRQ�RQ�1$&(�FDWHJRU\��5HJLRQ��DQG�
6L]H�FODVV�RI�WKH�QXPEHU�RI�HPSOR\HHV��:H�PD\�ZDQW�WR�
UHOHDVH�D���GLPHQVLRQDO�WDEXODWLRQ�RI�ODERXU�FRVWV�E\�
1$&(��5HJLRQ�DQG�6L]H�&ODVV��/RRNLQJ�DW�WKLV�WDEOH�
KRZHYHU��ZH�PD\�UHDOL]H�WKDW�ZKLOH�IRU�D�FHUWDLQ�VHFWLRQ�
�VD\��1$&(���RI�WKH�HFRQRP\�WKLV�DPRXQW�RI�GHWDLOV�PD\�
EH�DGHTXDWH��IRU�WKH�RWKHUV��1$&(���1$&(���«��1$&(Q��
LW�LV�QRW��,Q�WKRVH�VHFWLRQV�PDQ\�RI�WKH�ORZHU�OHYHO�FHOOV�
DUH�HLWKHU�HPSW\��RU�VHQVLWLYH��$V�SRLQWHG�RXW�DW�WKH�HQG�
RI�WKH�VHFWLRQ�RQ�LQIRUPDWLRQ�ORVV�RI��������PRUH�GHWDLO�
LQ�D�WDEXODWLRQ�JHQHUDOO\�OHDGV�WR�PRUH�VXSSUHVVLRQV�RQ�
WKH�KLJKHU�OHYHOV��7KLV�NLQG�RI�RYHUVXSSUHVVLRQ�FDQ�EH�
DYRLGHG�E\�WDNLQJ�D�VSOLWWLQJ�DSSURDFK��VSOLWWLQJ�WKH�
WDEOH�LQWR�D�VHW�RI�OLQNHG�WDEOHV��,QVWHDG�RI�RQH�WDEOH��ZH�
SURWHFW�WKUHH������/DERXU�FRVWV�E\�5HJLRQ��6L]H�&ODVV�
DQG�1$&(�������/DERXU�FRVWV�E\�5HJLRQ�DQG�1$&(��DQG�
����/DERXU�FRVWV�E\�VL]H�FODVV�DQG�1$&(��(YHQ�WKRXJK�
ZH�FDQQRW�WKHQ�UHOHDVH�DQ\�ODERXU�FRVW�GDWD�IRU�D�
SDUWLFXODU�1$&(�FDWHJRU\��LQ�D�SDUWLFXODU�5HJLRQ�DQG�LQ�

,JQRUH�UHVSRQVH�YDULDEOH�
UHODWLRQV�

6SOLWWLQJ�GHWDLOHG�WDEOHV�
LQWR�VHWV�RI�OHVV�GHWDLOHG��

OLQNHG�WDEOHV�
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D�SDUWLFXODU�6L]H�&ODVV�XQOHVV�WKH�1$&(�FDWHJRU\�
EHORQJV�WR�1$&(���WKH�DGGLWLRQDO�XQVXSSUHVVHG�
LQIRUPDWLRQ�JDLQHG�E\�PHDQV�RI�WKH�VSOLWWLQJ�DSSURDFK�
�DV�FRPSDUHG�WR�WKH�VLPSOH�DSSURDFK�GHDOLQJ�ZLWK�D�
VLQJOH���GLPHQVLRQDO�WDEOH�RQO\��LV�XVXDOO\�UDWHG�PXFK�
KLJKHU��

(VSHFLDOO\�ZKHQ�ZRUNLQJ�ZLWK�WKH�0RGXODU�PHWKRG�IRU�
VHFRQGDU\�FHOO�VXSSUHVVLRQ��XVLQJ�KLHUDUFKLFDOO\�
VWUXFWXUHG�YDULDEOHV�XVXDOO\�KHOSV�D�ORW�WR�UHGXFH�
FRPSXWDWLRQDO�FRPSOH[LW\��DQG�KHQFH�FRPSXWLQJ�WLPH��
6PDOOHU�QXPEHUV�RI�FDWHJRULHV�SHU�HTXDWLRQ�ZLOO�PDNH�
WKH�SURJUDP�UXQ�IDVWHU��)RU�WKH�K\SHUFXEH�PHWKRG��WKLV�
LV�OHVV�RI�DQ�LVVXH��+HUH�LW�LV�JHQHUDOO\�JRRG�WR�DYRLG�
VWUXFWXUHV�ZLWK�YHU\�IHZ�FDWHJRULHV�ZLWKLQ�D�UHODWLRQ��
7KH�PHWKRG�KDV�EHHQ�GHYHORSHG�IRU�ODUJH�WDEOHV��ZKHUH�
WKH�QXPEHU�RI�FDWHJRULHV�SHU�UHODWLRQ�LV�XVXDOO\�OHVV�
WKDQ�����

:H�H[SODLQ�QRZ�D�ZD\�KRZ�WR�SURFHVV�D�VHW�RI�OLQNHG�
WDEOHV��IRU�LQVWDQFH�7���7���7��XVLQJ�0RGXODU�IRU�
VHFRQGDU\�FHOO�VXSSUHVVLRQ��7KLV�SURFHVV�LV�QRUPDOO\�DQ�
LWHUDWLYH�SURFHVV��7KH�PHWKRG�GHVFULEHG�KHUH�LV�UHIHUUHG�
WR�DV�´WUDGLWLRQDO�PHWKRGµ�LQ�GH�:ROI��*LHVVLQJ���������
'H�:ROI��*LHVVLQJ��������VXJJHVW�DQ�H[WHQVLRQ�RI�WKH�
τ�$5*86�0RGXODU��UHIHUUHG�WR�DV�´DGDSWHG�0RGXODUµ��
PHWKRG�DV�D�PXFK�PRUH�SUDFWLFDO�DSSURDFK�WR�GHDO�ZLWK�
OLQNHG�WDEOHV��2QFH�WKLV�H[WHQVLRQ�LV�DYDLODEOH�WKH�
PHWKRG�GHVFULEHG�LQ�WKH�IROORZLQJ�VKRXOG�EH�XVHG�RQO\�
LQ�FDVHV�ZKHUH�WKH�DGDSWHG�0RGXODU�PHWKRG�FDQQRW�EH�
DSSOLHG�WR�WKH�IXOO�VHW�RI�OLQNHG�WDEOHV���I�L��LI�WKH�WDEOHV�
LQYROYH�WRR�PDQ\�GLPHQVLRQV���

7KH�TXHVWLRQ�LV�WKHQ��ZKLFK�SURWHFWLRQ�OHYHOV��F�I���������
WR�DVVLJQ�WR�WKRVH�¶PDQXDOO\�XQVDIH�FHOOV·��LQ�WKH�
τ�$5*86�WHUPLQRORJ\���$�SURSHU�PHWKRG�ZRXOG�FRQVLVW�
RI�XVLQJ�D�&7$�PHWKRG��F�I���������WR�ILQG�WKH�FORVHVW�
DGMXVWHG�WDEOH�7��WR�7��WKDW�LV�FRQVLVWHQW�ZLWK�WKH�
VXSSUHVVLRQ�SDWWHUQ�6����WKDW�LV��DOO�FHOO�YDOXHV�RI�7��
FHOOV�WKDW�DUH�QRW�LQ�6���PXVW�EH�LGHQWLFDO�WR�WKH�RULJLQDO�
7��FHOO�YDOXHV���DQG�WKH�FRQVWUDLQWV�LPSRVHG�E\�WKH�
SURWHFWLRQ�OHYHOV�IRU�WKH�VHQVLWLYH�FHOOV��:H�FRXOG�WKHQ�
FRPSXWH�SURWHFWLRQ�OHYHOV�IRU�6���FHOOV�RQ�EDVLV�RI�WKH�
GLVWDQFHV�EHWZHHQ�DGMXVWHG�DQG�RULJLQDO�FHOO�YDOXH��,Q�
SUDFWLFH�D�PXFK�VLPSOHU�DSSURDFK�LV�XVXDOO\�WDNHQ��E\�
DVVLJQLQJ�D�IL[HG�SHUFHQWDJH��WKH�¶PDQXDO�VDIHW\�UDQJH·�
τ�$5*86�WHUPLQRORJ\��RI�WKH�FHOO�YDOXH�DV�SURWHFWLRQ�
OHYHO��7KHUH�LV��KRZHYHU��QR�ZD\�WR�WHOO�ZKLFK�SHUFHQWDJH�
ZRXOG�EH�VXLWDEOH��ZKHQ�D�VPDOO�FHOO�LV�D�VHFRQGDU\�
VXSSUHVVLRQ�IRU�D�ODUJH��VWURQJO\�VHQVLWLYH�FHOO��D�
SURWHFWLRQ�OHYHO�HYHQ�RI�������PD\�EH�UHTXLUHG��2Q�WKH�
RWKHU�KDQG��ZKHQ�D�ODUJH�FHOO�LV�D�VHFRQGDU\�
VXSSUHVVLRQ�IRU�D�YHU\�VPDOO�VHQVLWLYH�FHOO��HYHQ�����
PD\�FDXVH�RYHUSURWHFWLRQ��

8VH�RI�KLHUDUFKLFDO�
VWXFWXUHV�

+RZ�WR�SURFHVV�OLQNHG�
WDEOHV�
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$IWHU�SURFHVVLQJ�7��LQ�WKLV�IDVKLRQ��7��LV�SURFHVVHG��,Q�
DGGLWLRQ�WR�WKH�6����FHOOV��KHUH�ZH�DOVR�KDYH�WR�FRQVLGHU�
DV�DGGLWLRQDO�VXSSUHVVLRQV�6����FHOOV��L�H��WKH�VXEVHW�RI�
VHFRQGDU\�VXSSUHVVLRQV�VHOHFWHG�IRU�7DEOH�7��GXULQJ�
WKH�ILUVW�LWHUDWLRQ�ZKLFK�DUH�LGHQWLFDO�WR�D�FHOO�LQ�7���

,Q�WKLV�ZD\��ZKHQ�SURFHVVLQJ�WDEOH�7L��L� ��������LQ�
LWHUDWLRQ�VWHS�N���ZH�FRQVLGHU�DV�DGGLWLRQDO�
VXSSUHVVLRQV� ( )� �

�
����

NN LM
LMNNLNLNL 6666

< <
∪∪∪ ���ZKLOH�ZH�

PD\�WU\�WR�DYRLG��E\�ZHLJKWLQJ��RU�E\�VHWWLQJ�FHOO�VWDWXV�
WR�¶SURWHFWHG·��WKDW�WKRVH�FHOOV�WKDW�WKH�WDEOHV�KDYH�LQ�
FRPPRQ��L�H��WKH�FHOOV�RI� ( )M7L M L≠ ��DQG�WKDW�DUH�QRW�

DOUHDG\�FRQWDLQHG�LQ�WKH�VHW�RI�DGGLWLRQDO�VXSSUHVVLRQV�
DUH�VHOHFWHG�DV�VHFRQGDU\�VXSSUHVVLRQV��1RWH�WKDW�ZH�
DVVLJQ�����SURWHFWLRQ�OHYHOV�WR�FHOOV�LQ�6LNL��WKH�VHW�RI�
VHFRQGDU\�VXSSUHVVLRQ�ZKLFK�KDYH�EHHQ�DVVLJQHG�WR�WKH�
FXUUHQW�WDEOH�LQ�D�SUHYLRXV�VWHS�N�RI�WKH�LWHUDWLRQ��7KH�
SURFHVV�LV�FRQWLQXHG�XQWLO�IRU�HDFK�RI�WKH�WDEOHV�WKH�VHW�
RI�DGGLWLRQDO�VXSSUHVVLRQV�WKDW�KDV�WR�EH�FRQVLGHUHG�
ZKHQ�SURFHVVLQJ�WKH�WDEOH�LQ�WKLV�VWHS�LV�LGHQWLFDO�WR�WKH�
VHW�FRQVLGHUHG�LQ�WKH�SUHYLRXV�VWHS��

7KH�QHFHVVDU\�PRGLILFDWLRQV�RI�FHOO�SURSHUWLHV�OLNH�FHOO�
VWDWXV��RU�FHOO�FRVWV�FDQ�EH�DFKLHYHG�UHODWLYHO\�HDVLO\�
XVLQJ�WKH�D�SULRUL�ILOH�IDFLOLW\�RI�τ�$5*86��7KH�JHQHUDO�
FRQFHSW�RI�WKLV�ILOH�LV�RXWOLQHG�LQ�WKH�IROORZLQJ�

7KURXJK�WKH�VWDQGDUG�VHQVLWLYLW\�UXOHV�DQG�RWKHU�
RSWLRQV�ZH�FDQ�DSSO\�DOO�NLQGV�RI�6'&�PHWKRGV��
1HYHUWKHOHVV�WKHUH�DUH�VLWXDWLRQV�ZKLFK�VWLOO�UHTXLUH�
¶PDQXDO·�LQWHUYHQWLRQ��(�J��IRU�VRPH�RWKHU�RXWVLGH�
UHDVRQ�D�FHOO�PXVW�EH�VXSSUHVVHG�RU�FRQWUDULO\�PXVW�EH�
H[FOXGHG�IURP�VHFRQGDU\�VXSSUHVVLRQ��([DPSOHV�DUH�
WKH�H[SRUWV�RI�FHUWDLQ�VHQVLWLYH�JRRGV��PLOLWDU\�
HTXLSPHQW��WR�FHUWDLQ�FRXQWULHV��7KHVH�FHOOV�PXVW�EH�
VXSSUHVVHG��6RPHWLPHV�D�FHOO�YDOXH�LV�NQRZQ�DOUHDG\�WR�
RXWVLGHUV��PD\EH�E\�RWKHU�SXEOLFDWLRQV�HWF��DQG�
WKHUHIRUH�FDQQRW�EH�VHOHFWHG�DV�D�VHFRQGDU\�
VXSSUHVVLRQ��

$OVR�WKH�SUHIHUHQFHV�IRU�WKH�VHOHFWLRQ�RI�WKH�VHFRQGDU\�
VXSSUHVVLRQV�YLD�WKH�FRVW�IXQFWLRQ�FRXOG�EH�XVHG�DV�DQ�
RSWLRQ�WR�LQIOXHQFH�WKH�VHFRQGDU\�VXSSUHVVLRQ�SDWWHUQ��
7KLV�PLJKW�EH�WKH�UHVXOW�RI�WKH�\HDU�WR�\HDU�SHULRGLFDO�
GDWD�LVVXH��VHH�EHORZ���

6SHFLI\LQJ�DOO�WKLV�LQIRUPDWLRQ�PDQXDOO\�GXULQJ�D�
τ�$5*86�UXQ�IRU�D�ODUJH�WDEOH�FDQ�EH�UDWKHU�
FXPEHUVRPH�DQG�HUURU�SURQH��,Q�WKH�EDWFK�YHUVLRQ�RI�
τ�$5*86�LW�LV�HYHQ�LPSRVVLEOH�WR�GR�WKLV��6R�WKH�
D�SULRU\�ILOH�KDV�EHHQ�LQWURGXFHG���

,Q�WKLV�ILOH�WKH�XVHU�FDQ�VSHFLI\�IRU�HDFK�FHOO��E\�JLYLQJ�
WKH�YDOXHV�RI�WKH�VSDQQLQJ�YDULDEOHV��

$�SULRUL�ILOH�
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•� FHOOV�FDQQRW�EH�VHOHFWHG�DV�VHFRQGDU\�VXSSUHVVLRQV�

•� FHOOV�WKDW�PXVW�EH�VXSSUHVVHG�

•� VSHFLI\�D�QHZ�YDOXH�RI�WKH�FRVW�IXQFWLRQ�IRU�D�FHOO��
WKLV�FDQ�EH�HLWKHU�KLJK�RU�ORZ��7KLV�ZLOO�LQIOXHQFH�
WKH�FKDQFH�RI�D�FHOO�DV�D�FDQGLGDWH�IRU�VHF��
VXSSUHVVLRQ��
1RWH�WKDW�WKLV�RSWLRQ�LV�QRW�YDOLG�IRU�WKH�K\SHUFXEH��
DV�WKH�K\SHUFXEH�KDV�LWV�RZQ�FRVW�IXQFWLRQ��WKDW�
FDQQRW�EH�LQIOXHQFHG��

)XUWKHU�GHWDLOV�RI�WKLV�ILOH�FDQ�EH�IRXQG�LQ�WKH�
τ�$5*86�PDQXDO��

,I�WDEOHV�DUH�SURYLGHG�UHJXODUO\��VD\�PRQWKO\��TXDUWHUO\�
RU�DQQXDOO\��FHUWDLQ�SUREOHPV�PD\�EH�FRQQHFWHG�WR�
GLVFORVXUH�FRQWURO��)LUVWO\��LW�PD\�VHHP�WR�EH�WRR�PXFK�
HIIRUW��6HFRQGO\��LI�ZH�GR�GLVFORVXUH�DQDO\VLV�
LQGHSHQGHQWO\�HDFK�WLPH��VXSSUHVVLRQ�SDWWHUQV�PD\�
GLIIHU��:H�ZLOO�KDYH�WKH�VLWXDWLRQ�WKDW�ZH�SXEOLVK�D�
SDUWLFXODU�FHOO�YDOXH�IRU�RQH�SHULRG��EXW�XVH�LW�DV�
VHFRQGDU\�VXSSUHVVLRQ�LQ�WKH�QH[W�SHULRG��$OVR�ZLWK�D�
FHOO�SXEOLVKHG�LQ�RQH�SHULRG��EXW�EHFRPLQJ�D�SULPDU\�
FHOO�LQ�WKH�VHFRQG�SHULRG��WKHUH�LV�D�ULVN�RI�D�YHU\�
QDUURZ�HVWLPDWH�EDVHG�RQ�WKH�SUHYLRXV�SHULRG��
(VSHFLDOO\�LI�WKH�REVHUYDWLRQV�WHQG�WR�EH�UDWKHU�FRQVWDQW�
RYHU�WLPH�WKH�SUH�SHULRG�YDOXH�PLJKW�EH�D�FORVH�HVWLPDWH�
RI�WKH�VXSSUHVVHG�YDOXH�IRU�WKH�FXUUHQW�SHULRG��ZKLFK�
WKHQ�PLJKW�EH�XVHG�WR�GLVFORVH�D�FXUUHQW�SHULRG�
VHQVLWLYH�FHOO���

$Q�DOWHUQDWLYH�PLJKW�EH�VLPSO\�WR�FRS\�WKH�VXSSUHVVLRQ�
SDWWHUQ�RI�WKH�SUHYLRXV�SHULRG��DQG�DGG�VRPH��SULPDU\�
DQG�VHFRQGDU\�²�LI�UHTXLUHG��VXSSUHVVLRQV�IRU�WKRVH�
FDVHV�ZKHUH�FHOOV�ZHUH�QRW�VHQVLWLYH�LQ�WKH�ODVW�SHULRG��
EXW�DUH�VHQVLWLYH�LQ�WKH�FXUUHQW�SHULRG��$QRWKHU�RSWLRQ�
ZRXOG�EH�WR�DVVLJQ�ORZ�FRVWV�WR�SUHYLRXV�SHULRG�
VXSSUHVVLRQV�ZKHQ�DVVLJQLQJ�VHFRQGDU\�VXSSUHVVLRQV�
WR�WKH�FXUUHQW�GDWD�WDEOHV��+RZHYHU��ERWK�WKHVH�
VWUDWHJLHV�ZLOO�FDXVH�DQ�LQFUHDVH�LQ�LQIRUPDWLRQ�ORVV��
ZKLFK�ZLOO�EH�VWURQJHU�WKH�PRUH�FKDQJHV�WKHUH�DUH�LQ�
FHOO�VHQVLWLYLW\�EHWZHHQ�SHULRGV��

,Q�VHFWLRQ�������ZH�DOUHDG\�GLVFXVVHG�WKH�SUREOHP�RI�
QHJDWLYH�FRQWULEXWLRQV��SUHVHQWLQJ�DQ�LGHD�RQ�KRZ�WR�
VROYH�WKH�SUREOHP�ZLWK�UHVSHFW�WR�SULPDU\�SURWHFWLRQ��
+RZHYHU��ZKHQ�WKHUH�DUH�QHJDWLYH�FRQWULEXWLRQV��LW�PD\�
DOVR�KDSSHQ�WKDW�VRPH�RI�WKH�WDEOH�FHOO�YDOXHV�WXUQ�RXW�
WR�EH�QHJDWLYH��7KH�FXUUHQW�YHUVLRQ�RI�τ�$5*86�GRHV�QRW�
\HW�VXSSRUW�WKH�SURFHVVLQJ�RI�VXFK�D�WDEOH��EXW�D�OLWWOH�
SUH�SURFHVVLQJ�PD\�VROYH�WKH�SUREOHP��

,I�WKH�PLFURGDWD�DUH�DYDLODEOH��RQH�VKRXOG�VLPSO\�DGG�
DQRWKHU�YDULDEOH�WR�WKH�GDWDVHW�SUHVHQWLQJ�WKH�DEVROXWH�
YDOXHV�IRU�WKH�YDULDEOH�RI�LQWHUHVW��&HOO�VXSSUHVVLRQ�
VKRXOG�WKHQ�EH�EDVHG�RQ�WKLV��SRVLWLYH��YDULDEOH��$V�

3HULRGLFDO�GDWD�

7DEOHV�ZLWK�QHJDWLYH�
YDOXHV�
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H[SODLQHG�LQ��������ZH�UHFRPPHQG�XVH�RI�D�PLQLPXP�
IUHTXHQF\�UXOH��UDWKHU�WKDQ�D�FRQFHQWUDWLRQ�UXOH�LQ�
VXFK�D�FDVH��+HQFH��WDNLQJ�DEVROXWH�YDOXHV�ZRXOG�QRW�
DIIHFW�WKH�UHVXOWV�RI�SULPDU\�VXSSUHVVLRQ��$V�H[SODLQHG�
LQ��������ZH�UHFRPPHQG�XVLQJ�SURWHFWLRQ�OHYHOV�RI�]HUR�
LQ�WKH�FDVH�RI�D�PLQLPXP�IUHTXHQF\�UXOH��6R�WKH�IDFW�
WKDW�VRPH�FHOO�YDOXHV�ZLOO�EH�ODUJHU�IRU�WKH�VKDGRZ�
YDULDEOH�WKDQ�IRU�WKH�RULJLQDO�YDULDEOH�ZLOO�KDYH�QR�HIIHFW�
RQ�WKH�IHDVLELOLW\�FKHFNV�ZLWK�LQ�WKH�SURFHVV�RI�
VHFRQGDU\�FHOO�VXSSUHVVLRQ��,W�PD\�VWLOO�KDYH�DQ�HIIHFW�
RQ�WKH�VHOHFWLRQ�RI�VHFRQGDU\�VXSSUHVVLRQV��LI�ZH�XVH�
WKLV�VKDGRZ�YDULDEOH�DOVR�DV�FRVW�YDULDEOH��EHFDXVH�LQ�
WKDW�ZD\�ZH�DVVLJQ�WRR�ODUJH�FRVWV�WR�FHOOV�ZLWK�PDQ\�
DQG�RU�ODUJH�QHJDWLYH�FRQWULEXWLRQV��+RZHYHU��WKHUH�DUH�
RSWLRQV�WR�PRGLI\�FHOO�FRVWV�IRU�LQGLYLGXDO�FHOO�LQ�
τ�$5*86��

,Q�WKH�PRUH�GLIILFXOW�FDVH�WKDW�WKH�PLFURGDWD�LV�QRW�
DYDLODEOH��ZH�FRXOG�PDNH�D�QHZ�WDEOH�ILOH��VHOHFWLQJ�RQO\�
ERWWRP�OHYHO�FHOOV��,Q�WKLV�QHZ�ILOH��ZH�FRXOG�UHSODFH�WKH�
RULJLQDO�FHOO�YDOXHV�E\�WKHLU�DEVROXWHV��DQG�WKHQ�XVH�
τ�$5*86�IDFLOLWLHV�WR�DGG�XS�WKH�WDEOH�DJDLQ��

������,QWURGXFWLYH�([DPSOH�

7KH�*HUPDQ�FHQVXV�RI�KRUWLFXOWXUH�LV�D�GHFHQQLDO�
VXUYH\��7KH�PDLQ�SXEOLFDWLRQ�RI������GDWD�LQYROYHV�
DERXW����UHVSRQVH�YDULDEOHV�JURXSHG�E\�JHRJUDSK\�DQG�
VL]H�FODVV�RI�KRUWLFXOWXUDO�DUHD��0DQ\�RI�WKH�UHVSRQVH�
YDULDEOHV�DUH�IUHTXHQFLHV�ZKLFK�ZHUH�QRW�FRQVLGHUHG�DV�
VHQVLWLYH��0DJQLWXGH�YDULDEOHV�DUH�KRUWLFXOWXUDO�RU�
DJULFXOWXUDO�DUHD��FODVVLILHG�E\�W\SH�RI�HVWDEOLVKPHQW��RU�
E\�SURGXFWLRQ�W\SH��HWF���DQG�QXPEHU�RI�ODERXUHUV�
FODVVLILHG�LQ�VLPLODU�ZD\V��

%HFDXVH�WKH�SXEOLFDWLRQ�SUHVHQWV�GDWD�RQ�ORZ�
JHRJUDSKLF�GHWDLO��WKH�H[SHUWV�IURP�DJULFXOWXUH�VWDWLVWLFV�
WKRXJKW�LW�ZRXOG�QRW�EH�DGHTXDWH�WR�EDVH�GLVFORVXUH�
DQDO\VLV�VLPSO\�RQ�D�IHZ�OHDG�YDULDEOHV��OLNH�
KRUWLFXOWXUDO�DUHD�DQG�FRS\�WKH�UHVXOWLQJ�VXSSUHVVLRQ�
SDWWHUQ�WR�RWKHU�YDULDEOHV��7KH�DUJXPHQW�ZDV�WKDW��HYHQ�
LI�WKHUH�DUH�PDQ\�XQLWV�IDOOLQJ�LQWR�D�SDUWLFXODU�VL]H�
FODVV�JHRJUDSK\�FHOO��DQG�WKLV�FHOO�LV�QRW�GRPLQDWHG�E\�
DQ\�ODUJH�XQLWV��LW�PLJKW�VWLOO�KDSSHQ��IRU�LQVWDQFH��WKDW�
RQO\�D�VLQJOH�XQLW�IDOOV�LQWR�D�SDUWLFXODU�VXEJURXS�RI��
VD\��WKH�W\SH�RI�SURGXFWLRQ��DQG�WKLV�XQLW�FRXOG�EH�
LGHQWLILDEOH�E\�WKLV�SURSHUW\��JLYHQ�WKH�VL]H�FODVV�DQG�
JHRJUDSK\�LQIRUPDWLRQ���,Q�VXFK�D�FDVH�WKH�VXEJURXS�
FHOO�VKRXOG�EH�VXSSUHVVHG�WR�DYRLG�WKDW�VHQVLWLYH�
LQIRUPDWLRQ�ZRXOG�EH�SXEOLVKHG�DERXW�WKLV�XQLW��
&RQVHTXHQWO\��GLVFORVXUH�ULVN�DVVHVVPHQW�KDG�WR�EH�
FDUULHG�RXW�IRU�HDFK�RI�WKH�YDULDEOHV�VHSDUDWHO\��

7KH�PDLQ�DSSURDFK�WDNHQ�WR�VLPSOLI\�WKH�RULJLQDO�
H[WUHPHO\�FRPSOH[�OLQNHG�WDEOHV�VWUXFWXUH�UHVXOWLQJ�

7KH�*HUPDQ�FHQVXV�RI�
KRUWLFXOWXUH�
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IURP�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�UHVSRQVH�YDULDEOHV�
ZDV�WR�LJQRUH�UHVSRQVH�YDULDEOH�UHODWLRQV�OLNH�ZH�
GLVFXVVHG�LW�LQ��������$�W\SLFDO�LQVWDQFH�LV�IUXLW�
SURGXFWLRQ��)UXLW�FDQ�EH�SURGXFHG�E\�IDUP�FRPSDQLHV�
IRFXVVLQJ�RQ�IUXLW�SURGXFWLRQ��ZKLFK�ZDV�RQH�RI�WKH�
FDWHJRULHV�IRU�¶W\SH�RI�SURGXFWLRQ·���EXW�DOVR�E\�RWKHU�
FRPSDQLHV��7KH�SXEOLFDWLRQ�SUHVHQWV�WKH�RYHUDOO�IUXLW�
SURGXFWLRQ�DUHD��DQG�DOVR�IUXLW�SURGXFWLRQ�DUHD�RI�IDUPV�
IRFXVVLQJ�RQ�IUXLW�SURGXFWLRQ��,Q�RUGHU�WR�DYRLG�
GLVFORVXUH�E\�GLIIHUHQFLQJ�SUREOHPV��LQ�SULQFLSDO�ZH�
VKRXOG�KDYH�SURFHVVHG�IUXLW�SURGXFWLRQ�DUHD�E\�ERWK�
FDWHJRULHV��H�J��¶IDUPV�IRFXVVLQJ�RQ�IUXLW�SURGXFWLRQ·�
DQG�¶RWKHU�IDUPV·���+RZHYHU��DV�WKH�¶RWKHU�IDUPV·�
FDWHJRU\�FRUUHVSRQGV�WR�D�PXFK�ODUJHU�JURXS��LW�VHHPHG�
WR�EH�MXVWLILHG�QRW�WR�LQFOXGH�WKLV�YDULDEOH�LQWR�WKH�
GLVFORVXUH�FRQWURO�SURFHVV��WUHDWLQJ�¶IUXLW�SURGXFWLRQ�
DUHD��E\�VL]H�FODVV�DQG�JHRJUDSK\�·�DQG�¶IUXLW�SURGXFWLRQ�
DUHD�RI�IDUPV�IRFXVVLQJ�RQ�IUXLW�SURGXFWLRQ��E\�VL]H�
FODVV�DQG�JHRJUDSK\�·�DV�VHSDUDWH���GLPHQVLRQDO�WDEOHV��

,Q�WKLV�ZD\��WKH�GLVFORVXUH�FRQWURO�SURFHGXUH�ILQDOO\�
LQYROYHG����WDEOHV�����ZHUH���GLPHQVLRQDO��WKH�RWKHUV�
ZHUH���GLPHQVLRQDO��0RVW�RI�WDEOHV�FRXOG�EH�SURFHVVHG�
LQGHSHQGHQWO\��EXW�XQIRUWXQDWHO\����RI�WKH�
��GLPHQVLRQDO�WDEOHV�ZHUH�OLQNHG��

7KH�H[SODQDWRU\�YDULDEOHV�ZHUH�*HRJUDSK\��DW�����
FDWHJRULHV�DQG���OHYHOV��GRZQ�WR�WKH�GHSDUWPHQW�OHYHO���
VL]H�FODVV��DW���FDWHJRULHV���DQG�YDULRXV�¶W\SH�RI�
SURGXFWLRQ·�FODVVLILFDWLRQV��WKH�ODUJHVW�LQYROYLQJ����
FDWHJRULHV�ZLWK�KLHUDUFKLFDO�VXEVWUXFWXUH��

'DWD�IRU�WKH�WDEXODWLRQV�ZHUH�GHOLYHUHG�E\�WKH�*HUPDQ�
VWDWH�VWDWLVWLFDO�RIILFHV�RQ�DQ�DJJUHJDWH�OHYHO��6RPH�6$6�
SURFHGXUHV�ZHUH�GHYHORSHG�WR�RUJDQL]H�GDWD�LPSRUW�IURP�
WKRVH����ILOHV��H�J��WR�EXLOG�VXLWDEOH�τ�$5*86�WDEOH�
IRUPDW�ILOHV��DQG�DOVR�UHDG�WKH�UHVXOWV�RI�GLVFORVXUH�
SURFHVVLQJ��H�J��FHOO�VWDWXV��VDIH�XQVDIH��EDFN�LQWR�WKH�
���ILOHV��(DFK�OLQH�RI�WKDW�WDEOH�IRUPDW�ILOH�
�FRUUHVSRQGLQJ�WR�D�SDUWLFXODU�WDEOH�FHOO��FRQWDLQHG�WKH�
UHVSHFWLYH�FRGHV�IRU�WKH�VSDQQLQJ�YDULDEOHV��WKH�FHOO�
YDOXH��WKH�FHOO�IUHTXHQF\��WKH�YDOXH�RI�WKH�ODUJHVW�DQG�
VHFRQG�ODUJHVW�FRQWULEXWRU��DQG�D�FHOO�VWDWXV�
�VDIH�XQVDIH���$�VSHFLDO�τ�$5*86�IDFLOLW\�ZDV�XVHG�WR�
EXLOG�IHGHUDO�OHYHO�DJJUHJDWHV�IURP�WKH����FRUUHVSRQGLQJ�
VWDWH�OHYHO�FHOOV��

)RU�SURFHVVLQJ�WKH�WDEOHV�ZH�XVHG�τ�$5*86��7KH�S��
UXOH�ZDV�HPSOR\HG�IRU�SULPDU\�SURWHFWLRQ��)RU�
VHFRQGDU\�FHOO�VXSSUHVVLRQ�ZH�UDQ�WKH�0RGXODU�PHWKRG�
RI�τ�$5*86��)RU�WKH����WDEOHV�WKDW�FRXOG�EH�SURWHFWHG�
LQGHSHQGHQWO\�IURP�HDFK�RWKHU��WKHVH�ZHUH�
VWUDLJKWIRUZDUG�DSSOLFDWLRQV�RI�WKH�VRIWZDUH��ZKLFK�DOO�
ILQLVKHG�VXFFHVVIXOO\�DIWHU�DW�PRVW�D�IHZ�PLQXWHV��

6WUXFWXUH�RI�WKH�WDEXODU�
GDWD�SURWHFWLRQ�SUREOHP�

'DWD�LPSRUW�H[SRUW�

3URFHVVLQJ�WKH�WDEOHV�
ZLWK�τ�$5*86�
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7KH�RQO\�SUREOHP�ZDV�WKH�SURFHVVLQJ�RI�WKH���OLQNHG�
WDEOHV��:H�XVHG�VRPH�OLWWOH�6$6�SURJUDPV�WR�RUJDQLVH�
LPSRUW�RI�VHFRQGDU\�VXSSUHVVLRQV�VHOHFWHG�LQ�RQH�WDEOH�
LQWR�WKH�RWKHUV�LQ�WKH�IDVKLRQ�GHVFULEHG�LQ�VHFWLRQ�������
PDNLQJ�VXLWDEOH�D�SULRUL�ILOHV�IRU�WKH�QH[W�τ�$5*86�UXQ��
+RZHYHU��LW�WXUQHG�RXW�WKDW�WKLV�SURFHGXUH�GLG�QRW�ZRUN�
ZHOO�IRU�WKDW�LQVWDQFH��WKH�WDEOHV�ZHUH�H[WUHPHO\�
GHWDLOHG�ZLWK�IHZ�QRQ�]HUR��QRQ�VHQVLWLYH�FHOOV�RQ�WKH�
ORZHU�OHYHOV��$V�D�UHVXOW��TXLWH�D�ORW�RI�VHFRQGDU\�
VXSSUHVVLRQV�ZHUH�DVVLJQHG��DOVR�RQ�WKH�KLJKHU�OHYHOV�RI�
WKH�WDEOH��LQ�SDUWLFXODU�WKRVH�SDUWV�WKDW�ZHUH�DOVR�
FRQWDLQHG�LQ�RQH�RI�WKH�RWKHU���WDEOHV��7KH�QXPEHU�RI�
VXSSUHVVLRQV�LQ�WKH�RYHUODS�VHFWLRQV�GLG�QRW�GHFUHDVH�
VXEVWDQWLDOO\�IURP�RQH�LWHUDWLRQ�VWHS�WR�WKH�QH[W��

$IWHU�LW�ZDV�H[SODLQHG�WR�WKH�H[SHUWV�IURP�DJULFXOWXUDO�
VWDWLVWLFV�WKDW�WKH�WDEOHV�ZHUH�SUREDEO\�WRR�GHWDLOHG��LW�
EHFDPH�FOHDU�WKDW�WKH\�KDG�QRW�UHDOO\�EHHQ�LQWHUHVWHG�LQ�
SXEOLVKLQJ�GDWD�IRU�WKRVH�WDEOHV�RQ�WKH�GLVWULFW�OHYHO��
:KDW�WKH\�ZHUH�DFWXDOO\�LQWHUHVWHG�LQ�IRU�WKRVH���WDEOHV�
ZHUH���GLPHQVLRQDO�WDEXODWLRQV�E\�VL]H�FODVV�DQG�
JHRJUDSK\��GRZQ�WR�WKH�OHYHO�¶5HJLRQ·��MXVW�DERYH�WKH�
GLVWULFW�OHYHO���DQG���GLPHQVLRQDO�WDEXODWLRQV�E\�
JHRJUDSK\�GRZQ�WR�WKH�GLVWULFW�OHYHO��EXW�ZLWKRXW�VL]H�
FODVVHV��3URFHVVLQJ�WKH���OLQNHG����GLPHQVLRQDO�WDEOHV�
GRZQ�WR�WKH�OHYHO�¶5HJLRQ·�ZDV�D�VWUDLJKWIRUZDUG�
DSSOLFDWLRQ�RI�WKH�OLQNHG�WDEOHV�SURFHVVLQJ�GHVFULEHG�LQ�
�������ILQLVKHG�DIWHU�RQH�LWHUDWLRQ�VWHS��:H�WKHQ�FRSLHG�
VHFRQGDU\�VXSSUHVVLRQV�RI�WKRVH�WKUHH���GLPHQVLRQDO�
WDEOHV�LQWR�WKH�FRUUHVSRQGLQJ�WKUHH���GLPHQVLRQDO�
GLVWULFW�OHYHO�WDEOHV�DQG�DJDLQ�DSSOLHG�WKH�OLQNHG�WDEOHV�
SURFHVVLQJ�ZKLFK�DOVR�HQGHG�VXFFHVVIXOO\�DIWHU�D�VLQJOH�
LWHUDWLRQ��

����0HWKRGRORJLFDO�FRQFHSWV�RI�VHFRQGDU\�FHOO�
VXSSUHVVLRQ�DOJRULWKPV�LQ�W�$5*86�

:LWKLQ�WKLV�VHFWLRQ�ZH�EULHIO\�H[SODLQ�WKH�
PHWKRGRORJLFDO�FRQFHSWV�RI�WKH�VHFRQGDU\�FHOO�
VXSSUHVVLRQ�DOJRULWKPV�RIIHUHG�E\�τ�$5*86��

������2SWLPDO�

7KH�RSWLPDO�DSSURDFK�LV�EDVHG�RQ�D�0DWKHPDWLFDO�
3URJUDPPLQJ�WHFKQLTXH�ZKLFK�FRQVLVWV�RI�VROYLQJ�
,QWHJHU�/LQHDU�3URJUDPPLQJ�SURJUDPV�PRGHOOLQJ�WKH�
FRPELQDWRULDO�SUREOHPV�XQGHU�GLIIHUHQW�PHWKRGRORJLHV�
�&HOO�6XSSUHVVLRQ�DQG�&RQWUROOHG�5RXQGLQJ���7KH�PDLQ�
FKDUDFWHULVWLF�RI�WKHVH�PRGHOV�LV�WKDW�WKH\�VKDUH�WKH�
VDPH�VWUXFWXUH��WKXV�EDVHG�RQO\�RQ�D�����YDULDEOH�IRU�
HDFK�FHOO��,Q�WKH�&HOO�6XSSUHVVLRQ�PHWKRGRORJ\��WKH�
YDULDEOH�LV���LI�DQG�RQO\�LI�WKH�FHOO�YDOXH�PXVW�EH�

3URFHVVLQJ�RI�OLQNHG�
WDEOHV�
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VXSSUHVVHG��,Q�WKH�&RQWUROOHG�5RXQGLQJ�PHWKRGRORJ\��
WKH�YDULDEOH�LV���LI�DQG�RQO\�LI�WKH�FHOO�YDOXH�PXVW�EH�
URXQGHG�XS��1R�RWKHU�YDULDEOHV�DUH�QHFHVVDU\��VR�WKH�
QXPEHU�RI�YDULDEOHV�LQ�WKH�PRGHO�LV�H[DFWO\�WKH�QXPEHU�
RI�FHOOV�LQ�WKH�WDEOH�WR�EH�SURWHFWHG��,Q�DGGLWLRQ��WKH�
PRGHO�DOVR�LPSRVHV�WKH�SURWHFWLRQ�OHYHO�UHTXLUHPHQWV�
�XSSHU��ORZHU�DQG�VOLGLQJ��LQ�WKH�VDPH�ZD\�IRU�WKH�
GLIIHUHQW�PHWKRGRORJLHV��&HOO�6XSSUHVVLRQ�DQG�
&RQWUROOHG�5RXQGLQJ���7KHVH�UHTXLUHPHQWV�DVN�IRU�D�
JXDUDQWHH�WKDW�DQ�DWWDFNHU�ZLOO�QRW�JHW�WRR�QDUURZ�DQ�
LQWHUYDO�RI�SRWHQWLDO�YDOXHV�IRU�D�VHQVLWLYH�FHOO��ZKLFK�
KH�VKH�ZLOO�FRPSXWH�E\�VROYLQJ�WZR�OLQHDU�SURJUDPPLQJ�
SURJUDPV��FDOOHG�DWWDFNHU�SUREOHPV���(YHQ�LI�D�ILUVW�
PRGHO�FRQWDLQLQJ�WKLV�WZR�DWWDFNHU�SUREOHP�ZRXOG�OHDG�
WR�D�EL�OHYHO�SURJUDPPLQJ�PRGHO��FRPSOH[�WR�EH�VROYHG�
LQ�SUDFWLFH��D�%HQGHUV
�GHFRPSRVLWLRQ�DSSURDFK�DOORZV�
XV�WR�FRQYHUW�WKH�DWWDFNHU�SUREOHPV�LQWR�D�VHW�RI�OLQHDU�
LQHTXDOLWLHV��7KLV�FRQYHUVLRQ�SURYLGHV�D�VHFRQG�PRGHO�
IRU�HDFK�PHWKRGRORJ\�WKDW�FDQ�EH�HIILFLHQWO\�VROYHG�E\�D�
PRGHUQ�FXWWLQJ�SODQH�DSSURDFK��6LQFH�WKH�YDULDEOHV�DUH�
�����D�EUDQFKLQJ�SKDVH�FDQ�EH�QHFHVVDU\��DQG�WKH�
ZKROH�DSSURDFK�LV�QDPHG��EUDQFK�DQG�FXW�DOJRULWKP���

%UDQFK�DQG�FXW�DOJRULWKPV�DUH�PRGHUQ�WHFKQLTXHV�LQ�
2SHUDWLRQV�5HVHDUFK�WKDW�SURYLGH�H[FHOOHQW�UHVXOWV�
ZKHQ�VROYLQJ�ODUJHU�DQG�FRPSOLFDWHG�FRPELQDWRULDO�
SUREOHPV�DULVLQJ�LQ�PDQ\�DSSOLHG�ILHOGV��OLNH�URXWLQJ��
VFKHGXOLQJ��SODQQLQJ��WHOHFRPPXQLFDWLRQV��HWF���7KH�
LGHD�LV�WR�VROYH�D�FRPSDFW�����PRGHO�FRQWDLQLQJ�D�ODUJH�
QXPEHU�RI�OLQHDU�LQHTXDOLWLHV��DV�WKH�RQHV�DERYH�
PHQWLRQHG�IRU�WKH�&HOO�6XSSUHVVLRQ�DQG�IRU�WKH�
&RQWUROOHG�5RXQGLQJ��WKURXJK�DQ�LWHUDWLYH�SURFHGXUH�
WKDW�GRHV�QRW�FRQVLGHU�DOO�WKH�LQHTXDOLWLHV�DW�WKH�VDPH�
WLPH��EXW�JHQHUDWHV�WKH�LPSRUWDQW�RQHV�ZKHQ�QHHGHG��
7KLV�G\QDPLF�SURFHGXUH�RI�GHDOLQJ�ZLWK�ODUJH�PRGHOV�
DOORZV�WKH�SURJUDP�WR�UHSODFH�WKH�UHVROXWLRQ�RI�D�KXJH�
ODUJH�PRGHO�E\�D�VKRUW�VHTXHQFH�RI�VPDOO�PRGHOV��ZKLFK�
LV�WHUPHG�D��GHFRPSRVLWLRQ�DSSURDFK���7KH�RQ�OLQH�
JHQHUDWLRQ�RI�WKH�OLQHDU�LQHTXDOLWLHV��URZV��ZDV�DOVR�
H[WHQGHG�LQ�WKLV�ZRUN�WR�WKH�YDULDEOHV��FROXPQV���WKXV�
WKH�DOJRULWKP�FDQ�DOVR�ZRUNV�RQ�WDEOHV�ZLWK�D�ODUJH�
QXPEHU�RI�FHOOV��DQG�WKH�RYHUDOO�DOJRULWKP�LV�QDPHG�
�EUDQFK�DQG�FXW�DQG�SULFH��LQ�WKH�2SHUDWLRQV�5HVHDUFK�
OLWHUDWXUH���

7R�REWDLQ�JRRG�SHUIRUPDQFH��WKH�LPSOHPHQWDWLRQ�KDV�
DOVR�FRQVLGHUHG�PDQ\�RWKHU�LQJUHGLHQWV��VWDQGDUG�LQ�
EUDQFK�DQG�FXW�DQG�SULFH�DSSURDFKHV��)RU�H[DPSOH��LW�
LV�IXQGDPHQWDOO\�WKH�LPSOHPHQWDWLRQ�RI�D�SUH�
SURFHVVLQJ�DSSURDFK�ZKHUH�UHGXQGDQW�HTXDWLRQV�
GHILQLQJ�WKH�WDEOH�DUH�HOLPLQDWHG��ZKHUH�YDULDEOHV�
DVVRFLDWHG�WR�QRQ�UHOHYDQW�FHOOV�DUH�UHPRYHG��DQG�ZKHUH�
GRPLQDWHG�SURWHFWLRQ�OHYHOV�DUH�GHWHFWHG��7KH�SUH�
SURFHVVLQJ�LV�IXQGDPHQWDO�WR�PDNH�WKH�SUREOHP�DV�
VPDOO�DV�SRVVLEOH�EHIRUH�VWDUWLQJ�WKH�RSWLPL]DWLRQ�
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SKDVH��$QRWKHU�IXQGDPHQWDO�LQJUHGLHQW�LV�WKH�KHXULVWLF�
URXWLQH��ZKLFK�DOORZV�WKH�DOJRULWKP�WR�VWDUW�ZLWK�DQ�
XSSHU�ERXQG�RI�WKH�RSWLPDO�ORVV�RI�LQIRUPDWLRQ��7KLV�
KHXULVWLF�URXWLQH�HQVXUHV�WKH�SURGXFWLRQ�RI�D�SURWHFWHG�
SDWWHUQ�LI�WKH�DOJRULWKP�LV�LQWHUUXSWHG�E\�WKH�XVHU�
EHIRUH�WKH�HQG��,Q�RWKHU�ZRUGV��WKDQNV�WR�WKH�KHXULVWLF�
URXWLQH��WKH�LPSOHPHQWHG�DOJRULWKP�SURYLGH�D�QHDU�
RSWLPDO�VROXWLRQ�LI�WKH�H[HFXWLRQ�LV�FDQFHOOHG�EHIRUH�
KDYLQJ�D�SURRI�RI�RSWLPDOLW\��'XULQJ�WKH�LPSOLFLW�
HQXPHUDWLRQ�DSSURDFK��L�H���WKH�EUDQFK�DQG�FXW�DQG�
SULFH��WKH�KHXULVWLF�URXWLQH�LV�FDOOHG�VHYHUDO�WLPHV��WKXV�
SURYLGLQJ�GLIIHUHQW�SURWHFWHG�SDWWHUQV��DQG�WKH�EHVW�RQH�
ZLOO�EH�WKH�RSWLPDO�VROXWLRQ�LI�LWV�ORVV�RI�LQIRUPDWLRQ�LV�
HTXDO�WR�WKH�ORZHU�ERXQG��7KLV�ORZHU�ERXQG�LV�
FRPSXWHG�E\�VROYLQJ�D�UHOD[HG�PRGHO��ZKLFK�FRQVLVWV�RI�
UHPRYLQJ�WKH�LQWHJUDELOLW\�FRQGLWLRQ�RQ�WKH�LQWHJHU�
PRGHO��6LQFH�WKH�UHOD[HG�PRGHO�LV�D�OLQHDU�SURJUDP��D�
OLQHDU�SURJUDPPLQJ�VROYHU�PXVW�EH�FDOOHG��

:H�KDYH�QRW�LPSOHPHQWHG�RXU�RZQ�OLQHDU�SURJUDPPLQJ�
VROYHU��EXW�XVHG�D�FRPPHUFLDO�VROYHU�ZKLFK�LV�DOUHDG\�
WHVWHG�E\�RWKHU�SURJUDPPHUV�IRU�PDQ\�\HDUV��$�UREXVW�
OLQHDU�SURJUDPPLQJ�VROYHU�LV�D�JXDUDQWHH�WKDW�QR�
QXPHULFDO�WURXEOH�ZLOO�DSSHDU�GXULQJ�WKH�FRPSXWDWLRQ��

7KDW�LV�WKH�UHDVRQ�WR�UHTXLUH�HLWKHU�&3/(;��IURP�,/2*��
RU�;35(66��IURP�'DVK2SWLPL]DWLRQ���%HFDXVH�WKH�
PRGHO�WR�EH�VROYHG�FDQ�EH�DSSOLHG�WR�DOO�W\SH�RI�WDEOH�
VWUXFWXUHV����GLP����GLP����GLP��HWF���LQFOXGLQJ�
KLHUDUFKLFDO�DQG�OLQNHG�WDEOHV��ZH�FDQQRW�XVH�VSHFLDO�
VLPSOH[�DOJRULWKP�LPSOHPHQWDWLRQV��OLNH�WKH�PLQ�FRVW�
IORZ�FRPSXWDWLRQ�ZKLFK�ZRXOG�UHTXLUHG�WR�ZRUN�ZLWK�
WDEOHV�WKDW�FDQ�EH�PRGHOOHG�DV�D�QHWZRUN��H�J�����
GLPHQVLRQDO�WDEOHV�RU�FROOHFWLRQV�RI���GLP�WDEOHV�OLQNHG�
E\�RQH�OLQN���2Q�WKLV�VSHFLDO�WDEOH��DG�KRF�DSSURDFKHV�
�VROYLQJ�QHWZRUN�IORZV�RU�VKRUW�SDWK�SUREOHPV��FRXOG�EH�
LPSOHPHQWHG�WR�DYRLG�XVLQJ�JHQHUDO�OLQHDU�SURJUDPPLQJ�
VROYHUV��

7KH�RSWLPDO�VROXWLRQ�LV�WKH�UHVXOW�RI�VROYLQJ�WKLV�
FRPSOH[�RSWLPLVDWLRQ�SUREOHP��$OWKRXJK�WKH�FRPSXWLQJ�
SRZHU�RI�PRGHUQ�3&V�KDV�EHHQ�LQFUHDVHG�FRQVLGHUDEO\�
GXULQJ�WKH�SDVW�SHULRG��QHYHUWKHOHVV�WKLV�PHWKRG�ZLOO�
QRW�EH�DSSOLFDEOH�IRU�YHU\�ODUJH�WDEOHV��ZKLFK�DUH�QRW�
XQFRPPRQ�LQ�16,V��$QRWKHU�GUDZEDFN�RI�WKH�FXUUHQW�
LPSOHPHQWDWLRQ�LV�WKH�ODFN�RI�IDFLOLWLHV�WR�SURWHFW�DJDLQVW�
WKH�VLQJOHWRQ�SUREOHP��7KLV�PLJKW�EH�LQFOXGHG�LQ�D�
IXWXUH�UHOHDVH��

+RZHYHU�WKLV�PHWKRG�LV�XVHG�YHU\�VXFFHVVIXOO\�LQ�WKH�
PRGXODU�DSSURDFK�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��

5HIHUHQFH��
)LVFKHWWL��0��DQG�-�-��6DOD]DU�*RQ]iOH]���������0RGHOV�DQG�

$OJRULWKPV�IRU�2SWLPL]LQJ�&HOO�6XSSUHVVLRQ�LQ�7DEXODU�
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'DWD�ZLWK�/LQHDU�&RQVWUDLQWV��7HFKQLFDO�3DSHU��8QLYHUVLW\�
RI�/D�/DJXQD��7HQHULIH��

������0RGXODU�

7KH�PRGXODU��+L7D6��VROXWLRQ�LV�D�KHXULVWLF�DSSURDFK�WR�
FHOO�VXSSUHVVLRQ�LQ�KLHUDUFKLFDO�WDEOHV��+LHUDUFKLFDO�
WDEOHV�DUH�VSHFLDOO\�OLQNHG�WDEOHV��DW�OHDVW�RQH�RI�WKH�
VSDQQLQJ�YDULDEOHV�H[KLELWV�D�KLHUDUFKLFDO�VWUXFWXUH��L�H��
FRQWDLQV��PDQ\��VXE�WRWDOV���

,Q�)LVFKHWWL�DQG�6DOD]DU��������D�WKHRUHWLFDO�IUDPHZRUN�
LV�SUHVHQWHG�WKDW�VKRXOG�EH�DEOH�WR�GHDO�ZLWK�
KLHUDUFKLFDO�DQG�JHQHUDOO\�OLQNHG�WDEOHV��,Q�ZKDW�
IROORZV��WKLV�ZLOO�EH�FDOOHG�WKH�PL[HG�LQWHJHU�DSSURDFK��
,Q�WKLV�IUDPHZRUN��DGGLWLRQDO�FRQVWUDLQWV�WR�D�OLQHDU�
SURJUDPPLQJ�SUREOHP�DUH�JHQHUDWHG��7KH�QXPEHU�RI�
DGGHG�FRQVWUDLQWV�KRZHYHU��JURZV�UDSLGO\�ZKHQ�GHDOLQJ�
ZLWK�KLHUDUFKLFDO�WDEOHV��VLQFH�PDQ\�GHSHQGHQFLHV�H[LVW�
EHWZHHQ�DOO�SRVVLEOH��VXE��WDEOHV�FRQWDLQLQJ�PDQ\��VXE�
�WRWDOV��7KH�LPSOHPHQWHG�KHXULVWLF�DSSURDFK��+L7D6��
GHDOV�ZLWK�D�ODUJH�VHW�RI��VXE��WDEOHV�LQ�D�SDUWLFXODU�
RUGHU��$�QRQ�KLHUDUFKLFDO�WDEOH�FDQ�EH�FRQVLGHUHG�WR�EH�
D�KLHUDUFKLFDO�WDEOH�ZLWK�MXVW�RQH�OHYHO��,Q�WKDW�FDVH��WKH�
DSSURDFK�UHGXFHV�WR�WKH�RULJLQDO�PL[HG�LQWHJHU�
DSSURDFK�DQG�KHQFH�SURYLGHV�WKH�RSWLPDO�VROXWLRQ��,Q�
FDVH�RI�D�KLHUDUFKLFDO�WDEOH��WKH�DSSURDFK�ZLOO�SURYLGH�D�
VXE�RSWLPDO�VROXWLRQ�WKDW�PLQLPLVHV�WKH�LQIRUPDWLRQ�
ORVV�SHU�VXE�WDEOH��EXW�QRW�QHFHVVDULO\�WKH�JOREDO�
LQIRUPDWLRQ�ORVV�RI�WKH�FRPSOHWH�VHW�RI�KLHUDUFKLFDOO\�
OLQNHG�WDEOHV��

,Q�WKH�IROORZLQJ�VHFWLRQ��D�VKRUW�GHVFULSWLRQ�RI�WKH�
DSSURDFK�LV�JLYHQ��)RU�D�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�
WKH�PHWKRG��LQFOXGLQJ�VRPH�H[DPSOHV��VHH�H�J���'H�:ROI�
��������

+L7D6�GHDOV�ZLWK�FHOO�VXSSUHVVLRQ�LQ�KLHUDUFKLFDO�WDEOHV�
XVLQJ�D�WRS�GRZQ�DSSURDFK��7KH�ILUVW�VWHS�LV�WR�
GHWHUPLQH�WKH�SULPDU\�XQVDIH�FHOOV�LQ�WKH�EDVH�WDEOH�
FRQVLVWLQJ�RI�DOO�WKH�FHOOV�WKDW�DSSHDU�ZKHQ�FURVVLQJ�WKH�
KLHUDUFKLFDO�VSDQQLQJ�YDULDEOHV��7KLV�ZD\�DOO�FHOOV��
ZKHWKHU�UHSUHVHQWLQJ�D��VXE��WRWDO�RU�QRW��DUH�FKHFNHG�
IRU�SULPDU\�VXSSUHVVLRQ��.QRZLQJ�DOO�SULPDU\�XQVDIH�
FHOOV��WKH�VHFRQGDU\�FHOO�VXSSUHVVLRQV�KDYH�WR�EH�IRXQG�
LQ�VXFK�D�ZD\�WKDW�HDFK��VXE��WDEOH�RI�WKH�EDVH�WDEOH�LV�
SURWHFWHG�DQG�WKDW�WKH�GLIIHUHQW�WDEOHV�FDQQRW�EH�
FRPELQHG�WR�XQGR�WKH�SURWHFWLRQ�RI�DQ\�RI�WKH�RWKHU�
�VXE��WDEOHV��7KH�EDVLF�LGHD�EHKLQG�WKH�WRS�GRZQ�
DSSURDFK�LV�WR�VWDUW�ZLWK�WKH�KLJKHVW�OHYHOV�RI�WKH�
YDULDEOHV�DQG�FDOFXODWH�WKH�VHFRQGDU\�VXSSUHVVLRQV�IRU�
WKH�UHVXOWLQJ�WDEOH��7KH�VXSSUHVVLRQV�LQ�WKH�LQWHULRU�RI�
WKH�SURWHFWHG�WDEOH�DUH�WKHQ�WUDQVSRUWHG�WR�WKH�
FRUUHVSRQGLQJ�PDUJLQDO�FHOOV�RI�WKH�WDEOHV�WKDW�DSSHDU�
ZKHQ�FURVVLQJ�ORZHU�OHYHOV�RI�WKH�WZR�YDULDEOHV��$OO�
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PDUJLQDO�FHOOV��ERWK�VXSSUHVVHG�DQG�QRW�VXSSUHVVHG��
DUH�WKHQ�¶IL[HG·�LQ�WKH�FDOFXODWLRQ�RI�WKH�VHFRQGDU\�
VXSSUHVVLRQV�RI�WKDW�ORZHU�OHYHO�WDEOH��L�H���WKH\�DUH�QRW�
DOORZHG�WR�EH��VHFRQGDULO\��VXSSUHVVHG��7KLV�SURFHGXUH�
LV�WKHQ�UHSHDWHG�XQWLO�WKH�WDEOHV�WKDW�DUH�FRQVWUXFWHG�E\�
FURVVLQJ�WKH�ORZHVW�OHYHOV�RI�WKH�VSDQQLQJ�YDULDEOHV�DUH�
GHDOW�ZLWK��

$�VXSSUHVVLRQ�SDWWHUQ�DW�D�KLJKHU�OHYHO�RQO\�LQWURGXFHV�
UHVWULFWLRQV�RQ�WKH�PDUJLQDO�FHOOV�RI�ORZHU�OHYHO�WDEOHV��
&DOFXODWLQJ�VHFRQGDU\�VXSSUHVVLRQV�LQ�WKH�LQWHULRU�
ZKLOH�NHHSLQJ�WKH�PDUJLQDO�FHOOV�IL[HG��LV�WKHQ�
LQGHSHQGHQW�EHWZHHQ�WKH�WDEOHV�RQ�WKDW�ORZHU�OHYHO��L�H���
DOO�WKHVH��VXE��WDEOHV�FDQ�EH�GHDOW�ZLWK�LQGHSHQGHQWO\�RI�
HDFK�RWKHU��0RUHRYHU��DGGHG�SULPDU\�VXSSUHVVLRQV�LQ�
WKH�LQWHULRU�RI�D�ORZHU�OHYHO�WDEOH�DUH�GHDOW�ZLWK�DW�WKDW�
VDPH�OHYHO��VHFRQGDU\�VXSSUHVVLRQV�FDQ�RQO\�RFFXU�LQ�
WKH�VDPH�LQWHULRU��VLQFH�WKH�PDUJLQDO�FHOOV�DUH�NHSW�
IL[HG��

+RZHYHU��ZKHQ�VHYHUDO�HPSW\�FHOOV�DUH�DSSDUHQW�LQ�D�
ORZ�OHYHO�WDEOH��LW�PLJKW�EH�WKH�FDVH�WKDW�QR�VROXWLRQ�FDQ�
EH�IRXQG�LI�RQH�LV�UHVWULFWHG�WR�VXSSUHVV�LQWHULRU�FHOOV�
RQO\��8QIRUWXQDWHO\��EDFNWUDFNLQJ�LV�WKHQ�QHHGHG��

2EYLRXVO\��DOO�SRVVLEOH��VXE�WDEOHV�VKRXOG�EH�GHDOW�ZLWK�
LQ�D�SDUWLFXODU�RUGHU��VXFK�WKDW�WKH�PDUJLQDO�FHOOV�RI�WKH�
WDEOH�XQGHU�FRQVLGHUDWLRQ�KDYH�EHHQ�SURWHFWHG�DV�WKH�
LQWHULRU�RI�D�SUHYLRXVO\�FRQVLGHUHG�WDEOH��7R�WKDW�HQG��
FHUWDLQ�JURXSV�RI�WDEOHV�DUH�IRUPHG�LQ�D�VSHFLILF�ZD\�
�VHH�'H�:ROI����������$OO�WDEOHV�ZLWKLQ�VXFK�D�JURXS�DUH�
GHDOW�VHSDUDWHO\��XVLQJ�WKH�PL[HG�LQWHJHU�DSSURDFK���

7KH�QXPEHU�RI�WDEOHV�ZLWKLQ�D�JURXS�LV�GHWHUPLQHG�E\�
WKH�QXPEHU�RI�SDUHQW�FDWHJRULHV�WKH�YDULDEOHV�KDYH�RQH�
OHYHO�XS�LQ�WKH�KLHUDUFK\��$�SDUHQW�FDWHJRU\�LV�GHILQHG�
DV�D�FDWHJRU\�WKDW�KDV�RQH�RU�PRUH�VXE�FDWHJRULHV��1RWH�
WKDW�WKH�WRWDO�QXPEHU�RI��VXE��WDEOHV�WKDW�KDYH�WR�EH�
FRQVLGHUHG�WKXV�JURZV�UDSLGO\���

)RU�WKH�VLQJOHWRQ�SUREOHP�WKHUH�LV�D�SURFHGXUH�LQFOXGHG�
LQ�WKH�PRGXODU�VROXWLRQ��$W�OHDVW�RQ�HDFK�URZ�FROXPQ�
RI�D��VXE��WDEOH�LW�LV�JXDUDQWHHG�WKDW�QR�GLVFORVXUH�E\�
WKH�VLQJOHWRQ�LV�SRVVLEOH��

������1HWZRUN�

7KH�QHWZRUN�IORZV�SDFNDJH�IRU�FHOO�VXSSUHVVLRQ��1)�
&63��SURYLGHG�E\�WKH�'HSW��RI�6WDWLVWLFV�DQG�2SHUDWLRQV�
5HVHDUFK�RI�WKH�8QLYHUVLWDW�3ROLWqFQLFD�GH�&DWDOXQ\D�
LPSOHPHQWV�D�IDVW�KHXULVWLF�IRU�WKH�SURWHFWLRQ�RI�
VWDWLVWLFDO�GDWD�LQ�WZR�GLPHQVLRQDO�WDEOHV�ZLWK�RQH�
KLHUDUFKLFDO�GLPHQVLRQ��7KH�PHWKRG�VHQVLEO\�FRPELQHV�
DQG�LPSURYHV�LGHDV�RI�SUHYLRXV�DSSURDFKHV�IRU�WKH�
VHFRQGDU\�FHOO�VXSSUHVVLRQ�SUREOHP�LQ�WZR�GLPHQVLRQDO�
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WDEOHV��'HWDLOV�DERXW�WKH�KHXULVWLF�FDQ�EH�IRXQG�LQ�
�&DVWUR������D��DQG��&DVWUR������E��

1HWZRUN�IORZ�KHXULVWLFV�IRU�VHFRQGDU\�FHOO�VXSSUHVVLRQ�
EXLOG�RQ�WKH�IDFW��WKDW�D�VXSSUHVVHG�FHOO�LQ�D�WZR�
GLPHQVLRQDO�WDEOH�LV�VDIH�IURP�H[DFW�GLVFORVXUH�LI��DQG�
RQO\�LI��WKH�FHOO�LV�FRQWDLQHG�LQ�D�¶F\FOH·��RU�¶DOWHUQDWLQJ�
SDWK·�RI�VXSSUHVVHG�FHOOV��ZKHUH�D�F\FOH�LV�GHILQHG�WR�EH�
D�VHTXHQFH�RI�QRQ�]HUR�FHOOV�ZLWK�LQGLFHV�
{ }��M��L���M��L������M���L���M��L���M��L���M��L Q�QQ�������� ��ZKHUH�DOO� NL �DQG� OM �
IRU�N� ���������Q���DQG�O� ����������Q�UHVSHFWLYHO\��Q��OHQJWK�
RI�WKH�SDWK���DUH�GLIIHUHQW��H�J��

ONL �≠�
�NL �XQOHVV� �N � � �N ���

DQG�
�OM �≠�

�OM �XQOHVV� �O � � �O ���

7KH�1)�&63�KHXULVWLF�LV�EDVHG�RQ�WKH�VROXWLRQ�RI�D�
VHTXHQFH�RI�VKRUWHVW�SDWK�VXESUREOHPV�WKDW�JXDUDQWHH�
D�IHDVLEOH�SDWWHUQ�RI�VXSSUHVVLRQV��L�H���RQH�WKDW�
VDWLVILHV�WKH�SURWHFWLRQ�OHYHOV�RI�VHQVLWLYH�FHOOV���
+RSHIXOO\��WKLV�IHDVLEOH�SDWWHUQ�ZLOO�EH�FORVH�WR�WKH�
RSWLPDO�RQH��,Q�WKH�$5*86�LPSOHPHQWDWLRQ�VROXWLRQV�RI�
WKH�VKRUWHVW�SDWK�VXESUREOHPV�DUH�FRPSXWHG�E\�HLWKHU�
RI�WZR�QHWZRUN�IORZV�RSWLPL]DWLRQ�VROYHUV�DOVR�
LPSOHPHQWHG�E\�8QLYHUVLWDW�3ROLWqFQLFD�GH�&DWDOXQ\D��

+RZHYHU�WKH�FXUUHQW�LPSOHPHQWDWLRQ�RI�WKH�QHWZRUN�
IORZV�GR��QRW�\HW��SURWHFW�DJDLQVW�WKH�VLQJOHWRQ�SUREOHP��

������+\SHUFXEH�

,Q�RUGHU�WR�HQVXUH�WUDFWDELOLW\�DOVR�RI�ELJ�DSSOLFDWLRQV��
τ−$5*86�LQWHUIDFHV�ZLWK�WKH�*+0,7(5�K\SHUFXEH�
PHWKRG�RI�5��'��5HSVLOEHU�RI�WKH�/DQGHVDPW�I�U�
'DWHQYHUDUEHLWXQJ�XQG�6WDWLVWLN�LQ�1RUGUKHLQ�
:HVWIDOHQ�*HUPDQ\��RIIHULQJ�D�TXLFN�KHXULVWLF�VROXWLRQ��
7KH�PHWKRG�KDV�EHHQ�GHVFULEHG�LQ�GHSWK�LQ��5HSVLOEHU��
�������RU��5HSVLOEHU���������)RU�D�EULHIHU�GHVFULSWLRQ�VHH�
�*LHVVLQJ�DQG�5HSVLOEHU���������

7KH�DSSURDFK�EXLOGV�RQ�WKH�IDFW�WKDW�D�VXSSUHVVHG�FHOO�
LQ�D�VLPSOH�Q�GLPHQVLRQDO�WDEOH�ZLWKRXW�VXEVWUXFWXUH�
FDQQRW�EH�GLVFORVHG�H[DFWO\�LI�WKDW�FHOO�LV�FRQWDLQHG�LQ�D�
SDWWHUQ�RI�VXSSUHVVHG��QRQ]HUR�FHOOV��IRUPLQJ�WKH�FRUQHU�
SRLQWV�RI�D�K\SHUFXEH��

7KH�DOJRULWKP�VXEGLYLGHV�Q�GLPHQVLRQDO�WDEOHV�ZLWK�
KLHUDUFKLFDO�VWUXFWXUH�LQWR�D�VHW�RI�Q�GLPHQVLRQDO�VXE�
WDEOHV�ZLWKRXW�VXEVWUXFWXUH��7KHVH�VXE�WDEOHV�DUH�WKHQ�
SURWHFWHG�VXFFHVVLYHO\�LQ�DQ�LWHUDWLYH�SURFHGXUH�WKDW�
VWDUWV�IURP�WKH�KLJKHVW�OHYHO��6XFFHVVLYHO\�IRU�DQ\�
SULPDU\�VXSSUHVVLRQ�LQ�WKH�FXUUHQW�VXE�WDEOH��DOO�
SRVVLEOH�K\SHUFXEHV�ZLWK�WKLV�FHOO�DV�RQH�RI�WKH�FRUQHU�
SRLQWV�DUH�FRQVWUXFWHG��

,I�SURWHFWLRQ�DJDLQVW�LQIHUHQWLDO�GLVFORVXUH�LV�UHTXHVWHG��
IRU�HDFK�K\SHUFXEH��D�ORZHU�ERXQG�LV�FDOFXODWHG�IRU�WKH�

7KH�PHWKRG�
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ZLGWK�RI�WKH�IHDVLELOLW\�LQWHUYDO�IRU�WKH�SULPDU\�
VXSSUHVVLRQ�WKDW�ZRXOG�UHVXOW�IURP�WKH�VXSSUHVVLRQ�RI�
DOO�FRUQHU�SRLQWV�RI�WKH�SDUWLFXODU�K\SHUFXEH��7R�
FRPSXWH�WKDW�ERXQG��LW�LV�QRW�QHFHVVDU\�WR�LPSOHPHQW�
WKH�WLPH�FRQVXPLQJ�VROXWLRQ�WR�WKH�/LQHDU�3URJUDPPLQJ�
SUREOHP�DQG�LW�LV�SRVVLEOH�WR�FRQVLGHU�ERXQGV�RQ�FHOO�
YDOXHV�WKDW�DUH�DVVXPHG�WR�EH�NQRZQ�WR�DQ�LQWUXGHU��,I�
LW�WXUQV�RXW�WKDW�WKH�ERXQG�IRU�WKH�IHDVLELOLW\�LQWHUYDO�
ZLGWK�LV�VXIILFLHQWO\�ODUJH��WKH�K\SHUFXEH�EHFRPHV�D�
IHDVLEOH�VROXWLRQ��)RU�DQ\�RI�WKH�IHDVLEOH�K\SHUFXEHV��
WKH�ORVV�RI�LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�WKH�VXSSUHVVLRQ�
RI�LWV�FRUQHU�SRLQWV�LV�FDOFXODWHG��7KH�SDUWLFXODU�
K\SHUFXEH�WKDW�OHDGV�WR�PLQLPXP�LQIRUPDWLRQ�ORVV�LV�
VHOHFWHG��DQG�DOO�LWV�FRUQHU�SRLQWV�DUH�VXSSUHVVHG��,I�
VHYHUDO�K\SHUFXEHV�DUH�FRQVLGHUHG�IHDVLEOH��WKH�PHWKRG�
VHOHFWV�WKH�RQH�ZKLFK�UHTXLUHV�WKH�VPDOOHVW�QXPEHU�RI�
DGGLWLRQDO�FHOOV�WR�EH�VXSSUHVVHG��,I�WKHUH�DUH�VHYHUDO�
IHDVLEOH�K\SHUFXEHV�WKDW�ZRXOG�DOO�OHDG�WR�WKH�VDPH�
QXPEHU�RI�DGGLWLRQDO�VHFRQGDU\�VXSSUHVVLRQV��WKH�
PHWKRG�SLFNV�WKH�RQH�ZLWK�WKH�VPDOOHVW�WRWDO�RI�
ZHLJKWHG�FHOO�YDOXHV�RI�WKRVH�DGGLWLRQDO�VXSSUHVVLRQV��
7KH�ZHLJKWV�DUH�GHWHUPLQHG�DXWRPDWLFDOO\��FRQVLGHULQJ�
WKH�KLHUDUFKLFDO�OHYHO�RI�FHOOV��&HOOV�RQ�D�KLJKHU�OHYHO�JHW�
ODUJHU�ZHLJKWV��7KH�ZHLJKWV�DUH�GHWHUPLQHG�WHPSRUDULO\��
RQO\�WKH�VXEWDEOH�ZKLFK�LV�FXUUHQWO\�SURFHVVHG�LV�
FRQVLGHUHG���

$IWHU�DOO�VXE�WDEOHV�KDYH�EHHQ�SURWHFWHG�RQFH��WKH�
SURFHGXUH�LV�UHSHDWHG�LQ�DQ�LWHUDWLYH�IDVKLRQ��:LWKLQ�
WKLV�SURFHGXUH��ZKHQ�FHOOV�EHORQJLQJ�WR�PRUH�WKDQ�RQH�
VXE�WDEOH�DUH�FKRVHQ�DV�VHFRQGDU\�VXSSUHVVLRQV�LQ�RQH�
RI�WKHVH�VXE�WDEOHV��LQ�IXUWKHU�SURFHVVLQJ�WKH\�ZLOO�EH�
WUHDWHG�OLNH�VHQVLWLYH�FHOOV�LQ�WKH�RWKHU�VXE�WDEOHV�WKH\�
EHORQJ�WR��7KH�VDPH�LWHUDWLYH�DSSURDFK�LV�XVHG�IRU�VHWV�
RI�OLQNHG�WDEOHV��

7KH�¶K\SHUFXEH�FULWHULRQ·�LV�D�VXIILFLHQW�EXW�QRW�D�
QHFHVVDU\�FULWHULRQ�IRU�D�¶VDIH·�VXSSUHVVLRQ�SDWWHUQ��
7KXV��IRU�SDUWLFXODU�VXEWDEOHV�WKH�¶EHVW·�VXSSUHVVLRQ�
SDWWHUQ�PD\�QRW�EH�D�VHW�RI�K\SHUFXEHV�²�LQ�ZKLFK�FDVH��
RI�FRXUVH��WKH�K\SHUFXEH�PHWKRG�ZLOO�PLVV�WKH�EHVW�
VROXWLRQ�DQG�OHDG�WR�VRPH�RYHUSURWHFWLRQ��2WKHU�
VLPSOLILFDWLRQV�RI�WKH�KHXULVWLF�DSSURDFK�WKDW�DGG�WR�
WKLV�WHQGHQF\�IRU�RYHU�VXSSUHVVLRQ�DUH�WKH�IROORZLQJ��
ZKHQ�DVVHVVLQJ�WKH�IHDVLELOLW\�RI�D�K\SHUFXEH�WR�SURWHFW�
VSHFLILF�WDUJHW�VXSSUHVVLRQV�DJDLQVW�LQIHUHQWLDO�
GLVFORVXUH��WKH�PHWKRG�

•� LV�QRW�DEOH�WR�FRQVLGHU�SURWHFWLRQ�PD\EH�DOUHDG\�
SURYLGHG�E\�RWKHU�FHOO�VXSSUHVVLRQV��VXSSUHVVHG�
FHOOV�WKDW�DUH�QRW�FRUQHU�SRLQWV�RI�WKLV�K\SHUFXEH��
ZLWKLQ�WKH�VDPH�VXE�WDEOH��

•� GRHV�QRW�FRQVLGHU�WKH�VHQVLWLYLW\�RI�
PXOWL�FRQWULEXWRU�SULPDU\�VXSSUHVVLRQV�SURSHUO\��
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WKDW�LV��LW�GRHV�QRW�FRQVLGHU�WKH�SURWHFWLRQ�DOUHDG\�
SURYLGHG�WR�WKH�LQGLYLGXDO�UHVSRQGHQW�FRQWULEXWLRQV�
LQ�DGYDQFH�RI�FHOO�VXSSUHVVLRQ�WKURXJK�DJJUHJDWLRQ�
RI�WKHVH�FRQWULEXWLRQV��

�

,Q�WKH�LPSOHPHQWDWLRQ�RIIHUHG�E\�τ�$5*86��*+0,7(5�
PDNHV�VXUH�WKDW�D�VLQJOH�UHVSRQGHQW�FHOO�ZLOO�QHYHU�
DSSHDU�WR�EH�FRUQHU�SRLQW�RI�RQH�K\SHUFXEH�RQO\��EXW�RI�
WZR�K\SHUFXEHV�DW�OHDVW��2WKHUZLVH�LW�FRXOG�KDSSHQ�WKDW�
D�VLQJOH�UHVSRQGHQW��ZKR�RIWHQ�FDQ�EH�UHDVRQDEO\�
DVVXPHG�WR�NQRZ�WKDW�KH�LV�WKH�RQO\�UHVSRQGHQW��FRXOG�
XVH�KLV�NQRZOHGJH�RQ�WKH�DPRXQW�RI�KLV�RZQ�
FRQWULEXWLRQ�WR�UHFDOFXODWH�WKH�YDOXH�RI�DQ\�RWKHU�
VXSSUHVVHG�FRUQHU�SRLQW�RI�WKLV�K\SHUFXEH��%HFDXVH�RI�
WKLV�VWUDWHJ\��WKH�PHWKRG�\LHOGV�36��VWDQGDUG��F�I��
VHFWLRQ����������

:KHQ�SURWHFWLRQ�DJDLQVW�LQIHUHQWLDO�GLVFORVXUH�LV�
UHTXHVWHG��WKH�VHWWLQJV�RI�WKH�PHWKRG�DUH�GHWHUPLQHG�RQ�
EDVLV�RI�WKH�DVVXPSWLRQV�WKDW�DQ�LQWUXGHU�FRXOG�
HVWLPDWH�HDFK�FHOO�YDOXH�WR�ZLWKLQ�ERXQGV�RI���T���SULRU�
WR�WKH�SXEOLFDWLRQ��ZKHUH�WKH�SHUFHQWDJH�RI�T�IRU�WKRVH�D�
SULRUL�ERXQGV�LV�VHOHFWHG�E\�WKH�τ�$5*86�XVHU��
&RQVLGHULQJ�WKHVH�D�SULRUL�ERXQGV��τ�$5*86�GHWHUPLQHV�
WKH�VHWWLQJV�IRU�WKH�K\SHUFXEH�PHWKRG�LQ�VXFK�D�ZD\��
WKDW�LW�\LHOGV�36��SURWHFWLRQ�VWDQGDUG��F�I��VHFWLRQ�
��������%HFDXVH�WKH�PHWKRG�LV�XQDEOH�WR�
DGG
�WKH�
SURWHFWLRQ�JLYHQ�E\�PXOWLSOH�K\SHUFXEHV��LQ�FHUWDLQ�
VLWXDWLRQV�LW�ZLOO�EH�XQDEOH�WR�FRQILUP�WKDW�D�FHOO�KDV�
EHHQ�SURWHFWHG�SURSHUO\�DFFRUGLQJ�WR�36��VWDQGDUG�DQG�
ZLOO�DWWHPSW�WR�VHOHFW�WKH�K\SHUFXEH�WKDW�SURYLGHV�WKH�
ODUJHVW�DPRXQW�RI�SURWHFWLRQ�WR�WKH�WDUJHW�VXSSUHVVLRQ�
LQ�WKDW�VLWXDWLRQ��

����&RQWUROOHG�7DEXODU�$GMXVWPHQW&RQWUROOHG�7DEXODU�
$GMXVWPHQW�

¶&RQWUROOHG�7DEXODU�$GMXVWPHQW·��&7$��VXJJHVWHG�IRU�
LQVWDQFH�LQ�&R[�DQG�'DQGHNDU���������&DVWUR���������RU�
&DVWUR�DQG�*LHVVLQJ���������&7$�LV�D�QHZ�HPHUJLQJ�
SURWHFWLRQ�PHWKRG�IRU�PDJQLWXGH�WDEXODU�GDWD��8QOLNH�
FHOO�VXSSUHVVLRQ��LW�LV�D�SHUWXUEDWLYH�PHWKRG��

7KH�VWDUWLQJ�SRLQW�RI�WKH�FHOO�VXSSUHVVLRQ�PHWKRGRORJ\�
SUHVHQWHG�LQ�����LV�WKDW�VXSSUHVVLQJ�FHOOV�LQ�D�WDEOH�
UHVXOWV�LQ�WKHRU\�LQ�UHSODFLQJ�WKH�FRQILGHQWLDO�FHOO�YDOXH�
E\�D�IHDVLELOLW\�LQWHUYDO�WKDW�FRXOG�SULQFLSDOO\�EH�
FRPSXWHG�E\�DQ\�XVHU�RI�D�WDEOH�SXEOLVKHG�ZLWK�
VXSSUHVVLRQV��$V�H[SODLQHG�LQ���������LQ�FDVH�WKH�SURSHU�
SURWHFWLRQ�LV�JLYHQ�WR�WKH�FHOOV��WKH�IHDVLELOLW\�LQWHUYDO�
FRYHUV�WKH�SURWHFWLRQ�LQWHUYDO��L�H��WKH�LQWHUYDO�WKDW�LV�
QHHGHG�WR�SURWHFW�WKH�LQGLYLGXDO�FRQWULEXWLRQ���&7$�

$5*86�VHWWLQJV�
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PHWKRGRORJ\�RQ�WKH�RWKHU�KDQG�DLPV�DW�ILQGLQJ�WKH�
FORVHVW�DGGLWLYH�WDEOH�WR�WKH�RULJLQDO�WDEOH�HQVXULQJ�WKDW�
DGMXVWHG�YDOXHV�RI�DOO�FRQILGHQWLDO�FHOOV�DUH�VDIHO\�DZD\�
IURP�WKHLU�RULJLQDO�YDOXH��FRQVLGHULQJ�WKH�SURWHFWLRQ�
LQWHUYDOV��DQG�WKDW�WKH�DGMXVWHG�YDOXHV�DUH�ZLWKLQ�D�
FHUWDLQ�UDQJH�RI�WKH�UHDO�YDOXHV��

6HYHUDO�YDULDQWV�RI�&7$�KDYH�EHHQ�GLVFXVVHG�LQ�WKH�
OLWHUDWXUH��'DQGHNDU�DQG�&R[����������&R[�HW�DO����������
�&DVWUR��������HWF���VXJJHVWLQJ�WR�REWDLQ�&7$�E\�XVLQJ�
�PL[HG�LQWHJHU��OLQHDU�SURJUDPPLQJ�PHWKRGRORJ\��7KH�
PDLQ�GLIIHUHQFHV�EHWZHHQ�WKRVH�DOWHUQDWLYHV�DUH�RQ�RQH�
KDQG�WKH�ZD\�LQ�ZKLFK�WKH�GHYLDWLRQ�VHQVH�RI�WKH�
SULPDU\�VXSSUHVVLRQV�LV�GHWHUPLQHG��KHXULVWLFDOO\�YV��
RSWLPDO��L�H��WKURXJK�VROXWLRQ�RI�LQWHJHU�SURJUDPPLQJ�
SUREOHPV���2Q�WKH�RWKHU�KDQG��WKH�GHILQLWLRQ�RI�
FRQVWUDLQWV�PDWWHUV��IRUFLQJ�WKH�DGMXVWHG�YDOXHV�WR�EH�
ZLWKLQ�D�´FHUWDLQ�UDQJHµ�RI�WKH�UHDO�YDOXHV���$QG�ILQDOO\�
WKHUH�LV�WKH�LVVXH�RI�LQIRUPDWLRQ�ORVV�FHOO�FRVWV��H�J��WKH�
GLVWDQFH�PHWULF�XVHG�WR�GHWHUPLQH�ZKDW�LV�´FORVHµ�WR�WKH�
RULJLQDO�WDEOH��7\SLFDOO\��ZHLJKWHG�PHWULFV�DUH�XVHG��
,PSOHPHQWDWLRQV�XVXDOO\�RIIHU�D�FKRLFH�RI�FRVW�
IXQFWLRQV��

$V�DQ�DOWHUQDWLYH�WR�WKH�DERYH�OLQHDU�SURJUDPPLQJ�
EDVHG�DSSURDFKHV���&R[�HW�DO���������DQG��,FKLP�DQG�
)UDQFRQL��������VXJJHVW�PHWKRORJ\�WR�DFKLHYH�&7$�
XVLQJ�VWDWLVWLFDO�PHWKRGV�OLNH�,WHUDWLYH�3URSRUWLRQDO�
)LWWLQJ�RU�&DOLEUDWLRQ�WHFKQLTXHV��

:KLOH�IRU�FHOO�VXSSUHVVLRQ��WKH�HIIHFW�RI�6'&�RQ�WKH�
GDWD�LV�REYLRXV�WR�WKH�XVHUV�RI�WKH�GDWD��IRU�&7$�WKLV�LV�
QRW�WKH�FDVH��0DQ\�LQIRUPDWLRQ�ORVV�PHDVXUHV�SURSRVHG�
LQ�WKH�OLWHUDWXUH�WKDW�VKRXOG�KHOS�²�HYHQWXDOO\�ERWK�
SDUWLHV��GDWD�SURYLGHUV�DQG�GDWD�XVHUV�²�WR�MXGJH�WKH�
TXDOLW\�RI�DQ�DGMXVWHG�WDEOH�DUH�JOREDO�PHDVXUHV��$�
W\SLFDO�JOREDO�PHDVXUH�ZRXOG�EH�VWDWLVWLFV�RQ�WKH�
UHODWLYH�GHYLDWLRQV�EHWZHHQ�WUXH�DQG�DGMXVWHG�FHOO�
YDOXHV���&R[�HW�DO���������KLQW�DW�PHDVXULQJ�WKH�
SUHVHUYDWLRQ�RI�XQLYDULDWH�SURSHUWLHV�OLNH�PHDQ��
YDULDQFH��FRUUHODWLRQ��HWF��LQ�VXEVHWV�RI�FHOOV���&R[�HW�DO���
������HPSOR\�*RRGQHVV�RI�ILW�VWDWLVWLFV�OLNH�WKH�
.ROPRJRURY�6PLUQRY�WHVW�WR�FRPSDUH�DGMXVWHG�YV��RJLQDO�
GDWD��

,Q�FRQWUDVW�WR�D�JOREDO�PHDVXUH��D�ORFDO�PHDVXUH�ZLOO�
LQIRUP�WKH�GDWD�XVHU�RQ�WKH�UHOLDELOLW\�RI�HDFK�SDUWLFXODU�
�DGMXVWHG��FHOO�YDOXH���&DVWUR�DQG�*LHVVLQJ������E��
GLVFXVV�FULWHULD�WKDW�FRXOG�EH�XVHG�E\�GDWD�SURYLGHUV�WR�
GHFLGH�ZKHWKHU�DQ�DGMXVWPHQW�LV�VR�VPDOO�WKDW�WKHUH�LV�
QR�QHHG�IRU�WKH�FHOO�WR�EH�IODJJHG�DV�´DGMXVWHGµ��

,Q�RUGHU�WR�EH�DEOH�WR�SXEOLVK�D�VLQJOH�YDOXH�LQ�WKH�
WDEOHV�ZKLOVW�DW�WKH�VDPH�WLPH�FODULI\LQJ�WR�WKH�XVHUV�
WKDW�WKHVH�YDOXHV�DUH�QRW�WKH�RULJLQDO�YDOXHV���*LHVVLQJ��
+XQGHSRRO�DQG�&DVWUR��������VXJJHVW�WR�URXQG�WKH�

&7$�YDULDQWV�

,QIRUPDWLRQ�/RVV�
0HDVXUHV�
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YDOXHV�UHVXOWLQJ�IURP�&7$��7KH�EDVLV�IRU�URXQGLQJ�
ZRXOG�EH�FKRVHQ�LQ�D�ZD\�WKDW�WKH�URXQGLQJ�LQWHUYDO�
LQFOXGHV�ERWK�WKH�WUXH�DQG�WKH�DGMXVWHG�YDOXH��7KLV�
VWUDWHJ\�UHTXLUHV�KRZHYHU�VRPH�RFFDVLRQDO�SRVW�
SURFHVVLQJ�WR�HQVXUH�WKDW�WKH�SURWHFWLRQ�RI�WKH�VHQVLWLYH�
FHOOV�LV�VXIILFLHQW��

$Q�LPSOHPHQWDWLRQ�EDVHG�RQ�D�VLPSOH�KHXULVWLF�WR�IL[�
GHYLDWLRQ�VHQVHV�IRU�WKH�DGMXVWPHQW�RI�VHQVLWLYH�FHOOV�LV�
DYDLODEOH�LQ�WKH�5�SDFNDJH�VGF7DEOH��0HLQGO���������$Q�
DOJRULWKP�IRU�RSWLPDO�&7$�KDV�EHHQ�LPSOHPHQWHG�RQ�
EHKDOI�RI�(XURVWDW�E\��&DVWUR�DQG�*RQ]DOH]���������

����5HIHUHQFHV�

%R[��*��(��3��DQG�&R[��'��5���������$Q�DQDO\VLV�RI�
WUDQVIRUPDWLRQV��-RXUQDO�RI�5R\DO�6WDWLVWLFDO�6RFLHW\��
6HULHV�%��YRO������SS������²�����

&DVWUR��-���������1HWZRUN�IORZV�KHXULVWLFV�IRU�FRPSOHPHQWDU\�
FHOO�VXSSUHVVLRQ��DQ�HPSLULFDO�HYDOXDWLRQ�DQG�H[WHQVLRQV��
LQ�/1&6�������,QIHUHQFH�&RQWURO�LQ�6WDWLVWLFDO�
'DWDEDVHV��-��'RPLQJR�)HUUHU��(G������������²���

&DVWUR��-��������D���¶0LQLPXP�'LVWDQFH�&RQWUROOHG�
3HUWXUEDWLRQ�0HWKRGV�IRU�/DUJH�6FDOH�7DEXODU�'DWD�
3URWHFWLRQ·��DFFHSWHG�VXEMHFW�WR�UHYLVLRQ�WR�(XURSHDQ�
-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�������

&DVWUR��-��������E��8VHU·V�DQG�SURJUDPPHU·V�PDQXDO�RI�WKH�
QHWZRUN�IORZV�KHXULVWLFV�SDFNDJH�IRU�FHOO�VXSSUHVVLRQ�LQ�
�'�WDEOHV�7HFKQLFDO�5HSRUW�'5����������'HSW��RI�
6WDWLVWLFV�DQG�2SHUDWLRQV�5HVHDUFK��8QLYHUVLWDW�
3ROLWqFQLFD�GH�&DWDOXQ\D��%DUFHORQD��6SDLQ�������6HH�
KWWS���QHRQ�YE�FEV�QO�FDVF�GHOLY����'�B1)�+�'�7DX�
$UJXV�SGI�

&DVWUR��-����������0LQLPXP�GLVWDQFH�FRQWUROOHG�SHUWXUEDWLRQ�
PHWKRGV�IRU�ODUJH�VFDOH�WDEXODU�GDWD�SURWHFWLRQ��(XURSHDQ�
-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK���������²����

&DVWUR��-���*LHVVLQJ�6�������D���7HVWLQJ�YDULDQWV�RI�PLQLPXP�
GLVWDQFH�FRQWUROOHG�WDEXODU�DGMXVWPHQW��LQ�0RQRJUDSKV�RI�
2IILFLDO�6WDWLVWLFV��:RUN�VHVVLRQ�RQ�6WDWLVWLFDO�'DWD�
&RQILGHQWLDOLW\��(XURVWDW�2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�
RI�WKH�(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ��������SS��
��������

&DWUR��-���*LHVVLQJ�6�������E���4XDOLW\�LVVXHV�PLQLPXP�
GLVWDQFH�FRQWUROOHG�WDEXODU�DGMXVWPHQW��SDSHU�SUHVHQWHG�
DW�WKH�(XURSHDQ�&RQIHUHQFH�RQ�4XDOLW\�LQ�6XUYH\�
6WDWLVWLFV��4���������������$SULO������LQ�&DUGLII�

&DWUR��-���*RQ]DOH]�-�$����������$�3DFNDJH�IRU�/��&RQWUROOHG�
7DEXODU�$GMXVWPHQW��SDSHU�SUHVHQWHG�DW�WKH�-RLQW�
81(&(�(XURVWDW�:RUN�6HVVLRQ�RQ�6WDWLVWLFDO�'DWD�
&RQILGHQWLDOLW\��%LOEDR������'HFHPEHU�������

&R[��/����������¶/LQHDU�6HQVLWLYLW\�0HDVXUHV�LQ�6WDWLVWLFDO�
'LVFORVXUH�&RQWURO·��-RXUQDO�RI�3ODQQLQJ�DQG�,QIHUHQFH�����
����������������

&R[��/����������¶'LVFORVXUH�5LVN�IRU�7DEXODU�(FRQRPLF�'DWD·��
,Q��¶&RQILGHQWLDOLW\��'LVFORVXUH��DQG�'DWD�$FFHVV��7KHRU\�
DQG�3UDFWLFDO�$SSOLFDWLRQV�IRU�6WDWLVWLFDO�$JHQFLHV·�'R\OH��
/DQH��7KHHXZHV��=D\DW]��(GV���1RUWK�+ROODQG�

6RIWZDUH�

http://neon.vb.cbs.nl/casc/deliv/ 41D6_NF1H2D-Tau-Argus.pdf
http://neon.vb.cbs.nl/casc/deliv/ 41D6_NF1H2D-Tau-Argus.pdf
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&R[��/���'DQGHNDU��5�+�����������¶6\QWKHWLF�7DEXODU�'DWD�²�DQ�
$OWHUQDWLYH�WR�&RPSOHPHQWDU\�&HOO�6XSSUHVVLRQ��
XQSXEOLVKHG�PDQXVFULSW�

&R[��/��+���.HOO\��-��3���DQG�3DWLO��5����������%DODQFLQJ�TXDOLW\�
DQG�FRQILGHQWLDOLW\�IRU�PXOWLYDULDWH�WDEXODU�GDWD��/HFWXUH�
1RWHV�LQ�&RPSXWHU�6FLHQFH����������²����

&R[��/���2UHOLHQ��-��*���6KDK��%��9����������$�0HWKRG�IRU�
3UHVHUYLQJ�6WDWLVWLFD�'LVWULEXWLRQV�6XEMHFW�WR�&RQWUROOHG�
7DEXODU�$GMXVWPHQW��,Q��'RPLQJR�)HUUHU��)UDQFRQL��(GV����
3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV�������/HFWXUH�1RWHV�LQ�
&RPSXWHU�6FLHQFH���9RO��������6SULQJHU��+HLGHOEHUJ�
��������S������

'H�:ROI��3�3����������¶+L7D6��$�+HXVWLF�$SSURDFK�WR�&HOO�
6XSSUHVVLRQ�LQ�+LHUDUFKLFDO�7DEOHV·��,Q��¶,QIHUHQFH�&RQWURO�
LQ�6WDWLVWLFDO�'DWDEDVHV·�'RPLQJR�)HUUHU��(G����6SULQJHU�
�/HFWXUH�QRWHV�LQ�FRPSXWHU�VFLHQFH��9RO��������

'H�:ROI��3�3����������¶&HOO�VXSSUHVVLRQ�LQ�D�VSHFLDO�FODVV�RI�
OLQNHG�WDEOHV·��SDSHU�SUHVHQWHG�DW�WKH�-RLQW�
(&(�(XURVWDW�:RUNVHVVLRQ�RQ�6WDWLVWLFDO�&RQILGHQWLDOLW\�
LQ�0DQFKHVWHU��'HFHPEHU�������DYDLODEOH�DW�
KWWS���HSS�HXURVWDW�HF�HXURSD�HX�SRUWDO�SDJH"BSDJHLG �
�����������������B��������	BGDG SRUWDO	BVFKHPD 
3257$/��

'H�:ROI��3�3���*LHVVLQJ��6���������+RZ�WR�PDNH�WKH�τ�$5*86�
0RGXODU�0HWKRG�$SSOLFDEOH�WR�/LQNHG�7DEOHV��,Q��
'RPLQJR�)HUUHU��-RVHS��6D\JLQ��<�FHO��(GV����3ULYDF\�LQ�
6WDWLVWLFDO�'DWDEDVHV�������/HFWXUH�1RWHV�LQ�&RPSXWHU�
6FLHQFH���9RO��������6SULQJHU��+HLGHOEHUJ���������S�����
�����

(8���������&RPPXQLW\�VWDWLVWLFV�UHODWLQJ�WR�WKH�WUDGLQJ�RI�
JRRGV�EHWZHHQ�0HPEHU�6WDWHV��KWWS���HXU�
OH[�HXURSD�HX�/H[8UL6HUY�/H[8UL6HUY�GR"XUL &(/(;���
���5�����(1�+70/�

*HXUWV��-����������¶+HXULVWLFV�IRU�&HOO�6XSSUHVVLRQ�LQ�7DEOHV·��
ZRUNLQJ�SDSHU��1HWKHUODQGV�&HQWUDO�%XUHDX�RI�6WDWLVWLFV�

*LHVVLQJ��6��DQG�5HSVLOEHU��'����������¶7RROV�DQG�6WUDWHJLHV�WR�
3URWHFW�0XOWLSOH�7DEOHV�ZLWK�WKH�*+48$5�&HOO�
6XSSUHVVLRQ�(QJLQH·��LQ�¶,QIHUHQFH�&RQWURO�LQ�6WDWLVWLFDO�
'DWDEDVHV·�'RPLQJR�)HUUHU��(GLWRU���6SULQJHU�/HFWXUH�
1RWHV�LQ�&RPSXWHU�6FLHQFH�9RO�������

*LHVVLQJ��6����������6XUYH\�RQ�PHWKRGV�IRU�WDEXODU�SURWHFWLRQ�
LQ�$5*86��/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��9ROXPH�
3ULYDF\�LQ�VWDWLVWLFDO�GDWDEDVHV�������������-��'RPLQJR�
)HUUHU�DQG�9��7RUUD��6SULQJHU��%HUOLQ�

*LHVVLQJ��6���'LWWULFK��6���*HKUOLQJ��'���.U�JHU��$���0HU]��)�-���
:LUW]��+����������Ä�%HULFKW�GHU�$UEHLWVJUXSSH�
Å*HKHLPKDOWXQJVNRQ]HSW�GHV�VWDWLVWLVFKHQ�9HUEXQGHV��
3LORWDQZHQGXQJ��8PVDW]VWHXHUVWDWLVWLN´·��GRFXPHQW�IRU�
WKH�PHHWLQJ�RI�WKH�Å$XVVFKXVV�I�U�2UJDQLVDWLRQ�XQG�
8PVHW]XQJ´��0DL�������LQ�*HUPDQ�

*LHVVLQJ��6���+XQGHSRRO��$���&DVWUR��-���������5RXQGLQJ�
0HWKRGV�IRU�3URWHFWLQJ�(8�DJJUHJDWHV��SURFHHGLQJV�RI�WKH�
-RLQW�81(&(�(XURVWDW�:RUNVHVVLRQ�RQ�6WDWLVWLFDO�
&RQILGHQWLDOLW\�LQ�0DQFKHVWHU��'HFHPEHU������

)LVFKHWWL��0��6DOD]DU�*RQ]DOHV��-�-����������¶0RGHOV�DQG�
$OJRULWKPV�IRU�2SWLPL]LQJ�&HOO�6XSSUHVVLRQ�3UREOHP�LQ�
7DEXODU�'DWD�ZLWK�/LQHDU�&RQVWUDLQWV·��LQ�-RXUQDO�RI�WKH�
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��9RO������SS�����

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32004R0638:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32004R0638:EN:HTML
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32004R0638:EN:HTML
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=3154,70730193,3154_70730647&_dad=portal&_schema=PORTAL
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=3154,70730193,3154_70730647&_dad=portal&_schema=PORTAL
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=3154,70730193,3154_70730647&_dad=portal&_schema=PORTAL
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+XQGHSRRO��$��:HWHULQJ��$�YDQ�GH��5DPDVZDP\��5��:ROI��33�
GH��*LHVVLQJ��6��)LVFKHWWL��0��6DOD]DU��--��&DVWUR��-��
/RZWKLDQ��3����������τ�$5*86�����XVHU�PDQXDO��
6WDWLVWLFV�1HWKHUODQGV��9RRUEXUJ�1/��)HE��������
KWWS���QHRQ�YE�FEV�QO�FDVF��

,FKLP��'���)UDQFRQL��/����������&DOLEUDWLRQ�HVWLPDWRU�IRU�
PDJQLWXGH�WDEXODU�GDWD�SURWHFWLRQ��3URFHHGLQJV�RI�WKH�
FRQIHUHQFH�3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV�������
'HFHPEHU�������5RPH��,WDO\���

/RHYH��$����������¶1RWHV�RQ�VHQVLWLYLW\�PHDVXUHV�DQG�SURWHFWLRQ�
OHYHOV·��5HVHDUFK�SDSHU��6WDWLVWLFV�1HWKHUODQGV��DYDLODEOH�
DW�KWWS���QHRQ�YE�FEV�QO�FDVF�UHODWHG�PDUJHV�SGI�

0HLQGO��%��/LQNLQJ�&RPSOHPHQWDU\�&HOO�6XSSUHVVLRQ�DQG�WKH�
6RIWZDUH�5��SDSHU�SUHVHQWHG�DW�WKH�1HZ�7HFKQLTXHV�DQG�
7HFKQRORJLHV��1776��&RQIHUHQFH����������)HE�������LQ�
%UXVVHOV�

6DOD]DU��-�-����������3DUWLDO�&HOO�6XSSUHVVLRQ��D�1HZ�
0HWKRGRORJ\�IRU�6WDWLVWLFDO�'LVFORVXUH�&RQWURO���6WDWLVWLFV�
DQG�&RPSXWLQJ������������

5HSVLOEHU��5��'����������¶3UHVHUYDWLRQ�RI�&RQILGHQWLDOLW\�LQ�
$JJUHJDWHG�GDWD·��SDSHU�SUHVHQWHG�DW�WKH�6HFRQG�
,QWHUQDWLRQDO�6HPLQDU�RQ�6WDWLVWLFDO�&RQILGHQWLDOLW\��
/X[HPERXUJ�������

5HSVLOEHU��'����������¶6LFKHUXQJ�SHUV|QOLFKHU�$QJDEHQ�LQ�
7DEHOOHQGDWHQ·���LQ�6WDWLVWLVFKH�$QDO\VHQ�XQG�6WXGLHQ�
1RUGUKHLQ�:HVWIDOHQ��/DQGHVDPW�I�U�'DWHQYHUDUEHLWXQJ�
XQG�6WDWLVWLN�15:��$XVJDEH���������LQ�*HUPDQ��

9DQ�GHU�0HLMGHQ��5����������Ä,PSURYLQJ�FRQILGHQWLDOLW\�ZLWK�
τ�$5*86�E\�IRFXVVLQJ�RQ�FOHYHU�XVDJH�RI�PLFURGDWD·��LQ�
0RQRJUDSKV�RI�2IILFLDO�6WDWLVWLFV��:RUN�VHVVLRQ�RQ�
6WDWLVWLFDO�'DWD�&RQILGHQWLDOLW\��(XURVWDW�2IILFH�IRU�
2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��
/X[HPERXUJ��������SS����������

:ROI��3�3��GH���������+L7D6��D�KHXULVWLF�DSSURDFK�WR�FHOO�
VXSSUHVVLRQ�LQ�KLHUDUFKLFDO�WDEOHV��3URFHHGLQJV�RI�WKH�
$05$'6�PHHWLQJ�LQ�/X[HPERXUJ�

�

http://neon.vb.cbs.nl/casc/related/marges.pdf
http://neon.vb.cbs.nl/CENEX/Software/TauManualV31.pdf
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7KLV�FKDSWHU�GLVFXVVHV�GLVFORVXUH�FRQWUROV�IRU�
IUHTXHQF\�WDEOHV��WKDW�LV�WDEOHV�RI�FRXQWV��RU�
SHUFHQWDJHV��ZKHUH�HDFK�FHOO�YDOXH�UHSUHVHQWV�WKH�
QXPEHU�RI�UHVSRQGHQWV�LQ�WKDW�FHOO��

7UDGLWLRQDOO\�IUHTXHQF\�WDEOHV�KDYH�EHHQ�WKH�PDLQ�
PHWKRG�RI�GLVVHPLQDWLRQ�IRU�FHQVXV�DQG�VRFLDO�GDWD�E\�
16,V��7KHVH�WDEOHV�FRQWDLQ�FRXQWV�RI�SHRSOH�RU�
KRXVHKROGV�ZLWK�FHUWDLQ�VRFLDO�FKDUDFWHULVWLFV��
)UHTXHQF\�WDEOHV�DUH�DOVR�XVHG�IRU�EXVLQHVV�GDWD�ZKHUH�
FKDUDFWHULVWLFV�DUH�FRXQWHG��VXFK�DV�WKH�QXPEHU�RI�
EXVLQHVVHV��%HFDXVH�RI�WKHLU�ORQJHU�KLVWRU\�WKHUH�KDV�
EHHQ�UHODWLYHO\�PRUH�UHVHDUFK�RQ�SURWHFWLQJ�IUHTXHQF\�
WDEOHV��DV�FRPSDUHG�ZLWK�QHZHU�RXWSXW�PHWKRGV�VXFK�
DV�PLFURGDWD��

6HFWLRQ�����RI�WKH�FKDSWHU�RXWOLQHV�WKH�FRPPRQ�W\SHV�RI�
GLVFORVXUH�ULVN�DQG�KRZ�WKH�FRQVLGHUDWLRQ�RI�WKHVH�ULVNV�
OHDGV�WR�WKH�GHILQLWLRQ�RI�XQVDIH�FHOOV�LQ�IUHTXHQF\�
WDEOHV��7KH�SURFHVV�RI�DJJUHJDWLQJ�LQGLYLGXDO�UHFRUGV�
LQWR�JURXSV�WR�GLVSOD\�LQ�WDEOHV�UHGXFHV�WKH�ULVN�RI�
GLVFORVXUH�FRPSDUHG�ZLWK�PLFURGDWD��EXW�XVXDOO\�VRPH�
DGGLWLRQDO�6'&�SURWHFWLRQ�LV�QHHGHG�IRU�XQVDIH�FHOOV�LQ�
WDEOHV��'LVFORVXUH�FRQWURO�PHWKRGV�DUH�XVHG�WR�UHGXFH�
WKH�GLVFORVXUH�ULVN�E\�GLVJXLVLQJ�WKHVH�XQVDIH�FHOOV��$�
UDQJH�RI�GLIIHUHQW�6'&�PHWKRGV�DUH�GHVFULEHG�LQ�6HFWLRQ�
�����$�ZHOO�HVWDEOLVKHG�PHWKRG�RI�6'&�IRU�IUHTXHQF\�
WDEOHV�LV�URXQGLQJ�DQG�VHFWLRQ�����GLVFXVVHV�DOWHUQDWLYH�
WHFKQLTXHV�VXFK�DV�FRQYHQWLRQDO�DQG�UDQGRP�URXQGLQJ��
VPDOO�FHOO�DGMXVWPHQW��DQG�FRQWUROOHG�URXQGLQJ��
&RQWUROOHG�URXQGLQJ�LV�FXUUHQWO\�WKH�UHFRPPHQGHG�
PHWKRG�WR�SURWHFW�IUHTXHQF\�WDEOHV��6HFWLRQ�����
GHVFULEHV�GLIIHUHQW�LQIRUPDWLRQ�ORVV�PHDVXUHV�WKDW�FDQ�
EH�XVHG�WR�HYDOXDWH�WKH�LPSDFW�WKDW�GLIIHUHQW�GLVFORVXUH�
FRQWURO�PHWKRGV�KDYH�RQ�WKH�XWLOLW\�RI�IUHTXHQF\�WDEOHV��
7KH�ILQDO�VHFWLRQ�RI�WKH�FKDSWHU��6HFWLRQ������SURYLGHV�
LQIRUPDWLRQ�RQ�WKH�VRIWZDUH�SDFNDJH� �$5*86�DQG�KRZ�
LW�FDQ�EH�XVHG�WR�SURWHFW�IUHTXHQF\�WDEOHV�

����'LVFORVXUH�ULVNV�

'LVFORVXUH�ULVNV�IRU�IUHTXHQF\�WDEOHV�SULPDULO\�UHODWH�WR�
¶XQVDIH�FHOOV··��WKDW�LV�FHOOV�LQ�D�WDEOH�ZKLFK�FRXOG�OHDG�WR�
D�VWDWLVWLFDO�GLVFORVXUH��7KHUH�DUH�VHYHUDO�W\SHV�RI�
GLVFORVXUH�ULVN�DQG�WKH�DVVRFLDWHG�XQVDIH�FHOOV�FDQ�YDU\�
LQ�WHUPV�RI�WKHLU�LPSDFW��$�ULVN�DVVHVVPHQW�VKRXOG�EH�



� � )UHTXHQF\�WDEOHV�

�

� � � � � � � � � � � � � ����������

XQGHUWDNHQ�WR�HYDOXDWH�WKH�H[SHFWHG�RXWFRPHV�RI�D�
GLVFORVXUH��,Q�RUGHU�WR�EH�H[SOLFLW�DERXW�WKH�GLVFORVXUH�
ULVNV�WR�EH�PDQDJHG�RQH�VKRXOG�DOVR�FRQVLGHU�D�UDQJH�
RI�SRWHQWLDOO\�GLVFORVLYH�VLWXDWLRQV�DQG�XVH�WKHVH�WR�
GHYHORS�DSSURSULDWH�FRQILGHQWLDOLW\�UXOHV�WR�SURWHFW�DQ\�
XQVDIH�FHOOV���

7KH�GLVFORVXUH�ULVN�VLWXDWLRQV�GHVFULEHG�LQ�WKLV�VHFWLRQ�
SULPDULO\�DSSO\�WR�WDEOHV�SURGXFHG�IURP�UHJLVWUDWLRQ�
SURFHVVHV��DGPLQLVWUDWLYH�VRXUFHV�RU�&HQVXVHV��H�J��
GDWD�VRXUFHV�ZLWK�D�FRPSOHWH�FRYHUDJH�RI�WKH�SRSXODWLRQ�
RU�VXE�SRSXODWLRQ��:KHUH�IUHTXHQF\�WDEOHV�DUH�GHULYHG�
IURP�VDPSOH�VXUYH\V��H�J��WKH�FRXQWV�LQ�WKH�WDEOH�DUH�
ZHLJKWHG��VRPH�SURWHFWLRQ�LV�SURYLGHG�E\�WKH�VDPSOLQJ�
SURFHVV��7KH�VDPSOH�D�SULRUL�LQWURGXFHV�XQFHUWDLQW\�
LQWR�WKH�]HUR�FRXQWV�DQG�RWKHU�FRXQWV�WKURXJK�VDPSOH�
HUURU��

,W�VKRXOG�EH�QRWHG�WKDW�ZKHQ�GHWHUPLQLQJ�XQVDIH�FHOOV�
RQH�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�YDULDEOHV�WKDW�GHILQH�
WKH�SRSXODWLRQ�ZLWKLQ�WKH�WDEOH��DV�ZHOO�DV�WKH�YDULDEOHV�
GHILQLQJ�WKH�WDEOH��)RU�H[DPSOH��D�IUHTXHQF\�WDEOH�PD\�
GLVSOD\�LQFRPH�E\�UHJLRQ�IRU�PDOHV��$OWKRXJK�VH[�GRHV�
QRW�GHILQH�D�URZ�RU�FROXPQ�LW�GHILQHV�WKH�HOLJLEOH�
SRSXODWLRQ�IRU�WKH�WDEOH�DQG�WKHUHIRUH�PXVW�EH�
FRQVLGHUHG�DV�DQ�LGHQWLI\LQJ�YDULDEOH�ZKHQ�WKLQNLQJ�
DERXW�WKHVH�GLVFORVLYH�VLWXDWLRQV���

'LVFORVXUH�ULVNV�DUH�FDWHJRULVHG�EDVHG�RQ�KRZ�
LQIRUPDWLRQ�LV�UHYHDOHG��7KH�PRVW�FRPPRQ�W\SHV�RI�
GLVFORVXUH�ULVN�LQ�IUHTXHQF\�WDEOHV�DUH�GHVFULEHG�EHORZ��

�
�

,GHQWLILFDWLRQ�DV�D�GLVFORVXUH�ULVN�LQYROYHV�ILQGLQJ�
\RXUVHOI�RU�DQRWKHU�LQGLYLGXDO�RU�JURXS�ZLWKLQ�D�WDEOH��
0DQ\�16,V�ZLOO�QRW�FRQVLGHU�WKDW�VHOI�LGHQWLILFDWLRQ�
DORQH�SRVHV�D�GLVFORVXUH�ULVN��$Q�LQGLYLGXDO�WKDW�FDQ�
UHFDOO�WKHLU�FLUFXPVWDQFHV�DW�WKH�WLPH�RI�GDWD�FROOHFWLRQ�
ZLOO�OLNHO\�EH�DEOH�WR�GHGXFW�ZKLFK�FHOO�LQ�D�SXEOLVKHG�
WDEOH�WKHLU�LQIRUPDWLRQ�FRQWULEXWHV�WR��,Q�RWKHU�ZRUGV��
WKH\�ZLOO�EH�DEOH�WR�LGHQWLI\�WKHPVHOYHV�EXW�RQO\�
EHFDXVH�WKH\�NQRZ�ZKDW�DWWULEXWHV�ZHUH�SURYLGHG�LQ�WKH�
GDWD�FROOHFWLRQ��DORQJ�ZLWK�DQ\�RWKHU�LQIRUPDWLRQ�DERXW�
WKHPVHOYHV�ZKLFK�PD\�DVVLVW�LQ�WKLV�GHWHFWLRQ���

+RZHYHU��LGHQWLILFDWLRQ�RU�VHOI�LGHQWLILFDWLRQ�FDQ�OHDG�WR�
WKH�GLVFRYHU\�RI�UDUHQHVV��RU�HYHQ�XQLTXHQHVV��LQ�WKH�
SRSXODWLRQ�RI�WKH�VWDWLVWLF��ZKLFK�LV�VRPHWKLQJ�DQ�
LQGLYLGXDO�PLJKW�QRW�KDYH�NQRZQ�DERXW�WKHPVHOYHV�
EHIRUH��7KLV�LV�PRVW�OLNHO\�WR�RFFXU�ZKHUH�D�FHOO�KDV�D�
VPDOO�YDOXH��H�J��D����RU�ZKHUH�LW�EHFRPHV�LQ�HIIHFW�D�
SRSXODWLRQ�RI���WKURXJK�VXEWUDFWLRQ�RU�GHGXFWLRQ�XVLQJ�
RWKHU�DYDLODEOH�LQIRUPDWLRQ��)RU�FHUWDLQ�W\SHV�RI�
LQIRUPDWLRQ��UDUHQHVV�RU�XQLTXHQHVV�PD\�HQFRXUDJH�
RWKHUV�WR�VHHN�RXW�WKH�LQGLYLGXDO��7KH�WKUHDW�RU�UHDOLW\�

,GHQWLILFDWLRQ�
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RI�VXFK�D�VLWXDWLRQ�FRXOG�FDXVH�KDUP�RU�GLVWUHVV�WR�WKH�
LQGLYLGXDO��RU�PD\�OHDG�WKHP�WR�FODLP�WKDW�WKH�VWDWLVWLFV�
RIIHU�LQDGHTXDWH�GLVFORVXUH�SURWHFWLRQ�IRU�WKHP��DQG�
WKHUHIRUH�RWKHUV��

,GHQWLILFDWLRQ�RU�VHOI�LGHQWLILFDWLRQ�PD\�RFFXU�IURP�DQ\�
FHOOV�ZLWK�D�FRXQW�RI����L�H��UHSUHVHQWLQJ�RQH�VWDWLVWLFDO�
XQLW��7DEOH�����SUHVHQWV�DQ�H[DPSOH�RI�D�ORZ�
GLPHQVLRQDO�WDEOH�LQ�D�SDUWLFXODU�DUHD�ZKHUH�
LGHQWLILFDWLRQ�PD\�RFFXU���

7DEOH������0DULWDO�VWDWXV�E\�VH[�

0DULWDO�6WDWXV� 0DOH� )HPDOH� 7RWDO�

0DUULHG� ��� ��� ���

'LYRUFHG� �� �� ���

6LQJOH� �� �� � ��

7RWDO� ��� ��� ���

�
7KH�H[LVWHQFH�RI�D���LQ�WKH�KLJKOLJKWHG�FHOO�LQGLFDWHV�
WKDW�WKH�IHPDOH�ZKR�LV�VLQJOH�LV�DW�ULVN�IURP�EHLQJ�
LGHQWLILHG�IURP�WKH�WDEOH��

,GHQWLILFDWLRQ�LWVHOI�SRVHV�D�UHODWLYHO\�ORZ�GLVFORVXUH�
ULVN��EXW�LWV�WHQGHQF\�WR�OHDG�WR�RWKHU�W\SHV�RI�
GLVFORVXUH��WRJHWKHU�ZLWK�WKH�SHUFHSWLRQ�LVVXHV�LW�UDLVHV�
PHDQV�VHYHUDO�16,V�FKRRVH�WR�SURWHFW�DJDLQVW�
LGHQWLILFDWLRQ�GLVFORVXUH��6HFWLRQ�����GLVFXVVHV�
SURWHFWLRQ�PHWKRGV�ZKLFK�WHQG�WR�IRFXV�RQ�UHGXFLQJ�WKH�
QXPEHU�RI�VPDOO�FHOOV�LQ�WDEOHV��

�

$WWULEXWH�GLVFORVXUH�LQYROYHV�WKH�XQFRYHULQJ�RI�QHZ�
LQIRUPDWLRQ�DERXW�D�SHUVRQ�WKURXJK�WKH�XVH�RI�
SXEOLVKHG�GDWD��$Q�LQGLYLGXDO�DWWULEXWH�GLVFORVXUH�
RFFXUV�ZKHQ�VRPHRQH�ZKR�KDV�VRPH�LQIRUPDWLRQ�DERXW�
DQ�LQGLYLGXDO�FRXOG��ZLWK�WKH�KHOS�RI�GDWD�IURP�WKH�WDEOH�
�RU�IURP�D�GLIIHUHQW�WDEOH�ZLWK�D�FRPPRQ�DWWULEXWH���
GLVFRYHU�GHWDLOV�WKDW�ZHUH�QRW�SUHYLRXVO\�NQRZQ�WR�
WKHP��7KLV�LV�PRVW�OLNHO\�WR�RFFXU�ZKHUH�WKHUH�LV�D�FHOO�
FRQWDLQLQJ�D���LQ�WKH�PDUJLQ�RI�WKH�WDEOH�DQG�WKH�
FRUUHVSRQGLQJ�URZ�RU�FROXPQ�LV�GRPLQDWHG�E\�]HURV��
7KH�LQGLYLGXDO�LV�LGHQWLILHG�RQ�WKH�EDVLV�RI�VRPH�RI�WKH�
YDULDEOHV�VSDQQLQJ�WKH�WDEOH�DQG�D�QHZ�DWWULEXWH�LV�
WKHQ�UHYHDOHG�DERXW�WKH�LQGLYLGXDO�IURP�RWKHU�YDULDEOHV��
1RWH�WKDW�LGHQWLILFDWLRQ�LV�D�QHFHVVDU\�SUHFRQGLWLRQ�IRU�
LQGLYLGXDO�DWWULEXWH�GLVFORVXUH�WR�RFFXU��DQG�VKRXOG�
WKHUHIRUH�EH�DYRLGHG��

7KLV�W\SH�RI�GLVFORVXUH�LV�D�SDUWLFXODU�SUREOHP�ZKHQ�
PDQ\�WDEOHV�DUH�UHOHDVHG�IURP�RQH�GDWD�VHW��,I�DQ�
LQWUXGHU�FDQ�LGHQWLI\�DQ�LQGLYLGXDO�WKHQ�DGGLWLRQDO�
WDEOHV�SURYLGH�PRUH�GHWDLO�DERXW�WKDW�SHUVRQ��,Q�

,QGLYLGXDO�DWWULEXWH�
GLVFORVXUH�
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FRQWLQXDWLRQ�RI�WKH�H[DPSOH�VKRZQ�LQ�7DEOH������WKH�FHOO�
GLVFORVLQJ�WKH�VLQJOH�IHPDOH�DV�XQLTXH�ZLOO�XOWLPDWHO\�
WXUQ�LQWR�D�PDUJLQDO�FHOO�LQ�D�KLJKHU�GLPHQVLRQDO�WDEOH�
VXFK�DV�7DEOH�����EHORZ�DQG�KHU�QXPEHU�RI�KRXUV�
ZRUNHG�LV�UHYHDOHG��

7DEOH������0DULWDO�VWDWXV�DQG�VH[�E\�KRXUV�ZRUNHG�

0DOH� )HPDOH� 7RWDO�0DULWDO�
VWDWXV��
+RXUV�
ZRUNHG�

0RUH�
WKDQ�
���

������ ���RU�
OHVV�

0RUH�
WKDQ�
���

������ ���RU�
OHVV�

�

0DUULHG� ��� �� �� ��� �� �� ����

'LYRUFHG� �� �� �� �� �� �� ���

6LQJOH� �� �� �� �� �� �� ��

7RWDO� ��� ��� �� ��� �� �� ���

�
7KH�WDEOH�VKRZV�KRZ�DWWULEXWH�GLVFORVXUH�DULVHV�GXH�WR�
WKH�]HURV�GRPLQDWLQJ�WKH�FROXPQ�RI�WKH�VLQJOH�IHPDOH��
DQG�LW�LV�OHDUQHG�WKDW�VKH�LV�LQ�WKH�ORZHVW�LQFRPH�EDQG���

7KH�RFFXUUHQFH�RI�D���LQ�WKH�WDEOH�FRXOG�DOVR�OHDG�WR�
LGHQWLILFDWLRQ�LI�RQH�LQGLYLGXDO�FRQWULEXWHG�WR�WKH�FHOO�
DQG�WKHUHIRUH�FRXOG�LGHQWLI\�WKH�RWKHU�LQGLYLGXDO�LQ�WKH�
FHOO��

$Q�H[DPSOH�RI�SRWHQWLDO�DWWULEXWH�GLVFORVXUH�IURP�WKH�
�����8.�&HQVXV�GDWD��LQYROYHV�����SHUVRQV�OLYLQJ�LQ�D�
SDUWLFXODU�DUHD�LQ�WKH�8.��8QLTXHV��IUHTXHQF\�FRXQWV�RI�
���ZHUH�IRXQG�IRU�PDOHV�DJHG��������PDOHV�DJHG������
DQG�IHPDOHV�DJHG��������$Q�DGGLWLRQDO�WDEOH�VKRZHG�
WKHVH�LQGLYLGXDOV�IXUWKHU�GLVVHPLQDWHG�E\�KHDOWK�
YDULDEOHV��DQG�LW�ZDV�OHDUQHG�WKDW�WKH�VLQJOH�PDOH�DJHG�
������DQG�WKH�VLQJOH�IHPDOH�DJHG�������KDG�JRRG�RU�
IDLUO\�JRRG�KHDOWK�DQG�QR�OLPLWLQJ�ORQJ�WHUP�LOOQHVV��
ZKLOH�WKH�VLQJOH�PDOH�DJHG�����KDG�SRRU�KHDOWK�DQG�D�
OLPLWLQJ�ORQJ�WHUP�LOOQHVV��:LWKRXW�GLVFORVXUH�FRQWURO��
DQ\RQH�OLYLQJ�LQ�WKLV�SDUWLFXODU�DUHD�KDG�WKH�SRWHQWLDO�
OHDUQ�WKHVH�KHDOWK�DWWULEXWHV�DERXW�WKH�XQLTXH�
LQGLYLGXDOV��)XOO�FRYHUDJH�VRXUFHV�²�OLNH�WKH�&HQVXV��DUH�
D�SDUWLFXODU�FRQFHUQ�IRU�GLVFORVXUH�FRQWURO�EHFDXVH�LW�LV�
FRPSXOVRU\�WKHUH�LV�DQ�H[SHFWDWLRQ�WR�ILQG�DOO�
LQGLYLGXDOV�LQ�WKH�RXWSXW��$OWKRXJK�WKHUH�PD\�EH�VRPH�
PLVVLQJ�GDWD�DQG�FRGLQJ�HUURUV�HWF��16,V�ZRUN�WR�
PLQLPLVH�WKHVH��DQG�LQ�WHUPV�RI�&HQVXV�WKH�GDWD�LVVXHV�
DUH�XQOLNHO\�WR�EH�UDQGRPO\�GLVWULEXWHG�LQ�WKH�RXWSXW��
&HUWDLQ�6'&�WHFKQLTXHV�FDQ�EH�DGMXVWHG�WR�WDUJHW�
SDUWLFXODU�YDULDEOHV��RU�WDEOHV��ZLWK�PRUH�RU�OHVV�
LQKHUHQW�GDWD�HUURU��)RU�H[DPSOH�SURYLGLQJ�PRUH�FHOO�
VXSSUHVVLRQ�IRU�YDULDEOHV�ZKLFK�DUH�NQRZQ�WR�EH�EHWWHU�
TXDOLW\�DQG�KDYH�OHVV�GDWD�LVVXHV���
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�

$QRWKHU�GLVFORVXUH�ULVN�LQYROYHV�OHDUQLQJ�D�QHZ�
DWWULEXWH�DERXW�DQ�LGHQWLILDEOH�JURXS�RU�OHDUQLQJ�D�
JURXS�GRHV�QRW�KDYH�D�SDUWLFXODU�DWWULEXWH��7KLV�LV�
WHUPHG�JURXS�DWWULEXWH�GLVFORVXUH��DQG�LW�FDQ�RFFXU�
ZKHQ�DOO�UHVSRQGHQWV�IDOO�LQWR�D�VXEVHW�RI�FDWHJRULHV�IRU�
D�SDUWLFXODU�YDULDEOH��L�H��ZKHUH�D�URZ�RU�FROXPQ�
FRQWDLQV�PRVWO\�]HURV�DQG�D�VPDOO�QXPEHU�RI�FHOOV�WKDW�
DUH�QRQ�]HUR��7KLV�W\SH�RI�GLVFORVXUH�LV�D�PXFK�
QHJOHFWHG�WKUHDG�WR�WKH�GLVFORVXUH�SURWHFWLRQ�RI�
IUHTXHQF\�WDEOHV��DQG�LQ�FRQWUDVW�WR�LQGLYLGXDO�DWWULEXWH�
GLVFORVXUH��LW�GRHV�QRW�UHTXLUH�LQGLYLGXDO�LGHQWLILFDWLRQ��
,Q�RUGHU�WR�SURWHFW�DJDLQVW�JURXS�DWWULEXWH�GLVFORVXUH�LW�
LV�HVVHQWLDO�WR�LQWURGXFH�DPELJXLW\�LQ�WKH�]HURV�DQG�
HQVXUH�WKDW�DOO�UHVSRQGHQWV�GR�QRW�IDOO�LQWR�MXVW�RQH�RU�D�
IHZ�FDWHJRULHV���

7DEOH�����EHORZ�VKRZV�UHVSRQGHQWV�LQ�D�SDUWLFXODU�DUHD�
EURNHQ�GRZQ�E\�KRXUV�ZRUNHG�DQG�LQFRPH���
�

7DEOH������0DUWLDO�VWDWXV�E\�KRXUV�ZRUNHG�
�

� +RXUV�ZRUNHG� �

0DULWDO�
VWDWXV�

)XOO�
WLPH�

3DUW�
WLPH�

7RWDO�

0DUULHG� �� �� ��

'LYRUFHG�� �� �� ��

6LQJOH� �� �� ��

7RWDO� ��� �� ���

�

)URP�WKH�WDEOH�ZH�FDQ�VHH�WKDW�DOO�PDUULHG�LQGLYLGXDOV�
ZRUN�IXOO�WLPH��WKHUHIRUH�DQ\�LQGLYLGXDO�LQ�WKDW�DUHD�ZKR�
LV�PDUULHG�ZLOO�KDYH�WKHLU�KRXUV�ZRUNHG�GLVFORVHG���

7KH�WDEOH�DOVR�KLJKOLJKWV�DQRWKHU�W\SH�RI�JURXS�DWWULEXWH�
GLVFORVXUH�UHIHUUHG�WR�DV�¶ZLWKLQ�JURXS�GLVFORVXUH·��7KLV�
RFFXUV�IRU�WKH�GLYRUFHG�JURXS�DQG�UHVXOWV�IURP�DOO�
UHVSRQGHQWV�IDOOLQJ�LQWR�WZR�UHVSRQVH�FDWHJRULHV�IRU�D�
SDUWLFXODU�YDULDEOH��ZKHUH�RQH�RI�WKHVH�UHVSRQVH�
FDWHJRULHV�KDV�D�FHOO�YDOXH�RI����,Q�WKLV�FDVH��WKH�
GLYRUFHG�SHUVRQ�ZKR�ZRUNV�SDUW�WLPH�NQRZV�WKDW�DOO�
RWKHU�GLYRUFHG�LQGLYLGXDOV�ZRUN�IXOO�WLPH��

�

'LIIHUHQFLQJ�LQYROYHV�DQ�LQWUXGHU�XVLQJ�PXOWLSOH�
RYHUODSSLQJ�WDEOHV�DQG�VXEWUDFWLRQ�WR�JDWKHU�DGGLWLRQDO�
LQIRUPDWLRQ�DERXW�WKH�GLIIHUHQFHV�EHWZHHQ�WKHP��$�
GLVFORVXUH�E\�GLIIHUHQFLQJ�RFFXUV�ZKHQ�WKLV�FRPSDULVRQ�
RI�WZR�RU�PRUH�WDEOHV�HQDEOHV�D�VPDOO�FHOO��������RU����WR�
EH�FDOFXODWHG��'LVFORVXUHV�E\�GLIIHUHQFLQJ�FDQ�UHVXOW�

*URXS�DWWULEXWH�
GLVFORVXUH�

'LVFORVXUH�E\�
GLIIHUHQFLQJ�
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IURP�WKUHH�GLIIHUHQW�VFHQDULRV�ZKLFK�ZLOO�EH�H[SODLQHG�LQ�
WXUQ��

'LVFORVXUH�E\�JHRJUDSKLFDO�GLIIHUHQFLQJ�PD\�UHVXOW�
ZKHQ�WKHUH�DUH�VHYHUDO�SXEOLVKHG�WDEOHV�IURP�WKH�VDPH�
GDWDVHW�DQG�WKH\�UHODWH�WR�VLPLODU�JHRJUDSKLFDO�DUHDV��,I�
WKHVH�WDEOHV�DUH�FRPSDUHG�WKH\�FDQ�UHYHDO�D�QHZ��
SUHYLRXVO\�XQSXEOLVKHG�WDEOH�IRU�WKH�GLIIHUHQFHG�DUHD��
)RU�LQVWDQFH�������2XWSXW�$UHDV��2$��DUH�VLPLODU�LQ�
JHRJUDSKLFDO�VL]H�WR������(QXPHUDWLRQ�'LVWULFWV��('���
DQG�D�QHZ�GLIIHUHQFHG�WDEOH�PD\�EH�FUHDWHG�IRU�WKH�
UHPDLQLQJ�DUHD��$�ILFWLWLRXV�H[DPSOH�RI�WKLV�LV�SUHVHQWHG�
EHORZ�7DEOHV�����WR������

7DEOH������6LQJOH�3HUVRQ�KRXVHKROGV�DQG�KRXUV�ZRUNHG�
LQ�$UHD�$������2$�GHILQLWLRQ��
�

� 6LQJOH�3HUVRQ�
+RXVHKROG�0DOH�

6LQJOH�3HUVRQ�
+RXVHKROG�)HPDOH�

0RUH�WKDQ���� ��� ���

������ ���� ����

���RU�OHVV� ��� ���

�

7DEOH������6LQJOH�3HUVRQ�KRXVHKROGV�DQG�LQFRPH�EDQG�
LQ�$UHD�$�������('�GHILQLWLRQ��
�

� 6LQJOH�3HUVRQ�
+RXVHKROG�0DOH�
�

6LQJOH�3HUVRQ�
+RXVHKROG�)HPDOH�

0RUH�WKDQ���� ��� ���

������ ���� ����

���RU�OHVV� ��� ���

�

7DEOH������1HZ�GLIIHUHQFHG�WDEOH��YLD�JHRJUDSKLFDO�
GLIIHUHQFLQJ��
�

� 6LQJOH�3HUVRQ�
+RXVHKROG�0DOH�
�

6LQJOH�3HUVRQ�
+RXVHKROG�)HPDOH�

0RUH�WKDQ����� �� ��

������ �� ��

���RU�OHVV� �� ��

�
7KH�DERYH�H[DPSOH�GHPRQVWUDWHV�KRZ�VLPSOH�
VXEWUDFWLRQ�RI�WKH�JHRJUDSKLFDO�GDWD�LQ�7DEOH�����IURP�
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7DEOH�����FDQ�SURGXFH�GLVFORVLYH�LQIRUPDWLRQ�IRU�WKH�
DUHD�LQ�7DEOH������

�

'LVFORVXUH�E\�OLQNLQJ�FDQ�RFFXU�ZKHQ�SXEOLVKHG�
WDEOHV�UHODWLQJ�WR�WKH�VDPH�EDVH�SRSXODWLRQ�DUH�OLQNHG�
E\�FRPPRQ�YDULDEOHV��7KHVH�QHZ�OLQNHG�WDEOHV�ZHUH�QRW�
SXEOLVKHG�E\�WKH�16,�DQG�WKHUHIRUH�PD\�UHYHDO�WKH�
VWDWLVWLFDO�GLVFORVXUH�FRQWURO�PHWKRGV�DSSOLHG�DQG�RU�
XQVDIH�FHOO�FRXQWV���

$�ILFWLWLRXV�H[DPSOH�RI�GLVFORVXUH�E\�OLQNLQJ�LV�SURYLGHG�
EHORZ�LQ�7DEOHV�����WR�������ZKLFK�DUH�OLQNHG�E\�
HPSOR\PHQW�VWDWXV�DQG�ZKHWKHU�RU�QRW�WKH�UHVSRQGHQWV�
OLYH�LQ�WKH�DUHD���

7DEOH������$UHD�RI�5HVLGHQFH�RU�:RUNSODFH�

�

�

�

�

7DEOH������(PSOR\PHQW�VWDWXV�LQ�$UHD�$�

�

�

�

� �
�

7DEOH������0DOHV�ZRUNLQJ�DQG�OLYLQJ�LQ�$UHD�$�

�

D
E
O
�

� 1XPEHU�ZRUNLQJ�
LQ�DUHD�

1XPEHU�OLYLQJ�
LQ�DUHD�

/LYLQJ�DQG�
ZRUNLQJ�LQ�DUHD�

$UHD�$� ��� ���� ���

� 1XPEHU�RI�3HUVRQV�

(PSOR\HG� ���

1RW�HPSOR\HG� ���

7RWDO� ����

� /LYLQJ�DQG�
ZRUNLQJ�LQ�
$UHD�$�

/LYLQJ�LQ�$UHD�
$�DQG�ZRUNLQJ�
HOVHZKHUH�

:RUNLQJ�LQ�$UHD�
$�DQG�OLYLQJ�
HOVHZKHUH�

0DOHV� ��� ��� ���
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�

7DEOH�������1HZ�GLIIHUHQFHG�WDEOH��YLD�OLQNLQJ��

�

�

'�

�

&
R
P
E�

7DEOH������VKRZV�WKH�QHZ�GDWD�ZKLFK�FDQ�EH�GHULYHG�E\�
FRPELQLQJ�DQG�GLIIHUHQFLQJ�WKH�WRWDOV�IURP�WKH�H[LVWLQJ�
WDEOHV��7KH�OLQNHG�WDEOH�GLVFORVHV�WKH�IHPDOH�OLYLQJ�DQG�
ZRUNLQJ�LQ�$UHD�$�DV�D�XQLTXH��

,PSRUWDQWO\��ZKHQ�OLQNHG�WDEOHV�DUH�SURGXFHG�IURP�WKH�
VDPH�GDWDVHW�LW�LV�QRW�VXIILFLHQW�WR�FRQVLGHU�WKH�
SURWHFWLRQ�IRU�HDFK�WDEOH�VHSDUDWHO\��,I�D�FHOO�UHTXLUHV�
SURWHFWLRQ�LQ�RQH�WDEOH�WKHQ�LW�ZLOO�UHTXLUH�SURWHFWLRQ�LQ�
DOO�WDEOHV��RWKHUZLVH�WKH�SURWHFWLRQ�LQ�WKH�ILUVW�WDEOH�
FRXOG�EH�XQGRQH��

7KH�ODVW�W\SH�RI�GLVFORVXUH�E\�GLIIHUHQFLQJ�LQYROYHV�
GLIIHUHQFLQJ�RI�VXE�SRSXODWLRQ�WDEOHV��6XE�
SRSXODWLRQV�DUH�VSHFLILF�JURXSV�ZKLFK�GDWD�PD\�EH�
VXEVHW�LQWR�EHIRUH�D�WDEOH�LV�SURGXFHG��H�J��D�WDEOH�RI�
IHUWLOLW\�PD\�XVH�D�VXE�SRSXODWLRQ�RI�IHPDOHV���
'LIIHUHQFLQJ�FDQ�RFFXU�ZKHQ�D�SXEOLVKHG�WDEOH�
GHILQLWLRQ�FRUUHVSRQGV�WR�D�VXE�SRSXODWLRQ�RI�DQRWKHU�
SXEOLVKHG�WDEOH��UHVXOWLQJ�LQ�WKH�SURGXFWLRQ�RI�D�QHZ��
SUHYLRXVO\�XQSXEOLVKHG�WDEOH��,I�WKH�WRWDO�SRSXODWLRQ�LV�
NQRZQ�DQG�WKH�VXESRSXODWLRQ�RI�IHPDOHV�LV�JDWKHUHG�
IURP�DQRWKHU�WDEOH��WKH�QXPEHU�RI�PDOHV�FDQ�EH�
GHGXFHG��

7DEOHV�EDVHG�RQ�FDWHJRULFDO�YDULDEOHV�ZKLFK�KDYH�EHHQ�
UHFRGHG�LQ�GLIIHUHQW�ZD\V�PD\�DOVR�UHVXOW�LQ�WKLV�NLQG�RI�
GLIIHUHQFLQJ��7R�UHGXFH�WKH�GLVFORVXUH�ULVN�UHVXOWLQJ�
IURP�KDYLQJ�PDQ\�GLIIHUHQW�YHUVLRQV�RI�YDULDEOHV��PRVW�
16,V�KDYH�D�VHW�RI�VWDQGDUG�FODVVLILFDWLRQV�ZKLFK�WKH\�
XVH�WR�UHOHDVH�GDWD��$Q�H[DPSOH�XVLQJ�WKH�QXPEHU�RI�
KRXUV�ZRUNHG�LV�VKRZQ�EHORZ�LQ�7DEOHV������WR�������

�

7DEOH�������+RXUV�ZRUNHG�E\�VH[�LQ�$UHD�$�
�

� ���� �������� �������� �������� 2YHU����

0DOH� �� �� �� �� ��

)HPDOH� ��� ��� ��� ��� ���

� /LYLQJ�DQG�
ZRUNLQJ�LQ�
$UHD�$�

/LYLQJ�LQ�$UHD�$�
DQG�ZRUNLQJ�
HOVHZKHUH�

:RUNLQJ�LQ�
$UHD�$�DQG�
OLYLQJ�
HOVHZKHUH�

0DOHV� ��� ��� ���

)HPDOHV� �� �� ��

7RWDO� ��� ��� ���
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7DEOH�������+RXUV�ZRUNHG�E\�VH[�LQ�$UHD�$�
�

� ���� �������� �������� �������� 2YHU����

0DOH� �� �� �� �� ��

)HPDOH� ��� ��� ��� ��� ���

�
7DEOH�������1HZ�GLIIHUHQFHG�WDEOH��YLD�VXE�SRSXODWLRQV��
�

� ���� �������� �������� �������� �������� 2YHU����

0DOH� �� �� �� �� �� ��

)HPDOH� ��� �� ��� ��� ��� ���

�

7KH�H[DPSOH�LQGLFDWHV�KRZ�D�QHZ�WDEOH�FDQ�EH�
GLIIHUHQFHG�IURP�WKH�RULJLQDO�WDEOHV��LQ�SDUWLFXODU�D�QHZ�
KRXUV�ZRUNHG�JURXS��IRU�������KRXUV��ZKLFK�UHYHDOV�
WKDW�WKH�PDOH�IDOOLQJ�LQWR�WKLV�GHULYHG�KRXUV�ZRUNHG�
JURXS�LV�XQLTXH��

0RUH�LQIRUPDWLRQ�RQ�GLVFORVXUH�E\�GLIIHUHQFLQJ�FDQ�EH�
REWDLQHG�IURP�%URZQ��������DQG�'XNH�:LOOLDPV�DQG�
5HHV���������

�

,Q�DGGLWLRQ�WR�SURYLGLQJ�DFWXDO�GLVFORVXUH�FRQWURO�
SURWHFWLRQ�IRU�VHQVLWLYH�LQIRUPDWLRQ��16,V�QHHG�WR�EH�
VHHQ�WR�EH�SURYLGLQJ�WKLV�SURWHFWLRQ��7KH�SXEOLF�PD\�
KDYH�D�GLIIHUHQW�XQGHUVWDQGLQJ�RI�GLVFORVXUH�FRQWURO�
ULVNV�DQG�WKHLU�SHUFHSWLRQ�LV�OLNHO\�WR�EH�LQIOXHQFHG�E\�
ZKDW�WKH\�VHH�LQ�WDEOHV��,I�PDQ\�VPDOO�FHOOV�DSSHDU�LQ�
IUHTXHQF\�WDEOHV�XVHUV�PD\�SHUFHLYH�WKDW�HLWKHU�QR�
6'&��RU�LQVXIILFLHQW�6'&�PHWKRGV��KDYH�EHHQ�DSSOLHG�WR�
WKH�GDWD��6HFWLRQ�����GLVFXVVHV�6'&�PHWKRGV��EXW�
JHQHUDOO\�VRPH�PHWKRGV�DUH�PRUH�REYLRXV�LQ�WKH�RXWSXW�
WDEOHV��WKDQ�RWKHUV��7R�SURWHFW�DJDLQVW�QHJDWLYH�
SHUFHSWLRQV�16,V�VKRXOG�EH�WUDQVSDUHQW�DERXW�WKH�6'&�
PHWKRGV�DSSOLHG��0DQDJLQJ�SHUFHSWLRQV�LV�LPSRUWDQW�WR�
PDLQWDLQ�FUHGLELOLW\�DQG�UHVSRQVLELOLW\�WRZDUGV�
UHVSRQGHQWV��1HJDWLYH�SHUFHSWLRQV�PD\�LPSDFW�UHVSRQVH�
UDWHV�IRU�FHQVXVHV�DQG�VXUYH\V�LI�UHVSRQGHQWV�SHUFHLYH�
WKDW�WKHUH�LV�OLWWOH�FRQFHUQ�DERXW�SURWHFWLQJ�WKHLU�
FRQILGHQWLDOLW\��0RUH�HPSKDVLV�KDV�EHHQ�SODFHG�RQ�WKLV�
W\SH�RI�GLVFORVXUH�ULVN�LQ�UHFHQW�\HDUV�GXH�WR�GHFOLQLQJ�
UHVSRQVH�UDWHV�DQG�GHFUHDVLQJ�GDWD�TXDOLW\��,W�LV�
LPSRUWDQW�WR�SURYLGH�FOHDU�H[SODQDWLRQV�WR�WKH�SXEOLF�
DERXW�WKH�SURWHFWLRQ�DIIRUGHG�E\�WKH�6'&�PHWKRG��DV�
ZHOO�DV�JXLGDQFH�RQ�WKH�LPSDFW�RI�WKH�6'&�PHWKRGV�RQ�
WKH�TXDOLW\�DQG�XWLOLW\�RI�WKH�RXWSXWV��([SODQDWLRQV�
VKRXOG�SURYLGH�GHWDLOV�RI�WKH�PHWKRGV�XVHG�EXW�DYRLG�

3HUFHSWLRQ�RI�
GLVFORVXUH�ULVN�
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VWDWLQJ�WKH�H[DFW�SDUDPHWHUV�DV�WKLV�PD\�DOORZ�
LQWUXGHUV�WR�XQSLFN�WKH�SURWHFWLRQ��

�

7DEOH������6XPPDU\�RI�GLVFORVXUH�ULVNV�DVVRFLDWHG�
ZLWK�IUHTXHQF\�WDEOHV�

�

'LVFORVXUH�5LVN� 'HVFULSWLRQ�

,GHQWLILFDWLRQ� ,GHQWLI\LQJ�DQ�LQGLYLGXDO�LQ�D�WDEOH�

$WWULEXWH�
GLVFORVXUH�
�LQGLYLGXDO�DQG�
JURXS��

)LQGLQJ�RXW�SUHYLRXVO\�XQNQRZQ�
LQIRUPDWLRQ�DERXW�DQ�LQGLYLGXDO��RU�
JURXS��IURP�D�WDEOH�

'LVFORVXUH�E\�
GLIIHUHQFLQJ�

8QFRYHULQJ�QHZ�LQIRUPDWLRQ�E\�
FRPSDULQJ�PRUH�WKDQ�RQH�WDEOH��

3HUFHSWLRQ�RI�
GLVFORVXUH�

7KH�SXEOLF·V�IHHOLQJ�RI�ULVN�EDVHG�RQ�
ZKDW�LV�VHHQ�LQ�UHOHDVHG�WDEOHV�

�

����0HWKRGV�

7KHUH�DUH�D�YDULHW\�RI�GLVFORVXUH�FRQWURO�PHWKRGV�ZKLFK�
FDQ�EH�DSSOLHG�WR�WDEXODU�GDWD�WR�SURYLGH�FRQILGHQWLDOLW\�
SURWHFWLRQ��7KH�FKRLFH�RI�ZKLFK�PHWKRG�WR�XVH�QHHGV�WR�
EDODQFH�WKH�KRZ�WKH�GDWD�LV�XVHG��WKH�RSHUDWLRQDO�
IHDVLELOLW\�RI�WKH�PHWKRG��DQG�WKH�GLVFORVXUH�FRQWURO�
SURWHFWLRQ�LW�RIIHUV��6'&�PHWKRGV�FDQ�EH�GLYLGHG�LQWR�
WKUHH�FDWHJRULHV�ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�WXUQ�EHORZ��
WKRVH�WKDW�DGMXVW�WKH�GDWD�EHIRUH�WDEOHV�DUH�GHVLJQHG�
�SUH�WDEXODU���WKRVH�WKDW�GHWHUPLQH�WKH�GHVLJQ�RI�WKH�
WDEOH��WDEOH�UHGHVLJQ��DQG�WKRVH�WKDW�PRGLI\�WKH�YDOXHV�
LQ�WKH�WDEOH��SRVW�WDEXODU���)XUWKHU�LQIRUPDWLRQ�RQ�6'&�
PHWKRGV�IRU�IUHTXHQF\�WDEOHV�FDQ�DOVR�EH�IRXQG�LQ�
:LOOHQERUJ�	�7RQ�GH�:DDO��������DQG�'R\OH�HW�DO���������
�

3UH�WDEXODU�GLVFORVXUH�FRQWURO�PHWKRGV�DUH�DSSOLHG�WR�
PLFURGDWD�EHIRUH�LW�LV�DJJUHJDWHG�DQG�RXWSXW�LQ�
IUHTXHQF\�WDEOHV��7KHVH�PHWKRGV�LQFOXGH��UHFRUG�
VZDSSLQJ��RYHU�LPSXWDWLRQ��GDWD�VZLWFKLQJ��35$0��DQG�
VDPSOLQJ��6HH�&KDSWHU���²�0LFURGDWD�SURWHFWLRQ�
PHWKRGV��IRU�GHWDLOV�RI�WKH�PHWKRGV��$�NH\�DGYDQWDJH�RI�
SUH�WDEXODU�PHWKRGV�LV�WKDW�WKH�RXWSXW�WDEOHV�DUH�
FRQVLVWHQW�DQG�DGGLWLYH�VLQFH�DOO�RXWSXWV�DUH�FUHDWHG�
IURP�SURWHFWHG�PLFURGDWD��3UH�WDEXODU�PHWKRGV�E\�
GHILQLWLRQ�RQO\�QHHG�WR�EH�DSSOLHG�RQFH�WR�WKH�PLFURGDWD�
DQG�DIWHU�WKH\�DUH�LPSOHPHQWHG�IRU�D�PLFURGDWD�VHW�
�RIWHQ�LQ�FRQMXQFWLRQ�ZLWK�WKUHVKROG�RU�VSDUVLW\�UXOHV��
WKH\�FDQ�EH�XVHG�WR�DOORZ�IOH[LEOH�WDEOH�JHQHUDWLRQ��7KLV�
LV�EHFDXVH�SUH�WDEXODU�PHWKRGV�SURYLGH�VRPH�

3UH�WDEXODU�
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SURWHFWLRQ�DJDLQVW�GLVFORVXUH�E\�GLIIHUHQFLQJ�DQG�DQ\�
XQFRYHUHG�VOLYHUV�ZLOO�KDYH�DOUHDG\�KDG�6'&�SURWHFWLRQ�
DSSOLHG���

'LVDGYDQWDJHV�RI�SUH�WDEXODU�WHFKQLTXHV�DUH�WKDW�RQH�
PXVW�KDYH�DFFHVV�WR�WKH�RULJLQDO�PLFURGDWD��$OVR��D�KLJK�
OHYHO�RI�SHUWXUEDWLRQ�PD\�EH�UHTXLUHG�LQ�RUGHU�WR�
GLVJXLVH�DOO�XQVDIH�FHOOV��3UH�WDEXODU�PHWKRGV�KDYH�WKH�
SRWHQWLDO�WR�GLVWRUW�GLVWULEXWLRQV�LQ�WKH�GDWD��EXW�WKH�
DFWXDO�LPSDFW�RI�WKLV�ZLOO�GHSHQG�RQ�ZKLFK�PHWKRG�LV�
XVHG�DQG�KRZ�LW�LV�DSSOLHG��,W�PD\�EH�SRVVLEOH�WR�WDUJHW�
SUH�WDEXODU�PHWKRGV�WRZDUGV�SDUWLFXODU�DUHDV�RU�
VHQVLWLYH�YDULDEOHV��*HQHUDOO\�SUH�WDEXODU�PHWKRGV�DUH�
QRW�DV�WUDQVSDUHQW�WR�XVHUV�RI�WKH�IUHTXHQF\�WDEOHV�DQG�
WKHUH�LV�QR�FOHDU�JXLGDQFH�WKDW�FDQ�EH�JLYHQ�LQ�RUGHU�WR�
PDNH�DGMXVWPHQWV�LQ�WKHLU�VWDWLVWLFDO�DQDO\VLV�IRU�WKLV�
W\SH�RI�SHUWXUEDWLRQ��

�7DEOH�UHGHVLJQ�LV�UHFRPPHQGHG�DV�D�VLPSOH�PHWKRG�
WKDW�FDQ�PLQLPLVH�WKH�QXPEHU�RI�XQVDIH�FHOOV�LQ�D�WDEOH�
DQG�SUHVHUYH�RULJLQDO�FRXQWV��,W�FDQ�EH�DSSOLHG�
DORQJVLGH�SRVW�WDEXODU�RU�SUH�WDEXODU�GLVFORVXUH�FRQWURO�
PHWKRGV��DV�ZHOO�DV�EHLQJ�DSSOLHG�RQ�LWV�RZQ��$V�DQ�
DGGLWLRQDO�PHWKRG�RI�SURWHFWLRQ�LW�KDV�EHHQ�XVHG�LQ�
PDQ\�16,·V�LQFOXGLQJ�WKH�8.�DQG�1HZ�=HDODQG��$V�WDEOH�
UHGHVLJQ�DORQH�SURYLGHV�UHODWLYHO\�OHVV�GLVFORVXUH�FRQWURO�
SURWHFWLRQ�WKDQ�RWKHU�PHWKRGV��LW�LV�RIWHQ�XVHG�WR�
SURWHFW�VDPSOH�GDWD��ZKLFK�DOUHDG\�FRQWDLQV�VRPH�
SURWHFWLRQ�IURP�WKH�VDPSOLQJ�SURFHVV������

7DEOH�UHGHVLJQ�PHWKRGV�XVHG�WR�UHGXFH�WKH�ULVN�RI�
GLVFORVXUH�LQFOXGH��

•� DJJUHJDWLQJ�WR�D�KLJKHU�OHYHO�JHRJUDSK\�RU�WR�D�
ODUJHU�SRSXODWLRQ�VXEJURXS�

•� �DSSO\LQJ�WDEOH�WKUHVKROGV�

•� �FROODSVLQJ�RU�JURXSLQJ�FDWHJRULHV�RI�YDULDEOHV�
�UHGXFLQJ�WKH�OHYHO�RI�GHWDLO��

•� DSSO\LQJ�D�PLQLPXP�DYHUDJH�FHOO�VL]H�WR�UHOHDVHG�
WDEOHV���

7KH�DGYDQWDJHV�RI�WDEOH�UHGHVLJQ�PHWKRGV�DUH�WKDW�
RULJLQDO�FRXQWV�LQ�WKH�GDWD�DUH�QRW�GDPDJHG�DQG�WKH�
WDEOHV�DUH�DGGLWLYH�ZLWK�FRQVLVWHQW�WRWDOV��,Q�DGGLWLRQ��
WKH�PHWKRG�LV�VLPSOH�WR�LPSOHPHQW�DQG�HDV\�WR�H[SODLQ�
WR�XVHUV��+RZHYHU��WKH�GHWDLO�LQ�WKH�WDEOH�ZLOO�EH�JUHDWO\�
UHGXFHG��DQG�LI�PDQ\�WDEOHV�GR�QRW�SDVV�WKH�UHOHDVH�
FULWHULD�LW�PD\�OHDG�WR�XVHU�GLVFRQWHQW���

�

6WDWLVWLFDO�GLVFORVXUH�FRQWURO�PHWKRGV�WKDW�PRGLI\�FHOO�
YDOXHV�ZLWKLQ�WDEXODU�RXWSXWV�DUH�UHIHUUHG�WR�DV�SRVW�
WDEXODU�PHWKRGV��6XFK�PHWKRGV�DUH�JHQHUDOO\�FOHDU�DQG�
WUDQVSDUHQW�WR�XVHUV��DQG�DUH�HDVLHU�WR�XQGHUVWDQG�DQG�
DFFRXQW�IRU�LQ�DQDO\VHV��WKDQ�SUH�WDEXODU�PHWKRGV��

7DEOH�5HGHVLJQ�

3RVW�WDEXODU�
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+RZHYHU��SRVW�WDEXODU�PHWKRGV�VXIIHU�WKH�SUREOHP�WKDW�
HDFK�WDEOH�PXVW�EH�LQGLYLGXDOO\�SURWHFWHG��DQG�LW�LV�
QHFHVVDU\�WR�HQVXUH�WKDW�WKH�QHZ�SURWHFWHG�WDEOH�
FDQQRW�EH�FRPSDUHG�DJDLQVW�DQ\�RWKHU�H[LVWLQJ�RXWSXWV�
LQ�VXFK�D�ZD\�ZKLFK�PD\�XQGR�WKH�SURWHFWLRQ�WKDW�KDV�
EHHQ�DSSOLHG��,Q�DGGLWLRQ�SRVW�WDEXODU�PHWKRGV�FDQ�EH�
FXPEHUVRPH�WR�DSSO\�WR�ODUJH�WDEOHV��7KH�PDLQ�SRVW�
WDEXODU�PHWKRGV�LQFOXGH�FHOO�VXSSUHVVLRQ��FHOO�
SHUWXUEDWLRQ��DQG�URXQGLQJ���

�

7DEOH������6XPPDU\�RI�7DEXODU�'LVFORVXUH�&RQWURO�
0HWKRGV�

�

� 3UH�7DEXODU� 7DEOH�5HGHVLJQ�� 3RVW�7DEXODU�

� 0HWKRGV�
DSSOLHG�
EHIRUH�WDEOHV��
DUH�FUHDWHG�

0HWKRGV�
DSSOLHG�DV�
WDEOHV�DUH�
FUHDWHG�

0HWKRGV�
DSSOLHG�DIWHU�
WDEOHV�DUH�
FUHDWHG�

7DEOHV�DQG�WRWDOV�
ZLOO�EH�DGGLWLYH�DQG�
FRQVLVWHQW�

<HV� <HV� 1R�

0HWKRGV�DUH�YLVLEOH�
WR�XVHUV�DQG�FDQ�
EH�DFFRXQWHG�IRU�LQ�
DQDO\VLV�

1R� <HV� <HV�

0HWKRGV�QHHG�WR�EH�
DSSOLHG�WR�HDFK�
WDEOH�LQGLYLGXDOO\�

1R� <HV� <HV�

)OH[LEOH�WDEOH�
JHQHUDWLRQ�LV�
SRVVLEOH��

<HV� 1R� 1R�

�

7KH�PDLQ�SRVW�WDEXODU�PHWKRGV�RI�GLVFORVXUH�FRQWURO�
DUH�GLVFXVVHG�EHORZ��

&HOO�VXSSUHVVLRQ�LV�D�QRQ�SHUWXUEDWLYH�PHWKRG�RI�
GLVFORVXUH�FRQWURO���LW�LV�GHVFULEHG�LQ�GHWDLO�LQ�&KDSWHU�
����EXW�WKH�PHWKRG�HVVHQWLDOO\�UHPRYHV�VHQVLWLYH�YDOXHV�
DQG�GHQRWHV�WKHP�DV�PLVVLQJ��3URWHFWLQJ�WKH�XQVDIH�
FHOOV�LV�FDOOHG�SULPDU\�VXSSUHVVLRQ��DQG�WR�HQVXUH�WKHVH�
FDQQRW�EH�GHULYHG�E\�VXEWUDFWLRQV�IURP�SXEOLVKHG�
PDUJLQDO�WRWDOV��DGGLWLRQDO�FHOOV�DUH�VHOHFWHG�IRU�
VHFRQGDU\�VXSSUHVVLRQ���

&HOO�VXSSUHVVLRQ�FDQQRW�EH�XQSLFNHG�SURYLGHG�
VHFRQGDU\�FHOO�VXSSUHVVLRQ�LV�DGHTXDWH�DQG�WKH�VDPH�
FHOOV�LQ�DQ\�OLQNHG�WDEOHV�DUH�DOVR�VXSSUHVVHG��2WKHU�
DGYDQWDJHV�DUH�WKDW�WKH�PHWKRG�LV�HDV\�WR�LPSOHPHQW�
RQ�XQOLQNHG�WDEOHV�DQG�LW�LV�KLJKO\�YLVLEOH�WR�XVHUV��7KH�

&HOO�6XSSUHVVLRQ�
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RULJLQDO�FRXQWV�LQ�WKH�GDWD�WKDW�DUH�QRW�VHOHFWHG�IRU�
VXSSUHVVLRQ�DUH�OHIW�XQDGMXVWHG���

+RZHYHU�FHOO�VXSSUHVVLRQ�KDV�VHYHUDO�GLVDGYDQWDJHV�DV�
D�SURWHFWLRQ�PHWKRG�IRU�IUHTXHQF\�WDEOHV��LQ�SDUWLFXODU�
LQIRUPDWLRQ�ORVV�FDQ�EH�KLJK�LI�PRUH�WKDQ�D�IHZ�
VXSSUHVVLRQV�DUH�UHTXLUHG��6HFRQGDU\�VXSSUHVVLRQ�
UHPRYHV�FHOO�YDOXHV�ZKLFK�DUH�QRW�QHFHVVDULO\�D�
GLVFORVXUH�ULVN��LQ�RUGHU�WR�SURWHFW�RWKHU�FHOOV�ZKLFK�DUH�
D�ULVN��'LVFORVLYH�]HURV�QHHG�WR�EH�VXSSUHVVHG�DQG�WKLV�
PHWKRG�GRHV�QRW�SURWHFW�DJDLQVW�GLVFORVXUH�E\�
GLIIHUHQFLQJ��7KLV�LV�FDQ�EH�D�VHULRXV�SUREOHP�LI�PRUH�
WKDQ�RQH�WDEOH�LV�SURGXFHG�IURP�WKH�VDPH�GDWD�VRXUFH�
�H�J��IOH[LEOH�WDEOH�JHQHUDWLRQ���:KHQ�GLVVHPLQDWLQJ�D�
ODUJH�QXPEHU�RI�WDEOHV�LW�LV�PXFK�KDUGHU�WR�HQVXUH�WKH�
FRQVLVWHQF\�RI�VXSSUHVVHG�FHOOV��DQG�FDUH�PXVW�EH�
WDNHQ�WR�HQVXUH�WKDW�VDPH�FHOOV�LQ�OLQNHG�WDEOHV�DUH�
DOZD\V�VXSSUHVVHG���

$%6�&HOO�3HUWXUEDWLRQ�LV�D�QHZ�FHOO�SHUWXUEDWLRQ�
DOJRULWKP�ZKLFK�ZDV�GHYHORSHG�E\�WKH�$XVWUDOLDQ�
%XUHDX�RI�6WDWLVWLFV�WR�SURWHFW�WKH�RXWSXWV�IURP�WKHLU�
�����&HQVXV��LW�LV�DOVR�SODQQHG�WR�SURWHFW�WKHLU������
&HQVXV�RXWSXWV���7KH�PHWKRG�LV�GHVLJQHG�WR�SURWHFW�
WDEOHV�E\�DOWHULQJ�DOO�FHOOV�E\�VPDOO�DPRXQWV��7KH�FHOOV�
DUH�DGMXVWHG�LQ�VXFK�D�ZD\�WKDW�WKH�VDPH�FHOO�LV�
SHUWXUEHG�LQ�WKH�VDPH�ZD\�HYHQ�ZKHQ�LW�DSSHDUV�DFURVV�
GLIIHUHQW�WDEOHV��7KLV�PHWKRG�DGGV�VXIILFLHQW�¶QRLVH·�WR�
HDFK�FHOO�VR�LI�DQ�LQWUXGHU�WULHG�WR�JDWKHU�LQIRUPDWLRQ�E\�
GLIIHUHQFLQJ��WKH\�ZRXOG�QRW�EH�DEOH�WR�REWDLQ�WKH�UHDO�
GDWD���

7KH�PHWKRG�FRQVLVWV�RI�D�WZR�VWDJH�SURFHVV��

6WDJH�RQH�DGGV�WKH�SHUWXUEDWLRQV�WR�WKH�FHOO�YDOXHV��DQG�
UHVXOWV�LQ�D�FRQVLVWHQWO\�SHUWXUEHG�EXW�QRQ�DGGLWLYH�
WDEOH��$OO�PLFURGDWD�UHFRUGV�DUH�DVVLJQHG�D�UHFRUG�NH\�
DQG�ZKHQ�FUHDWLQJ�D�WDEOH�WKH�UHFRUG�NH\V�IRU�DOO�
UHFRUGV�FRQWULEXWLQJ�WR�HDFK�LQWHUQDO�FHOO�DUH�VXPPHG��
$�IXQFWLRQ�LV�DSSOLHG�WR�WKLV�VXP�WR�SURGXFH�WKH�FHOO�
NH\��/RRNXS�WDEOHV��ZKLFK�DUH�GHWHUPLQHG�E\�WKH�
RUJDQLVDWLRQ��DUH�WKHQ�XVHG��E\�PHDQV�RI�WKH�WUXH�FHOO�
YDOXH�DQG�WKH�FHOO�NH\��WR�GHWHUPLQH�WKH�DPRXQW�HDFK�
FHOO�VKRXOG�EH�SHUWXUEHG��7KLV�PHDQV�WKDW�WKH�VDPH�FHOO�
LV�DOZD\V�SHUWXUEHG�LQ�WKH�VDPH�ZD\��7KH�SHUWXUEDWLRQ�
FDQ�EH�VHW�WR�]HUR�IRU�D�SUH�GHWHUPLQHG�VHW�RI�NH\�
RXWSXWV��H�J��WKH�WRWDO�DJH�E\�VH[�SRSXODWLRQ�FRXQWV���
7DEOH�PDUJLQV�DUH�SHUWXUEHG�LQGHSHQGHQWO\�XVLQJ�WKH�
VDPH�PHWKRG����

6WDJH�WZR�DGGV�DQRWKHU�SHUWXUEDWLRQ�WR�HDFK�FHOO�
�H[FOXGLQJ�WKH�JUDQG�WRWDO��WR�UHVWRUH�WDEOH�DGGLWLYLW\��
7KH�VWDJH�WZR�SHUWXUEDWLRQV�DUH�JHQHUDWHG�XVLQJ�DQ�
LWHUDWLYH�ILWWLQJ�DOJRULWKP�ZKLFK�DWWHPSWV�WR�EDODQFH�
DQG�PLQLPLVH�DEVROXWH�GLVWDQFHV�WR�WKH�VWDJH�RQH�WDEOH�

$%6�&HOO�3HUWXUEDWLRQ�
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�DOWKRXJK�QRW�QHFHVVDULO\�SURGXFLQJ�DQ�RSWLPDO�
VROXWLRQ���

7KH�$%6�FHOO�SHUWXUEDWLRQ�PHWKRG�LV�D�PRUH�LQIRUPHG�
SRVW�WDEXODU�PHWKRG�RI�GLVFORVXUH�FRQWURO�VLQFH�LW�
XWLOLVHV�SUH�WDEXODU�PLFURGDWD�LQIRUPDWLRQ�GXULQJ�WKH�
SHUWXUEDWLRQ�VWDJH��7KH�PHWKRG�LV�YHU\�GHSHQGHQW�XSRQ�
WKH�ORRNXS�WDEOH�XVHG��EXW�LW�LV�IOH[LEOH�LQ�WKDW�ORRN�XS�
WDEOHV�FDQ�EH�VSHFLILFDOO\�GHVLJQHG�WR�VXLW�QHHGV��DQG�
GLIIHUHQW�ORRN�XS�WDEOHV�FRXOG�SRWHQWLDOO\�EH�XVHG�IRU�
GLIIHUHQW�WDEOHV��)XUWKHUPRUH��WKH�ORRNXS�WDEOH�FDQ�EH�
GHVLJQHG�WR�PRGHO�RWKHU�SRVW�WDEXODU�PHWKRGV��H�J��
VPDOO�FHOO�DGMXVWPHQWV�RU�UDQGRP�URXQGLQJ���7KH�
PHWKRG�SURYLGHV�SURWHFWLRQ�IRU�IOH[LEOH�WDEOHV�DQG�FDQ�
EH�XVHG�WR�SURGXFH�SHUWXUEDWLRQV�IRU�ODUJH�KLJK�
GLPHQVLRQDO�KLHUDUFKLFDO�WDEOHV���

+RZHYHU��ZKLOH�FRQVLVWHQF\�LV�PDLQWDLQHG�GXULQJ�WKH�
ILUVW�VWDJH�RI�WKH�SHUWXUEDWLRQ�SURFHVV��LW�LV�ORVW�ZKHQ�
WKH�DGGLWLYLW\�PRGXOH�LV�DSSOLHG��7KH�PHWKRG�PXVW�EH�
DSSOLHG�WR�HDFK�WDEOH�VHSDUDWHO\��DQG�LV�OHVV�WUDQVSDUHQW�
WKDQ�RWKHU�PHWKRGV��7KH�PHWKRG�PD\�DOVR�UHTXLUH�
FDUHIXO�VSHFLILFDWLRQ�RI�ORRN�XS�WDEOHV�IRU�GLIIHUHQW�W\SHV�
RI�GDWD�RU�RXWSXW��SDUWLFXODUO\�VSDUVH�WDEOHV���

����5RXQGLQJ�

5RXQGLQJ�LQYROYHV�DGMXVWLQJ�WKH�YDOXHV�LQ�DOO�FHOOV�LQ�D�
WDEOH�WR�D�VSHFLILHG�EDVH�VR�DV�WR�FUHDWH�XQFHUWDLQW\�
DERXW�WKH�UHDO�YDOXH�IRU�DQ\�FHOO��,W�DGGV�D�VPDOO��EXW�
DFFHSWDEOH��DPRXQW�RI�GLVWRUWLRQ�WR�WKH�RULJLQDO�GDWD��
5RXQGLQJ�LV�FRQVLGHUHG�WR�EH�DQ�HIIHFWLYH�PHWKRG�IRU�
SURWHFWLQJ�IUHTXHQF\�WDEOHV��HVSHFLDOO\�ZKHQ�WKHUH�DUH�
PDQ\�WDEOHV�SURGXFHG�IURP�RQH�GDWDVHW��,W�SURYLGHV�
SURWHFWLRQ�WR�VPDOO�IUHTXHQFLHV�DQG�]HUR�YDOXHV��H�J��
HPSW\�FHOOV���7KH�PHWKRG�LV�VLPSOH�WR�LPSOHPHQW��DQG�
IRU�WKH�XVHU�LW�LV�HDV\�WR�XQGHUVWDQG�DV�WKH�GDWD�LV�
YLVLEO\�SHUWXUEHG���

&DUH�PXVW�EH�WDNHQ�ZKHQ�FRPELQLQJ�URXQGHG�WDEOHV�WR�
FUHDWH�XVHU�GHILQHG�DUHDV��&HOOV�FDQ�EH�VLJQLILFDQWO\�
DOWHUHG�E\�WKH�URXQGLQJ�SURFHVV�DQG�DJJUHJDWLRQ�
FRPSRXQGV�WKHVH�URXQGLQJ�GLIIHUHQFHV��)XUWKHUPRUH��
WKH�OHYHO�RI�DVVRFLDWLRQ�EHWZHHQ�YDULDEOHV�LV�DIIHFWHG�E\�
URXQGLQJ��DQG�WKH�YDULDQFH�RI�WKH�FHOO�FRXQWV�LV�
LQFUHDVHG���

7KHUH�DUH�VHYHUDO�DOWHUQDWLYH�URXQGLQJ�PHWKRGV�
LQFOXGLQJ��FRQYHQWLRQDO�URXQGLQJ��UDQGRP�URXQGLQJ��
FRQWUROOHG�URXQGLQJ��DQG�VHPL�FRQWUROOHG�URXQGLQJ��
ZKLFK�DUH�RXWOLQHG�EHORZ��(DFK�PHWKRG�LV�IOH[LEOH�LQ�
WHUPV�RI�WKH�FKRLFH�RI�WKH�EDVH�IRU�URXQGLQJ��DOWKRXJK�
FRPPRQ�FKRLFHV�DUH���DQG����$OO�URXQGHG�YDOXHV��RWKHU�
WKDQ�]HURV��ZLOO�WKHQ�EH�LQWHJHU�PXOWLSOHV�RI���RU����
UHVSHFWLYHO\���
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:KHQ�XVLQJ�FRQYHQWLRQDO�URXQGLQJ��HDFK�FHOO�LV�
URXQGHG�WR�WKH�QHDUHVW�PXOWLSOH�RI�WKH�EDVH��7KH�
PDUJLQDO�WRWDOV�DQG�WDEOH�WRWDOV�DUH�URXQGHG�
LQGHSHQGHQWO\�IURP�WKH�LQWHUQDO�FHOOV��$Q�H[DPSOH�RI�
FRQYHQWLRQDO�URXQGLQJ�LV�SURYLGHG�EHORZ��7DEOH������
VKRZV�FRXQWV�RI�PDOHV�DQG�IHPDOHV�LQ�GLIIHUHQW�DUHDV��
ZKLOH�7DEOH������VKRZV�WKH�VDPH�LQIRUPDWLRQ�URXQGHG�
WR�D�EDVH�RI����

�

7DEOH�������3RSXODWLRQ�FRXQWV�E\�VH[�

�

�

�

�

�

�

7�

7DEOH�������3RSXODWLRQ�FRXQWV�E\�VH[��FRQYHQWLRQDO�
URXQGLQJ��

7
D
E
O
H
�
�
�
��

7KH�H[DPSOH�VKRZV�WKH�0DOHV�XQVDIH�FHOO�LQ�$UHD�$�LQ�
7DEOH������LV�SURWHFWHG�E\�WKH�URXQGLQJ�SURFHVV�LQ�
7DEOH��������

7KH�DGYDQWDJHV�RI�WKLV�PHWKRG�DUH�WKDW�WKH�WDEOH�WRWDOV�
DUH�URXQGHG�LQGHSHQGHQWO\�IURP�WKH�LQWHUQDO�FHOOV��DQG�
WKHUHIRUH�FRQVLVWHQW�WDEOH�WRWDOV�ZLOO�H[LVW�ZLWKLQ�WKH�
URXQGLQJ�EDVH��&HOOV�LQ�GLIIHUHQW�WDEOHV�ZKLFK�UHSUHVHQW�
WKH�VDPH�UHFRUGV�ZLOO�DOZD\V�EH�WKH�VDPH��:KLOH�WKLV�
PHWKRG�GRHV�SURYLGH�VRPH�FRQILGHQWLDOLW\�SURWHFWLRQ��LW�
LV�FRQVLGHUHG�OHVV�HIIHFWLYH�WKDQ�FRQWUROOHG�RU�UDQGRP�
URXQGLQJ��7DEOHV�DUH�QRW�DGGLWLYH��H�J��URZ���RI�7DEOH�
�����GRHV�QRW�VXP�WR�����DQG�WKH�OHYHO�RI�LQIRUPDWLRQ�LV�
SRRU�LI�WKHUH�DUH�PDQ\�YDOXHV�RI���DQG����7KH�PHWKRG�LV�
QRW�VXLWDEOH�IRU�IOH[LEOH�WDEOH�JHQHUDWLRQ�DV�LW�FDQ�EH�
HDVLO\�¶XQSLFNHG·�ZKHQ�GLIIHUHQFLQJ�DQG�OLQNLQJ�WDEOHV��
)RU�WKHVH�UHDVRQV�FRQYHQWLRQDO�URXQGLQJ�LV�QRW�
UHFRPPHQGHG�DV�D�GLVFORVXUH�FRQWURO�PHWKRG�IRU�
IUHTXHQF\�WDEOHV��&RQYHQWLRQDO�URXQGLQJ�LV�VRPHWLPHV�

&RQYHQWLRQDO�URXQGLQJ�

� 0DOH�� )HPDOH�� 7RWDO�

$UHD�$� �� �� ��

$UHD�%� �� �� ��

$UHD�&� ��� ��� ���

7RWDO� ��� ��� ���

� 0DOH�� )HPDOH�� 7RWDO�

$UHD�$� �� �� ��

$UHD�%� �� �� ��

$UHD�&� ��� ��� ���

7RWDO� ��� ��� ���
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XVHG�E\�16,V�IRU�TXDOLW\�UHDVRQV��H�J��URXQGLQJ�GDWD�
IURP�VPDOO�VDPSOH�VXUYH\V�WR�HPSKDVL]H�WKH�XQFHUWDLQ�
QDWXUH�RI�WKH�GDWD���7KH�GLVWLQFWLRQ�EHWZHHQ�URXQGLQJ�
SHUIRUPHG�IRU�GLVFORVXUH�FRQWURO�UHDVRQV�DQG�URXQGLQJ�
SHUIRUPHG�IRU�TXDOLW\�UHDVRQV�VKRXOG�DOZD\V�EH�PDGH�
FOHDU�WR�XVHUV��

�

5DQGRP�URXQGLQJ�VKLIWV�HDFK�FHOO�WR�RQH�RI�WKH�WZR�
QHDUHVW�EDVH�YDOXHV�LQ�D�UDQGRP�PDQQHU��(DFK�FHOO�
YDOXH�LV�URXQGHG�LQGHSHQGHQWO\�RI�RWKHU�FHOOV��DQG�KDV�D�
JUHDWHU�SUREDELOLW\�RI�EHLQJ�URXQGHG�WR�WKH�QHDUHVW�
PXOWLSOH�RI�WKH�URXQGLQJ�EDVH��)RU�H[DPSOH��ZLWK�D�EDVH�
RI����FHOO�YDOXHV�RI����������RU���FRXOG�EH�URXQGHG�WR�
HLWKHU���RU�����0DUJLQDO�WRWDOV�DUH�W\SLFDOO\�URXQGHG�
VHSDUDWHO\�IURP�WKH�LQWHUQDO�FHOOV�RI�WKH�WDEOH��L�H��WKH\�
DUH�QRW�FUHDWHG�E\�DGGLQJ�URXQGLQJ�FHOO�FRXQWV��DQG�
WKLV�PHDQV�WDEOHV�DUH�QRW�QHFHVVDULO\�DGGLWLYH��9DULRXV�
SUREDELOLW\�VFKHPHV�DUH�SRVVLEOH��EXW�DQ�LPSRUWDQW�
FKDUDFWHULVWLF�LV�WKDW�WKH\�VKRXOG�EH�XQELDVHG��7KLV�
PHDQV�WKHUH�VKRXOG�EH�QR�QHW�WHQGHQF\�WR�URXQG�XS�RU�
GRZQ�DQG�WKH�DYHUDJH�GLIIHUHQFH�IURP�WKH�RULJLQDO�
FRXQWV�VKRXOG�EH�]HUR���

,I�ZH�DUH�URXQGLQJ�WR�EDVH���WKH�UHVLGXDO�RI�WKH�FHOO�
YDOXH�DIWHU�GLYLGLQJ�E\���FDQ�EH�HLWKHU������RU�����

•� ,I�WKH�UHVLGXDO�LV�]HUR�QR�FKDQJH�LV�PDGH�WR�WKH�
RULJLQDO�FHOO�YDOXH���

•� ,I�WKH�UHVLGXDO�LV����WKHQ�ZLWK�D�SUREDELOLW\�RI�����
WKH�FHOO�YDOXH�LV�URXQGHG�GRZQ�WR�WKH�ORZHU�PXOWLSOH�
RI���DQG�ZLWK�D�SUREDELOLW\�RI�����WKH�FHOO�YDOXH�LV�
URXQGHG�XS�WR�WKH�KLJKHU�PXOWLSOH�RI����

•� �,I�WKH�UHVLGXDO�LV����WKH�SUREDELOLWLHV�DUH�����WR�
URXQG�XS�DQG�����WR�URXQG�GRZQ���

�

2ULJLQDO�
9DOXH�

5RXQGHG�9DOXH�
�SUREDELOLW\��

�� ������

�� ��������RU���������

�� �������RU��������

�� ������

�� �������RU��������

�� �������RU��������

�� ������

�

�

�

�
5DQGRP�URXQGLQJ�
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$V�DQ�H[DPSOH��7DEOH������VKRZV�D�SRVVLEOH�VROXWLRQ�IRU�
7DEOH������XVLQJ�UDQGRP�URXQGLQJ�WR�EDVH����

7DEOH�������3RSXODWLRQ�FRXQWV�E\�VH[��ZLWK�UDQGRP�
URXQGLQJ��

� 0DOH�� )HPDOH�� 7RWDO�

$UHD�$� �� �� ��

$UHD�%� �� �� ��

$UHD�&� ��� ��� ���

7RWDO� ��� ��� ���

�

7KH�PDLQ�DGYDQWDJHV�RI�UDQGRP�URXQGLQJ�DUH�WKDW�LW�LV�
UHODWLYHO\�HDV\�WR�LPSOHPHQW��LW�LV�XQELDVHG��DQG�LW�LV�
FOHDU�DQG�WUDQVSDUHQW�WR�XVHUV��7DEOH�WRWDOV�DUH�
FRQVLVWHQW�ZLWKLQ�WKH�URXQGLQJ�EDVH�EHFDXVH�WKH�WRWDOV�
DUH�URXQGHG�LQGHSHQGHQWO\�IURP�WKH�LQWHUQDO�FHOOV��$OO�
YDOXHV�RI���DQG���DUH�UHPRYHG�IURP�WKH�WDEOH�E\�
URXQGLQJ��ZKLFK�SUHYHQWV�FDVHV�RI�SHUFHLYHG�GLVFORVXUH�
DV�ZHOO�DV�DFWXDO�GLVFORVXUH��7KH�PHWKRG�PD\�DOVR�
SURYLGH�VRPH�SURWHFWLRQ�DJDLQVW�GLVFORVXUH�E\�
GLIIHUHQFLQJ�DV�URXQGLQJ�VKRXOG�REVFXUH�PRVW�RI�WKH�
H[DFW�GLIIHUHQFHV�EHWZHHQ�WDEOHV���

+RZHYHU��UDQGRP�URXQGLQJ�KDV�GLVDGYDQWDJHV�
LQFOXGLQJ�WKH�LQFUHDVHG�LQIRUPDWLRQ�ORVV�ZKLFK�UHVXOWV�
IURP�WKH�IDFW�WKDW�DOO�FHOOV��HYHQ�VDIH�FHOOV��DUH�URXQGHG��
,Q�VRPH�LQVWDQFHV�WKH�SURWHFWLRQ�FDQ�EH�¶XQSLFNHG·�DQG�
LQ�RUGHU�WR�HQVXUH�DGHTXDWH�SURWHFWLRQ��WKH�UHVXOWLQJ�
URXQGHG�WDEOHV�QHHG�WR�EH�DXGLWHG��$OWKRXJK�WKH�
PHWKRG�LV�XQELDVHG��DIWHU�DSSO\LQJ�UDQGRP�URXQGLQJ�
WKHUH�PD\�EH�LQFRQVLVWHQFLHV�LQ�GDWD�ZLWKLQ�WDEOHV��H�J��
URZV�RU�FROXPQV�ZKLFK�GR�QRW�DGG�XS�OLNH�URZ���RI�
7DEOH������GRHV�QRW�VXP�WR�����DQG�EHWZHHQ�WDEOHV��H�J��
WKH�VDPH�FHOO�PD\�EH�URXQGHG�WR�D�GLIIHUHQW�QXPEHU�LQ�
GLIIHUHQW�WDEOHV����

8QOLNH�RWKHU�URXQGLQJ�PHWKRGV��FRQWUROOHG�URXQGLQJ�
\LHOGV�DGGLWLYH�URXQGHG�WDEOHV��,W�LV�WKH�VWDWLVWLFDO�
GLVFORVXUH�FRQWURO�PHWKRG�WKDW�LV�JHQHUDOO\�PRVW�
HIIHFWLYH�IRU�IUHTXHQF\�WDEOHV��7KH�PHWKRG�XVHV�OLQHDU�
SURJUDPPLQJ�WHFKQLTXHV�WR�URXQG�FHOO�YDOXHV�XS�RU�
GRZQ�E\�VPDOO�DPRXQWV��DQG�LWV�VWUHQJWK�RYHU�RWKHU�
PHWKRGV�LV�WKDW�DGGLWLYLW\�LV�PDLQWDLQHG�LQ�WKH�URXQGHG�
WDEOH���L�H��LW�HQVXUHV�WKDW�WKH�URXQGHG�YDOXHV�DGG�XS�WR�
WKH�URXQGHG�WRWDOV�DQG�VXE�WRWDOV�VKRZQ�LQ�WKH�WDEOH���
7KLV�SURSHUW\�QRW�RQO\�SHUPLWV�WKH�UHOHDVH�RI�UHDOLVWLF�
WDEOHV�ZKLFK�DUH�DV�FORVH�DV�SRVVLEOH�WR�WKH�RULJLQDO�
WDEOH��EXW�LW�DOVR�PDNHV�LW�LPSRVVLEOH�WR�UHGXFH�WKH�
SURWHFWLRQ�E\�¶XQSLFNLQJ·�WKH�RULJLQDO�YDOXHV�E\�

&RQWUROOHG�URXQGLQJ�
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�

� � � � � � � � � � � � � ����������

H[SORLWLQJ�WKH�GLIIHUHQFHV�LQ�WKH�VXPV�RI�WKH�URXQGHG�
YDOXHV��$QRWKHU�XVHIXO�IHDWXUH�LV�WKDW�FRQWUROOHG�
URXQGLQJ�FDQ�DFKLHYH�VSHFLILHG�OHYHOV�RI�SURWHFWLRQ��,Q�
RWKHU�ZRUGV��WKH�XVHU�FDQ�VSHFLI\�WKH�GHJUHH�RI�
DPELJXLW\�DGGHG�WR�WKH�FHOOV��IRU�H[DPSOH��WKH\�PD\�QRW�
ZDQW�D�URXQGHG�YDOXH�ZLWKLQ�����RI�WKH�WUXH�YDOXH��
&RQWUROOHG�URXQGLQJ�FDQ�EH�XVHG�WR�SURWHFW�IOH[LEOH�
WDEOHV�DOWKRXJK�WKH�WLPH�WDNHQ�WR�LPSOHPHQW�WKH�
PHWKRG�PD\�PDNH�LW�XQVXLWDEOH�IRU�WKLV�SXUSRVH���

7DEOH������VKRZV�D�SRVVLEOH�URXQGLQJ�VROXWLRQ�IRU�7DEOH�
������XVLQJ�FRQWUROOHG�URXQGLQJ�WR�EDVH�����

7DEOH�������3RSXODWLRQ�FRXQWV�E\�VH[��FRQWUROOHG�
URXQGLQJ��

� 0DOH�� )HPDOH� 7RWDO�

$UHD�$� �� �� ��

$UHD�%� �� �� ��

$UHD�&� ��� ��� ���

7RWDO� ��� ��� ���

�
7KH�GLVDGYDQWDJHV�RI�FRQWUROOHG�URXQGLQJ�DUH�WKDW�LW�LV�D�
FRPSOLFDWHG�PHWKRG�WR�LPSOHPHQW��DQG�LW�KDV�GLIILFXOW\�
FRSLQJ�ZLWK�WKH�VL]H��VFRSH�DQG�PDJQLWXGH�RI�WKH�
FHQVXV�WDEXODU�RXWSXWV��,W�LV�KDUGWR�ILQG�FRQWURO�
URXQGHG�VROXWLRQV�IRU�VHWV�RI�OLQNHG�WDEOHV��DQG�LQ�RUGHU�
WR�ILQG�D�VROXWLRQ�FHOOV�PD\�EH�URXQGHG�EH\RQG�WKH�
QHDUHVW�URXQGLQJ�EDVH��,Q�WKLV�FDVH�XVHUV�ZLOO�NQRZ�OHVV�
DERXW�H[DFWO\�KRZ�WKH�WDEOH�ZDV�URXQGHG�DQG�LW�LV�DOVR�
OLNHO\�WR�UHVXOW�LQ�GLIIHULQJ�YDOXHV�IRU�WKH�VDPH�LQWHUQDO�
FHOOV�DFURVV�GLIIHUHQW�WDEOHV��

6HPL�FRQWUROOHG�URXQGLQJ�DOVR�XVHV�OLQHDU�
SURJUDPPLQJ�WR�URXQG�WDEOH�HQWULHV�XS�RU�GRZQ�EXW�LQ�
WKLV�FDVH�LW�FRQWUROV�IRU�WKH�RYHUDOO�WRWDO�LQ�WKH�WDEOH��RU�
LW�FRQWUROV�IRU�HDFK�VHSDUDWH�RXWSXW�DUHD�WRWDO��2WKHU�
PDUJLQDO�DQG�VXE�WRWDOV�ZLOO�QRW�QHFHVVDULO\�EH�DGGLWLYH��
7KLV�HQVXUHV�WKDW�HLWKHU�WKH�RYHUDOO�WRWDO�RI�WKH�WDEOH�LV�
SUHVHUYHG��RU�WKH�RXWSXW�DUHD�WRWDOV�DUH�DOO�SUHVHUYHG���
DQG�WKH�XWLOLW\�RI�WKLV�PHWKRG�LV�LQFUHDVHG�FRPSDUHG�
ZLWK�FRQYHQWLRQDO�DQG�UDQGRP�URXQGLQJ��&RQVLVWHQW�
WRWDOV�DUH�SURYLGHG�DFURVV�OLQNHG�WDEOHV��DQG�WKHUHIRUH�
WKH�PHWKRG�FDQ�EH�XVHG�WR�SURWHFW�IOH[LEOH�WDEOHV��
DOWKRXJK�WKH�WLPH�LW�WDNHV�WR�LPSOHPHQW�PD\�PDNH�LW�
XQVXLWDEOH��'LVDGYDQWDJHV�RI�VHPL�FRQWUROOHG�URXQGLQJ�
UHODWH�WR�WKH�IDFW�WDEOHV�DUH�QRW�IXOO\�DGGLWLYH��DQG�LW�LV�
GLIILFXOW�WR�ILQG�DQ�RSWLPDO�VROXWLRQ��

�

6HPL�FRQWUROOHG�URXQGLQJ�
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7DEOH�������6XPPDU\�RI�6'&�URXQGLQJ�PHWKRGV�

� &RQYHQWLRQDO�
5RXQGLQJ�

&RQWUROOHG��DQG�
VHPL�FRQWUROOHG��

5RXQGLQJ��

5DQGRP�
URXQGLQJ�

,QWHUQDO�FHOOV�DGG�
WR�WDEOH�WRWDOV�
�DGGLWYLW\��

1R� <HV� 1R�

0HWKRG�SURYLGHV�
HQRXJK�6'&�
SURWHFWLRQ��DQG�
FDQQRW�EH�
XQSLFNHG���

1R� <HV� ,Q�VRPH�
VLWXDWLRQV�
WKLV�PHWKRG�

FDQ�EH�
XQSLFNHG��

0HWKRG�LV�TXLFN�
DQG�HDV\�WR�
LPSOHPHQW�

<HV� ,W�FDQ�WDNH�WLPH�
IRU�WKLV�PHWKRG�WR�
ILQG�D�VROXWLRQ�

<HV�

�

7KHUH�DUH�VRPH�PRUH�VSHFLDOLVHG�URXQGLQJ�PHWKRGV�
ZKLFK�KDYH�EHHQ�XVHG�DW�YDULRXV�WLPHV�E\�16,V�WR�
SURWHFW�FHQVXV�GDWD��WZR�RI�WKHVH�PHWKRGV�DUH�
GHVFULEHG�EHORZ���

�

6PDOO�FHOO�DGMXVWPHQW�ZDV�XVHG��LQ�DGGLWLRQ�WR�UDQGRP�
VZDSSLQJ��D�SUH�WDEXODU�PHWKRG���WR�SURWHFW������
&HQVXV�WDEXODU�RXWSXWV�IRU�(QJODQG��:DOHV�DQG�
1RUWKHUQ�,UHODQG��7KLV�PHWKRG�ZDV�DOVR�XVHG�E\�WKH�
$%6�WR�SURWHFW�WKHLU�WDEXODU�RXWSXWV�IURP�WKH������
&HQVXV���

$SSO\LQJ�VPDOO�FHOO�DGMXVWPHQWV�LQYROYHV�UDQGRPO\�
DGMXVWLQJ�VPDOO�FHOOV�ZLWKLQ�WDEOHV�XSZDUGV�RU�
GRZQZDUGV�WR�D�EDVH�XVLQJ�DQ�XQELDVHG�SUHVFULEHG�
SUREDELOLW\�VFKHPH��'XULQJ�WKH�SURFHVV��

•� VPDOO�FRXQWV�DSSHDULQJ�LQ�D�WDEOH�FHOOV�DUH�DGMXVWHG��

•� WRWDOV�DQG�VXE�WRWDOV�DUH�FDOFXODWHG�DV�WKH�VXP�RI�
WKH�DGMXVWHG�FRXQWV��7KLV�PHDQV�DOO�WDEOHV�DUH�
LQWHUQDOO\�DGGLWLYH��

•� WDEOHV�DUH�LQGHSHQGHQWO\�DGMXVWHG�VR�FRXQWV�RI�WKH�
VDPH�SRSXODWLRQ�ZKLFK�DSSHDU�LQ�WZR�GLIIHUHQW�
WDEOHV��PD\�QRW�QHFHVVDULO\�KDYH�WKH�VDPH�YDOXH���

•� WDEOHV�IRU�KLJKHU�JHRJUDSKLFDO�OHYHOV�DUH�
LQGHSHQGHQWO\�DGMXVWHG��DQG�WKHUHIRUH�ZLOO�QRW�
QHFHVVDULO\�EH�WKH�VXP�RI�WKH�ORZHU�FRPSRQHQW�
JHRJUDSKLFDO�XQLWV���

•� RXWSXW�LV�SURGXFHG�IURP�RQH�GDWDEDVH�ZKLFK�KDV�
EHHQ�DGMXVWHG�IRU�HVWLPDWHG�XQGHUFRXQW�VR�WKH�
WDEOHV�SURGXFHG�IURP�WKLV�RQH�GDWDEDVH�SURYLGH�D�
FRQVLVWHQW�SLFWXUH�RI�WKLV�RQH�SRSXODWLRQ���

6PDOO�&HOO�$GMXVWPHQW�
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$GYDQWDJHV�RI�WKLV�PHWKRG�DUH�WKDW�WDEOHV�DUH�DGGLWLYH��
DQG�WKH�HOLPLQDWLRQ�RI�VPDOO�FHOOV�LQ�WKH�WDEOH�UHPRYHV�
FDVHV�RI�SHUFHLYHG�DV�ZHOO�DV�DFWXDO�LGHQWLW\�GLVFORVXUH��
,Q�DGGLWLRQ��ORVV�RI�LQIRUPDWLRQ�LV�ORZHU�IRU�VWDQGDUG�
WDEOHV�DV�DOO�RWKHU�FHOOV�UHPDLQ�WKH�VDPH��KRZHYHU�
LQIRUPDWLRQ�ORVV�ZLOO�EH�KLJK�IRU�VSDUVH�WDEOHV��2WKHU�
GLVDGYDQWDJHV�LQFOXGH�LQFRQVLVWHQF\�RI�PDUJLQV�
EHWZHHQ�OLQNHG�WDEOHV�VLQFH�PDUJLQV�DUH�FDOFXODWHG�
XVLQJ�SHUWXUEHG�LQWHUQDO�FHOOV��DQG�WKLV�LQFUHDVHV�WKH�
ULVN�RI�WDEOHV�EHLQJ�XQSLFNHG��)XUWKHUPRUH��WKLV�
PHWKRG�SURYLGHV�OLWWOH�SURWHFWLRQ�DJDLQVW�GLVFORVXUH�E\�
GLIIHUHQFLQJ��DQG�LV�QRW�VXLWDEOH�IRU�IOH[LEOH�WDEOH�
JHQHUDWLRQ��

�

%DUQDUGLVDWLRQ�LV�D�IRUP�RI�FHOO�SHUWXUEDWLRQ�ZKLFK���
PRGLILHV�HDFK�LQWHUQDO�FHOO�RI�HYHU\�WDEOH�E\�������RU�����
DFFRUGLQJ�WR�SUREDELOLWLHV��=HURV�DUH�QRW�DGMXVWHG��7KH�
PHWKRG�RIIHUV�VRPH�SURWHFWLRQ�DJDLQVW�GLVFORVXUH�E\�
GLIIHUHQFLQJ��KRZHYHU�WDEOH�WRWDOV�DUH�DGGHG�XS�IURP�WKH�
SHUWXUEHG�LQWHUQDO�FHOOV��UHVXOWLQJ�LQ�LQFRQVLVWHQW�WRWDOV�
EHWZHHQ�WDEOHV��7\SLFDOO\��WKH�SUREDELOLW\�S�LV�TXLWH�
VPDOO�DQG�WKHUHIRUH�D�KLJK�SURSRUWLRQ�RI�ULVN\�FHOOV�DUH�
QRW�PRGLILHG��7KH�H[DFW�SURSRUWLRQ�RI�FHOOV�PRGLILHG�LV�
QRW�UHYHDOHG�WR�WKH�XVHU��7KLV�LV�JHQHUDOO\�D�GLIILFXOW�
PHWKRG�WR�LPSOHPHQW�IRU�IOH[LEOH�RXWSXW��

����,QIRUPDWLRQ�ORVV�

$V�GHVFULEHG�LQ�6HFWLRQ�����DQG�����WKHUH�DUH�D�QXPEHU�
RI�GLIIHUHQW�GLVFORVXUH�FRQWURO�PHWKRGV�XVHG�WR�SURWHFW�
IUHTXHQF\�WDEOHV��(DFK�RI�WKHVH�PHWKRGV�PRGLILHV�WKH�
RULJLQDO�GDWD�LQ�WKH�WDEOH�LQ�RUGHU�WR�UHGXFH�WKH�
GLVFORVXUH�ULVN�IURP�VPDOO�FHOOV���·V���·V�DQG��·V���
+RZHYHU��WKH�SURFHVV�RI�UHGXFLQJ�GLVFORVXUH�ULVN�UHVXOWV�
LQ�LQIRUPDWLRQ�ORVV��6RPH�TXDQWLWDWLYH�LQIRUPDWLRQ�ORVV�
PHDVXUHV�KDYH�EHHQ�GHYHORSHG�E\�6KORPR�DQG�<RXQJ�
������	�������WR�GHWHUPLQLQJ�WKH�LPSDFW�YDULRXV�
VWDWLVWLFDO�GLVFORVXUH�FRQWURO��6'&��PHWKRGV�KDYH�RQ�WKH�
RULJLQDO�WDEOHV��

,QIRUPDWLRQ�ORVV�PHDVXUHV�FDQ�EH�VSOLW�LQWR�WZR�FODVVHV��
PHDVXUHV�IRU�GDWD�VXSSOLHUV�XVHG�WR�PDNH�LQIRUPHG�
GHFLVLRQV�DERXW�RSWLPDO�6'&�PHWKRGV�GHSHQGLQJ�RQ�
WKH�FKDUDFWHULVWLFV�RI�WKH�WDEOHV��DQG�PHDVXUHV�IRU�
XVHUV�LQ�RUGHU�WR�IDFLOLWDWH�DGMXVWPHQWV�WR�EH�PDGH�
ZKHQ�FDUU\LQJ�RXW�VWDWLVWLFDO�DQDO\VLV�RQ�SURWHFWHG�
WDEOHV��+HUH�ZH�IRFXV�RQ�PHDVXUHV�IRU�GDWD�VXSSOLHUV��
0HDVXULQJ�XWLOLW\�DQG�TXDOLW\�IRU�6'&�PHWKRGV�LV�
VXEMHFWLYH��,W�GHSHQGV�RQ�WKH�XVHUV��WKH�SXUSRVH�RI�WKH�
GDWD�DQG�WKH�UHTXLUHG�VWDWLVWLFDO�DQDO\VLV��DQG�WKH�W\SH�
DQG�IRUPDW�RI�WKH�VWDWLVWLFDO�GDWD��7KHUHIRUH�LW�LV�XVHIXO�

%DUQDUGLVDWLRQ�
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WR�KDYH�D�UDQJH�RI�LQIRUPDWLRQ�ORVV�PHDVXUHV�IRU�
DVVHVVLQJ�WKH�LPSDFW�RI�WKH�6'&�PHWKRGV��

7KH�IRFXV�KHUH�LV�LQIRUPDWLRQ�ORVV�PHDVXUHV�IRU�WDEOHV�
FRQWDLQLQJ�IUHTXHQF\�FRXQWV��KRZHYHU��VRPH�RI�WKHVH�
PHDVXUHV�FDQ�HDVLO\�EH�DGDSWHG�WR�PLFURGDWD��
0DJQLWXGH�RU�ZHLJKWHG�VDPSOH�WDEOHV�ZLOO�KDYH�WKH�
DGGLWLRQDO�HOHPHQW�RI�WKH�QXPEHU�RI�FRQWULEXWRUV�WR�
HDFK�FHOO�RI�WKH�WDEOH��

:KHQ�HYDOXDWLQJ�LQIRUPDWLRQ�ORVV�PHDVXUHV�IRU�WDEOHV�
SURWHFWHG�XVLQJ�FHOO�VXSSUHVVLRQ��RQH�QHHGV�WR�GHFLGH�
RQ�DQ�LPSXWDWLRQ�PHWKRG�IRU�UHSODFLQJ�WKH�VXSSUHVVHG�
FHOOV�VLPLODU�WR�ZKDW�RQH�ZRXOG�H[SHFW�D�XVHU�WR�GR�SULRU�
WR�DQDO\VLQJ�WKH�GDWD���L�H��ZH�QHHG�WR�PHDVXUH�WKH�
GLIIHUHQFH�EHWZHHQ�WKH�REVHUYHG�DQG�DFWXDO�YDOXHV��DQG�
IRU�VXSSUHVVHG�FHOOV�WKH�REVHUYHG�YDOXHV�ZLOO�EH�EDVHG�
RQ�XVHU�LQIHUHQFH�DERXW�WKH�SRVVLEOH�FHOO�YDOXHV���$�
QDLYH�XVHU�PLJKW�XVH�]HURV�LQ�SODFH�RI�WKH�VXSSUHVVHG�
FHOOV�ZKHUHDV�D�PRUH�VRSKLVWLFDWHG�XVHU�PLJKW�UHSODFH�
VXSSUHVVHG�FHOOV�E\�VRPH�IRUP�RI�DYHUDJLQJ�RI�WKH�WRWDO�
LQIRUPDWLRQ�WKDW�ZDV�VXSSUHVVHG��RU�E\�FDOFXODWLQJ�
IHDVLELOLW\�LQWHUYDOV��

$�QXPEHU�RI�GLIIHUHQW�LQIRUPDWLRQ�ORVV�PHDVXUHV�DUH�
GHVFULEHG�EHORZ��DQG�PRUH�WHFKQLFDO�GHWDLOV�FDQ�EH�
IRXQG�LQ�6KORPR�DQG�<RXQJ�������	��������

•� $Q�H[DFW�%LQRPLDO�+\SRWKHVLV�7HVW�FDQ�EH�XVHG�WR�
FKHFN�LI�WKH�UHDOL]DWLRQ�RI�D�UDQGRP�VWRFKDVWLF�
SHUWXUEDWLRQ�VFKHPH��VXFK�DV�UDQGRP�URXQGLQJ��
IROORZV�WKH�H[SHFWHG�SUREDELOLWLHV��L�H��WKH�SDUDPHWHUV�
RI�WKH�PHWKRG���)RU�RWKHU�6'&�PHWKRGV��D�QRQ�
SDUDPHWULF�VLJQHG�UDQN�WHVW�FDQ�EH�XVHG�WR�FKHFN�
ZKHWKHU�WKH�ORFDWLRQ�RI�WKH�HPSLULFDO�GLVWULEXWLRQ�
DIWHU�WKH�DSSOLFDWLRQ�RI�WKH�6'&�PHWKRG��KDV�
FKDQJHG���

•� ,QIRUPDWLRQ�ORVV�PHDVXUHV�WKDW�PHDVXUH�GLVWRUWLRQ�WR�
GLVWULEXWLRQV�DUH�EDVHG�RQ�GLVWDQFH�PHWULFV�EHWZHHQ�
WKH�RULJLQDO�DQG�SHUWXUEHG�FHOOV��6RPH�XVHIXO�PHWULFV�
DUH�DOVR�SUHVHQWHG�LQ�*RPDWDP�DQG�.DUU���������$�
GLVWDQFH�PHWULF�FDQ�EH�FDOFXODWHG�IRU�LQWHUQDO�FHOOV�RI�
D�WDEOH��:KHQ�FRPELQLQJ�VHYHUDO�WDEOHV�RQH�PD\�
ZDQW�WR�FDOFXODWH�DQ�RYHUDOO�DYHUDJH�DFURVV�WKH�WDEOHV�
DV�WKH�LQIRUPDWLRQ�ORVV�PHDVXUH��7KHVH�GLVWDQFH�
PHWULFV�FDQ�DOVR�EH�FDOFXODWHG�IRU�WRWDOV�RU�VXE�WRWDOV�
RI�WKH�WDEOHV��

•� 6'&�PHWKRGV�ZLOO�KDYH�DQ�LPSDFW�RQ�WKH�YDULDQFH�RI�
WKH�DYHUDJH�FHOO�VL]H�IRU�WKH�URZV��FROXPQV�RU�WKH�
HQWLUH�WDEOH��7KH�YDULDQFH�RI�WKH�DYHUDJH�FHOO�VL]H�LV�
H[DPLQHG�EHIRUH�DQG�DIWHU�WKH�6'&�PHWKRG�KDV�EHHQ�
DSSOLHG��$QRWKHU�LPSRUWDQW�YDULDQFH�WR�H[DPLQH�LV�
WKH�´EHWZHHQµ�YDULDQFH�ZKHQ�FDUU\LQJ�RXW�D�RQH�ZD\�
$129$�WHVW�EDVHG�RQ�WKH�WDEOH��,Q�$129$��ZH�
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H[DPLQH�WKH�PHDQV�RI�D�VSHFLILF�WDUJHW�YDULDEOH�
ZLWKLQ�JURXSLQJV�GHILQHG�E\�LQGHSHQGHQW�FDWHJRULFDO�
YDULDEOHV��7KH�JRRGQHVV�RI�ILW�VWDWLVWLF�5��IRU�WHVWLQJ�
WKH�QXOO�K\SRWKHVLV�WKDW�WKH�PHDQV�DUH�HTXDO�DFURVV�
WKH�JURXSLQJV�LV�EDVHG�RQ�WKH�YDULDQFH�RI�WKH�PHDQV�
EHWZHHQ�WKH�JURXSLQJV�GLYLGHG�E\�WKH�WRWDO�YDULDQFH��
7KH�LQIRUPDWLRQ�ORVV�PHDVXUH�WKHUHIRUH�H[DPLQHV�WKH�
LPSDFW�RI�WKH�´EHWZHHQµ�YDULDQFH�DQG�ZKHWKHU�WKH�
PHDQV�RI�WKH�JURXSLQJV�KDYH�EHFRPH�PRUH�
KRPRJHQL]HG�RU�VSUHDG�DSDUW�DV�D�UHVXOW�RI�WKH�6'&�
PHWKRG���

•� $QRWKHU�VWDWLVWLFDO�DQDO\VLV�WRRO�WKDW�LV�IUHTXHQWO\�
FDUULHG�RXW�RQ�WDEXODU�GDWD�DUH�WHVWV�IRU�
LQGHSHQGHQFH�EHWZHHQ�FDWHJRULFDO�YDULDEOHV�WKDW�
VSDQ�WKH�WDEOH��7KH�WHVW�IRU�LQGHSHQGHQFH�IRU�D�WZR�
ZD\�WDEOH�LV�EDVHG�RQ�D�3HDUVRQ�&KL�6TXDUHG�
6WDWLVWLF�DQG�WKH�PHDVXUH�RI�DVVRFLDWLRQ�LV�WKH�
&UDPHU·V�9�VWDWLVWLF��)RU�PXOWL�ZD\�WDEOHV��RQH�FDQ�
H[DPLQH�FRQGLWLRQDO�GHSHQGHQFLHV�DQG�FDOFXODWH�
H[SHFWHG�FHOO�IUHTXHQFLHV�EDVHG�RQ�WKH�WKHRU\�RI�ORJ�
OLQHDU�PRGHOV��7KH�WHVW�VWDWLVWLF�IRU�WKH�ILW�RI�WKH�
PRGHO�LV�DOVR�EDVHG�RQ�D�3HDUVRQ�&KL�6TXDUHG�
6WDWLVWLF��6'&�PHWKRGV�DSSOLHG�WR�WDEOHV�PD\�FKDQJH�
WKH�UHVXOWV�RI�VWDWLVWLFDO�LQIHUHQFHV��7KHUHIRUH�ZH�
H[DPLQH�WKH�LPSDFW�WR�WKH�WHVW�VWDWLVWLFV�EHIRUH�DQG�
DIWHU�WKH�DSSOLFDWLRQ�RI�WKH�6'&�PHWKRG��

•� $QRWKHU�VWDWLVWLFDO�WRRO�IRU�LQIHUHQFH�LV�WKH�
6SHDUPDQ·V�5DQN�&RUUHODWLRQ��7KLV�LV�D�WHFKQLTXH�
WKDW�WHVWV�WKH�GLUHFWLRQ�DQG�VWUHQJWK�RI�WKH�
UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV��7KH�VWDWLVWLF�LV�
EDVHG�RQ�UDQNLQJ�ERWK�VHWV�RI�GDWD�IURP�WKH�KLJKHVW�
WR�WKH�ORZHVW��7KHUHIRUH��RQH�LPSRUWDQW�DVVHVVPHQW�
RI�WKH�LPSDFW�RI�WKH�6'&�PHWKRG�RQ�VWDWLVWLFDO�GDWD�
LV�ZKHWKHU�ZH�DUH�GLVWRUWLQJ�WKH�UDQNLQJV�RI�WKH�FHOO�
FRXQWV��

,Q�RUGHU�WR�DOORZ�GDWD�VXSSOLHUV�WR�PDNH�LQIRUPHG�
GHFLVLRQV�DERXW�RSWLPDO�GLVFORVXUH�FRQWURO�PHWKRGV��
216�KDYH�GHYHORSHG�D�XVHU�IULHQGO\�VRIWZDUH�
DSSOLFDWLRQ�WKDW�FDOFXODWHV�ERWK�GLVFORVXUH�ULVN�
PHDVXUHV�EDVHG�RQ�VPDOO�FRXQWV�LQ�WDEOHV�DQG�D�ZLGH�
UDQJH�RI�LQIRUPDWLRQ�ORVV�PHDVXUHV��DV�GHVFULEHG�DERYH��
IRU�GLVFORVXUH�FRQWUROOHG�VWDWLVWLFDO�GDWD��6KORPR�DQG�
<RXQJ���������7KH�VRIWZDUH�DSSOLFDWLRQ�DOVR�RXWSXWV�5�
8�&RQILGHQWLDOLW\�PDSV��

����6RIWZDUH�

������,QWURGXFWLRQ�

�$5*86��+XQGHUSRRO�HW�DO��������LV�D�VRIWZDUH�SDFNDJH�
ZKLFK�SURYLGHV�WRROV�WR�SURWHFW�WDEOHV�DJDLQVW�WKH�ULVN�RI�
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VWDWLVWLFDO�GLVFORVXUH�� �$5*86�LV�DOVR�GLVFXVVHG�LQ�
&KDSWHU�����&RQWUROOHG�URXQGLQJ�LV�HDV\�WR�XVH�LQ�
�$5*86�DQG�WKH�FRQWUROOHG�URXQGLQJ�SURFHGXUH��&53��
ZDV�GHYHORSHG�E\�--�6DOD]DU��7KLV�SURFHGXUH�LV�EDVHG�
RQ�RSWLPLVDWLRQ�WHFKQLTXHV�VLPLODU�WR�WKH�SURFHGXUH�
GHYHORSHG�IRU�FHOO�VXSSUHVVLRQ��7KH�&53�\LHOGV�DGGLWLYH�
URXQGHG�WDEOHV��ZKHUH�WKH�URXQGHG�YDOXHV�DGG�XS�WR�
WKH�URXQGHG�WRWDOV�DQG�VXE�WRWDOV�VKRZQ�LQ�WKH�WDEOH��
7KLV�PHDQV�UHDOLVWLF�WDEOHV�DUH�SURGXFHG�DQG�LW�PDNHV�
LW�LPSRVVLEOH�WR�UHGXFH�WKH�SURWHFWLRQ�E\�´XQSLFNLQJµ�
WKH�RULJLQDO�YDOXHV�E\�H[SORLWLQJ�WKH�GLIIHUHQFHV�LQ�WKH�
VXPV�RI�WKH�URXQGHG�YDOXHV��7KH�&53�LPSOHPHQWHG�LQ�
τ�$5*86�DOVR�DOORZV�WKH�VSHFLILFDWLRQ�RI�KLHUDUFKLFDO�
VWUXFWXUHV�ZLWKLQ�WKH�WDEOH�YDULDEOHV��

&RQWUROOHG�URXQGLQJ�JLYHV�VXIILFLHQW�SURWHFWLRQ�WR�VPDOO�
IUHTXHQFLHV�DQG�FUHDWHV�XQFHUWDLQW\�DERXW�WKH�]HUR�
YDOXHV��L�H��HPSW\�FHOOV����7KLV�LV�QRW�WKH�FDVH�IRU�
VXSSUHVVLRQ�LQ�WHUPV�RI�KRZ�LW�LV�QRZ�LPSOHPHQWHG�LQ�
τ�$5*86����

,Q�=HUR�UHVWULFWHG�&RQWUROOHG�5RXQGLQJ�FHOO�FRXQWV�DUH�
OHIW�XQFKDQJHG�LI�WKH\�DUH�PXOWLSOHV�RI�WKH�URXQGLQJ�
EDVH�RU�VKLIWHG�WR�RQH�RI�WKH�DGMDFHQW�PXOWLSOHV�RI�WKH�
URXQGLQJ�EDVH��7KH�PRGLILHG�YDOXHV�DUH�FKRVHQ�VR�WKDW�
WKH�VXP�RI�WKH�DEVROXWH�GLIIHUHQFHV�EHWZHHQ�WKH�RULJLQDO�
YDOXHV�DQG�WKH�URXQGHG�RQHV�DUH�PLQLPL]HG��XQGHU�DQ�
DGGLWLYLW\�FRQVWUDLQW���7KHUHIRUH��VRPH�YDOXHV�ZLOO�EH�
URXQGHG�XS�RU�GRZQ�WR�WKH�PRVW�GLVWDQW�PXOWLSOH�RI�WKH�
EDVH�LQ�RUGHU�WR�KHOS�VDWLVI\�WKHVH�FRQVWUDLQWV��,Q�PRVW�
FDVHV�D�VROXWLRQ�FDQ�EH�IRXQG��EXW�LQ�VRPH�FDVHV�LW�
FDQQRW�DQG�WKH�]HUR�UHVWULFWLRQ�FRQVWUDLQW�LQ�&53�FDQ�
EH�UHOD[HG�WR�DOORZ�WKH�FHOO�YDOXHV�WR�EH�URXQGHG�WR�D�
QRQDGMDFHQW�PXOWLSOH�RI�WKH�EDVH��7KLV�UHOD[DWLRQ�LV�
FRQWUROOHG�E\�DOORZLQJ�WKH�SURFHGXUH�WR�WDNH�D�
PD[LPXP�QXPEHU�RI�VWHSV���

)RU�H[DPSOH��FRQVLGHU�URXQGLQJ�D�FHOO�YDOXH�RI���ZKHQ�
WKH�URXQGLQJ�EDVH�HTXDOV����,Q�]HUR�UHVWULFWHG�URXQGLQJ��
WKH�VROXWLRQ�FDQ�EH�HLWKHU���RU�����,I���VWHS�LV�DOORZHG��
WKH�VROXWLRQ�FDQ�EH����������RU�����,Q�JHQHUDO��OHW�]�EH�
WKH�LQWHJHU�WR�EH�URXQGHG�LQ�EDVH�E��WKHQ�WKLV�QXPEHU�
FDQ�EH�ZULWWHQ�DV�

� ] XE U= + ��

ZKHUH�XE�LV�WKH�ORZHU�DGMDFHQW�PXOWLSOH�RI�E��KHQFH�X�LV�
WKH�IORRU�YDOXH�RI�]�E��DQG�U�LV�WKH�UHPDLQGHU��,Q�WKH�
]HUR�UHVWULFWHG�VROXWLRQ�WKH�URXQGHG�YDOXH��D��FDQ�WDNH�
YDOXHV��
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,I�.�VWHSV�DUH�DOORZHG��WKHQ�D��FDQ�WDNH�YDOXHV����

=HUR�UHVWULFWHG�&RQWUROOHG�
5RXQGLQJ�
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������2SWLPDO��ILUVW�IHDVLEOH�DQG�5$3,'�VROXWLRQV�

)RU�D�JLYHQ�WDEOH�WKHUH�FDQ�H[LVW�PRUH�WKDQ�RQH�
FRQWUROOHG�URXQGHG�VROXWLRQ��DQG�DQ\�RI�WKHVH�VROXWLRQV�
LV�D�IHDVLEOH�VROXWLRQ��7KH�&RQWUROOHG�5RXQGLQJ�3URJUDP�
HPEHGGHG�LQ�τ�$5*86�GHWHUPLQHV�WKH�RSWLPDO�VROXWLRQ�
E\�PLQLPLVLQJ�WKH�VXP�RI�WKH�DEVROXWH�GLVWDQFHV�RI�WKH�
URXQGHG�YDOXHV��IURP�WKH�RULJLQDO�RQHV��'HQRWLQJ�WKH�
FHOO�YDOXHV��LQFOXGLQJ�WKH�WRWDOV�DQG�VXE�WRWDOV��ZLWK�]L�
DQG�WKH�FRUUHVSRQGLQJ�URXQGHG�YDOXHV�ZLWK�DL��WKH�
IXQFWLRQ�WKDW�LV�PLQLPLVHG�LV�

�
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L L
L
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ZKHUH�1�LV�WKH�QXPEHU�RI�FHOOV�LQ�D�WDEOH��LQFOXGLQJ�WKH�
PDUJLQDO�RQHV���7KH�RSWLPLVDWLRQ�SURFHGXUH�IRU�
FRQWUROOHG�URXQGLQJ�LV�D�UDWKHU�FRPSOH[�RQH��13�
FRPSOHWH�SURJUDP���VR�ILQGLQJ�WKH�RSWLPDO�VROXWLRQ�PD\�
WDNH�D�ORQJ�WLPH�IRU�ODUJH�WDEOHV��,Q�IDFW��WKH�DOJRULWKP�
LWHUDWLYHO\�EXLOGV�GLIIHUHQW�URXQGHG�WDEOHV�XQWLO�LW�ILQGV�
WKH�RSWLPDO�VROXWLRQ��,Q�RUGHU�WR�OLPLW�WKH�WLPH�UHTXLUHG�
WR�REWDLQ�D�VROXWLRQ��WKH�DOJRULWKP�FDQ�EH�VWRSSHG�ZKHQ�
WKH�ILUVW�IHDVLEOH�VROXWLRQ�LV�IRXQG��,Q�PDQ\�FDVHV��WKLV�
VROXWLRQ�LV�TXLWH�FORVH�WR�WKH�RSWLPDO�RQH�DQG�LW�FDQ�EH�
IRXQG�LQ�VLJQLILFDQWO\�OHVV�WLPH���

7KH�5$3,'�VROXWLRQ�LV�SURGXFHG�E\�&53�DV�DQ�
DSSUR[LPDWHG�VROXWLRQ�ZKHQ�D�IHDVLEOH�RQH�FDQQRW�EH�
IRXQG��7KLV�VROXWLRQ�LV�REWDLQHG�E\�URXQGLQJ�WKH�
LQWHUQDO�FHOOV�WR�WKH�FORVHVW�PXOWLSOH�RI�WKH�EDVH�DQG�
WKHQ�FRPSXWLQJ�WKH�PDUJLQDO�FHOOV�E\�DGGLWLRQ��7KLV�
PHDQV�WKDW�WKH�FRPSXWHG�PDUJLQDO�YDOXHV�FDQ�EH�PDQ\�
MXPSV�DZD\�IURP�WKH�RULJLQDO�YDOXH��+RZHYHU��D�5$3,'�
VROXWLRQ�LV�SURGXFHG�DW�HDFK�LWHUDWLRQ�RI�WKH�VHDUFK�IRU�
DQ�RSWLPDO�VROXWLRQ��DQG�LW�ZLOO�LPSURYH��LQ�WHUPV�RI�WKH�
ORVV�IXQFWLRQ��RYHU�WLPH��τ�$5*86�DOORZV�WKH�XVHU�WR�
VWRS�&53�DIWHU�WKH�ILUVW�5$3,'�VROXWLRQ�LV�SURGXFHG��EXW�
WKLV�LV�OLNHO\�WR�EH�YHU\�IDU�DZD\�IURP�WKH�RSWLPDO�RQH��

������3URWHFWLRQ�SURYLGHG�E\�FRQWUROOHG�URXQGLQJ�

7KH�SURWHFWLRQ�SURYLGHG�E\�FRQWUROOHG�URXQGLQJ�FDQ�EH�
DVVHVVHG�E\�FRQVLGHULQJ�WKH�XQFHUWDLQW\��DERXW�WKH�WUXH�
YDOXHV�DFKLHYHG��ZKHQ�UHOHDVLQJ�URXQGHG�YDOXHV��WKDW�LV�
WKH�H[LVWHQFH�LQWHUYDO�WKDW�DQ�LQWUXGHU�FDQ�FRPSXWH�IRU�
D�URXQGHG�YDOXH��:H�DVVXPH�WKDW�WKH�YDOXHV�RI�WKH�
URXQGLQJ�EDVH��E��DQG�WKH�QXPEHU�RI�VWHSV�DOORZHG��.��
DUH�NQRZQ�E\�WKH�XVHU�WRJHWKHU�ZLWK�WKH�RXWSXW�
URXQGHG�WDEOH��)XUWKHUPRUH��ZH�DVVXPH�WKDW�LW�LV�
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NQRZQ�WKDW�WKH�RULJLQDO�YDOXHV�DUH�SRVLWLYH�IUHTXHQFLHV�
�KHQFH�QRQQHJDWLYH�LQWHJHUV����

=HUR�UHVWULFWHG�URXQGLQJ��
*LYHQ�D�URXQGHG�YDOXH��D��DQ�LQWUXGHU�FDQ�FRPSXWH�WKH�
IROORZLQJ�H[LVWHQFH�LQWHUYDOV�IRU�WKH�WUXH�YDOXH��]��
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)RU�H[DPSOH��LI�WKH�URXQGLQJ�EDVH�LV�E ��DQG�WKH�
URXQGHG�YDOXH�LV�D ���D�XVHU�FDQ�GHWHUPLQH�WKDW�WKH�
RULJLQDO�YDOXH�LV�EHWZHHQ���DQG����,I�WKH�URXQGHG�YDOXH�
LV�QRW����WKHQ�XVHUV�FDQ�GHWHUPLQH�WKDW�WKH�WUXH�YDOXH�LV�
EHWZHHQ�SOXV�RU�PLQXV���XQLWV�IURP�WKH�SXEOLVKHG�
YDOXH��

.�VWHS�URXQGLQJ�
$V�PHQWLRQHG�DERYH��LW�LV�DVVXPHG�WKDW�WKH�QXPEHU�RI�
VWHSV�DOORZHG�LV�UHOHDVHG�WRJHWKHU�ZLWK�WKH�URXQGHG�
WDEOH��/HW�.�EH�WKH�QXPEHU�RI�VWHSV�DOORZHG��WKHQ�DQ�
LQWUXGHU�FDQ�FRPSXWH�WKH�IROORZLQJ�H[LVWHQFH�LQWHUYDOV�
IRU�WKH�WUXH�YDOXH�]��
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)RU�H[DPSOH��DVVXPH�WKDW�IRU�FRQWUROOHG�URXQGLQJ�ZLWK�
E ��DQG�. ���D ����WKHQ�D�XVHU�FDQ�GHWHUPLQH�WKDW�
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9HU\�ODUJH�WDEOHV��
7KH�SURFHGXUH�LPSOHPHQWHG�LQ�τ�$5*86�LV�FDSDEOH�RI�
URXQGLQJ�WDEOHV�XS�WR����.�FHOOV�RQ�DQ�DYHUDJH�
FRPSXWHU��+RZHYHU�IRU�ODUJHU�WDEOHV�D�SDUWLWLRQLQJ�
SURFHGXUH�LV�DYDLODEOH��ZKLFK�DOORZV�PXFK�ODUJHU�WDEOHV�
WR�EH�URXQGHG��7DEOHV�ZLWK�RYHU�VL[�PLOOLRQ�FHOOV�KDYH�
EHHQ�VXFFHVVIXOO\�URXQGHG�WKLV�ZD\���

����5HIHUHQFHV�

%URZQ��'����������'LIIHUHQW�DSSURDFKHV�WR�GLVFORVXUH�FRQWURO�
SUREOHPV�DVVRFLDWHG�ZLWK�JHRJUDSK\��216��8QLWHG�
1DWLRQV�6WDWLVWLFDO�&RPPLVVLRQ�DQG�(FRQRPLF�
&RPPLVVLRQ�IRU�(XURSH�&RQIHUHQFH�RI�(XURSHDQ�
6WDWLVWLFLDQV��:RUNLQJ�3DSHU�1R������

'R\OH��3���/DQH��-�,���7KHHXZHV��-�-�0��DQG�=D\DW]����������
&RQILGHQWLDOLW\��'LVFORVXUH�DQG�'DWD�$FFHVV��7KHRU\�DQG�
3UDFWLFDO�$SSOLFDWLRQ�IRU�6WDWLVWLFDO�$JHQFLHV��(OVHYLHU�
6FLHQFH�%9���

'XNH�:LOOLDPV��2��DQG�5HHV��3����������&DQ�&HQVXV�2IILFHV�
SXEOLVK�VWDWLVWLFV�IRU�PRUH�WKDQ�RQH�VPDOO�DUHD�
JHRJUDSK\"�$Q�DQDO\VLV�RI�WKH�GLIIHUHQFLQJ�SUREOHP�LQ�
VWDWLVWLFDO�GLVFORVXUH��,QWHUQDWLRQDO�-RXUQDO�RI�
*HRJUDSKLFDO�,QIRUPDWLRQ�6FLHQFH�������������

*RPDWDP��6��DQG�$��.DUU���������'LVWRUWLRQ�0HDVXUHV�IRU�
&DWHJRULFDO�'DWD�6ZDSSLQJ��7HFKQLFDO�5HSRUW�1XPEHU�
�����1DWLRQDO�,QVWLWXWH�RI�6WDWLVWLFDO�6FLHQFHV��
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6DOD]DU��--��6WDJJHUPHLHU��$�DQG�%\FURIW��&���������&RQWUROOHG�
URXQGLQJ�LPSOHPHQWDWLRQ��3URFHHGLQJ�RI�WKH�-RLQW�
81(&(�(XURVWDW�:RUN�6HVVLRQ�RQ�6WDWLVWLFDO�'DWD�
&RQILGHQWLDOLW\��*HQHYD�

6KORPR��1���������6WDWLVWLFDO�'LVFORVXUH�&RQWURO�0HWKRGV�IRU�
&HQVXV�)UHTXHQF\�7DEOHV�,QWHUQDWLRQDO�6WDWLVWLFDO�
5HYLHZ��9ROXPH�����1XPEHU����$XJXVW��������SS��
������������%ODFNZHOO�3XEOLVKLQJ���

6KORPR��1��DQG�<RXQJ��&���������,QIRUPDWLRQ�/RVV�0HDVXUHV�
IRU�)UHTXHQF\�7DEOHV��3URFHHGLQJ�RI�WKH�-RLQW�
81(&(�(XURVWDW�:RUN�6HVVLRQ�RQ�6WDWLVWLFDO�'DWD�
&RQILGHQWLDOLW\��*HQHYD���

6KORPR��1��DQG�<RXQJ��&���������6WDWLVWLFDO�'LVFORVXUH�&RQWURO�
0HWKRGV�7KURXJK�D�5LVN�8WLOLW\�)UDPHZRUN��36'
�����
3ULYDF\�LQ�6WDWLVWLFDO�'DWDEDVHV��6SULQJHU�/1&6�
SURFHHGLQJV��WR�DSSHDU��

:LOOHQERUJ��/���DQG�7RQ�GH�:DDO���������6WDWLVWLFDO�'LVFORVXUH�
&RQWURO�LQ�3UDFWLFH��/HFWXUH�1RWHV�LQ�6WDWLVWLFV�QR�����
6SULQJHU�9HUODJ��1HZ�<RUN�

�
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����,QWURGXFWLRQ�

$OWKRXJK�YHU\�VRSKLVWLFDWHG�PHWKRGV�KDYH�EHHQ�
GHYHORSHG�WR�PDNH�VDIH�PLFUR�GDWD�ILOHV��WKH�QHHGV�RI�
VHULRXV�UHVHDUFKHUV�IRU�PRUH�GHWDLOHG�GDWD�FDQQRW�EH�
PHW�E\�WKHVH�PHWKRGV��,W�LV�VLPSO\�LPSRVVLEOH�WR�UHOHDVH�
WKHVH�YHU\�GHWDLOHG�PLFUR�GDWD�VHWV�WR�XVHUV�RXWVLGH�WKH�
FRQWURO�RI�WKH�16,V�ZLWKRXW�EUHDFKLQJ�WKH�QHFHVVDU\�
FRQILGHQWLDOLW\�SURWHFWLRQ��1HYHUWKHOHVV�WKH�16,V�
UHFRJQL]H�WKH�VHULRXV�DQG�UHVSHFWDEOH�UHTXHVWV�E\�WKH�
UHVHDUFK�FRPPXQLW\�IRU�DFFHVV�WR�WKH�YHU\�ULFK�DQG�
YDOXDEOH�PLFUR�GDWD�VHWV�RI�WKH�16,V��7KHUHIRUH�GLIIHUHQW�
LQLWLDWLYHV�KDYH�EHHQ�WDNHQ�E\�WKH�16,V�WR�PHHW�WKHVH�
QHHGV���

7KH�ILUVW�VWHS�ZDV�WKH�FUHDWLRQ�RI�VR�FDOOHG�VDIH�GDWD�
UHVHDUFK�FHQWUHV��D�VSHFLDO�URRP�LQ�WKH�16,��ZKHUH�
UHVHDUFKHUV�FDQ�DQDO\VH�WKH�GDWD�VHWV��ZLWKRXW�WKH�
RSWLRQ�WR�H[SRUW�DQ\�LQIRUPDWLRQ�ZLWKRXW�WKH�FRQVHQW�RI�
WKH�16,��,Q�SDUDOOHO�WR�WKLV�LQLWLDWLYH�WKHUH�DUH�RSWLRQV�
IRU�UHPRWH�H[HFXWLRQ��5HPRWH�H[HFXWLRQ�IDFLOLWLHV�DUH�
YDULRXV�NLQGV�RI�V\VWHPV�ZKHUH�UHVHDUFKHUV�FDQ�VXEPLW�
VFULSWV�IRU�6$6��6366�HWF�WR�WKH�16,��7KH�PRVW�UHFHQW�
LQLWLDWLYH�LV�UHPRWH�DFFHVV��ZKHUH�XVHUV�FDQ�´ORJ�LQµ�WR�D�
UHVHDUFK�FHQWUH�IURP�D�UHPRWH�GHVNWRS��

$V�DOO�WKHVH�RSWLRQV�DOORZ�WKH�UHVHDUFKHU�WR�DFFHVV�
XQSURWHFWHG�VHQVLWLYH�GDWD�LQ�VRPH�ZD\��DOO�SRVVLEOH�
SUHFDXWLRQV�KDYH�WR�EH�WDNHQ��7KHVH�RSWLRQV�DUH�
FHUWDLQO\�QRW�DYDLODEOH�WR�WKH�JHQHUDO�SXEOLF��EXW�RQO\�WR�
VHOHFWHG�UHVHDUFK�LQVWLWXWHV�OLNH�XQLYHUVLWLHV�DQG�VLPLODU�
UHVHDUFK�LQVWLWXWHV��$GGLWLRQDOO\��VWULFW�FRQWUDFWV�KDYH�
WR�EH�VLJQHG�EHWZHHQ�WKH�16,�DQG�WKH�UHVHDUFKHU��
3UHIHUDEO\�DOVR�WKH�UHVHDUFK�LQVWLWXWH�LWVHOI�VKRXOG�VLJQ�
WKH�FRQWUDFW��7KLV�HQDEOHV�WKH�16,�WR�WDNH�DFWLRQ�
DJDLQVW�WKH�LQVWLWXWH�LWVHOI�DV�ZHOO�DV�DJDLQVW�WKH�
UHVHDUFKHU��LI�VRPHWKLQJ�PLJKW�JR�ZURQJ��$�FRPPRQ�
UHSHUFXVVLRQ�IRU�WKH�LQVWLWXWH�FRXOG�EH�D�EDQ�IRU�WKH�
ZKROH�LQVWLWXWH�WR�DFFHVV�WKHVH�IDFLOLWLHV��6R�LW�ZLOO�EH�LQ�
WKH�LQWHUHVW�RI�WKH�LQVWLWXWH�WR�HQVXUH�D�FRUUHFW�
EHKDYLRXU�RI�WKH�UHVHDUFKHU��

����5HVHDUFK�FHQWUHV�

,Q�RUGHU�WR�PHHW�WKH�QHHGV�RI�WKH�UHVHDUFKHU�FRPPXQLW\�
WR�DQDO\VH�WKH�ULFK�GDWD�VHWV�FRPSLOHG�E\�WKH�16,V��
ZKLOH�VDIHJXDUGLQJ�WKH�FRQILGHQWLDOLW\�FRQVWUDLQWV��WKH�
ILUVW�VROXWLRQ�ZDV�WR�FUHDWH�VSHFLDO�URRPV�LQ�WKH�



� � 5HPRWH�$FFHVV�LVVXHV�

�

� � � � � � � � � � � � � ����������

SUHPLVHV�RI�WKH�16,V��UHVHDUFK�FHQWUHV��7KH�16,�PDNHV�
DYDLODEOH�VSHFLDO�FRPSXWHUV�IRU�WKH�UHVHDUFKHUV��2Q�WKLV�
FRPSXWHU�WKH�QHFHVVDU\�VRIWZDUH�IRU�WKH�UHVHDUFK�ZLOO�
EH�LQVWDOOHG�E\�WKH�16,�WRJHWKHU�ZLWK�WKH�QHFHVVDU\�GDWD�
VHWV��,GHDOO\�WKHVH�FRPSXWHUV�KDYH�QR�FRQQHFWLRQ�
ZKDWVRHYHU�WR�WKH�LQWHUQHW�DQG�WKHUH�LV�QR�HPDLO��$OVR�
GULYHV�IRU�UHPRYDEOH�GLVFV��IORSS\�RU�&'��DUH�QRW�
DYDLODEOH�DQG�WKH�XVH�RI�PHPRU\�VWLFNV�KDV�WR�EH�
EORFNHG��7KH�DFFHVV�WR�WKH�LQWHUQDO�SURGXFWLRQ�QHWZRUN�
RI�WKH�16,�KDV�WR�EH�EORFNHG�DV�ZHOO��SUHYHQWLQJ�WKH�
SRVVLELOLWLHV�RI�WKH�UHVHDUFKHUV�WR�DFFHVV�RWKHU�VHQVLWLYH�
LQIRUPDWLRQ��,QVWDOOLQJ�D�SULQWHU�LV�D�ULVN�DV�ZHOO�DV�LV�
WKH�XVH�RI�SKRQHV��,I�WKHUH�LV�HQRXJK�VXSHUYLVLRQ��WKHVH�
WZR�RSWLRQV�FRXOG�EH�PDGH�DYDLODEOH��1HYHUWKHOHVV�VRPH�
NLQG�RI�VXSHUYLVLRQ�RQ�WKH�UHVHDUFK�FHQWUH�LV�DOZD\V�
QHHGHG��

7KH�GDWD�VHWV�WR�EH�XVHG�LQ�WKH�UHVHDUFK�FHQWUH�KDYH�WR�
EH�DQRQ\PLVHG��L�H��DW�OHDVW�WKH�QDPH�DGGUHVV�HWF�DUH�
UHPRYHG���,W�LV�DOVR�DGYLVDEOH�WR�UHVWULFW�WKH�YDULDEOHV�
DYDLODEOH�WR�WKH�VHW�WKDW�LV�QHHGHG�IRU�WKH�VSHFLILF�
UHVHDUFK���

2Q�WKHVH�FRPSXWHUV�WKH�UHVHDUFKHUV�VKRXOG�QHYHUWKH�
OHVV�EH�DEOH�WR�IXOO\�DQDO\VH�WKH�GDWD�ILOHV�DQG�FRPSOHWH�
WKHLU�DQDO\VLV��:KHQ�WKH�UHVHDUFK�LV�ILQLVKHG�WKH�UHVXOWV�
KDYH�WR�EH�UHOHDVHG�WR�WKH�UHVHDUFKHUV��%HIRUH�WKLV�FDQ�
EH�GRQH��16,�VWDII�KDV�WR�FKHFN�WKH�UHVHDUFK�UHVXOWV��
8QIRUWXQDWHO\�WKLV�LV�QRW�D�VWUDLJKWIRUZDUG��HDV\�WDVN��
7KLV�ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ�����

7KH�FRQFHSW�RI�UHVHDUFK�FHQWUHV�LV�PHHWLQJ�PDQ\�
UHVHDUFK�QHHGV�DQG�VHYHUDO�16,V�KDYH�DGRSWHG�WKLV�
LGHD��:LWKRXW�EHLQJ�FRPSOHWH�WKLV�LPLWDWLYH�KDV�EHHQ�
LPSOHPHQWHG�LQ�WKH�86$��&DQDGD��7KH�1HWKHUODQGV��
,WDO\��*HUPDQ\��'HQPDUN��(XURVWDW�DQG�VHYHUDO�RWKHU�
FRXQWULHV��

7KH�FRQFHSW�RI�UHVHDUFK�FHQWUHV�KDV�SURYHG�WR�EH�YHU\�
VXFFHVVIXO��0DQ\�JRRG�UHVHDUFK�SDSHUV�DQG�WKHVHV�KDYH�
EHHQ�FRPSOHWHG�IRU�ZKLFK�WKHVH�FHQWUHV�ZHUH�
LQGLVSHQVDEOH��+RZHYHU�WKHUH�DUH�VRPH�GUDZEDFNV��7KH�
PRVW�LPSRUWDQW�RQH�LV�WKDW�WKH�UHVHDUFKHUV�KDYH�WR�
FRPH�SK\VLFDOO\�WR�WKH�SUHPLVHV�RI�WKH�16,V��(YHQ�LQ�D�
VPDOO�FRXQWU\�OLNH�WKH�1HWKHUODQGV��WKLV�LV�VHHQ�DV�D�
VHULRXV�SUREOHP��$OVR�WKH�UHVHDUFKHU�FDQQRW�MXVW�WU\�
DQRWKHU�RSWLRQ�ZKHQ�KH�LV�EDFN�DW�KLV�QRUPDO�ZRUNLQJ�
SODFH��EHFDXVH�KH�KDV�WR�WUDYHO�WR�WKH�16,�ILUVW��$OVR�WKH�
IDFW�WKDW�KH�FDQQRW�ZRUN�LQ�KLV�QRUPDO�ZRUNLQJ�
HQYLURQPHQW�LV�FRQVLGHUHG�D�GUDZEDFN��

����5HPRWH�H[HFXWLRQ�

$V�PRGHUQ�FRPPXQLFDWLRQ�WHFKQLTXHV�KDYH�EHFRPH�
DYDLODEOH��WKH�16,V�KDYH�LQYHVWLJDWHG�WKH�SRVVLELOLWLHV�WR�
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XVH�WKHVH�WHFKQLTXHV��7KH�ILUVW�LQLWLDWLYH�LV�UHPRWH�
H[HFXWLRQ��,Q�WKLV�FRQFHSW�WKH�UHVHDUFKHUV�ZLOO�JHW�D�IXOO�
GHVFULSWLRQ�RI�DOO�WKH�PHWD�GDWD�RI�WKH�GDWD�VHWV�
DYDLODEOH�IRU�UHVHDUFK��+RZHYHU�WKH�GDWD�VHW�DYDLODEOH�
ZLOO�UHPDLQ�RQ�WKH�FRPSXWHUV�RI�WKH�16,V��7KH�
UHVHDUFKHUV�ZLOO�SUHSDUH�VFULSWV�IRU�DQDO\VLQJ�WKH�GDWD�
VHWV��ZLWK�6366��6$6�HWF��DQG�VHQG�WKHP�WR�WKH�16,��E\�
HPDLO�RU�YLD�VRPH�LQWHUQHW�SDJH���7KH�16,�ZLOO�WKHQ�
FKHFN�WKH�VFULSW��H�J��IRU�FRPPDQGV�OLNH�/LVW�&DVHV��EXW�
DOVR�RWKHU�XQZDQWHG�DFWLRQV�OLNH�SULQWLQJ�WKH�UHVLGXDOV�
RI�D�UHJUHVVLRQ��EHIRUH�UXQQLQJ�LW�DQG�DIWHU�D�VHFRQG�
FKHFN�VHQG�EDFN�WKH�UHVXOWV�WR�WKH�UHVHDUFKHU���

)RU�WKH�UHVHDUFKHU�WKLV�V\VWHP�KDV�WKH�DGYDQWDJH�WKDW�
KH�GRHV�QR�ORQJHU�KDYH�WR�WUDYHO�WR�WKH�16,��+H�FDQ�VHQG�
D�VFULSW�ZKHQHYHU�KH�ZDQWV��2Q�WKH�RWKHU�KDQG�KH�
FDQQRW�GLUHFWO\�UXQ�WKH�VFULSW�VLQFH�WKLV�LV�GRQH�E\�WKH�
16,��+HQFH�FRUUHFWLQJ�HUURUV�LQ�D�VFULSW�FDQ�WDNH�PXFK�
PRUH�WLPH��GHSHQGLQJ�RI�WKH�WXUQ�DURXQG�WLPH�RI�WKH�
16,��7KLV�SURFHVV�FRXOG�EH�VSHHGHG�XS�LI�WKH�16,�ZLOO�
PDNH�DYDLODEOH�D�IDNH�GDWDVHW�ZKLFK�FRUUHVSRQGV�WR�WKH�
RULJLQDO�ILOH�LQ�WHUPV�RI�VWUXFWXUH�EXW�QRW�LQ�FRQWHQW��
7KH�PDLQ�REMHFWLYH�RI�WKLV�GDWD�VHW�LV�WR�DYRLG�DOO�
XQVXFFHVVIXO�VXEPLVVLRQV�GXH�WR�V\QWD[�HUURUV�HWF��

)RU�WKH�UHVHDUFKHU�UHPRWH�H[HFXWLRQ�KDV�VHYHUDO�
DGYDQWDJHV��QR�QHHG�IRU�WUDYHO��EXW�DOVR�VRPH�
GUDZEDFNV��VORZ�WXUQ�DURXQG�WLPH���)RU�WKH�16,V�LW�LV�
YHU\�WLPH�FRQVXPLQJ��DV�WKH\�KDYH�WR�FKHFN�VR�PDQ\�
VFULSWV�DQG�UHVXOWV��,W�LV�QRW�XQFRPPRQ�LQ�VWDWLVWLFDO�
DQDO\VLV�WKDW�VHYHUDO�VFULSWV�DUH�VXEPLWWHG�DQG�
H[HFXWHG��%XW�WKHQ�WKH�RXWFRPH�SURYHV�WR�EH�QRW�WKH�
RSWLPDO�PRGHO�DQG�D�QHZ�VFULSW�LV�VXEPLWWHG��+RZHYHU�
WKH�16,�GRHV�QRW�NQRZ�LQ�DGYDQFH�ZKLFK�VFULSW�LV�
VXFFHVVIXO�DQG�KDV�WR�FKHFN�HYHU\WKLQJ��7KLV�LV�YHU\�
WLPH�FRQVXPLQJ�LI�WKH�16,�WDNHV�WKLV�VHULRXVO\���

&XUUHQW�H[DPSOHV�RI�WKLV�NLQG�RI�V\VWHPV�DUH�WKH�
/X[HPERXUJ�,QFRPH�6WXG\��/LVV\��DQG�WKH�$XVWUDOLDQ�
5$'/�
�

����5HPRWH�DFFHVV�

5HFHQW�QHZ�GHYHORSPHQWV�DUH�V\VWHPV�IRU�UHPRWH�
DFFHVV��7KH�DLP�LV�WR�FRPELQH�WKH�IOH[LELOLW\�IRU�
UHVHDUFKHUV�WR�GR�DOO�WKHLU�DQDO\VLV�LQ�D�UHVHDUFK�FHQWUH�
ZKLOH�UHPRYLQJ�WKH�FRQVWUDLQWV�RI�WUDYHOOLQJ�WR�WKH�16,V��
0RGHUQ�GHYHORSPHQWV�LQ�WKH�LQWHUQHW�PDNH�LW�SRVVLEOH�
WR�VHW�XS�D�VDIH�FRQWUROOHG�FRQQHFWLRQ��D�931��YLUWXDO�
SULYDWH�QHWZRUN���$�931�LV�D�WHFKQLTXH�WR�VHWXS�D�
VHFXUH�FRQQHFWLRQ�EHWZHHQ�WKH�VHUYHU�DW�WKH�16,�DQG�D�
FRPSXWHU�RI�WKH�UHVHDUFKHU��,W�XVHV�ILUHZDOOV�DQG�
HQFU\SWLRQ�WHFKQLTXHV��$OVR�DGGLWLRQDO�SURFHGXUHV�WR�
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FRQWURO�WKH�ORJLQ�SURFHGXUH�OLNH�VRIWZDUH�WRNHQV�RU�
ELRPHWULFV�FDQ�EH�XVHG�WR�VHFXUH�WKH�FRQQHFWLRQ��7KH�
PRVW�ZHOO�NQRZ�SURGXFW�EHKLQG�WKLV�LV�&LWUL[��EXW�RWKHU�
V\VWHPV�H[LVW�DV�ZHOO��&LWUL[�KDV�EHHQ�GHYHORSHG�WR�VHW�
XS�VDIH�DFFHVV�WR�EXVLQHVV�QHWZRUNV�RYHU�WKH�LQWHUQHW�
ZLWKRXW�JLYLQJ�DFFHVV�WR�XQDXWKRULVHG�SHUVRQV��7KLV�
ZLOO�VDIHJXDUG�WKH�FRQILGHQWLDOLW\�RI�WKH�LQIRUPDWLRQ�RQ�
WKLV�QHWZRUN���

6RPH�16,V�DUH�QRZ�XVLQJ�&LWUL[�WR�VHW�XS�D�VDIH�
FRQQHFWLRQ�EHWZHHQ�WKH�3&�RI�WKH�UHVHDUFKHU�DQG�D�
SURWHFWHG�VHUYHU�RI�WKH�16,��7KLV�DSSURDFK�LV�IROORZHG�
QRZ�E\�'HQPDUN��6ZHGHQ��WKH�1HWKHUODQGV�DQG�
6ORYHQLD���

7KH�PDLQ�LGHD�RI�D�UHPRWH�IDFLOLW\�LV�WKDW�LW�VKRXOG�
UHVHPEOH�WKH�¶WUDGLWLRQDO·�2Q6LWH�UHVHDUFK�FHQWUHV�DV�
PXFK�DV�SRVVLEOH��FRQFHUQLQJ�FRQILGHQWLDOLW\�DVSHFWV���

7KH�IROORZLQJ�DVSHFWV�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW��

���2QO\�DXWKRUL]HG�XVHUV�VKRXOG�EH�DEOH�WR�PDNH�XVH�RI�
WKLV�IDFLOLW\��

���0LFURGDWD�VKRXOG�UHPDLQ�DW�WKH�16,��

���'HVLUHG�RXWSXW�RI�DQDO\VHV�VKRXOG�EH�FKHFNHG�RQ�
FRQILGHQWLDOLW\��

���/HJDO�PHDVXUHV�KDYH�WR�EH�WDNHQ�ZKHQ�DOORZLQJ�
DFFHVV��

7KH�NH\�LVVXH�LV�WKDW�WKH�PLFUR�GDWD�VHW�UHPDLQV�LQ�WKH�
FRQWUROOHG�HQYLURQPHQW�RI�WKH�16,��ZKLOH�WKH�UHVHDUFKHU�
FDQ�GR�WKH�DQDO\VLV�LQ�KLV�LQVWLWXWH��,Q�IDFW�LW�LV�DQ�
HTXLYDOHQW�RI�WKH�UHVHDUFK�FHQWUH��7KH�&LWUL[�FRQQHFWLRQ�
ZLOO�HQDEOH�WKH�UHVHDUFKHU�WR�UXQ�6366��6$6�HWF�RQ�WKH�
VHUYHU�RI�WKH�16,��7KH�UHVHDUFKHU�ZLOO�RQO\�VHH�WKH�
VHVVLRQ�RQ�KLV�VFUHHQ��7KLV�DOORZV�KLP�WR�VHH�WKH�UHVXOWV�
RQ�KLV�DQDO\VLV�EXW�DOVR�WKH�PLFURGDWD�LWVHOI��7KLV�LV�
FRPSOHWHO\�HTXLYDOHQW�WR�ZKDW�KH�FDQ�VHH��LI�KH�ZRXOG�
EH�DW�WKH�UHVHDUFK�FHQWUH���

&LWUL[�ZLOO�RQO\�VHQG�WKH�SLFWXUHV�RI�WKH�VFUHHQV�WR�WKH�
3&�RI�WKH�UHVHDUFKHU��EXW�QR�GDWD�LV�VHQG�WR�KLP��(YHQ�
FRS\LQJ�WKH�GDWD�IURP�WKH�VFUHHQ�WR�WKH�KDUG�GLVN�LV�QRW�
SRVVLEOH��,I�WKH�UHVHDUFKHU�LV�VDWLVILHG�ZLWK�VRPH�
DQDO\VLV�DQG�ZDQWV�WR�XVH�WKH�UHVXOWV�LQ�KLV�UHSRUW��KH�
VKRXOG�PDNH�D�UHTXHVW�WR�WKH�16,�WR�UHOHDVH�WKHVH�
UHVXOWV�WR�KLP��7KH�16,�KDV�WR�FKHFN�WKH�RXWSXW�IRU�
GLVFORVXUH�ULVNV�DQG�LI�WKLV�LV�2.�WKH�16,�ZLOO�VHQG�WKH�
UHVXOWV�WR�WKH�UHVHDUFKHU���

$V�WKH�UHVHDUFKHUV�ZLOO�ZRUN�ZLWK�YHU\�VHQVLWLYH�GDWD��DOO�
PHDVXUHV�VKRXOG�EH�WDNHQ�WR�HQVXUH�WKH�FRQILGHQWLDOLW\�
RI�WKH�GDWD��7KHUHIRUH�DOVR�OHJDO�PHDVXUHV�KDYH�WR�EH�
WDNHQ��ELQGLQJ�QRW�RQO\�WKH�UHVHDUFKHU�KLPVHOI�EXW�DOVR�
WKH�LQVWLWXWH���
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����/LFHQVLQJ�

$QRWKHU�DFFHVV�RSWLRQ�IRU�PLFURGDWD�UHOHDVHV�DYDLODEOH�
WR�16,V�LV�WR�UHOHDVH�GDWD�XQGHU�OLFHQFH�RU�DFFHVV�
DJUHHPHQWV��$�VSHFWUXP�RI�GLIIHUHQW�GDWD�DFFHVV�
DUUDQJHPHQWV�FDQ�EH�SURYLGHG��$�YDULHW\�RI�IDFWRUV�
VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�JUDQWLQJ�DSSURYDO�
IRU�DFFHVV�²�LQFOXGLQJ�WKH�SXUSRVH�RI�WKH�DFFHVV��WKH�
VWDWXV�RI�WKH�XVHU��WKH�OHJDO�IUDPHZRUN��WKH�VWDWXV�RI�
WKH�GDWD��WKH�DYDLODELOLW\�RI�IDFLOLWLHV�DQG�WKH�KLVWRU\�RI�
DFFHVV��7KH�OHYHOV�RI�FRQWURO�RYHU�XVH�DQG�XVHU�DSSOLHG�
ZLWKLQ�WKH�OLFHQFH�VKRXOG�EH�EDODQFHG�E\�WKH�OHYHO�RI�
GHWDLO�DQG�RU�SHUWXUEDWLRQ�LQ�WKH�PLFURGDWD���

����&RQILGHQWLDOLW\�SURWHFWLRQ�RI�WKH�DQDO\VLV�UHVXOWV�

������5XOHV�IRU�GHVLJQLQJ�SURJUDPV�IRU�FRQWUROOHG�
WHOHSURFHVVLQJ�XVLQJ�PLFURGDWD�RI�RIILFLDO�VWDWLVWLFV�LQ�
*HUPDQ\�

�������� ,QWURGXFWLRQ�

$V�LQ�PDQ\�RWKHU�FRXQWULHV��*HUPDQ�RIILFLDO�GDWD�DUH�
VXEMHFW�WR�VWDWXWRU\�GDWD�SURWHFWLRQ�UHJXODWLRQV��
7KHUHIRUH��UHVXOWV�SURGXFHG�RQ�WKH�EDVLV�RI�VWDWLVWLFDO�
GDWD�DUH�FKHFNHG�IRU�FRQILGHQWLDOLW\�DQG�FULWLFDO�YDOXHV�
DUH�VXSSUHVVHG��7KLV�DSSOLHV�ERWK�WR�SXEOLFDWLRQV�RI�WKH�
VWDWLVWLFDO�RIILFHV�DQG�WR�WKH�UHVXOWV�RI�VFLHQWLILF�SURMHFWV�
VXSSRUWHG�E\�WKH�UHVHDUFK�GDWD�FHQWUHV��5'&��RI�
*HUPDQ�RIILFLDO�VWDWLVWLFV��6LQFH�WKH�UHVHDUFK�GDWD�
FHQWUHV�ZHUH�VHW�XS�LQ�*HUPDQ\�LQ�������PLFURGDWD�
UHTXHVWV�IURP�WKH�VFLHQWLILF�FRPPXQLW\�KDYH�
FRQVLGHUDEO\�LQFUHDVHG��,Q�WKLV�FRQWH[W��UHVHDUFKHUV�GR�
WKHLU�RZQ�DQDO\VHV�RI�PLFURGDWD�FRPLQJ�IURP�WKH�ZLGH�
UDQJH�RI�VWDWLVWLFV�RIIHUHG�E\�WKH�UHVHDUFK�GDWD�FHQWUHV��
,Q�*HUPDQ\��YDULRXV�ZD\V�RI�GDWD�DFFHVV�KDYH�EHHQ�
HVWDEOLVKHG�IRU�UHVHDUFKHUV��$�ZD\�RI�DFFHVV�IUHTXHQWO\�
XVHG�LV�FRQWUROOHG�WHOHSURFHVVLQJ���RU�FRQWUROOHG�UHPRWH�
GDWD�SURFHVVLQJ�����ZKLFK�UXQV�RQ�QRQ�DQRQ\PLVHG�
RULJLQDO�GDWD�WKXV�JLYLQJ�WKH�UHVHDUFKHU�WKH�RSSRUWXQLW\�
WR�H[SORLW�WKH�IXOO�LQIRUPDWLRQ�FRQWHQW�RI�RIILFLDO�
PLFURGDWD��)RU�FRQWUROOHG�UHPRWH�GDWD�SURFHVVLQJ�WKH�
XVHU�ILUVW�RI�DOO�JHWV�D�GDWD�VWUXFWXUH�ILOH�IURP�WKH�
UHVHDUFK�GDWD�FHQWUH�ZKRVH�VWUXFWXUH�LV�WKDW�RI�WKH�
RULJLQDO�ILOH��EXW�ZKRVH�FRQWHQW�LV�QRW��%DVHG�RQ�WKDW�
ILOH��WKH�GDWD�XVHU�GHYHORSV�D�SURJUDP�FRGH�XVLQJ�WKH�
VWDWLVWLFV�VRIWZDUH�6$6��6366�RU�67$7$��FKHFNV�LW�IRU�
HUURUV�DQG�VHQGV�LW�WR�WKH�UHVHDUFK�GDWD�FHQWUH�YLD�H�
PDLO��7KH�RXWSXW�RI�KLV�SURJUDP�LV�WKHQ�FKHFNHG�IRU�
FRQILGHQWLDOLW\�DQG�UHWXUQHG�DOVR�E\�H�PDLO��&KHFNLQJ�
WKH�SURGXFHG�UHVXOWV�IRU�FRQILGHQWLDOLW\�LV�GRQH�
PDQXDOO\��
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0DQXDO�FRQILGHQWLDOLW\�FKHFNV�DUH�WLPH�FRQVXPLQJ�DQG�
ODERXU�LQWHQVLYH��DV�LV�VKRZQ�LQ�FKDSWHU������7KH�
UHVSRQVLEOH�VWDII�PHPEHU�PXVW�EH�IDPLOLDU�ZLWK�ERWK�
WKH�DQDO\VHG�VWDWLVWLFV�DQG�WKH�VSHFLILF�UHVHDUFK�SURMHFW��
+H�PXVW�HQVXUH�SULPDU\�DQG�VHFRQGDU\�FRQILGHQWLDOLW\�
DQG�NHHS�WUDFN�RI�WKH�VHFRQGDU\�FRQILGHQWLDOLW\�
SURWHFWLRQ�SHUIRUPHG�HYHQ�ZLWK�UHSHDWHG�RXWSXWV��,Q�
SDUWLFXODU��KH�PXVW�FKHFN�WKH�WUDQVPLWWHG�SURJUDP�
FRGH�IRU�LQWHQWLRQDO�DQG�XQLQWHQWLRQDO�GLVFORVXUH�RI�WKH�
GDWD��7KH�H[SHULHQFH�RI�WKH�UHVHDUFK�GDWD�FHQWUHV�RI�
RIILFLDO�VWDWLVWLFV�LQ�*HUPDQ\�VKRZV�WKDW�WKH�SURMHFWV�
GHDOW�ZLWK�DUH�YHU\�GLIIHUHQW�LQ�WHUPV�RI�YROXPH�DQG�
FRPSOH[LW\�RI�WKH�WUDQVPLWWHG�SURJUDPV��,Q�VRPH�FDVHV��
WKHUH�LV�PXFK�QHHG�IRU�FODULILFDWLRQ�DQG��GHSHQGLQJ�RQ�
KRZ�WKH�SURMHFW�SURFHHGV��D�YDULHW\�RI�LQGLYLGXDO�
DUUDQJHPHQWV�PXVW�EH�PDGH�ZLWK�WKH�GDWD�XVHU��$�PRUH�
RU�OHVV�ORQJ�VWDUW�XS�DQG�DFTXDLQWDQFH�SKDVH�RQ�ERWK�
VLGHV�LV�QHFHVVDU\�LQ�HYHU\�SURMHFW��&RPELQLQJ�WKDW�
H[SHULHQFH�DW�WKH�UHVHDUFK�GDWD�FHQWUHV�KDV�OHG�WR�WKH�
ZLVK�WR�UHGXFH�ERWK�WKH�DGMXVWPHQW�SKDVH�DQG�WKH�
FKHFNLQJ�WLPHV�E\�VWDQGDUGLVLQJ�WKH�SURJUDP�GHVLJQ��

�������� 5XOHV�IRU�SURJUDP�GHVLJQ�

7R�VLPSOLI\�SURMHFW�KDQGOLQJ��DQG�HVSHFLDOO\�WKH�
FRQILGHQWLDOLW\�FKHFNV��WKH�UHVHDUFK�GDWD�FHQWUHV�RI�WKH�
)HGHUDWLRQ�DQG�WKH�/lQGHU�KDYH�GHYHORSHG�D�FDWDORJXH�
RI�UXOHV�IRU�SURJUDP�GHVLJQ�ZKHQ�XVLQJ�FRQWUROOHG�
WHOHSURFHVVLQJ���,WV�SXUSRVH�LV�WR�DOORZ��

�

•� WR�VKDSH�WKH�HQYLVDJHG�DQDO\VLV�VWHSV�LQ�D�
WUDFHDEOH�PDQQHU��

•� WR�IDFLOLWDWH�UHDGDELOLW\�RI�WKH�XVHU�VSHFLILF�
´SURJUDPPLQJ�KDQGZULWLQJVµ��

•� WR�DSSO\�XQLIRUP�VWDQGDUGV�WR�SURMHFWV�SHUIRUPHG�
DW�GLIIHUHQW�ORFDWLRQV�RI�WKH�UHVHDUFK�GDWD�FHQWUHV�
RI�WKH�)HGHUDWLRQ�DQG�WKH�/lQGHU��

•� DQG��ZKHUH�QHFHVVDU\��WR�FKDQJH�WKH�SURMHFW�VWDII�
DW�WKH�5'&�ZLWKRXW�FDXVLQJ�GHOD\V�LQ�WKH�SURMHFW�
SURJUHVV��

7KH�EHQHILWV�REWDLQHG�IURP�WKRVH�UXOHV�IRU�WKH�UHVHDUFK�
GDWD�FHQWUHV�LQYROYH�D�FRQVLGHUDEOH�DGYDQWDJH�IRU�XVHUV��
WRR��7KH�FKHFNLQJ�WLPH�IRU�WKH�RXWSXW��IRU�ZKLFK�XVHUV�
XQGRXEWHGO\�DUH�XUJHQWO\�ZDLWLQJ�IRU��ZLOO�VXEVWDQWLDOO\�
EH�UHGXFHG���

�������������������������������������������
��7KH�PDLQ�SHUVRQV� LQYROYHG� LQ�GHYHORSLQJ� WKH� UXOHV� IRU�SURJUDP�GHVLJQ�DV�SDUW�RI� WKH�DG�KRF�ZRUNLQJ�
JURXS�RQ� ´FRQILGHQWLDOLW\� DQG�GRFXPHQWDWLRQµ�RI� WKH� UHVHDUFK�GDWD� FHQWUHV� RI� WKH�)HGHUDWLRQ�DQG� WKH�
/lQGHU� DUH�� +HLNH� +DEOD�� -|UJ� +|KQH�� 5LFDUGD� 1DXHQEXUJ�� 5DPRQD� 3RKO�� 'U�� +HLQ]� 6WUDOOD�� DQG�
$OH[DQGHU�9RJHO��7KH�FKDSWHU�ZDV�ZULWWHQ�E\�$QGUHD�+DUDXV]�DQG�5LFDUGD�1DXHQEXUJ�

*RDOV�*RDOV�
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6SHFLILFDOO\��WKH�IROORZLQJ�UHTXLUHPHQWV�KDYH�EHHQ�
LQFOXGHG�LQ�WKH�UXOHV���

7KH�SURJUDP�GHYHORSHG�E\�WKH�UHVHDUFKHU�VKRXOG�
LQFOXGH�D�SURJUDP�KHDGLQJ��LQGLFDWLQJ�WKH�SURMHFW�WLWOH��
WKH�GDWD�PDWHULDO�XVHG��DQG�FRQWDFW�LQIRUPDWLRQ�RI�WKH�
GDWD�XVHU��7KH�SURMHFW�WLWOH�DQG�WKH�LQIRUPDWLRQ�RQ�GDWD�
PDWHULDO�XVHG�DOORZ�UDSLG�LGHQWLILFDWLRQ�RI�WKH�SURJUDP�
DW�WKH�UHVHDUFK�GDWD�FHQWUH��7KH�FRQWDFW�LQIRUPDWLRQ�LV�
LPSRUWDQW�EHFDXVH�LQ�FDVH�RI�IDXOW\�SURJUDPV�WKH�XVHU�
FDQ�LPPHGLDWHO\�EH�FRQWDFWHG�E\�WHOHSKRQH�RU�H�PDLO�LQ�
RUGHU�WR�DJUHH�RQ�PRGLILFDWLRQV��

$OVR��D�SURJUDP�H[SODQDWLRQ�VKRXOG�EH�SURYLGHG�DW�WKH�
EHJLQQLQJ�RI�WKH�SURJUDP��GHVFULELQJ�LWV�SXUSRVH��
:KHUH�DSSOLFDEOH��LQIRUPDWLRQ�LV�DOVR�UHTXLUHG�RQ�KRZ�
WKH�FXUUHQW�DQDO\VHV�ILW�LQWR�WKH�SURMHFW·V�VWDWH�RI�DIIDLUV�
DQG�SURJUHVV��RQ�WKH�UHIHUHQFH�WR�SUHYLRXV�DQG�IXWXUH�
DQDO\VHV��RU�SRVVLEOH�FKDQJHV�LQ�WKH�DQDO\VLV�VWUDWHJ\��
7KH�H[SODQDWLRQ�VKRXOG�DOVR�FRQWDLQ�D�OLVW�RI�YDULDEOHV�
RI�WKH�RULJLQDO�GDWD�VHW�XVHG�DQG�RI�WKH�QHZ�YDULDEOHV�
FUHDWHG�E\�WKH�SURJUDP�FRGH��LQFOXGLQJ�LWV�ODEHOV��6XFK�
LQIRUPDWLRQ�IDFLOLWDWHV�RULHQWDWLRQ�ZKHQ�FKHFNLQJ�WKH�
UHVXOWV��5HSHDWHG�DQDO\VHV�LQYROYLQJ�PLQRU�FKDQJHV�ZLOO�
PRUH�HDVLO\�EH�UHFRJQLVHG�DQG�FURVV�WDEOH�
FRQILGHQWLDOLW\��ZKLFK�UHTXLUHV�FRPSDULVRQ�ZLWK�
SUHYLRXV�RXWSXWV��FDQ�EH�SHUIRUPHG�PRUH�UDSLGO\��7KH�
QDPHV�DQG�FRQWHQWV�RI�QHZO\�IRUPHG�YDULDEOHV�DUH�PRUH�
HDVLO\�UHFRJQLVHG�E\�WKH�FKHFNLQJ�SHUVRQ�LI�WKH\�KDYH�
EHHQ�PHQWLRQHG�EHIRUH��

7KH�RXWSXW�WDEOHV�VKRXOG�PHHW�VSHFLILF�IRUPDW�
UHTXLUHPHQWV��(YHU\�RXWSXW�HOHPHQW�VKRXOG�KDYH�D�WLWOH�
DQG�D�VHULDO�QXPEHU��7DEOHV�PXVW�EH�VHOI�H[SODQDWRU\��
L�H��WKH�WDEOH�VWXE�DQG�URZV�PXVW�FOHDUO\�VKRZ�WKH�WDEOH�
FRQWHQW��7DEOHV�VKRXOG�EH�PDQDJHDEOH��WKDW�LV��WKH\�
PXVW�QRW�H[FHHG�D�UHDVRQDEOH�VL]H��7DEOHV�VKRZLQJ�
WRWDOV�PXVW�KDYH�D�FROXPQ�IRU�WKH�XQGHUO\LQJ�QXPEHU�
RI�FDVHV�WR�DOORZ�FKHFNLQJ�WKH�IUHTXHQF\�DQG�GRPLQDQFH�
UXOHV��7KHVH�UHTXLUHPHQWV�DUH�EDVHG��DPRQJ�RWKHU�
WKLQJV��RQ�WKH�H[SHULHQFH�PDGH�ZLWK�FRQILGHQWLDOLW\�
FKHFNV�RI�SRRUO\�VWUXFWXUHG�DQG�RYHUVL]HG�WDEOHV��
2XWSXW�QXPEHULQJ�KDV�SURYHG�QHFHVVDU\�WR�DOORZ�
UHIHUULQJ�WR�D�QXPEHU�ZKHQ�FRPPXQLFDWLQJ�ZLWK�WKH�
GDWD�XVHU��UDWKHU�WKDQ�KDYLQJ�WR�GHVFULEH�LQ�GHWDLO�WKH�
FRQWHQW�RI�DQ�DQDO\VLV��RIWHQ�TXLWH�VLPLODU�WR�RWKHU�RQHV��
WR�LGHQWLI\�WKH�WDEOH��

3DWK�UHIHUHQFHV�WR�ILOHV�XVHG�VKRXOG�EH�SXW�DW�WKH�
EHJLQQLQJ�RI�WKH�SURJUDP��7KLV�SURYLGHV�DQ�RYHUYLHZ�RI�
ZKDW�ILOHV�DUH�ORDGHG�E\�WKH�SURJUDP�DQG�ZKDW�ILOHV�DUH�
VWRUHG��7KLV�DOORZV�WKH�UHVHDUFK�GDWD�FHQWUH�WR�DGMXVW�
WKH�SDWKV��ZKLFK�LV�IUHTXHQWO\�QHFHVVDU\��PRUH�UDSLGO\�
WKDQ�ZKHQ�KDYLQJ�WR�VHDUFK�WKH�HQWLUH�SURJUDP�IRU�ORDG�
DQG�VWRUH�FRPPDQGV��

3URJUDP�KHDGLQJ�

3URJUDP�H[SODQDWLRQ�

2XWSXW�WDEOHV�

3DWK�UHIHUHQFH�
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7KH�SURJUDP�FRGH�VKRXOG�EH�FOHDUO\�VWUXFWXUHG�YLVXDOO\��
ORRSV�VKRXOG�EH�LQGHQWHG�DQG�VRPH�VSDFH�VKRXOG�EH�OHIW�
EHWZHHQ�SURJUDP�EORFNV��&DSLWDO�DQG�VPDOO�OHWWHUV�
VKRXOG�EH�XVHG�FRQVLVWHQWO\��SURJUDP�VHFWLRQV�VKRXOG�
EH�QXPEHUHG��DQG�ORQJ�SURJUDPV�VKRXOG�EH�VXEGLYLGHG�
LQWR�PRGXOHV��7KLV��WRJHWKHU�ZLWK�WKH�IROORZLQJ�WKUHH�
LWHPV��ZLOO�DOORZ�UHGXFLQJ�WKH�WLPH�UHTXLUHG�IRU�JHWWLQJ�
DFTXDLQWHG�ZLWK�GLIIHUHQW�SURJUDPPLQJ�VW\OHV�DQG�IRU�
XQGHUVWDQGLQJ�WKH�SURJUDP�JRDOV�DQG�RXWSXW�FRQWHQW��

&RPPHQWV�VKRXOG�EH�JLYHQ�RQ�WKH�SURJUDP��$OO�SURJUDP�
EORFNV�DQG�LQGLYLGXDO�FRPPDQGV�QHHGLQJ�H[SODQDWLRQ�
RU�DQDO\VHV�VKRXOG�EH�SURYLGHG�ZLWK�LQWHOOLJLEOH�DQG�
VXIILFLHQWO\�GHWDLOHG�FRPPHQWV�WR�IDFLOLWDWH�
XQGHUVWDQGLQJ�RI�WKH�SURJUDP�VWHSV��(VSHFLDOO\�WKH�
PDFURV�PXVW�EH�GRFXPHQWHG�LQ�GHWDLO��9DULDEOHV�PXVW�
EH�LQGLFDWHG�ZLWK�WKHLU�ODEHOV�LQ�WKH�FRPPHQW��

'HVFULSWLYH�QDPHV�VKRXOG�EH�JLYHQ�WR�QHZO\�IRUPHG�
YDULDEOHV��LQWHOOLJLEOH�YDULDEOH�ODEHOV�DQG��ZKHUH�
DSSOLFDEOH��YDOXH�ODEHOV�VKRXOG�EH�DGGHG��

'HVLJQDWLRQV� RI� HOHPHQWV�XVHG� LQ� WKH� FRGH� VKRXOG� QRW�
EH�FKDQJHG��H[DPSOH��UHODWLRQV�>HYHU\ZKHUH�HLWKHU�´!µ�RU�
´*7µ@��PLVVLQJ�YDOXHV�>��RU��[@��HWF����

7KH� ORJ� IXQFWLRQ�RI� WKH�VWDWLVWLFV� VRIWZDUH� �FUHDWLQJ� ORJ�
ILOHV��PXVW�EH�DFWLYDWHG�E\�WKH�XVHU·V�SURJUDP�FRGH�RU�LQ�
DQ\� FDVH� PXVW� QRW� EH� GHDFWLYDWHG�� GHSHQGLQJ� RQ� WKH�
VWDWLVWLFV� VRIWZDUH�� &UHDWLQJ� WKH� ORJV� DOORZV� DUFKLYLQJ�
WKH�SURMHFW��VR�WKDW�SRVVLEOH�GLVFORVXUHV�FDQ�EH�GHWHFWHG�
ODWHU��

:KHUH�PLQRU�FKDQJHV�DUH�DSSOLHG�WR�WKH�SURJUDP��RQO\�
WKH� UHOHYDQW�SURJUDP�HOHPHQWV�VKRXOG�EH� UHFDOFXODWHG��
7KH� XVXDO� SURFHGXUH� IRU� RQH·V� RZQ� ZRUNSODFH� LV� WR�
SHUIRUP� FRPSOHWH� UXQV� RI� D� SURJUDP� ZLWK� PLQRU�
FKDQJHV�DJDLQ�DQG�DJDLQ�XQWLO�D�VDWLVIDFWRU\�UHVXOW�KDV�
EHHQ� REWDLQHG�� )RU� FRQWUROOHG� WHOHSURFHVVLQJ�� KRZHYHU��
WKLV� PHDQV� WKDW� QHDUO\� LGHQWLFDO� RXWSXWV� KDYH� WR� � EH�
FKHFNHG�DJDLQ�DQG�DJDLQ��

�������� 6XPPDU\�

'LIIHUHQW�IURP�WKH�SURJUDP�UXOHV�UHTXLUHG�E\�DXWRPDWHG�
V\VWHPV��WKHVH�UXOHV�GR�QRW�FRPSOHWHO\�EORFN�FHUWDLQ�
SURFHGXUHV�DQG�FRPPDQGV��0DQXDO�KDQGOLQJ�DOORZV�
WDNLQJ�LQGLYLGXDO�GHFLVLRQV�²�ZKHQ�FDOOLQJ�XS�FULWLFDO�
SURFHGXUHV��DQG�GHSHQGLQJ�RQ�WKH�GDWD�RU�WKH�VSHFLILF�
DQDO\VLV�²�WR�ZKDW�H[WHQW�WKH�DQDO\VLV�UHVXOWV�WKXV�
REWDLQHG�FDQ�EH�WUDQVPLWWHG�WR�WKH�XVHU�RU�PXVW�EH�
UHWDLQHG�IRU�FRQILGHQWLDOLW\�UHDVRQV��,Q�WKLV�PDQQHU��
XVHUV�FDQ�PDNH�RSWLPDO�XVH�RI�WKH�LQIRUPDWLRQ�FRQWHQW�
RI�WKH�GDWD��

6WUXFWXUH�

&RPPHQWV�

9DULDEOH�QDPHV�

3UHVHQWDWLRQ�

/RJJLQJ�

&KDQJLQJ�WKH�FRGH�
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6XSSOHPHQWDU\�WR�WKH�FDWDORJXH�RI�UXOHV��D�PRGHO�
SURJUDP��FI�����������KDV�EHHQ�GHVLJQHG�DQG�LV�DYDLODEOH�
IRU�WKH�VWDWLVWLFV�SDFNDJHV�RIIHUHG��6366��67$7$�DQG�
6$6���,Q�DGGLWLRQ��D�JORVVDU\�LV�SURYLGHG��FRQWDLQLQJ�WKH�
WHUPV�XVHG�LQ�WKH�MDUJRQ�RI�RIILFLDO�VWDWLVWLFV��LQ�
SURJUDPPLQJ�ODQJXDJHV�DQG�VWDWLVWLFDO�SDFNDJHV��
VFLHQWLILF�QRWDWLRQ�DQG�HYHU\GD\�ODQJXDJH�DQG�
WUDQVODWLQJ�WKHP�LQWR�HDFK�RWKHU���

7KH�SURJUDP�FULWHULD�GHYHORSHG�DUH�VHQW�LQ�WKH�IRUP�RI�D�
OHWWHU�WR�WKH�UHVHDUFKHUV�DQG�DUH�SDUW�RI�WKH�GDWD�XVDJH�
FRQWUDFW��7KH�SXUSRVH�RI�WKH�OHWWHU�LV�WR�DVN�XVHUV�IRU�
XQGHUVWDQGLQJ�RI�WKH�OLVW�RI�UXOHV��WR�DYRLG�
PLVXQGHUVWDQGLQJV�IURP�WKH�EHJLQQLQJ��DQG�WR�UDSLGO\�
DQG�HIILFLHQWO\�PDNH�XVHUV�DFTXDLQWHG�ZLWK�WKH�UXOHV�RI�
FRQWUROOHG�WHOHSURFHVVLQJ��ZKLFK�PD\�EH�TXLWH�GLIIHUHQW�
IURP�WKH�ZRUN�PHWKRGV�WKH\�DUH�XVHG�WR�DW�WKHLU�RZQ�
ZRUNSODFH��:KHQ�GHYHORSLQJ�WKH�FULWHULD��WKH�PRGHO�
SURJUDPV�DQG�WKH�JORVVDU\��WKH�DLP�ZDV�WR�PDNH�WKHP�
JHQHUDOO\�DFFHSWDEOH��WKXV�PDNLQJ�LW�HDVLHU�IRU�WKH�YHU\�
GLIIHUHQW�VFLHQWLILF�XVHUV�WR�PHHW�WKH�UHTXLUHPHQWV���

)URP�WKH�YLHZSRLQW�RI�WKH�UHVHDUFK�GDWD�FHQWUHV��WKH�
LQGLYLGXDO�LWHPV�DUH�PD[LPXP�UHTXLUHPHQWV�IRU�
GHYHORSLQJ�SHUIHFW�SURJUDP�FRGHV��,I�WKH�FULWHULD�DUH�QRW�
HQWLUHO\�PHW�LQ�VRPH�FDVHV��LW�LV�XS�WR�WKH�GLVFUHWLRQ�RI�
WKH�5'&�VWDII�PHPEHU�WR�GHFLGH�WR�ZKDW�H[WHQW�LW�LV�
SRVVLEOH�IRU�KLP�WR�FKHFN�WKH�UHVXOWV��$V�WKH�UHVHDUFK�
SURMHFWV�DUH�KDQGOHG�LQGLYLGXDOO\�DQG�SHUVRQDOO\��
LQWHUSUHWLQJ�WKH�UXOHV�WR�WKH�XVHUV·�EHQHILW�LV�UDWKHU�
OLEHUDO��,I��KRZHYHU��D�SURMHFW�LV�JHWWLQJ�YHU\�GLIILFXOW�WR�
IROORZ��WKH�UHVHDUFK�GDWD�FHQWUHV�PD\�UHIHU�WR�WKH�UXOHV�
WKDW�PXVW�EH�DGKHUHG�WR��

�������� 3URJUDPPLQJ�H[DPSOH�LQ�6366�
�

***************************************************************************. 
*** open log file.                             
set journal on. 
set journal="path\log_name of program code.jnl".  
set printback=on. 
 
***************************************************************************. 
***************************************************************************. 
***     project title: Women and Work in Germany   
***        data: Micro Census 1985 
***                                                                      
***      name of program code: name of program code.sps                
***          date of creation: date                            
***                    author: name                             
***                    e-mail: e-mail address                  
***                     phone: phone number 
***                                                                      
***       name of output file: name of program code.spo                            
***                                                                      
***   statistical software: SPSS version 13.0                    
***                                                                     
***            outline: analysis of multiple person numbers, data check 
  
***                                                                      
***            variables:             
***         ef1: Land  
***         ef2: administrative district              
***         ef3: sample district number         
***         ef4: household number         
***         ef5: person number 
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***         ef6: family number 
***         ef23: age 
***         ef26: population group         
***         ef27: population in private households  
***         ef28: population at family residence 
***         ef38: marital status. 
***                                                                       
***    created variables:      
***        persnr: person number             
***         famnr: family number              
***              hhnr: household number              
***                 nrdiff: consistency of household number  
***                             and family number                                
***                 piddiff: test on unique person number                    
*** 
***      weighting variable:  
***          gew1: weighting variable from ef253 
***                                                                      
***                                                                      
***************************************************************************. 
***************************************************************************. 
 
 
*(1)*** original data: mc95org. 
FILE HANDLE mz85org /Name=’path\mc_1985.sav’. 
 
**** save new variables: mc85working. 
FILE HANDLE mc85working /Name=’path\mc_1985_working_1.sav’. 
 
 
***************************************************************************. 
*(2)*** read data. 
GET FILE=mc85org. 
 
**** select private households (ef27 eq 1) at main residence (ef26 lt 3) and  
**** at family residence ef28 eq 1. 
SELECT IF (ef27 EQ 1) & (ef26 LT 3) & (ef28 EQ 1). 
 
 
***************************************************************************. 
*(3)*** generate household and family number from ef1-ef6. 
**** pers ef1-ef5 
**** hh ef1-ef4 
**** fam ef1-ef4 + ef6. 
SORT CASES BY ef1 ef2 ef3 ef4 ef5. 
COMPUTE 
persnr=(ef1*10000000000)+(ef2*1000000000)+(ef3*100000)+(ef4*1000)+(ef5*10). 
EXE. 
 
SORT CASES BY ef1 ef2 ef3 ef4 . 
COMPUTE hhnr=(ef1*10000000000)+(ef2*1000000000)+(ef3*100000)+(ef4*1000). 
EXE. 
 
SORT CASES BY ef1 ef2 ef3 ef4 ef6. 
COMPUTE 
famnr=(ef1*10000000000)+(ef2*1000000000)+(ef3*100000)+(ef4*1000)+(ef6*1). 
EXE. 
 
**** labeling. 
VARIABLE LABELS persnr ’person number’. 
VARIABLE LABELS hhnr ’household number’. 
VARIABLE LABELS famnr ’family number’. 
 
 
***************************************************************************. 
*(4)*** weighting. 
**** multiply the weighting variable by 0.1. 
COMPUTE gew=(ef253 * 0.1). 
EXE. 
 
WEIGHT BY gew . 
 
 
***************************************************************************. 
*(5)***compare household number (hhnr)  - family number (famnr) - person number 
(persnr). 
COMPUTE nrdiff=0. 
 
**** if family number (famnr) unequal household number (hhnr) then consistency 
of hausehold number and family number (nrdiff) = 1. 
DO IF famnr NE hhnr. 
 COMPUTE nrdiff=1. 
END IF. 
 
**** labeling. 
VARIABLE LABELS nrdiff ’consistency of household number and family number’. 
VALUE LABELS nrdiff 1 ’household number and family number inconsistent’ 
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        0 ’household number and family number consistent.    
 
TITLE "output no. 1: constistency of household number and family number". 
FREQ VAR=nrdiff. 
 
 
***************************************************************************. 
*(6)*** test on unique person number (persnr). 
SORT CASES BY persnr. 
COMPUTE piddiff=0. 
EXE. 
 
**** if person number (persnr) is equal to previous person number, then test on 
unique person numbers (piddiff) = 1. 
IF persnr EQ LAG(persnr) piddiff=1. 
EXE. 
 
**** labeling. 
VARIABLE LABELS piddiff ’test on unique person number’. 
VALUE LABELS piddiff  1’multiple person number’ 
                  0’unique person number’.  
 
TITLE "output no. 2: multiple person numbers".  
FREQ VAR=piddiff. 
 
 
***************************************************************************. 
*(7)*** user defined table (counts) 
**** mean and valid cases (N) of age (ef23) by marital status (ef38). 
 
CTABLES 
  /VLABELS VARIABLES=ef38 ef23 DISPLAY=DEFAULT 
  /TABLE ef23 [MEAN, VALIDN F40.0] BY ef38 
  /CATEGORIES VARIABLES=ef38 ORDER=A KEY=VALUE EMPTY=EXCLUDE 
  /TITLES 
   TITLE= ’output no. 3: cross table age and marital status’. 
 
 
***************************************************************************. 
*(8)*** save new variables. 
SAVE OUTFILE=mc85working. 

����5HIHUHQFHV�

-RKQ�&RGHU�DQG�0DUF�&LJUDQJ���������/,66<��$�V\VWHP�IRU�
SURYLGLQJ�5HVWULFWHG�$FFHVV�WR�6XUYH\�0LFURGDWD�IURP�
5HPRWH�6LWHV��0RQRJUDSKV�LQ�2IILFLDO�6WDWLVWLFV��
/X[HPERXUJ��

$QFR�+XQGHSRRO�DQG�3HWHU�3DXO�GH�:ROI��������
2Q6LWH#+RPH��5HPRWH�$FFHVV�DW�6WDWLVWLFV�1HWKHUODQGV��
0RQRJUDSKV�RI�2IILFLDO�6WDWLVWLFV��/X[HPERXUJ�

/DUV�-RKDQ�6|GHUEHUJ���������021$���0LFURGDWD�2Q�OL1H�
$FFHVV�DV�6WDWLVWLFV�6ZHGHQ��0RQRJUDSKV�RI�2IILFLDO�
6WDWLVWLFV��/X[HPERXUJ�

/DUV�%RUFKVHQLXV���������1HZ�GHYHORSPHQWV�LQ�WKH�'DQLVK�
V\VWHP�IRU�DFFHVV�WR�PLFUR�GDWD��0RQRJUDSKV�RI�2IILFLDO�
6WDWLVWLFV��/X[HPERXUJ�

'U��6\OYLD�=�KONH��0DUNXV�=ZLFN��6HEDVWLDQ�6FKDUQKRUVW�DQG�
7KRPDV�:HQGH���������7KH�UHVHDUFK�GDWD�FHQWUHV�RI�WKH�
)HGHUDO�6WDWLVWLFDO�2IILFH�DQG�WKH�VWDWLVWLFDO�RIILFHV�RI�WKH�
/lQGHU��)RUVFKXQJVGDWHQ]HQWUXP��6WDWLVWLVFKHV�
%XQGHVDPW��
KWWS���ZZZ�IRUVFKXQJVGDWHQ]HQWUXP�GH�SXEOLNDWLRQHQ�
YHURHIIHQWOLFKXQJHQ�IG]BDUEHLWVSDSLHU����SGI�

�

http://www.forschungsdatenzentrum.de/publikationen/veroeffentlichungen/fdz_arbeitspapier-03.pdf
http://www.forschungsdatenzentrum.de/publikationen/veroeffentlichungen/fdz_arbeitspapier-03.pdf


� � *ORVVDU\�

�

� � � � � � � � � � � � � ����������

�� */266$5<�
�

,Q������0DUN�(OOLRW��8QLYHUVLW\�RI�0DQFKHVWHU���$QFR�+XQGHSRRO��6WDWLVWLFV�
1HWKHUODQGV���(ULF�6FKXOWH�1RUGKROW��6WDWLVWLFV�1HWKHUODQGV���-HDQ�/RXLV�7DPED\�
�6WDWLVWLFV�&DQDGD��DQG�7KRPDV�:HQGH��'HVWDWLV��*HUPDQ\��WRRN�WKH�LQLWLDWLYH�WR�
FRPSLOH�D�*ORVVDU\�RQ�6WDWLVWLFDO�'LVFORVXUH�&RQWURO��$�ILUVW�YHUVLRQ�RI�WKH�*ORVVDU\�
ZDV�SUHVHQWHG�DW�WKH�81�(&(�ZRUNVHVVLRQ�RQ�6'&�LQ�*HQHYD�LQ�1RYHPEHU�������
7KLV�JORVVDU\�FDQ�DOVR�EH�IRXQG�DW�WKH�&(1(;�ZHEVLWH�YLD�
KWWS���QHRQ�YE�FEV�QO�FDVF�JORVVDU\�KWP��,I�WKHUH�DUH�FRPPHQWV�WR�WKH�JORVVDU\��\RX�
ZLOO�ILQG�D�OLQN�DW�WKH�2Q/LQH�*ORVVDU\�WR�VXEPLW�\RXU�XSGDWH���

7KH�XQGHUOLQHG�OLQNV�LQ�WKLV�JORVVDU\�UHIHU�WR�RWKHU�WHUP�LQ�WKLV�JORVVDU\��7KLV�
KDQGERRN�FRQWDLQV�DOVR�DQ�LQGH[��EXW�WR�DYRLG�PLVOHDGLQJ�FURVV�UHIHUHQFHV�ZH�KDYH�
QRW�LQGH[HG�WKLV�JORVVDU\��

$�

$PELJXLW\�UXOH��6\QRQ\P�RI��S�T��UXOH��

$QDO\VLV�VHUYHU��$�IRUP�RI�UHPRWH�GDWD�ODERUDWRU\�GHVLJQHG�WR�UXQ�DQDO\VLV�RQ�GDWD�
VWRUHG�RQ�D�VDIH�VHUYHU��7KH�XVHU�VHHV�WKH�UHVXOWV�RI�WKHLU�DQDO\VLV�EXW�QRW�WKH�
GDWD��

$QRQ\PLVHG�GDWD��'DWD�FRQWDLQLQJ�RQO\�DQRQ\PLVHG�UHFRUGV��

$QRQ\PLVHG�UHFRUG��$�UHFRUG�IURP�ZKLFK�GLUHFW�LGHQWLILHUV�KDYH�EHHQ�UHPRYHG��

$SSUR[LPDWH�GLVFORVXUH��$SSUR[LPDWH�GLVFORVXUH�KDSSHQV�LI�D�XVHU�LV�DEOH�WR�
GHWHUPLQH�DQ�HVWLPDWH�RI�D�UHVSRQGHQW�YDOXH�WKDW�LV�FORVH�WR�WKH�UHDO�YDOXH��,I�
WKH�HVWLPDWRU�LV�H[DFWO\�WKH�UHDO�YDOXH�WKH�GLVFORVXUH�LV�H[DFW��

$UJXV��7ZR�VRIWZDUH�SDFNDJHV�IRU�6WDWLVWLFDO�'LVFORVXUH�&RQWURO�DUH�FDOOHG�$UJXV�� �
$5*86�LV�D�VSHFLDOL]HG�VRIWZDUH�WRRO�IRU�WKH�SURWHFWLRQ�RI�PLFURGDWD��7KH�WZR�
PDLQ�WHFKQLTXHV�XVHG�IRU�WKLV�DUH�JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ��,Q�WKH�
FDVH�RI�JOREDO�UHFRGLQJ�VHYHUDO�FDWHJRULHV�RI�D�YDULDEOH�DUH�FROODSVHG�LQWR�D�
VLQJOH�RQH��7KH�HIIHFW�RI�ORFDO�VXSSUHVVLRQ�LV�WKDW�RQH�RU�PRUH�YDOXHV�LQ�DQ�
XQVDIH�FRPELQDWLRQ�DUH�VXSSUHVVHG��L�H��UHSODFHG�E\�D�PLVVLQJ�YDOXH��%RWK�
JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ�OHDG�WR�D�ORVV�RI�LQIRUPDWLRQ��EHFDXVH�
HLWKHU�OHVV�GHWDLOHG�LQIRUPDWLRQ�LV�SURYLGHG�RU�VRPH�LQIRUPDWLRQ�LV�QRW�JLYHQ�DW�
DOO�� �$5*86�LV�D�VSHFLDOL]HG�VRIWZDUH�WRRO�IRU�WKH�SURWHFWLRQ�RI�WDEXODU�GDWD��
τ�$5*86��LV�XVHG�WR�SURGXFH�VDIH�WDEOHV�� �$5*86�XVHV�WKH�VDPH�WZR�PDLQ�
WHFKQLTXHV�DV� �$5*86��JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ��)RU�τ�$5*86�
WKH�ODWWHU�FRQVLVWV�RI�VXSSUHVVLRQ�RI�FHOOV�LQ�D�WDEOH��

$WWULEXWH�GLVFORVXUH��$WWULEXWH�GLVFORVXUH�LV�DWWULEXWLRQ�LQGHSHQGHQW�RI�
LGHQWLILFDWLRQ��7KLV�IRUP�RI�GLVFORVXUH�LV�RI�SULPDU\�FRQFHUQ�WR�16,V�LQYROYHG�LQ�
WDEXODU�GDWD�UHOHDVH�DQG�DULVHV�IURP�WKH�SUHVHQFH�RI�HPSW\�FHOOV�HLWKHU�LQ�D�
UHOHDVHG�WDEOH�RU�OLQNDEOH�VHW�RI�WDEOHV�DIWHU�DQ\�VXEWUDFWLRQ�KDV�WDNHQ�SODFH��
0LQLPDOO\��WKH�SUHVHQFH�RI�DQ�HPSW\�FHOO�ZLWKLQ�D�WDEOH�PHDQV�WKDW�DQ�LQWUXGHU�
PD\�LQIHU�IURP�PHUH�NQRZOHGJH�WKDW�D�SRSXODWLRQ�XQLW�LV�UHSUHVHQWHG�LQ�WKH�
WDEOH�DQG�WKDW�WKH�LQWUXGHU�GRHV�QRW�SRVVHVV�WKH�FRPELQDWLRQ�RI�DWWULEXWHV�
ZLWKLQ�WKH�HPSW\�FHOO��

$WWULEXWLRQ��$WWULEXWLRQ�LV�WKH�DVVRFLDWLRQ�RU�GLVDVVRFLDWLRQ�RI�D�SDUWLFXODU�DWWULEXWH�
ZLWK�D�SDUWLFXODU�SRSXODWLRQ�XQLW��

%�

%DUQDUGLVDWLRQ��$�PHWKRG�RI�GLVFORVXUH�FRQWURO�IRU�WDEOHV�RI�FRXQWV�WKDW�LQYROYHV�
UDQGRPO\�DGGLQJ�RU�VXEWUDFWLQJ���IURP�VRPH�FHOOV�LQ�WKH�WDEOH��

%OXUULQJ��%OXUULQJ�UHSODFHV�D�UHSRUWHG�YDOXH�E\�DQ�DYHUDJH��7KHUH�DUH�PDQ\�SRVVLEOH�
ZD\V�WR�LPSOHPHQW�EOXUULQJ��*URXSV�RI�UHFRUGV�IRU�DYHUDJLQJ�PD\�EH�IRUPHG�E\�

http://neon.vb.cbs.nl/casc/glossary.htm
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PDWFKLQJ�RQ�RWKHU�YDULDEOHV�RU�E\�VRUWLQJ�RQ�WKH�YDULDEOH�RI�LQWHUHVW��7KH�
QXPEHU�RI�UHFRUGV�LQ�D�JURXS��ZKRVH�GDWD�ZLOO�EH�DYHUDJHG��PD\�EH�IL[HG�RU�
UDQGRP��7KH�DYHUDJH�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�JURXS�PD\�EH�DVVLJQHG�WR�DOO�
PHPEHUV�RI�D�JURXS��RU�WR�WKH��PLGGOH��PHPEHU��DV�LQ�D�PRYLQJ�DYHUDJH���,W�
PD\�EH�SHUIRUPHG�RQ�PRUH�WKDQ�RQH�YDULDEOH�ZLWK�GLIIHUHQW�JURXSLQJV�IRU�HDFK�
YDULDEOH��

%RWWRP�FRGLQJ��6HH�WRS�DQG�ERWWRP�FRGLQJ��

%RXQGV��7KH�UDQJH�RI�SRVVLEOH�YDOXHV�RI�D�FHOO�LQ�D�WDEOH�RI�IUHTXHQF\�FRXQWV�ZKHUH�
WKH�FHOO�YDOXH�KDV�EHHQ�SHUWXUEHG�RU�VXSSUHVVHG��:KHUH�RQO\�PDUJLQV�RI�WDEOHV�
DUH�UHOHDVHG�LW�LV�SRVVLEOH�WR�LQIHU�ERXQGV�IRU�WKH�XQUHOHDVHG�MRLQW�GLVWULEXWLRQ��
2QH�PHWKRG�IRU�LQIHUULQJ�WKH�ERXQGV�DFURVV�D�WDEOH�LV�NQRZQ�DV�WKH�6KXWWOH�
DOJRULWKP��

&�

&DOFXODWHG�LQWHUYDO��7KH�LQWHUYDO�FRQWDLQLQJ�SRVVLEOH�YDOXHV�IRU�D�VXSSUHVVHG�FHOO�LQ�
D�WDEOH��JLYHQ�WKH�WDEOH�VWUXFWXUH�DQG�WKH�YDOXHV�SXEOLVKHG��

&HOO�VXSSUHVVLRQ��,Q�WDEXODU�GDWD�WKH�FHOO�VXSSUHVVLRQ�6'&�PHWKRG�FRQVLVWV�RI�
SULPDU\�DQG�FRPSOHPHQWDU\��VHFRQGDU\��VXSSUHVVLRQ��3ULPDU\�VXSSUHVVLRQ�
FDQ�EH�FKDUDFWHULVHG�DV�ZLWKKROGLQJ�WKH�YDOXHV�RI�DOO�ULVN\�FHOOV�IURP�
SXEOLFDWLRQ��ZKLFK�PHDQV�WKDW�WKHLU�YDOXH�LV�QRW�VKRZQ�LQ�WKH�WDEOH�EXW�
UHSODFHG�E\�D�V\PERO�VXFK�DV�¶ð·�WR�LQGLFDWH�WKH�VXSSUHVVLRQ��$FFRUGLQJ�WR�WKH�
GHILQLWLRQ�RI�ULVN\�FHOOV��LQ�IUHTXHQF\�FRXQW�WDEOHV�DOO�FHOOV�FRQWDLQLQJ�VPDOO�
FRXQWV�DQG�LQ�WDEOHV�RI�PDJQLWXGHV�DOO�FHOOV�FRQWDLQLQJ�VPDOO�FRXQWV�RU�
SUHVHQWLQJ�D�FDVH�RI�GRPLQDQFH�KDYH�WR�EH�SULPDU\�VXSSUHVVHG��7R�UHDFK�WKH�
GHVLUHG�SURWHFWLRQ�IRU�ULVN\�FHOOV��LW�LV�QHFHVVDU\�WR�VXSSUHVV�DGGLWLRQDO�QRQ��
ULVN\�FHOOV��ZKLFK�LV�FDOOHG�FRPSOHPHQWDU\��VHFRQGDU\��VXSSUHVVLRQ��7KH�
SDWWHUQ�RI�FRPSOHPHQWDU\�VXSSUHVVHG�FHOOV�KDV�WR�EH�FDUHIXOO\�FKRVHQ�WR�
SURYLGH�WKH�GHVLUHG�OHYHO�RI�DPELJXLW\�IRU�WKH�ULVN\�FHOOV�ZLWK�WKH�OHDVW�DPRXQW�
RI�VXSSUHVVHG�LQIRUPDWLRQ��

&RPSOHPHQWDU\�VXSSUHVVLRQ��6\QRQ\P�RI�VHFRQGDU\�VXSSUHVVLRQ��

&RPSOHWH�GLVFORVXUH��6\QRQ\P�RI�H[DFW�GLVFORVXUH��

&RQFHQWUDWLRQ�UXOH��6\QRQ\P�RI��Q�N��UXOH��

&RQILGHQWLDOLW\�HGLW��7KH�FRQILGHQWLDOLW\�HGLW�LV�D�SURFHGXUH�GHYHORSHG�E\�WKH�8�6��
&HQVXV�%XUHDX�WR�SURYLGH�SURWHFWLRQ�LQ�GDWD�WDEOHV�SUHSDUHG�IURP�WKH������
&HQVXV��7KHUH�DUH�WZR�GLIIHUHQW�DSSURDFKHV��RQH�ZDV�XVHG�IRU�WKH�UHJXODU�
&HQVXV�GDWD��WKH�RWKHU�ZDV�XVHG�IRU�WKH�ORQJ�IRUP�GDWD��ZKLFK�ZHUH�ILOOHG�E\�D�
VDPSOH�RI�WKH�SRSXODWLRQ��%RWK�WHFKQLTXHV�DSSO\�VWDWLVWLFDO�GLVFORVXUH�
OLPLWDWLRQ�WHFKQLTXHV�WR�WKH�PLFURGDWD�ILOHV�EHIRUH�WKH\�DUH�XVHG�WR�SUHSDUH�
WDEOHV��7KH�DGMXVWHG�ILOHV�WKHPVHOYHV�DUH�QRW�UHOHDVHG��WKH\�DUH�XVHG�RQO\�WR�
SUHSDUH�WDEOHV��)RU�WKH�UHJXODU�&HQVXV�PLFURGDWD�ILOH��WKH�FRQILGHQWLDOLW\�HGLW�
LQYROYHV��GDWD�VZDSSLQJ��RU��VZLWFKLQJ��RI�DWWULEXWHV�EHWZHHQ�PDWFKHG�UHFRUGV�
IURP�GLIIHUHQW�JHRJUDSKLFDO�XQLWV��)RU�VPDOO�EORFNV��WKH�&HQVXV�%XUHDX�
LQFUHDVHV�WKH�VDPSOLQJ�IUDFWLRQ��$IWHU�WKH�PLFURGDWD�ILOH�KDV�EHHQ�WUHDWHG�LQ�
WKLV�ZD\��LW�FDQ�EH�XVHG�GLUHFWO\�WR�SUHSDUH�WDEOHV�DQG�QR�IXUWKHU�GLVFORVXUH�
DQDO\VLV�LV�QHHGHG��)RU�ORQJ�IRUP�GDWD��VDPSOLQJ�SURYLGHV�VXIILFLHQW�
FRQILGHQWLDOLW\�SURWHFWLRQ��H[FHSW�LQ�VPDOO�JHRJUDSKLF�UHJLRQV��7R�SURYLGH�
DGGLWLRQDO�SURWHFWLRQ�LQ�VPDOO�JHRJUDSKLF�UHJLRQV��RQH�KRXVHKROG�LV�UDQGRPO\�
VHOHFWHG�DQG�D�VDPSOH�RI�LWV�GDWD�ILHOGV�DUH�EODQNHG�DQG�UHSODFHG�E\�LPSXWHG�
YDOXHV��

&RQWUROOHG�URXQGLQJ��7R�VROYH�WKH�DGGLWLYLW\�SUREOHP��D�SURFHGXUH�FDOOHG�FRQWUROOHG�
URXQGLQJ�ZDV�GHYHORSHG��,W�LV�D�IRUP�RI�UDQGRP�URXQGLQJ��EXW�LW�LV�FRQVWUDLQHG�
WR�KDYH�WKH�VXP�RI�WKH�SXEOLVKHG�HQWULHV�LQ�HDFK�URZ�DQG�FROXPQ�HTXDO�WR�WKH�
DSSURSULDWH�SXEOLVKHG�PDUJLQDO�WRWDOV��/LQHDU�SURJUDPPLQJ�PHWKRGV�DUH�XVHG�
WR�LGHQWLI\�D�FRQWUROOHG�URXQGLQJ�SDWWHUQ�IRU�D�WDEOH��



� � *ORVVDU\�

�

� � � � � � � � � � � � � ����������

&RQWUROOHG�7DEXODU�$GMXVWPHQW��&7$���$�PHWKRG�WR�SURWHFW�WDEXODU�GDWD�EDVHG�RQ�
WKH�VHOHFWLYH�DGMXVWPHQW�RI�FHOO�YDOXHV��6HQVLWLYH�FHOO�YDOXHV�DUH�UHSODFHG�E\�
HLWKHU�RI�WKHLU�FORVHVW�VDIH�YDOXHV�DQG�VPDOO�DGMXVWPHQWV�DUH�PDGH�WR�RWKHU�
FHOOV�WR�UHVWRUH�WKH�WDEOH�DGGLWLYLW\��&RQWUROOHG�WDEXODU�DGMXVWPHQW�KDV�EHHQ�
GHYHORSHG�DV�DQ�DOWHUQDWLYH�WR�FHOO�VXSSUHVVLRQ��

&RQYHQWLRQDO�URXQGLQJ��$�GLVFORVXUH�FRQWURO�PHWKRG�IRU�WDEOHV�RI�FRXQWV��:KHQ�
XVLQJ�FRQYHQWLRQDO�URXQGLQJ��HDFK�FRXQW�LV�URXQGHG�WR�WKH�QHDUHVW�PXOWLSOH�RI�
D�IL[HG�EDVH��)RU�H[DPSOH��XVLQJ�D�EDVH�RI����FRXQWV�HQGLQJ�LQ���RU���DUH�
URXQGHG�GRZQ�DQG�UHSODFHG�E\�FRXQWV�HQGLQJ�LQ���DQG�FRXQWV�HQGLQJ�LQ���RU���
DUH�URXQGHG�XS�DQG�UHSODFHG�E\�FRXQWV�HQGLQJ�LQ����&RXQWV�HQGLQJ�EHWZHHQ���
DQG���DUH�WUHDWHG�VLPLODUO\��&RXQWV�ZLWK�D�ODVW�GLJLW�RI���RU���DUH�NHSW�
XQFKDQJHG��:KHQ�URXQGLQJ�WR�EDVH�����D�FRXQW�HQGLQJ�LQ���PD\�DOZD\V�EH�
URXQGHG�XS��RU�LW�PD\�EH�URXQGHG�XS�RU�GRZQ�EDVHG�RQ�D�URXQGLQJ�
FRQYHQWLRQ��

'�

'DWD�GLYHUJHQFH��7KH�VXP�RI�DOO�GLIIHUHQFHV�EHWZHHQ�WZR�GDWDVHWV��GDWD�GDWD�
GLYHUJHQFH��RU�EHWZHHQ�D�VLQJOH�GDWDVHW�DQG�UHDOLW\��GDWD�ZRUOG�GLYHUJHQFH���
6RXUFHV�RI�GDWD�GLYHUJHQFH�LQFOXGH��GDWD�DJHLQJ��UHVSRQVH�HUURUV��FRGLQJ�RU�
GDWD�HQWU\�HUURUV��GLIIHUHQFHV�LQ�FRGLQJ�DQG�WKH�HIIHFW�RI�GLVFORVXUH�FRQWURO��

'DWD�LQWUXGHU��$�GDWD�XVHU�ZKR�DWWHPSWV�WR�GLVFORVH�LQIRUPDWLRQ�DERXW�D�SRSXODWLRQ�
XQLW�WKURXJK�LGHQWLILFDWLRQ�RU�DWWULEXWLRQ��

'DWD�LQWUXVLRQ�GHWHFWLRQ��7KH�GHWHFWLRQ�RI�D�GDWD�LQWUXGHU�WKURXJK�WKHLU�EHKDYLRXU��
7KLV�LV�PRVW�OLNHO\�WR�RFFXU�WKURXJK�DQDO\VLV�RI�D�SDWWHUQ�RI�UHTXHVWV�VXEPLWWHG�
WR�D�UHPRWH�GDWD�ODERUDWRU\��$W�SUHVHQW�WKLV�LV�RQO\�D�WKHRUHWLFDO�SRVVLELOLW\��EXW�
LW�LV�OLNHO\�WR�EHFRPH�PRUH�UHOHYDQW�DV�YLUWXDO�VDIH�VHWWLQJV�EHFRPH�PRUH�
SUHYDOHQW��

'DWD�,QWUXVLRQ�6LPXODWLRQ��',6���$�PHWKRG�RI�HVWLPDWLQJ�WKH�SUREDELOLW\�WKDW�D�
GDWD�LQWUXGHU�ZKR�KDV�PDWFKHG�DQ�DUELWUDU\�SRSXODWLRQ�XQLW�DJDLQVW�D�VDPSOH�
XQLTXH�LQ�D�WDUJHW�PLFURGDWD�ILOH�KDV�GRQH�VR�FRUUHFWO\��

'DWD�SURWHFWLRQ��'DWD�SURWHFWLRQ�UHIHUV�WR�WKH�VHW�RI�SULYDF\�PRWLYDWHG�ODZV��SROLFLHV�
DQG�SURFHGXUHV�WKDW�DLP�WR�PLQLPLVH�LQWUXVLRQ�LQWR�UHVSRQGHQWV·�SULYDF\�
FDXVHG�E\�WKH�FROOHFWLRQ��VWRUDJH�DQG�GLVVHPLQDWLRQ�RI�SHUVRQDO�GDWD��

'DWD�VZDSSLQJ��$�GLVFORVXUH�FRQWURO�PHWKRG�IRU�PLFURGDWD�WKDW�LQYROYHV�VZDSSLQJ�
WKH�YDOXHV�RI�YDULDEOHV�IRU�UHFRUGV�WKDW�PDWFK�RQ�D�UHSUHVHQWDWLYH�NH\��,Q�WKH�
OLWHUDWXUH�WKLV�WHFKQLTXH�LV�DOVR�VRPHWLPHV�UHIHUUHG�WR�DV�´PXOWLGLPHQVLRQDO�
WUDQVIRUPDWLRQµ��,W�LV�D�WUDQVIRUPDWLRQ�WHFKQLTXH�WKDW�JXDUDQWHHV��XQGHU�
FHUWDLQ�FRQGLWLRQV��WKH�PDLQWHQDQFH�RI�D�VHW�RI�VWDWLVWLFV��VXFK�DV�PHDQV��
YDULDQFHV�DQG�XQLYDULDWH�GLVWULEXWLRQV��

'DWD�XWLOLW\��$�VXPPDU\�WHUP�GHVFULELQJ�WKH�YDOXH�RI�D�JLYHQ�GDWD�UHOHDVH�DV�DQ�
DQDO\WLFDO�UHVRXUFH��7KLV�FRPSULVHV�WKH�GDWD·V�DQDO\WLFDO�FRPSOHWHQHVV�DQG�LWV�
DQDO\WLFDO�YDOLGLW\��'LVFORVXUH�FRQWURO�PHWKRGV�XVXDOO\�KDYH�DQ�DGYHUVH�HIIHFW�
RQ�GDWD�XWLOLW\��,GHDOO\��WKH�JRDO�RI�DQ\�GLVFORVXUH�FRQWURO�UHJLPH�VKRXOG�EH�WR�
PD[LPLVH�GDWD�XWLOLW\�ZKLOVW�PLQLPLVLQJ�GLVFORVXUH�ULVN��,Q�SUDFWLFH�GLVFORVXUH�
FRQWURO�GHFLVLRQV�DUH�D�WUDGH�RII�EHWZHHQ�XWLOLW\�DQG�GLVFORVXUH�ULVN��

'HWHUPLQLVWLF�URXQGLQJ��6\QRQ\P�RI�FRQYHQWLRQDO�URXQGLQJ��

'LUHFW�LGHQWLILFDWLRQ��,GHQWLILFDWLRQ�RI�D�VWDWLVWLFDO�XQLW�IURP�LWV�IRUPDO�LGHQWLILHUV��

'LVFORVLYH�FHOOV��6\QRQ\P�RI�ULVN\�FHOOV��

'LVFORVXUH��'LVFORVXUH�UHODWHV�WR�WKH�LQDSSURSULDWH�DWWULEXWLRQ�RI�LQIRUPDWLRQ�WR�D�
GDWD�VXEMHFW��ZKHWKHU�DQ�LQGLYLGXDO�RU�DQ�RUJDQLVDWLRQ��'LVFORVXUH�KDV�WZR�
FRPSRQHQWV��LGHQWLILFDWLRQ�DQG�DWWULEXWLRQ��

'LVFORVXUH�E\�ILVKLQJ��7KLV�LV�DQ�DWWDFN�PHWKRG�ZKHUH�DQ�LQWUXGHU�LGHQWLILHV�ULVN\�
UHFRUGV�ZLWKLQ�D�WDUJHW�GDWD�VHW�DQG�WKHQ�DWWHPSWV�WR�ILQG�SRSXODWLRQ�XQLWV�
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FRUUHVSRQGLQJ�WR�WKRVH�UHFRUGV��,W�LV�WKH�W\SH�RI�GLVFORVXUH�WKDW�FDQ�EH�
DVVHVVHG�WKURXJK�D�VSHFLDO�XQLTXHV�DQDO\VLV��

'LVFORVXUH�E\�PDWFKLQJ��'LVFORVXUH�E\�WKH�OLQNLQJ�RI�UHFRUGV�ZLWKLQ�DQ�
LGHQWLILFDWLRQ�GDWDVHW�ZLWK�WKRVH�LQ�DQ�DQRQ\PLVHG�GDWDVHW��

'LVFORVXUH�E\�UHVSRQVH�NQRZOHGJH��7KLV�LV�GLVFORVXUH�UHVXOWLQJ�IURP�WKH�NQRZOHGJH�
WKDW�D�SHUVRQ�ZDV�SDUWLFLSDWLQJ�LQ�D�SDUWLFXODU�VXUYH\��,I�DQ�LQWUXGHU�NQRZV�
WKDW�D�VSHFLILF�LQGLYLGXDO�KDV�SDUWLFLSDWHG�LQ�WKH�VXUYH\��DQG�WKDW�FRQVHTXHQWO\�
KLV�RU�KHU�GDWD�DUH�LQ�WKH�GDWD�VHW��LGHQWLILFDWLRQ�DQG�GLVFORVXUH�FDQ�EH�
DFFRPSOLVKHG�PRUH�HDVLO\��

'LVFORVXUH�E\�VSRQWDQHRXV�UHFRJQLWLRQ��7KLV�PHDQV�WKH�UHFRJQLWLRQ�RI�DQ�
LQGLYLGXDO�ZLWKLQ�WKH�GDWDVHW��7KLV�PD\�RFFXU�E\�DFFLGHQW�RU�EHFDXVH�D�GDWD�
LQWUXGHU�LV�VHDUFKLQJ�IRU�D�SDUWLFXODU�LQGLYLGXDO��7KLV�LV�PRUH�OLNHO\�WR�EH�
VXFFHVVIXO�LI�WKH�LQGLYLGXDO�KDV�D�UDUH�FRPELQDWLRQ�RI�FKDUDFWHULVWLFV�ZKLFK�LV�
NQRZQ�WR�WKH�LQWUXGHU��

'LVFORVXUH�FRQWURO�PHWKRGV��7KHUH�DUH�WZR�PDLQ�DSSURDFKHV�WR�FRQWURO�WKH�
GLVFORVXUH�RI�FRQILGHQWLDO�GDWD��7KH�ILUVW�LV�WR�UHGXFH�WKH�LQIRUPDWLRQ�FRQWHQW�RI�
WKH�GDWD�SURYLGHG�WR�WKH�H[WHUQDO�XVHU��)RU�WKH�UHOHDVH�RI�WDEXODU�GDWD�WKLV�W\SH�
RI�WHFKQLTXH�LV�FDOOHG�UHVWULFWLRQ�EDVHG�GLVFORVXUH�FRQWURO�PHWKRG�DQG�IRU�WKH�
UHOHDVH�RI�PLFURGDWD�WKH�H[SUHVVLRQ�GLVFORVXUH�FRQWURO�E\�GDWD�UHGXFWLRQ�LV�
XVHG��7KH�VHFRQG�LV�WR�FKDQJH�WKH�GDWD�EHIRUH�WKH�GLVVHPLQDWLRQ�LQ�VXFK�D�ZD\�
WKDW�WKH�GLVFORVXUH�ULVN�IRU�WKH�FRQILGHQWLDO�GDWD�LV�GHFUHDVHG��EXW�WKH�
LQIRUPDWLRQ�FRQWHQW�LV�UHWDLQHG�DV�PXFK�DV�SRVVLEOH��7KHVH�DUH�FDOOHG�
SHUWXUEDWLRQ�EDVHG�GLVFORVXUH�FRQWURO�PHWKRGV��

'LVFORVXUH�IURP�DQDO\WLFDO�RXWSXWV��7KH�XVH�RI�RXWSXW�WR�PDNH�DWWULEXWLRQV�DERXW�
LQGLYLGXDO�SRSXODWLRQ�XQLWV��7KLV�VLWXDWLRQ�PLJKW�DULVH�WR�XVHUV�WKDW�FDQ�
LQWHUURJDWH�GDWD�EXW�GR�QRW�KDYH�GLUHFW�DFFHVV�WR�WKHP�VXFK�DV�LQ�D�UHPRWH�
GDWD�ODERUDWRU\��2QH�SDUWLFXODU�FRQFHUQ�LV�WKH�SXEOLFDWLRQ�RI�UHVLGXDOV��

'LVFORVXUH�OLPLWDWLRQ�PHWKRGV��6\QRQ\P�RI�GLVFORVXUH�FRQWURO�PHWKRGV��

'LVFORVXUH�ULVN��$�GLVFORVXUH�ULVN�RFFXUV�LI�DQ�XQDFFHSWDEO\�QDUURZ�HVWLPDWLRQ�RI�D�
UHVSRQGHQW·V�FRQILGHQWLDO�LQIRUPDWLRQ�LV�SRVVLEOH�RU�LI�H[DFW�GLVFORVXUH�LV�
SRVVLEOH�ZLWK�D�KLJK�OHYHO�RI�FRQILGHQFH��

'LVFORVXUH�VFHQDULRV��'HSHQGLQJ�RQ�WKH�LQWHQWLRQ�RI�WKH�LQWUXGHU��KLV�RU�KHU�W\SH�RI�
D�SULRUL�NQRZOHGJH�DQG�WKH�PLFURGDWD�DYDLODEOH��WKUHH�GLIIHUHQW�W\SHV�RI�
GLVFORVXUH�RU�GLVFORVXUH�VFHQDULRV�DUH�SRVVLEOH�IRU�PLFURGDWD��GLVFORVXUH�E\�
PDWFKLQJ��GLVFORVXUH�E\�UHVSRQVH�NQRZOHGJH�DQG�GLVFORVXUH�E\�VSRQWDQHRXV�
UHFRJQLWLRQ��

'LVVHPLQDWLRQ��6XSSO\�RI�GDWD�LQ�DQ\�IRUP�ZKDWHYHU��SXEOLFDWLRQV��DFFHVV�WR�
GDWDEDVHV��PLFURILFKHV��WHOHSKRQH�FRPPXQLFDWLRQV��HWF��

'LVWXUELQJ�WKH�GDWD��7KLV�SURFHVV�LQYROYHV�FKDQJLQJ�WKH�GDWD�LQ�VRPH�V\VWHPDWLF�
IDVKLRQ��ZLWK�WKH�UHVXOW�WKDW�WKH�ILJXUHV�DUH�LQVXIILFLHQWO\�SUHFLVH�WR�GLVFORVH�
LQIRUPDWLRQ�DERXW�LQGLYLGXDO�FDVHV��

'RPLQDQFH�UXOH��6\QRQ\P�RI��Q�N��UXOH��

(�

([DFW�GLVFORVXUH��([DFW�GLVFORVXUH�RFFXUV�LI�D�XVHU�LV�DEOH�WR�GHWHUPLQH�WKH�H[DFW�
DWWULEXWH�IRU�DQ�LQGLYLGXDO�HQWLW\�IURP�UHOHDVHG�LQIRUPDWLRQ��

)�

)RUPDO�LGHQWLILHU��$Q\�YDULDEOH�RU�VHW�RI�YDULDEOHV�ZKLFK�LV�VWUXFWXUDOO\�XQLTXH�IRU�
HYHU\�SRSXODWLRQ�XQLW��IRU�H[DPSOH�D�SRSXODWLRQ�UHJLVWUDWLRQ�QXPEHU��,I�WKH�
IRUPDO�LGHQWLILHU�LV�NQRZQ�WR�WKH�LQWUXGHU��LGHQWLILFDWLRQ�RI�D�WDUJHW�LQGLYLGXDO�LV�
GLUHFWO\�SRVVLEOH�IRU�KLP�RU�KHU��ZLWKRXW�WKH�QHFHVVLW\�WR�KDYH�DGGLWLRQDO�
NQRZOHGJH�EHIRUH�VWXG\LQJ�WKH�PLFURGDWD��6RPH�FRPELQDWLRQV�RI�YDULDEOHV�



� � *ORVVDU\�

�

� � � � � � � � � � � � � ����������

VXFK�DV�QDPH�DQG�DGGUHVV�DUH�SUDJPDWLF�IRUPDO�LGHQWLILHUV��ZKHUH�QRQ�XQLTXH�
LQVWDQFHV�DUH�HPSLULFDOO\�SRVVLEOH��EXW�ZLWK�QHJOLJLEOH�SUREDELOLW\��

*�

*OREDO�UHFRGLQJ��3UREOHPV�RI�FRQILGHQWLDOLW\�FDQ�EH�WDFNOHG�E\�FKDQJLQJ�WKH�
VWUXFWXUH�RI�GDWD��7KXV��URZV�RU�FROXPQV�LQ�WDEOHV�FDQ�EH�FRPELQHG�LQWR�ODUJHU�
FODVV�LQWHUYDOV�RU�QHZ�JURXSLQJV�RI�FKDUDFWHULVWLFV��7KLV�PD\�EH�D�VLPSOHU�
VROXWLRQ�WKDQ�WKH�VXSSUHVVLRQ�RI�LQGLYLGXDO�LWHPV��EXW�LW�WHQGV�WR�UHGXFH�WKH�
GHVFULSWLYH�DQG�DQDO\WLFDO�YDOXH�RI�WKH�WDEOH��7KLV�SURWHFWLRQ�WHFKQLTXH�PD\�
DOVR�EH�XVHG�WR�SURWHFW�PLFURGDWD��

+�

+,7$6��$�KHXULVWLF�DSSURDFK�WR�FHOO�VXSSUHVVLRQ�LQ�KLHUDUFKLFDO�WDEOHV��

,�

,GHQWLILFDWLRQ��,GHQWLILFDWLRQ�LV�WKH�DVVRFLDWLRQ�RI�D�SDUWLFXODU�UHFRUG�ZLWKLQ�D�VHW�RI�
GDWD�ZLWK�D�SDUWLFXODU�SRSXODWLRQ�XQLW��

,GHQWLILFDWLRQ�GDWDVHW��$�GDWDVHW�WKDW�FRQWDLQV�IRUPDO�LGHQWLILHUV��

,GHQWLILFDWLRQ�GDWD��7KRVH�SHUVRQDO�GDWD�WKDW�DOORZ�GLUHFW�LGHQWLILFDWLRQ�RI�WKH�GDWD�
VXEMHFW��DQG�ZKLFK�DUH�QHHGHG�IRU�WKH�FROOHFWLRQ��FKHFNLQJ�DQG�PDWFKLQJ�RI�WKH�
GDWD��EXW�DUH�QRW�VXEVHTXHQWO\�XVHG�IRU�GUDZLQJ�XS�VWDWLVWLFDO�UHVXOWV��

,GHQWLILFDWLRQ�NH\��6\QRQ\P�RI�NH\��

,GHQWLILFDWLRQ�ULVN��7KLV�ULVN�LV�GHILQHG�DV�WKH�SUREDELOLW\�WKDW�DQ�LQWUXGHU�LGHQWLILHV�
DW�OHDVW�RQH�UHVSRQGHQW�LQ�WKH�GLVVHPLQDWHG�PLFURGDWD��7KLV�LGHQWLILFDWLRQ�PD\�
OHDG�WR�WKH�GLVFORVXUH�RI��VHQVLWLYH��LQIRUPDWLRQ�DERXW�WKH�UHVSRQGHQW��7KH�ULVN�
RI�LGHQWLILFDWLRQ�GHSHQGV�RQ�WKH�QXPEHU�DQG�QDWXUH�RI�TXDVL�LGHQWLILHUV�LQ�WKH�
PLFURGDWD�DQG�LQ�WKH�D�SULRUL�NQRZOHGJH�RI�WKH�LQWUXGHU��

,GHQWLI\LQJ�YDULDEOH��$�YDULDEOH�WKDW�HLWKHU�LV�D�IRUPDO�LGHQWLILHU�RU�IRUPV�SDUW�RI�D�
IRUPDO�LGHQWLILHU��

,QGLUHFW�LGHQWLILFDWLRQ��,QIHUULQJ�WKH�LGHQWLW\�RI�D�SRSXODWLRQ�XQLW�ZLWKLQ�D�
PLFURGDWD�UHOHDVH�RWKHU�WKDQ�IURP�GLUHFW�LGHQWLILFDWLRQ��

,QIHUHQWLDO�GLVFORVXUH��,QIHUHQWLDO�GLVFORVXUH�RFFXUV�ZKHQ�LQIRUPDWLRQ�FDQ�EH�
LQIHUUHG�ZLWK�KLJK�FRQILGHQFH�IURP�VWDWLVWLFDO�SURSHUWLHV�RI�WKH�UHOHDVHG�GDWD��
)RU�H[DPSOH��WKH�GDWD�PD\�VKRZ�D�KLJK�FRUUHODWLRQ�EHWZHHQ�LQFRPH�DQG�
SXUFKDVH�SULFH�RI�KRPH��$V�WKH�SXUFKDVH�SULFH�RI�D�KRPH�LV�W\SLFDOO\�SXEOLF�
LQIRUPDWLRQ��D�WKLUG�SDUW\�PLJKW�XVH�WKLV�LQIRUPDWLRQ�WR�LQIHU�WKH�LQFRPH�RI�D�
GDWD�VXEMHFW��,Q�JHQHUDO��16,V�DUH�QRW�FRQFHUQHG�ZLWK�LQIHUHQWLDO�GLVFORVXUH�IRU�
WZR�UHDVRQV��)LUVW��D�PDMRU�SXUSRVH�RI�VWDWLVWLFDO�GDWD�LV�WR�HQDEOH�XVHUV�WR�
LQIHU�DQG�XQGHUVWDQG�UHODWLRQVKLSV�EHWZHHQ�YDULDEOHV��,I�16,V�HTXDWHG�
GLVFORVXUH�ZLWK�LQIHUHQFH��QR�GDWD�FRXOG�EH�UHOHDVHG��6HFRQG��LQIHUHQFHV�DUH�
GHVLJQHG�WR�SUHGLFW�DJJUHJDWH�EHKDYLRXU��QRW�LQGLYLGXDO�DWWULEXWHV��DQG�WKXV�
RIWHQ�SRRU�SUHGLFWRUV�RI�LQGLYLGXDO�GDWD�YDOXHV��

,QIRUPHG�FRQVHQW��%DVLF�HWKLFDO�WHQHW�RI�VFLHQWLILF�UHVHDUFK�RQ�KXPDQ�SRSXODWLRQV��
6RFLRORJLVWV�GR�QRW�LQYROYH�D�KXPDQ�EHLQJ�DV�D�VXEMHFW�LQ�UHVHDUFK�ZLWKRXW�WKH�
LQIRUPHG�FRQVHQW�RI�WKH�VXEMHFW�RU�WKH�VXEMHFW·V�OHJDOO\�DXWKRUL]HG�
UHSUHVHQWDWLYH��H[FHSW�DV�RWKHUZLVH�VSHFLILHG��,QIRUPHG�FRQVHQW�UHIHUV�WR�D�
SHUVRQ·V�DJUHHPHQW�WR�DOORZ�SHUVRQDO�GDWD�WR�EH�SURYLGHG�IRU�UHVHDUFK�DQG�
VWDWLVWLFDO�SXUSRVHV��$JUHHPHQW�LV�EDVHG�RQ�IXOO�H[SRVXUH�RI�WKH�IDFWV�WKH�
SHUVRQ�QHHGV�WR�PDNH�WKH�GHFLVLRQ�LQWHOOLJHQWO\��LQFOXGLQJ�DZDUHQHVV�RI�DQ\�
ULVNV�LQYROYHG��RI�XVHV�DQG�XVHUV�RI�WKH�GDWD��DQG�RI�DOWHUQDWLYHV�WR�SURYLGLQJ�
WKH�GDWD��

,QWUXGHU��$�GDWD�XVHU�ZKR�DWWHPSWV�WR�OLQN�D�UHVSRQGHQW�WR�D�PLFURGDWD�UHFRUG�RU�
PDNH�DWWULEXWLRQV�DERXW�SDUWLFXODU�SRSXODWLRQ�XQLWV�IURP�DJJUHJDWH�GDWD��
,QWUXGHUV�PD\�EH�PRWLYDWHG�E\�D�ZLVK�WR�GLVFUHGLW�RU�RWKHUZLVH�KDUP�WKH�16,��
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WKH�VXUYH\�RU�WKH�JRYHUQPHQW�LQ�JHQHUDO��WR�JDLQ�QRWRULHW\�RU�SXEOLFLW\��RU�WR�
JDLQ�SURILWDEOH�NQRZOHGJH�DERXW�SDUWLFXODU�UHVSRQGHQWV��

-�

.�

.H\��$�VHW�RI�NH\�YDULDEOHV��

.H\�YDULDEOH��$�YDULDEOH�LQ�FRPPRQ�EHWZHHQ�WZR�GDWDVHWV��ZKLFK�PD\�WKHUHIRUH�EH�
XVHG�IRU�OLQNLQJ�UHFRUGV�EHWZHHQ�WKHP��$�NH\�YDULDEOH�FDQ�HLWKHU�EH�D�IRUPDO�
LGHQWLILHU�RU�D�TXDVL�LGHQWLILHU��

/�

/LFHQVLQJ�DJUHHPHQW��$�SHUPLW��LVVXHG�XQGHU�FHUWDLQ�FRQGLWLRQV��IRU�UHVHDUFKHUV�WR�
XVH�FRQILGHQWLDO�GDWD�IRU�VSHFLILF�SXUSRVHV�DQG�IRU�VSHFLILF�SHULRGV�RI�WLPH��7KLV�
DJUHHPHQW�FRQVLVWV�RI�FRQWUDFWXDO�DQG�HWKLFDO�REOLJDWLRQV��DV�ZHOO�DV�SHQDOWLHV�
IRU�LPSURSHU�GLVFORVXUH�RU�XVH�RI�LGHQWLILDEOH�LQIRUPDWLRQ��7KHVH�SHQDOWLHV�FDQ�
YDU\�IURP�ZLWKGUDZDO�RI�WKH�OLFHQVH�DQG�GHQLDO�RI�DFFHVV�WR�DGGLWLRQDO�GDWD�VHWV�
WR�WKH�IRUIHLWLQJ�RI�D�GHSRVLW�SDLG�SULRU�WR�WKH�UHOHDVH�RI�D�PLFURGDWD�ILOH��$�
OLFHQVLQJ�DJUHHPHQW�LV�DOPRVW�DOZD\V�FRPELQHG�ZLWK�WKH�VLJQLQJ�RI�D�FRQWUDFW��
7KLV�FRQWUDFW�LQFOXGHV�D�QXPEHU�RI�UHTXLUHPHQWV��VSHFLILFDWLRQ�RI�WKH�LQWHQGHG�
XVH�RI�WKH�GDWD��LQVWUXFWLRQ�QRW�WR�UHOHDVH�WKH�PLFURGDWD�ILOH�WR�DQRWKHU�
UHFLSLHQW��SULRU�UHYLHZ�DQG�DSSURYDO�E\�WKH�UHOHDVLQJ�DJHQF\�IRU�DOO�XVHU�
RXWSXWV�WR�EH�SXEOLVKHG�RU�GLVVHPLQDWHG��WHUPV�DQG�ORFDWLRQ�RI�DFFHVV�DQG�
HQIRUFHDEOH�SHQDOWLHV��

/RFDO�UHFRGLQJ��$�GLVFORVXUH�FRQWURO�WHFKQLTXH�IRU�PLFURGDWD�ZKHUH�WZR��RU�PRUH��
GLIIHUHQW�YHUVLRQV�RI�D�YDULDEOH�DUH�XVHG�GHSHQGHQW�RQ�VRPH�RWKHU�YDULDEOH��7KH�
GLIIHUHQW�YHUVLRQV�ZLOO�KDYH�GLIIHUHQW�OHYHOV�RI�FRGLQJ��7KLV�ZLOO�GHSHQG�RQ�WKH�
GLVWULEXWLRQ�RI�WKH�ILUVW�YDULDEOH�FRQGLWLRQDO�RQ�WKH�VHFRQG��$�W\SLFDO�H[DPSOH�
RFFXUV�ZKHUH�WKH�GLVWULEXWLRQ�RI�D�YDULDEOH�LV�KHDYLO\�VNHZHG�LQ�VRPH�
JHRJUDSKLFDO�DUHDV��,Q�WKH�DUHDV�ZKHUH�WKH�GLVWULEXWLRQ�LV�VNHZHG�PLQRU�
FDWHJRULHV�PD\�EH�FRPELQHG�WR�SURGXFH�D�FRXUVHU�YDULDEOH��

/RFDO�VXSSUHVVLRQ��3URWHFWLRQ�WHFKQLTXH�WKDW�GLPLQLVKHV�WKH�ULVN�RI�UHFRJQLWLRQ�RI�
LQIRUPDWLRQ�DERXW�LQGLYLGXDOV�RU�HQWHUSULVHV�E\�VXSSUHVVLQJ�LQGLYLGXDO�VFRUHV�
RQ�LGHQWLI\LQJ�YDULDEOHV��

/RZHU�ERXQG��7KH�ORZHVW�SRVVLEOH�YDOXH�RI�D�FHOO�LQ�D�WDEOH�RI�IUHTXHQF\�FRXQWV�
ZKHUH�WKH�FHOO�YDOXH�KDV�EHHQ�SHUWXUEHG�RU�VXSSUHVVHG��

0�

0DFURGDWD��6\QRQ\P�RI�WDEXODU�GDWD��

0LFURDJJUHJDWLRQ��5HFRUGV�DUH�JURXSHG�EDVHG�RQ�D�SUR[LPLW\�PHDVXUH�RI�YDULDEOHV�
RI�LQWHUHVW��DQG�WKH�VDPH�VPDOO�JURXSV�RI�UHFRUGV�DUH�XVHG�LQ�FDOFXODWLQJ�
DJJUHJDWHV�IRU�WKRVH�YDULDEOHV��7KH�DJJUHJDWHV�DUH�UHOHDVHG�LQVWHDG�RI�WKH�
LQGLYLGXDO�UHFRUG�YDOXHV��

0LFURGDWD��$�PLFURGDWD�VHW�FRQVLVWV�RI�D�VHW�RI�UHFRUGV�FRQWDLQLQJ�LQIRUPDWLRQ�RQ�
LQGLYLGXDO�UHVSRQGHQWV�RU�RQ�HFRQRPLF�HQWLWLHV��

0LQLPDO�XQLTXH��$�FRPELQDWLRQ�RI�YDULDEOH�YDOXHV�WKDW�DUH�XQLTXH�LQ�WKH�PLFURGDWD�
VHW�DW�KDQG�DQG�FRQWDLQ�QR�SURSHU�VXEVHW�ZLWK�WKLV�SURSHUW\��VR�LW�LV�D�PLQLPDO�
VHW�ZLWK�WKH�XQLTXHQHVV�SURSHUW\���

1�

16,�V���$EEUHYLDWLRQ�IRU�1DWLRQDO�6WDWLVWLFDO�,QVWLWXWH�V���

�Q�N��UXOH��$�FHOO�LV�UHJDUGHG�DV�FRQILGHQWLDO��LI�WKH�Q�ODUJHVW�XQLWV�FRQWULEXWH�PRUH�
WKDQ�N���WR�WKH�FHOO�WRWDO��H�J��Q ��DQG�N ���PHDQV�WKDW�D�FHOO�LV�GHILQHG�DV�
ULVN\�LI�WKH�WZR�ODUJHVW�XQLWV�FRQWULEXWH�PRUH�WKDQ������WR�WKH�FHOO�WRWDO��7KH�Q�
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DQG�N�DUH�JLYHQ�E\�WKH�VWDWLVWLFDO�DXWKRULW\��,Q�VRPH�16,V�WKH�YDOXHV�RI�Q�DQG�N�
DUH�FRQILGHQWLDO��

2�

2Q�VLWH�IDFLOLW\��$�IDFLOLW\�WKDW�KDV�EHHQ�HVWDEOLVKHG�RQ�WKH�SUHPLVHV�RI�VHYHUDO�16,V��
,W�LV�D�SODFH�ZKHUH�H[WHUQDO�UHVHDUFKHUV�FDQ�EH�SHUPLWWHG�DFFHVV�WR�SRWHQWLDOO\�
GLVFORVLYH�GDWD�XQGHU�FRQWUDFWXDO�DJUHHPHQWV�ZKLFK�FRYHU�WKH�PDLQWHQDQFH�RI�
FRQILGHQWLDOLW\��DQG�ZKLFK�SODFH�VWULFW�FRQWUROV�RQ�WKH�XVHV�WR�ZKLFK�WKH�GDWD�
FDQ�EH�SXW��7KH�RQ�VLWH�IDFLOLW\�FDQ�EH�VHHQ�DV�D�
�VDIH�VHWWLQJ
�LQ�ZKLFK�
FRQILGHQWLDO�GDWD�FDQ�EH�DQDO\VHG��7KH�RQ�VLWH�IDFLOLW\�LWVHOI�ZRXOG�FRQVLVW�RI�D�
VHFXUH�KHUPHWLF�ZRUNLQJ�DQG�GDWD�VWRUDJH�HQYLURQPHQW�LQ�ZKLFK�WKH�
FRQILGHQWLDOLW\�RI�WKH�GDWD�IRU�UHVHDUFK�FDQ�EH�HQVXUHG��%RWK�WKH�SK\VLFDO�DQG�
WKH�,7�DVSHFWV�RI�VHFXULW\�ZRXOG�EH�FRQVLGHUHG�KHUH��7KH�RQ�VLWH�IDFLOLW\�DOVR�
LQFOXGHV�DGPLQLVWUDWLYH�DQG�VXSSRUW�IDFLOLWLHV�WR�H[WHUQDO�XVHUV��DQG�HQVXUHV�
WKDW�WKH�DJUHHG�FRQGLWLRQV�IRU�DFFHVV�WR�WKH�GDWD�ZHUH�FRPSOLHG�ZLWK��

2UGLQDU\�URXQGLQJ��6\QRQ\P�RI�FRQYHQWLRQDO�URXQGLQJ��

2YHUVXSSUHVVLRQ��$�VLWXDWLRQ�WKDW�PD\�RFFXU�GXULQJ�WKH�DSSOLFDWLRQ�RI�WKH�
WHFKQLTXH�RI�FHOO�VXSSUHVVLRQ��7KLV�GHQRWHV�WKH�IDFW�WKDW�PRUH�LQIRUPDWLRQ�KDV�
EHHQ�VXSSUHVVHG�WKDQ�VWULFWO\�QHFHVVDU\�WR�PDLQWDLQ�FRQILGHQWLDOLW\��

3�

3DUWLDO�GLVFORVXUH��6\QRQ\P�RI�DSSUR[LPDWH�GLVFORVXUH��

3DVVLYH�FRQILGHQWLDOLW\��)RU�IRUHLJQ�WUDGH�VWDWLVWLFV��(8�FRXQWULHV�JHQHUDOO\�DSSO\�
WKH�SULQFLSOH�RI�´SDVVLYH�FRQILGHQWLDOLW\µ��WKDW�LV�WKH\�WDNH�DSSURSULDWH�
PHDVXUHV�RQO\�DW�WKH�UHTXHVW�RI�LPSRUWHUV�RU�H[SRUWHUV�ZKR�IHHO�WKDW�WKHLU�
LQWHUHVWV�ZRXOG�EH�KDUPHG�E\�WKH�GLVVHPLQDWLRQ�RI�GDWD��

3HUVRQDO�GDWD��$Q\�LQIRUPDWLRQ�UHODWLQJ�WR�DQ�LGHQWLILHG�RU�LGHQWLILDEOH�QDWXUDO�
SHUVRQ��·GDWD�VXEMHFW·���$Q�LGHQWLILDEOH�SHUVRQ�LV�RQH�ZKR�FDQ�EH�LGHQWLILHG��
GLUHFWO\�RU�LQGLUHFWO\��:KHUH�DQ�LQGLYLGXDO�LV�QRW�LGHQWLILDEOH��GDWD�DUH�VDLG�WR�EH�
DQRQ\PRXV��

3HUWXUEDWLRQ�EDVHG�GLVFORVXUH�FRQWURO�PHWKRGV��7HFKQLTXHV�IRU�WKH�UHOHDVH�RI�
GDWD�WKDW�FKDQJH�WKH�GDWD�EHIRUH�WKH�GLVVHPLQDWLRQ�LQ�VXFK�D�ZD\�WKDW�WKH�
GLVFORVXUH�ULVN�IRU�WKH�FRQILGHQWLDO�GDWD�LV�GHFUHDVHG�EXW�WKH�LQIRUPDWLRQ�
FRQWHQW�LV�UHWDLQHG�DV�IDU�DV�SRVVLEOH��3HUWXUEDWLRQ�EDVHG�PHWKRGV�IDOVLI\�WKH�
GDWD�EHIRUH�SXEOLFDWLRQ�E\�LQWURGXFLQJ�DQ�HOHPHQW�RI�HUURU�SXUSRVHO\�IRU�
FRQILGHQWLDOLW\�UHDVRQV��)RU�H[DPSOH��DQ�HUURU�FDQ�EH�LQVHUWHG�LQ�WKH�FHOO�YDOXHV�
DIWHU�D�WDEOH�LV�FUHDWHG��ZKLFK�PHDQV�WKDW�WKH�HUURU�LV�LQWURGXFHG�WR�WKH�RXWSXW�
RI�WKH�GDWD�DQG�ZLOO�WKHUHIRUH�EH�UHIHUUHG�WR�DV�RXWSXW�SHUWXUEDWLRQ��7KH�HUURU�
FDQ�DOVR�EH�LQVHUWHG�LQ�WKH�RULJLQDO�GDWD�RQ�WKH�PLFURGDWD�OHYHO��ZKLFK�LV�WKH�
LQSXW�RI�WKH�WDEOHV�RQH�ZDQWV�WR�FUHDWH��WKH�PHWKRG�ZLOO�WKHQ�EH�UHIHUUHG�WR�DV�
GDWD�SHUWXUEDWLRQ���LQSXW�SHUWXUEDWLRQ�EHLQJ�WKH�EHWWHU�EXW�XQFRPPRQO\�XVHG�
H[SUHVVLRQ��3RVVLEOH�SHUWXUEDWLRQ�PHWKRGV�DUH���
��URXQGLQJ���
��SHUWXUEDWLRQ��IRU�H[DPSOH��E\�WKH�DGGLWLRQ�RI�UDQGRP�QRLVH�RU�E\�WKH�3RVW�
5DQGRPLVDWLRQ�0HWKRG���
��GLVFORVXUH�FRQWURO�PHWKRGV�IRU�PLFURGDWD�DSSOLHG�WR�WDEXODU�GDWD���

3RSXODWLRQ�XQLTXH��$�UHFRUG�ZLWKLQ�D�GDWDVHW�ZKLFK�LV�XQLTXH�ZLWKLQ�WKH�SRSXODWLRQ�
RQ�D�JLYHQ�NH\��

3�SHUFHQW�UXOH��$��S�T��UXOH�ZKHUH�T�LV��������PHDQLQJ�WKDW�IURP�JHQHUDO�NQRZOHGJH�
DQ\�UHVSRQGHQW�FDQ�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�DQRWKHU�UHVSRQGHQW�WR�ZLWKLQ�
�������L�H���NQRZV�WKH�YDOXH�WR�EH�QRQQHJDWLYH�DQG�OHVV�WKDQ�D�FHUWDLQ�YDOXH�
ZKLFK�FDQ�EH�XS�WR�WZLFH�WKH�DFWXDO�YDOXH���

�S�T��UXOH��,W�LV�DVVXPHG�WKDW�RXW�RI�SXEOLFO\�DYDLODEOH�LQIRUPDWLRQ�WKH�FRQWULEXWLRQ�
RI�RQH�LQGLYLGXDO�WR�WKH�FHOO�WRWDO�FDQ�EH�HVWLPDWHG�WR�ZLWKLQ�T�SHU�FHQW��T HUURU�
EHIRUH�SXEOLFDWLRQ���DIWHU�WKH�SXEOLFDWLRQ�RI�WKH�VWDWLVWLF�WKH�YDOXH�FDQ�EH�
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HVWLPDWHG�WR�ZLWKLQ�S�SHUFHQW��S HUURU�DIWHU�SXEOLFDWLRQ���,Q�WKH��S�T��UXOH�WKH�
UDWLR�S�T�UHSUHVHQWV�WKH�LQIRUPDWLRQ�JDLQ�WKURXJK�SXEOLFDWLRQ��,I�WKH�
LQIRUPDWLRQ�JDLQ�LV�XQDFFHSWDEOH�WKH�FHOO�LV�GHFODUHG�DV�FRQILGHQWLDO��7KH�
SDUDPHWHU�YDOXHV�S�DQG�T�DUH�GHWHUPLQHG�E\�WKH�VWDWLVWLFDO�DXWKRULW\�DQG�WKXV�
GHILQH�WKH�DFFHSWDEOH�OHYHO�RI�LQIRUPDWLRQ�JDLQ��,Q�VRPH�16,V�WKH�YDOXHV�RI�S�
DQG�T�DUH�FRQILGHQWLDO��

3RVW�5DQGRPLVDWLRQ�0HWKRG��35$0���3URWHFWLRQ�PHWKRG�IRU�PLFURGDWD�LQ�ZKLFK�
WKH�VFRUHV�RI�D�FDWHJRULFDO�YDULDEOH�DUH�FKDQJHG�ZLWK�FHUWDLQ�SUREDELOLWLHV�LQWR�
RWKHU�VFRUHV��,W�LV�WKXV�LQWHQWLRQDO�PLVFODVVLILFDWLRQ�ZLWK�NQRZQ�
PLVFODVVLILFDWLRQ�SUREDELOLWLHV��

3ULPDU\�FRQILGHQWLDOLW\��,W�FRQFHUQV�WDEXODU�FHOO�GDWD��ZKRVH�GLVVHPLQDWLRQ�ZRXOG�
SHUPLW�DWWULEXWH�GLVFORVXUH��7KH�WZR�PDLQ�UHDVRQV�IRU�GHFODULQJ�GDWD�WR�EH�
SULPDU\�FRQILGHQWLDO�DUH���
��WRR�IHZ�XQLWV�LQ�D�FHOO��
��GRPLQDQFH�RI�RQH�RU�WZR�XQLWV�LQ�D�FHOO��
7KH�OLPLWV�RI�ZKDW�FRQVWLWXWHV��WRR�IHZ��RU��GRPLQDQFH��YDU\�EHWZHHQ�VWDWLVWLFDO�
GRPDLQV���

3ULPDU\�SURWHFWLRQ��3URWHFWLRQ�XVLQJ�GLVFORVXUH�FRQWURO�PHWKRGV�IRU�DOO�FHOOV�
FRQWDLQLQJ�VPDOO�FRXQWV�RU�FDVHV�RI�GRPLQDQFH��

3ULPDU\�VXSSUHVVLRQ��7KLV�WHFKQLTXH�FDQ�EH�FKDUDFWHUL]HG�DV�ZLWKKROGLQJ�DOO�
GLVFORVLYH�FHOOV�IURP�SXEOLFDWLRQ��ZKLFK�PHDQV�WKDW�WKHLU�YDOXH�LV�QRW�VKRZQ�LQ�
WKH�WDEOH��EXW�UHSODFHG�E\�D�V\PERO�VXFK�DV�¶ð·�WR�LQGLFDWH�WKH�VXSSUHVVLRQ��
$FFRUGLQJ�WR�WKH�GHILQLWLRQ�RI�GLVFORVLYH�FHOOV��LQ�IUHTXHQF\�FRXQW�WDEOHV�DOO�FHOOV�
FRQWDLQLQJ�VPDOO�FRXQWV�DQG�LQ�WDEOHV�RI�PDJQLWXGHV�DOO�FHOOV�FRQWDLQLQJ�VPDOO�
FRXQWV�RU�UHSUHVHQWLQJ�FDVHV�RI�GRPLQDQFH�KDYH�WR�EH�SULPDU\�VXSSUHVVHG��

3ULRU�SRVWHULRU�UXOH��6\QRQ\P�RI�WKH��S�T��UXOH��

3ULYDF\��3ULYDF\�LV�D�FRQFHSW�WKDW�DSSOLHV�WR�GDWD�VXEMHFWV�ZKLOH�FRQILGHQWLDOLW\�
DSSOLHV�WR�GDWD��7KH�FRQFHSW�LV�GHILQHG�DV�IROORZV���,W�LV�WKH�VWDWXV�DFFRUGHG�WR�
GDWD�ZKLFK�KDV�EHHQ�DJUHHG�XSRQ�EHWZHHQ�WKH�SHUVRQ�RU�RUJDQLVDWLRQ�
IXUQLVKLQJ�WKH�GDWD�DQG�WKH�RUJDQLVDWLRQ�UHFHLYLQJ�LW�DQG�ZKLFK�GHVFULEHV�WKH�
GHJUHH�RI�SURWHFWLRQ�ZKLFK�ZLOO�EH�SURYLGHG���7KHUH�LV�D�GHILQLWH�UHODWLRQVKLS�
EHWZHHQ�FRQILGHQWLDOLW\�DQG�SULYDF\��%UHDFK�RI�FRQILGHQWLDOLW\�FDQ�UHVXOW�LQ�
GLVFORVXUH�RI�GDWD�ZKLFK�KDUPV�WKH�LQGLYLGXDO��7KLV�LV�DQ�DWWDFN�RQ�SULYDF\�
EHFDXVH�LW�LV�DQ�LQWUXVLRQ�LQWR�D�SHUVRQ·V�VHOI�GHWHUPLQDWLRQ�RQ�WKH�ZD\�KLV�RU�
KHU�SHUVRQDO�GDWD�DUH�XVHG��,QIRUPDWLRQDO�SULYDF\�HQFRPSDVVHV�DQ�LQGLYLGXDO·V�
IUHHGRP�IURP�H[FHVVLYH�LQWUXVLRQ�LQ�WKH�TXHVW�IRU�LQIRUPDWLRQ�DQG�DQ�
LQGLYLGXDO·V�DELOLW\�WR�FKRRVH�WKH�H[WHQW�DQG�FLUFXPVWDQFHV�XQGHU�ZKLFK�KLV�RU�
KHU�EHOLHIV��EHKDYLRXUV��RSLQLRQV�DQG�DWWLWXGHV�ZLOO�EH�VKDUHG�ZLWK�RU�ZLWKKHOG�
IURP�RWKHUV��

3UREDELOLW\�EDVHG�GLVFORVXUHV��DSSUR[LPDWH�RU�H[DFW���6RPHWLPHV�DOWKRXJK�D�IDFW�
LV�QRW�GLVFORVHG�ZLWK�FHUWDLQW\��WKH�SXEOLVKHG�GDWD�FDQ�EH�XVHG�WR�PDNH�D�
VWDWHPHQW�WKDW�KDV�D�KLJK�SUREDELOLW\�RI�EHLQJ�FRUUHFW��

4�

4XDVL�LGHQWLILHU��9DULDEOH�YDOXHV�RU�FRPELQDWLRQV�RI�YDULDEOH�YDOXHV�ZLWKLQ�D�GDWDVHW�
WKDW�DUH�QRW�VWUXFWXUDO�XQLTXHV�EXW�PLJKW�EH�HPSLULFDOO\�XQLTXH�DQG�WKHUHIRUH�
LQ�SULQFLSOH�XQLTXHO\�LGHQWLI\�D�SRSXODWLRQ�XQLW��

5�

5DQGRPL]HG�UHVSRQVH��5DQGRPL]HG�UHVSRQVH�LV�D�WHFKQLTXH�XVHG�WR�FROOHFW�
VHQVLWLYH�LQIRUPDWLRQ�IURP�LQGLYLGXDOV�LQ�VXFK�D�ZD\�WKDW�VXUYH\�LQWHUYLHZHUV�
DQG�WKRVH�ZKR�SURFHVV�WKH�GDWD�GR�QRW�NQRZ�ZKLFK�RI�WZR�DOWHUQDWLYH�
TXHVWLRQV�WKH�UHVSRQGHQW�KDV�DQVZHUHG��

5DQGRP�SHUWXUEDWLRQ��7KLV�LV�D�GLVFORVXUH�FRQWURO�PHWKRG�DFFRUGLQJ�WR�ZKLFK�D�
QRLVH��LQ�WKH�IRUP�RI�D�UDQGRP�YDOXH�LV�DGGHG�WR�WKH�WUXH�YDOXH�RU��LQ�WKH�FDVH�
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RI�FDWHJRULFDO�YDULDEOHV��ZKHUH�DQRWKHU�YDOXH�LV�UDQGRPO\�VXEVWLWXWHG�IRU�WKH�
WUXH�YDOXH��

5DQGRP�URXQGLQJ��,Q�RUGHU�WR�UHGXFH�WKH�DPRXQW�RI�GDWD�ORVV�WKDW�RFFXUV�ZLWK�
VXSSUHVVLRQ��DOWHUQDWLYH�PHWKRGV�KDYH�EHHQ�LQYHVWLJDWHG�WR�SURWHFW�VHQVLWLYH�
FHOOV�LQ�WDEOHV�RI�IUHTXHQFLHV��3HUWXUEDWLRQ�PHWKRGV�VXFK�DV�UDQGRP�URXQGLQJ�
DQG�FRQWUROOHG�URXQGLQJ�DUH�H[DPSOHV�RI�VXFK�DOWHUQDWLYHV��,Q�UDQGRP�
URXQGLQJ�FHOO�YDOXHV�DUH�URXQGHG��EXW�LQVWHDG�RI�XVLQJ�VWDQGDUG�URXQGLQJ�
FRQYHQWLRQV�D�UDQGRP�GHFLVLRQ�LV�PDGH�DV�WR�ZKHWKHU�WKH\�ZLOO�EH�URXQGHG�XS�
RU�GRZQ��7KH�URXQGLQJ�PHFKDQLVP�FDQ�EH�VHW�XS�WR�SURGXFH�XQELDVHG�URXQGHG�
UHVXOWV��

5DQN�VZDSSLQJ��5DQN�VZDSSLQJ�SURYLGHV�D�ZD\�RI�XVLQJ�FRQWLQXRXV�YDULDEOHV�WR�
GHILQH�SDLUV�RI�UHFRUGV�IRU�VZDSSLQJ��,QVWHDG�RI�LQVLVWLQJ�WKDW�YDULDEOHV�PDWFK�
�DJUHH�H[DFWO\���WKH\�DUH�GHILQHG�WR�EH�FORVH�EDVHG�RQ�WKHLU�SUR[LPLW\�WR�HDFK�
RWKHU�RQ�D�OLVW�VRUWHG�RQ�WKH�FRQWLQXRXV�YDULDEOH��5HFRUGV�ZKLFK�DUH�FORVH�LQ�
UDQN�RQ�WKH�VRUWHG�YDULDEOH�DUH�GHVLJQDWHG�DV�SDLUV�IRU�VZDSSLQJ��)UHTXHQWO\�LQ�
UDQN�VZDSSLQJ�WKH�YDULDEOH�XVHG�LQ�WKH�VRUW�LV�WKH�RQH�WKDW�ZLOO�EH�VZDSSHG��

5HFRUG�OLQNDJH�SURFHVV��3URFHVV�DWWHPSWLQJ�WR�FODVVLI\�SDLUV�RI�PDWFKHV�LQ�D�
SURGXFW�VSDFH�$ð%�IURP�WZR�ILOHV�$�DQG�%�LQWR�0��WKH�VHW�RI�WUXH�OLQNV��DQG�8��
WKH�VHW�RI�QRQ�WUXH�OLQNV��

5HFRUG�VZDSSLQJ��$�VSHFLDO�FDVH�RI�GDWD�VZDSSLQJ��ZKHUH�WKH�JHRJUDSKLFDO�FRGHV�RI�
UHFRUGV�DUH�VZDSSHG��

5HPRWH�DFFHVV��2Q�OLQH�DFFHVV�WR�SURWHFWHG�PLFURGDWD��

5HPRWH�GDWD�ODERUDWRU\��$�YLUWXDO�HQYLURQPHQW�SURYLGLQJ�UHPRWH�H[HFXWLRQ�
IDFLOLWLHV��

5HPRWH�H[HFXWLRQ��6XEPLWWLQJ�VFULSWV�RQ�OLQH�IRU�H[HFXWLRQ�RQ�GLVFORVLYH�PLFURGDWD�
VWRUHG�ZLWKLQ�DQ�LQVWLWXWH·V�SURWHFWHG�QHWZRUN��,I�WKH�UHVXOWV�DUH�UHJDUGHG�DV�
VDIH�GDWD��WKH\�DUH�VHQW�WR�WKH�VXEPLWWHU�RI�WKH�VFULSW��2WKHUZLVH��WKH�VXEPLWWHU�
LV�LQIRUPHG�WKDW�WKH�UHTXHVW�FDQQRW�EH�DFTXLHVFHG��5HPRWH�H[HFXWLRQ�PD\�
HLWKHU�ZRUN�WKURXJK�VXEPLWWLQJ�VFULSWV�IRU�D�SDUWLFXODU�VWDWLVWLFDO�SDFNDJH�VXFK�
DV�6$6��6366�RU�67$7$�ZKLFK�UXQV�RQ�WKH�UHPRWH�VHUYHU�RU�YLD�D�WDLORU�PDGH�
FOLHQW�V\VWHP�ZKLFK�VLWV�RQ�WKH�XVHU·V�GHVN�WRS��

5HVLGXDO�GLVFORVXUH��'LVFORVXUH�WKDW�RFFXUV�E\�FRPELQLQJ�UHOHDVHG�LQIRUPDWLRQ�ZLWK�
SUHYLRXVO\�UHOHDVHG�RU�SXEOLFO\�DYDLODEOH�LQIRUPDWLRQ��)RU�H[DPSOH��WDEOHV�IRU�
QRQRYHUODSSLQJ�DUHDV�FDQ�EH�VXEWUDFWHG�IURP�D�ODUJHU�UHJLRQ��OHDYLQJ�
FRQILGHQWLDO�UHVLGXDO�LQIRUPDWLRQ�IRU�VPDOO�DUHDV��

5HVWULFWHG�DFFHVV��,PSRVLQJ�FRQGLWLRQV�RQ�DFFHVV�WR�WKH�PLFURGDWD��8VHUV�FDQ�
HLWKHU�KDYH�DFFHVV�WR�WKH�ZKROH�UDQJH�RI�UDZ�SURWHFWHG�GDWD�DQG�SURFHVV�
LQGLYLGXDOO\�WKH�LQIRUPDWLRQ�WKH\�DUH�LQWHUHVWHG�LQ���ZKLFK�LV�WKH�LGHDO�VLWXDWLRQ�
IRU�WKHP���RU�WKHLU�DFFHVV�WR�WKH�SURWHFWHG�GDWD�LV�UHVWULFWHG�DQG�WKH\�FDQ�RQO\�
KDYH�D�FHUWDLQ�QXPEHU�RI�RXWSXWV��H�J��WDEOHV��RU�PD\EH�RQO\�RXWSXWV�RI�D�
FHUWDLQ�VWUXFWXUH��5HVWULFWHG�DFFHVV�LV�VRPHWLPHV�QHFHVVDU\�WR�HQVXUH�WKDW�
OLQNDJH�EHWZHHQ�WDEOHV�FDQQRW�KDSSHQ��

5HVWULFWHG�GDWD��6\QRQ\P�RI�VDIH�GDWD��

5HVWULFWLRQ�EDVHG�GLVFORVXUH�FRQWURO�PHWKRG��0HWKRG�IRU�WKH�UHOHDVH�RI�WDEXODU�
GDWD��ZKLFK�FRQVLVWV�LQ�UHGXFLQJ�DFFHVV�WR�WKH�GDWD�SURYLGHG�WR�WKH�H[WHUQDO�
XVHU��7KLV�PHWKRG�UHGXFHV�WKH�FRQWHQW�RI�LQIRUPDWLRQ�SURYLGHG�WR�WKH�XVHU�RI�
WKH�WDEXODU�GDWD��7KLV�LV�LPSOHPHQWHG�E\�QRW�SXEOLVKLQJ�DOO�WKH�ILJXUHV�GHULYHG�
IURP�WKH�FROOHFWHG�GDWD�RU�E\�QRW�SXEOLVKLQJ�WKH�LQIRUPDWLRQ�LQ�DV�GHWDLOHG�D�
IRUP�DV�ZRXOG�EH�SRVVLEOH��

5LVN\�FHOOV��7KH�FHOOV�RI�D�WDEOH�ZKLFK�DUH�QRQ�SXEOLVKDEOH�GXH�WR�WKH�ULVN�RI�
VWDWLVWLFDO�GLVFORVXUH�DUH�UHIHUUHG�WR�DV�ULVN\�FHOOV��%\�GHILQLWLRQ�WKHUH�DUH�WKUHH�
W\SHV�RI�ULVN\�FHOOV��VPDOO�FRXQWV��GRPLQDQFH�DQG�FRPSOHPHQWDU\�VXSSUHVVLRQ�
FHOOV��
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5LVN\�GDWD��'DWD�DUH�FRQVLGHUHG�WR�EH�GLVFORVLYH�ZKHQ�WKH\�DOORZ�VWDWLVWLFDO�XQLWV�WR�
EH�LGHQWLILHG��HLWKHU�GLUHFWO\�RU�LQGLUHFWO\��WKHUHE\�GLVFORVLQJ�LQGLYLGXDO�
LQIRUPDWLRQ��7R�GHWHUPLQH�ZKHWKHU�D�VWDWLVWLFDO�XQLW�LV�LGHQWLILDEOH��DFFRXQW�
VKDOO�EH�WDNHQ�RI�DOO�WKH�PHDQV�WKDW�PLJKW�UHDVRQDEO\�EH�XVHG�E\�D�WKLUG�SDUW\�
WR�LGHQWLI\�WKH�VDLG�VWDWLVWLFDO�XQLW��

5RXQGLQJ��5RXQGLQJ�EHORQJV�WR�WKH�JURXS�RI�GLVFORVXUH�FRQWURO�PHWKRGV�EDVHG�RQ�
RXWSXW�SHUWXUEDWLRQ��,W�LV�XVHG�WR�SURWHFW�VPDOO�FRXQWV�LQ�WDEXODU�GDWD�DJDLQVW�
GLVFORVXUH��7KH�EDVLF�LGHD�EHKLQG�WKLV�GLVFORVXUH�FRQWURO�PHWKRG�LV�WR�URXQG�
HDFK�FRXQW�XS�RU�GRZQ�HLWKHU�GHWHUPLQLVWLFDOO\�RU�SUREDELOLVWLFDOO\�WR�WKH�
QHDUHVW�LQWHJHU�PXOWLSOH�RI�D�URXQGLQJ�EDVH��7KH�DGGLWLYH�QDWXUH�RI�WKH�WDEOH�LV�
JHQHUDOO\�GHVWUR\HG�E\�WKLV�SURFHVV��5RXQGLQJ�FDQ�DOVR�VHUYH�DV�D�UHFRGLQJ�
PHWKRG�IRU�PLFURGDWD��

5�8�PDS��$�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�WUDGH�RII�EHWZHHQ�GLVFORVXUH�ULVN�DQG�
GDWD�XWLOLW\��

6�

6DIH�GDWD��0LFURGDWD�RU�PDFURGDWD�WKDW�KDYH�EHHQ�SURWHFWHG�E\�VXLWDEOH�6WDWLVWLFDO�
'LVFORVXUH�&RQWURO�PHWKRGV��

6DIH�VHWWLQJ��$Q�HQYLURQPHQW�VXFK�DV�D�PLFURGDWD�ODE�ZKHUHE\�DFFHVV�WR�D�
GLVFORVLYH�GDWDVHW�FDQ�EH�FRQWUROOHG��

6DIHW\�LQWHUYDO��7KH�PLQLPDO�FDOFXODWHG�LQWHUYDO�WKDW�LV�UHTXLUHG�IRU�WKH�YDOXH�RI�D�
FHOO�WKDW�GRHV�QRW�VDWLVI\�WKH�SULPDU\�VXSSUHVVLRQ�UXOH��

6DPSOH�XQLTXH��$�UHFRUG�ZLWKLQ�D�GDWDVHW�ZKLFK�LV�XQLTXH�ZLWKLQ�WKDW�GDWDVHW�RQ�D�
JLYHQ�NH\��

6DPSOLQJ��,Q�WKH�FRQWH[W�RI�GLVFORVXUH�FRQWURO��WKLV�UHIHUV�WR�UHOHDVLQJ�RQO\�D�
SURSRUWLRQ�RI�WKH�RULJLQDO�GDWD�UHFRUGV�RQ�D�PLFURGDWD�ILOH��

6DPSOLQJ�IUDFWLRQ��7KH�SURSRUWLRQ�RI�WKH�SRSXODWLRQ�FRQWDLQHG�ZLWKLQ�D�GDWD�
UHOHDVH��:LWK�VLPSOH�UDQGRP�VDPSOLQJ��WKH�VDPSOH�IUDFWLRQ�UHSUHVHQWV�WKH�
SURSRUWLRQ�RI�SRSXODWLRQ�XQLWV�WKDW�DUH�VHOHFWHG�LQ�WKH�VDPSOH��:LWK�PRUH�
FRPSOH[�VDPSOLQJ�PHWKRGV��WKLV�LV�XVXDOO\�WKH�UDWLR�RI�WKH�QXPEHU�RI�XQLWV�LQ�
WKH�VDPSOH�WR�WKH�QXPEHU�RI�XQLWV�LQ�WKH�SRSXODWLRQ�IURP�ZKLFK�WKH�VDPSOH�LV�
VHOHFWHG��

6FHQDULR�DQDO\VLV��$�VHW�RI�SVHXGR�FULPLQRORJLFDO�PHWKRGV�IRU�DQDO\VLQJ�DQG�
FODVVLI\LQJ�WKH�SODXVLEOH�ULVN�FKDQQHOV�IRU�D�GDWD�LQWUXVLRQ��7KH�PHWKRGV�DUH�
EDVHG�DURXQG�ILUVW�GHOLQHDWLQJ�WKH�PHDQV��PRWLYHV�DQG�RSSRUWXQLW\�WKDW�DQ�
LQWUXGHU�PD\�KDYH�IRU�FRQGXFWLQJ�WKH�DWWDFN��7KH�RXWSXW�RI�VXFK�DQ�DQDO\VLV�LV�
D�VSHFLILFDWLRQ�RI�D�VHW�RI�NH\V�OLNHO\�WR�EH�KHOG�E\�GDWD�LQWUXGHUV��

6HFRQGDU\�GDWD�LQWUXVLRQ��$IWHU�DQ�DWWHPSW�WR�PDWFK�EHWZHHQ�LGHQWLILFDWLRQ�DQG�
WDUJHW�GDWDVHWV�DQ�LQWUXGHU�PD\�GLVFULPLQDWH�EHWZHHQ�QRQ�XQLTXH�PDWFKHV�E\�
IXUWKHU�GLUHFW�LQYHVWLJDWLRQV�XVLQJ�DGGLWLRQDO�YDULDEOHV��

6HFRQGDU\�GLVFORVXUH�ULVN��,W�FRQFHUQV�GDWD�ZKLFK�LV�QRW�SULPDU\�GLVFORVLYH��EXW�
ZKRVH�GLVVHPLQDWLRQ��ZKHQ�FRPELQHG�ZLWK�RWKHU�GDWD�SHUPLWV�WKH�
LGHQWLILFDWLRQ�RI�D�PLFURGDWD�XQLW�RU�WKH�GLVFORVXUH�RI�D�XQLW·V�DWWULEXWH��

6HFRQGDU\�VXSSUHVVLRQ��7R�UHDFK�WKH�GHVLUHG�SURWHFWLRQ�IRU�ULVN\�FHOOV��LW�LV�
QHFHVVDU\�WR�VXSSUHVV�DGGLWLRQDO�QRQ��ULVN\�FHOOV��ZKLFK�LV�FDOOHG�VHFRQGDU\�
VXSSUHVVLRQ�RU�FRPSOHPHQWDU\�VXSSUHVVLRQ��7KH�SDWWHUQ�RI�FRPSOHPHQWDU\�
VXSSUHVVHG�FHOOV�KDV�WR�EH�FDUHIXOO\�FKRVHQ�WR�SURYLGH�WKH�GHVLUHG�OHYHO�RI�
DPELJXLW\�IRU�WKH�GLVFORVLYH�FHOOV�DW�WKH�KLJKHVW�OHYHO�RI�LQIRUPDWLRQ�FRQWDLQHG�
LQ�WKH�UHOHDVHG�VWDWLVWLFV��

6HFXULW\��$Q�HIILFLHQW�GLVFORVXUH�FRQWURO�PHWKRG�SURYLGHV�SURWHFWLRQ�DJDLQVW�H[DFW�
GLVFORVXUH�RU�XQZDQWHG�QDUURZ�HVWLPDWLRQ�RI�WKH�DWWULEXWHV�RI�DQ�LQGLYLGXDO�
HQWLW\��LQ�RWKHU�ZRUGV��D�XVHIXO�WHFKQLTXH�SUHYHQWV�H[DFW�RU�SDUWLDO�GLVFORVXUH��
7KH�VHFXULW\�OHYHO�LV�DFFRUGLQJO\�KLJK��,Q�WKH�FDVH�RI�GLVFORVXUH�FRQWURO�PHWKRGV�
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IRU�WKH�UHOHDVH�RI�PLFURGDWD�WKLV�SURWHFWLRQ�LV�HQVXUHG�LI�WKH�LGHQWLILFDWLRQ�RI�D�
UHVSRQGHQW�LV�QRW�SRVVLEOH��EHFDXVH�WKH�LGHQWLILFDWLRQ�LV�WKH�SUHUHTXLVLWH�IRU�
GLVFORVXUH��

6HQVLWLYH�FHOO��&HOO�IRU�ZKLFK�NQRZOHGJH�RI�WKH�YDOXH�ZRXOG�SHUPLW�DQ�XQGXO\�
DFFXUDWH�HVWLPDWH�RI�WKH�FRQWULEXWLRQ�RI�DQ�LQGLYLGXDO�UHVSRQGHQW��6HQVLWLYH�
FHOOV�DUH�LGHQWLILHG�E\�WKH�DSSOLFDWLRQ�RI�D�GRPLQDQFH�UXOH�VXFK�DV�WKH��Q�N��UXOH�
RU�WKH��S�T��UXOH�WR�WKHLU�PLFURGDWD��

6HQVLWLYH�YDULDEOHV��9DULDEOHV�FRQWDLQHG�LQ�D�GDWD�UHFRUG�DSDUW�IURP�WKH�NH\�
YDULDEOHV��WKDW�EHORQJ�WR�WKH�SULYDWH�GRPDLQ�RI�UHVSRQGHQWV�ZKR�ZRXOG�QRW�OLNH�
WKHP�WR�EH�GLVFORVHG��7KHUH�LV�QR�H[DFW�GHILQLWLRQ�JLYHQ�IRU�ZKDW�D�¶VHQVLWLYH�
YDULDEOH·�LV�DQG�WKHUHIRUH��WKH�GLYLVLRQ�LQWR�NH\�DQG�VHQVLWLYH�YDULDEOHV�LV�
VRPHKRZ�DUELWUDU\��6RPH�GDWD�DUH�FOHDUO\�VHQVLWLYH�VXFK�DV�WKH�SRVVHVVLRQ�RI�D�
FULPLQDO�UHFRUG��RQH·V�PHGLFDO�FRQGLWLRQ�RU�FUHGLW�UHFRUG��EXW�WKHUH�DUH�RWKHU�
FDVHV�ZKHUH�WKH�GLVWLQFWLRQ�GHSHQGV�RQ�WKH�FLUFXPVWDQFHV��H�J��WKH�LQFRPH�RI�D�
SHUVRQ�PLJKW�EH�UHJDUGHG�DV�D�VHQVLWLYH�YDULDEOH�LQ�VRPH�FRXQWULHV�DQG�DV�
TXDVL�LGHQWLILHU�LQ�RWKHUV��RU�LQ�VRPH�VRFLHWLHV�WKH�UHOLJLRQ�RI�DQ�LQGLYLGXDO�
PLJKW�FRXQW�DV�D�NH\�DQG�D�VHQVLWLYH�YDULDEOH�DW�WKH�VDPH�WLPH��$OO�YDULDEOHV�
WKDW�FRQWDLQ�RQH�RU�PRUH�VHQVLWLYH�FDWHJRULHV��L�H��FDWHJRULHV�WKDW�FRQWDLQ�
VHQVLWLYH�LQIRUPDWLRQ�DERXW�DQ�LQGLYLGXDO�RU�HQWHUSULVH��DUH�FDOOHG�VHQVLWLYH�
YDULDEOHV��

6KXWWOH�DOJRULWKP��$�PHWKRG�IRU�ILQGLQJ�ORZHU�DQG�XSSHU�FHOO�ERXQGV�E\�LWHUDWLQJ�
WKURXJK�GHSHQGHQFLHV�EHWZHHQ�FHOO�FRXQWV��7KHUH�H[LVW�PDQ\�GHSHQGHQFLHV�
EHWZHHQ�LQGLYLGXDO�FRXQWV�DQG�DJJUHJDWLRQV�RI�FRXQWV�LQ�FRQWLQJHQF\�WDEOHV��
:KHUH�QRW�DOO�LQGLYLGXDO�FRXQWV�DUH�NQRZQ��EXW�VRPH�DJJUHJDWHG�FRXQWV�DUH�
NQRZQ��WKH�GHSHQGHQFLHV�FDQ�EH�XVHG�WR�PDNH�LQIHUHQFHV�DERXW�WKH�PLVVLQJ�
FRXQWV��7KH�6KXWWOH�DOJRULWKP�FRQVWUXFWV�D�VSHFLILF�VXEVHW�RI�WKH�PDQ\�
SRVVLEOH�GHSHQGHQFLHV�DQG�UHFXUVLYHO\�LWHUDWHV�WKURXJK�WKHP�LQ�RUGHU�WR�ILQG�
ERXQGV�RQ�PLVVLQJ�FRXQWV��$V�PDQ\�GHSHQGHQFLHV�ZLOO�LQYROYH�XQNQRZQ�
FRXQWV��WKH�GHSHQGHQFLHV�QHHG�WR�EH�H[SUHVVHG�LQ�WHUPV�RI�LQHTXDOLWLHV�
LQYROYLQJ�ORZHU�DQG�XSSHU�ERXQGV��UDWKHU�WKDQ�VLPSOH�HTXDOLWLHV��7KH�
DOJRULWKP�HQGV�ZKHQ�D�FRPSOHWH�LWHUDWLRQ�IDLOV�WR�WLJKWHQ�WKH�ERXQGV�RQ�DQ\�
FHOO�FRXQWV��

6SHFLDO�XQLTXHV�DQDO\VLV��$�PHWKRG�RI�DQDO\VLQJ�WKH�SHU�UHFRUG�ULVN�RI�PLFURGDWD��

6WDWLVWLFDO�FRQILGHQWLDOLW\��7KH�SURWHFWLRQ�RI�GDWD�WKDW�UHODWH�WR�VLQJOH�VWDWLVWLFDO�
XQLWV�DQG�DUH�REWDLQHG�GLUHFWO\�IRU�VWDWLVWLFDO�SXUSRVHV�RU�LQGLUHFWO\�IURP�
DGPLQLVWUDWLYH�RU�RWKHU�VRXUFHV�DJDLQVW�DQ\�EUHDFK�RI�WKH�ULJKW�WR�
FRQILGHQWLDOLW\��,W�LPSOLHV�WKH�SUHYHQWLRQ�RI�XQODZIXO�GLVFORVXUH��

6WDWLVWLFDO�'DWD�3URWHFWLRQ��6'3���6WDWLVWLFDO�'DWD�3URWHFWLRQ�LV�D�PRUH�JHQHUDO�
FRQFHSW�ZKLFK�WDNHV�LQWR�DFFRXQW�DOO�VWHSV�RI�SURGXFWLRQ��6'3�LV�
PXOWLGLVFLSOLQDU\�DQG�GUDZV�RQ�FRPSXWHU�VFLHQFH��GDWD�VHFXULW\���VWDWLVWLFV�DQG�
RSHUDWLRQV�UHVHDUFK��

6WDWLVWLFDO�GLVFORVXUH��6WDWLVWLFDO�GLVFORVXUH�LV�VDLG�WR�WDNH�SODFH�LI�WKH�
GLVVHPLQDWLRQ�RI�D�VWDWLVWLF�HQDEOHV�WKH�H[WHUQDO�XVHU�RI�WKH�GDWD�WR�REWDLQ�D�
EHWWHU�HVWLPDWH�IRU�D�FRQILGHQWLDO�SLHFH�RI�LQIRUPDWLRQ�WKDQ�ZRXOG�EH�SRVVLEOH�
ZLWKRXW�LW��

6WDWLVWLFDO�'LVFORVXUH�&RQWURO��6'&���6WDWLVWLFDO�'LVFORVXUH�&RQWURO�WHFKQLTXHV�FDQ�
EH�GHILQHG�DV�WKH�VHW�RI�PHWKRGV�WR�UHGXFH�WKH�ULVN�RI�GLVFORVLQJ�LQIRUPDWLRQ�RQ�
LQGLYLGXDOV��EXVLQHVVHV�RU�RWKHU�RUJDQLVDWLRQV��6XFK�PHWKRGV�DUH�RQO\�UHODWHG�
WR�WKH�GLVVHPLQDWLRQ�VWHS�DQG�DUH�XVXDOO\�EDVHG�RQ�UHVWULFWLQJ�WKH�DPRXQW�RI�
RU�PRGLI\LQJ�WKH�GDWD�UHOHDVHG��

6WDWLVWLFDO�'LVFORVXUH�/LPLWDWLRQ��6'/���6\QRQ\P�RI�6WDWLVWLFDO�'LVFORVXUH�&RQWURO��

6XEDGGLWLYLW\��2QH�RI�WKH�SURSHUWLHV�RI�WKH��Q�N��UXOH�RU��S�T��UXOH�WKDW�DVVLVWV�LQ�WKH�
VHDUFK�IRU�FRPSOHPHQWDU\�FHOOV��7KH�SURSHUW\�PHDQV�WKDW�WKH�VHQVLWLYLW\�RI�D�
XQLRQ�RI�GLVMRLQW�FHOOV�FDQQRW�EH�JUHDWHU�WKDQ�WKH�VXP�RI�WKH�FHOOV·�LQGLYLGXDO�
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VHQVLWLYLWLHV��WULDQJOH�LQHTXDOLW\���6XEDGGLWLYLW\�LV�DQ�LPSRUWDQW�SURSHUW\�
EHFDXVH�LW�PHDQV�WKDW�DJJUHJDWHV�RI�FHOOV�WKDW�DUH�QRW�VHQVLWLYH�DUH�QRW�
VHQVLWLYH�HLWKHU�DQG�GR�QRW�QHHG�WR�EH�WHVWHG��

6XEWUDFWLRQ��7KH�SULQFLSOH�ZKHUHE\�DQ�LQWUXGHU�PD\�DWWDFN�D�WDEOH�RI�SRSXODWLRQ�
FRXQWV�E\�UHPRYLQJ�NQRZQ�LQGLYLGXDOV�IURP�WKH�WDEOH��,I�WKLV�OHDGV�WR�WKH�
SUHVHQFH�RI�FHUWDLQ�]HURHV�LQ�WKH�WDEOH�WKHQ�WKDW�WDEOH�LV�YXOQHUDEOH�WR�DWWULEXWH�
GLVFORVXUH��

6XSSUHVVLRQ��2QH�RI�WKH�PRVW�FRPPRQO\�XVHG�ZD\V�RI�SURWHFWLQJ�VHQVLWLYH�FHOOV�LQ�D�
WDEOH�LV�YLD�VXSSUHVVLRQ��,W�LV�REYLRXV�WKDW�LQ�D�URZ�RU�FROXPQ�ZLWK�D�
VXSSUHVVHG�VHQVLWLYH�FHOO��DW�OHDVW�RQH�DGGLWLRQDO�FHOO�PXVW�EH�VXSSUHVVHG��RU�
WKH�YDOXH�LQ�WKH�VHQVLWLYH�FHOO�FRXOG�EH�FDOFXODWHG�H[DFWO\�E\�VXEWUDFWLRQ�IURP�
WKH�PDUJLQDO�WRWDO��)RU�WKLV�UHDVRQ��FHUWDLQ�RWKHU�FHOOV�PXVW�DOVR�EH�
VXSSUHVVHG��7KHVH�DUH�UHIHUUHG�WR�DV�VHFRQGDU\�VXSSUHVVLRQV��:KLOH�LW�LV�
SRVVLEOH�WR�VHOHFW�FHOOV�IRU�VHFRQGDU\�VXSSUHVVLRQ�PDQXDOO\��LW�LV�GLIILFXOW�WR�
JXDUDQWHH�WKDW�WKH�UHVXOW�SURYLGHV�DGHTXDWH�SURWHFWLRQ��

68'$��$�VRIWZDUH�V\VWHP�IRU�FRQGXFWLQJ�DQDO\VHV�RQ�SRSXODWLRQ�XQLTXHV�DQG�
VSHFLDO�VDPSOH�XQLTXHV��7KH�VSHFLDO�XQLTXHV�DQDO\VLV�PHWKRG�LPSOHPHQWHG�LQ�
68'$�IRU�PHDVXULQJ�DQG�DVVHVVLQJ�GLVFORVXUH�ULVN�LV�EDVHG�RQ�UHVDPSOLQJ�
PHWKRGV�DQG�XVHG�E\�WKH�216��

6ZDSSLQJ��RU�VZLWFKLQJ���6ZDSSLQJ��RU�VZLWFKLQJ��LQYROYHV�VHOHFWLQJ�D�VDPSOH�RI�WKH�
UHFRUGV��ILQGLQJ�D�PDWFK�LQ�WKH�GDWD�EDVH�RQ�D�VHW�RI�SUHGHWHUPLQHG�YDULDEOHV�
DQG�VZDSSLQJ�DOO�RU�VRPH�RI�WKH�RWKHU�YDULDEOHV�EHWZHHQ�WKH�PDWFKHG�UHFRUGV��
6ZDSSLQJ��RU�VZLWFKLQJ��ZDV�LOOXVWUDWHG�DV�SDUW�RI�WKH�FRQILGHQWLDOLW\�HGLW�IRU�
WDEOHV�RI�IUHTXHQF\�GDWD��

6\QWKHWLF�GDWD��$Q�DSSURDFK�WR�FRQILGHQWLDOLW\�ZKHUH�LQVWHDG�RI�GLVVHPLQDWLQJ�UHDO�
GDWD��V\QWKHWLF�GDWD�WKDW�KDYH�EHHQ�JHQHUDWHG�IURP�RQH�RU�PRUH�SRSXODWLRQ�
PRGHOV�DUH�UHOHDVHG��

6\QWKHWLF�VXEVWLWXWLRQ��6HH�&RQWUROOHG�7DEXODU�$GMXVWPHQW��

7�

7DEOH�VHUYHU��$�IRUP�RI�UHPRWH�GDWD�ODERUDWRU\�GHVLJQHG�WR�UHOHDVH�VDIH�WDEOHV��

7DEOHV�RI�IUHTXHQF\��FRXQW��GDWD��7KHVH�WDEOHV�SUHVHQW�WKH�QXPEHU�RI�XQLWV�RI�
DQDO\VLV�LQ�D�FHOO��:KHQ�GDWD�DUH�IURP�D�VDPSOH��WKH�FHOOV�PD\�FRQWDLQ�
ZHLJKWHG�FRXQWV��ZKHUH�ZHLJKWV�DUH�XVHG�WR�EULQJ�VDPSOH�UHVXOWV�WR�WKH�
SRSXODWLRQ�OHYHOV��)UHTXHQFLHV�PD\�DOVR�EH�UHSUHVHQWHG�DV�SHUFHQWDJHV��

7DEOHV�RI�PDJQLWXGH�GDWD��7DEOHV�RI�PDJQLWXGH�GDWD�SUHVHQW�WKH�DJJUHJDWH�RI�D�
´TXDQWLW\�RI�LQWHUHVWµ�RYHU�DOO�XQLWV�RI�DQDO\VLV�LQ�WKH�FHOO��:KHQ�GDWD�DUH�IURP�D�
VDPSOH��WKH�FHOOV�PD\�FRQWDLQ�ZHLJKWHG�DJJUHJDWHV��ZKHUH�TXDQWLWLHV�DUH�
PXOWLSOLHG�E\�XQLWV·�ZHLJKWV�WR�EULQJ�VDPSOH�UHVXOWV�XS�WR�SRSXODWLRQ�OHYHOV��
7KH�GDWD�PD\�EH�SUHVHQWHG�DV�DYHUDJHV�E\�GLYLGLQJ�WKH�DJJUHJDWHV�E\�WKH�
QXPEHU�RI�XQLWV�LQ�WKHLU�FHOOV��

7DEXODU�GDWD��$JJUHJDWH�LQIRUPDWLRQ�RQ�HQWLWLHV�SUHVHQWHG�LQ�WDEOHV��

7DUJHW�GDWDVHW��$Q�DQRQ\PLVHG�GDWDVHW�LQ�ZKLFK�DQ�LQWUXGHU�DWWHPSWV�WR�LGHQWLI\�
SDUWLFXODU�SRSXODWLRQ�XQLWV��

7KUHVKROG�UXOH��8VXDOO\��ZLWK�WKH�WKUHVKROG�UXOH��D�FHOO�LQ�D�WDEOH�RI�IUHTXHQFLHV�LV�
GHILQHG�WR�EH�VHQVLWLYH�LI�WKH�QXPEHU�RI�UHVSRQGHQWV�LV�OHVV�WKDQ�VRPH�VSHFLILHG�
QXPEHU��6RPH�DJHQFLHV�UHTXLUH�DW�OHDVW�ILYH�UHVSRQGHQWV�LQ�D�FHOO��RWKHUV�
UHTXLUH�WKUHH��:KHQ�WKUHVKROGV�DUH�QRW�UHVSHFWHG��DQ�DJHQF\�PD\�UHVWUXFWXUH�
WDEOHV�DQG�FRPELQH�FDWHJRULHV�RU�XVH�FHOO�VXSSUHVVLRQ��URXQGLQJ�RU�WKH�
FRQILGHQWLDOLW\�HGLW��RU�SURYLGH�RWKHU�DGGLWLRQDO�SURWHFWLRQ�LQ�RUGHU�WR�VDWLVI\�WKH�
UXOH��

7RS�DQG�ERWWRP�FRGLQJ��,W�FRQVLVWV�LQ�VHWWLQJ�WRS�FRGHV�RU�ERWWRP�FRGHV�RQ�
TXDQWLWDWLYH�YDULDEOHV��$�WRS�FRGH�IRU�D�YDULDEOH�LV�DQ�XSSHU�OLPLW�RQ�DOO�
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SXEOLVKHG�YDOXHV�RI�WKDW�YDULDEOH��$Q\�YDOXH�JUHDWHU�WKDQ�WKLV�XSSHU�OLPLW�LV�
UHSODFHG�E\�WKH�XSSHU�OLPLW�RU�LV�QRW�SXEOLVKHG�RQ�WKH�PLFURGDWD�ILOH�DW�DOO��
6LPLODUO\��D�ERWWRP�FRGH�LV�D�ORZHU�OLPLW�RQ�DOO�SXEOLVKHG�YDOXHV�IRU�D�YDULDEOH��
'LIIHUHQW�OLPLWV�PD\�EH�XVHG�IRU�GLIIHUHQW�TXDQWLWDWLYH�YDULDEOHV��RU�IRU�GLIIHUHQW�
VXESRSXODWLRQV��

8�

8QLRQ�XQLTXH��$�VDPSOH�XQLTXH�WKDW�LV�DOVR�SRSXODWLRQ�XQLTXH��7KH�SURSRUWLRQ�RI�
VDPSOH�XQLTXHV�WKDW�DUH�XQLRQ�XQLTXHV�LV�RQH�PHDVXUH�RI�ILOH�OHYHO�GLVFORVXUH�
ULVN��

8QLTXHQHVV��7KH�WHUP�LV�XVHG�WR�FKDUDFWHULVH�WKH�VLWXDWLRQ�ZKHUH�DQ�LQGLYLGXDO�FDQ�
EH�GLVWLQJXLVKHG�IURP�DOO�RWKHU�PHPEHUV�LQ�D�SRSXODWLRQ�RU�VDPSOH�LQ�WHUPV�RI�
LQIRUPDWLRQ�DYDLODEOH�RQ�PLFURGDWD�UHFRUGV��RU�ZLWKLQ�D�JLYHQ�NH\���7KH�
H[LVWHQFH�RI�XQLTXHQHVV�LV�GHWHUPLQHG�E\�WKH�VL]H�RI�WKH�SRSXODWLRQ�RU�VDPSOH�
DQG�WKH�GHJUHH�WR�ZKLFK�LW�LV�VHJPHQWHG�E\�JHRJUDSKLF�LQIRUPDWLRQ�DQG�WKH�
QXPEHU�DQG�GHWDLO�RI�FKDUDFWHULVWLFV�SURYLGHG�IRU�HDFK�XQLW�LQ�WKH�GDWDVHW��RU�
ZLWKLQ�WKH�NH\���

8SSHU�ERXQG��7KH�KLJKHVW�SRVVLEOH�YDOXH�RI�D�FHOO�LQ�D�WDEOH�RI�IUHTXHQF\�FRXQWV�
ZKHUH�WKH�FHOO�YDOXH�KDV�EHHQ�SHUWXUEHG�RU�VXSSUHVVHG��

9�

9LUWXDO�VDIH�VHWWLQJ��6\QRQ\P�RI�UHPRWH�GDWD�ODERUDWRU\��

:�

:DLYHU�DSSURDFK��,QVWHDG�RI�VXSSUHVVLQJ�WDEXODU�GDWD��VRPH�DJHQFLHV�DVN�
UHVSRQGHQWV�IRU�SHUPLVVLRQ�WR�SXEOLVK�FHOOV�HYHQ�WKRXJK�GRLQJ�VR�PD\�FDXVH�
WKHVH�UHVSRQGHQWV·�VHQVLWLYH�LQIRUPDWLRQ�WR�EH�HVWLPDWHG�DFFXUDWHO\��7KLV�LV�
UHIHUUHG�WR�DV�WKH�ZDLYHU�DSSURDFK��:DLYHUV�DUH�VLJQHG�UHFRUGV�RI�WKH�
UHVSRQGHQWV·�JUDQWLQJ�SHUPLVVLRQ�WR�SXEOLVK�VXFK�FHOOV��7KLV�PHWKRG�LV�PRVW�
XVHIXO�ZLWK�VPDOO�VXUYH\V�RU�VHWV�RI�WDEOHV�LQYROYLQJ�RQO\�D�IHZ�FDVHV�RI�
GRPLQDQFH��ZKHUH�RQO\�D�IHZ�ZDLYHUV�DUH�QHHGHG��2I�FRXUVH��UHVSRQGHQWV�PXVW�
EHOLHYH�WKDW�WKHLU�GDWD�DUH�QRW�SDUWLFXODUO\�VHQVLWLYH�EHIRUH�WKH\�ZLOO�VLJQ�
ZDLYHUV��

;�

<�

=�



(661HW�KDQGERRN�6'&�

��������

�

�� ,1'(;�

$�
DQDO\VLV�RI�PLFURGDWD ��������������������
DQDO\WLFDOO\�LQWHUHVWLQJ�PLFURGDWD�
VHW����������������������������������������������

DQDO\WLFDOO\�YDOLG�PLFURGDWD�VHW�������
D�SULRUL�ILOH ������������������������������������
DVVHVVPHQW��H[DPSOH�RI�ULVN� ���������
����

DWWULEXWH�GLVFORVXUH �������������������������
DXGLW���������������������������������������������
DXWKRUL]DWLRQV�������������������������������
DXWRPDWHG�WDEXODU�GDWD�SURWHFWLRQ

�������������������������������������������������

%�
EDFNWUDFNLQJ ���������������������������������
EDFNWUDFNLQJ�SURFHGXUH�����������������

&�
FDWHJRULFDO�GDWD����������������������������
FHOO�FRVWV���������������������������������������
FHOO�VXSSUHVVLRQ ����������������������������
&(1(; �������������������������������������������
&,6 ������� 6HH�&RPPXQLW\�,QQRYDWLRQ�
6XUYH\�

FOHULFDO�SDLU ������������������������������������
FRDOLWLRQ�RI�UHVSRQGHQWV�����������������
&RGH�RI�3UDFWLFH �����������������������������
FROXPQ�UHODWLRQ�����������������������������
&RPPXQLW\�,QQRYDWLRQ�6XUYH\ ������
FRPSDULVRQ�RI�FRQWLQJHQF\�WDEOHV ���
FRQFHQWUDWLRQ�UXOHV �����������������������
FRQILGHQWLDOLW\�FKHFNV��������������������
FRQVXPHU�ILQDQFHV �������������������������
FRQWLQXRXV�GDWD �����������������������������
FRQWUROOHG�UHPRWH�GDWD�SURFHVVLQJ

�������������������������������������������������
FRQWUROOHG�URXQGLQJ ��� ��������������
FRQWUROOHG�WDEXODU�DGMXVWPHQW �������
FRQWUROOHG�WHOHSURFHVVLQJ ���������������
FRUUHODWLRQ�PDWUL[���������������������������
FRVW�IXQFWLRQ ���������������������������������
FRYDULDQFH�PDWUL[���������������������������
&3/(; ������������������������������������������
&7$ ����������������������������������������������

'�
�Q�N��GRPLQDQFH�UXOH ���������������������
GDWD�GLVWRUWLRQ�E\�SUREDELOLW\�
GLVWULEXWLRQ ��������������������������������

GDWD�VZDSSLQJ��������������������������������
GDWD�XVDJH�FRQWUDFW�����������������������
GDWD�XVH�����������������������������������������
GDWDODERUDWRULHV �����������������������������
GDWD�RULHQWHG�PLFURDJJUHJDWLRQ ������

GLUHFW�FRPSDULVRQ�RI�FDWHJRULFDO�
YDOXHV ������������������������������������� ���

GLVFORVXUH������������������������������������� ��
GLVFORVXUH�ULVN ��������������������������
GLVFORVXUH�VFHQDULR��H[DPSOH�RI������
����

GLVWDQFH�EDVHG�UHFRUG�OLQNDJH ����� ���

(�
(0�DOJRULWKP������������������������������ ���
(QWURS\�EDVHG�PHDVXUHV ���������� ����
HWKLFDO�FRGH �������������������������������� ���
HWKLFV ����������������������������������������� ���
(XURSHDQ�6WDWLVWLFV�&RGH�RI�3UDFWLFH
����������������������������������������������� ���

(XURVWDW ������������������������������������� ���
H[SODQDWRU\�YDULDEOH ����������������� ����
([WHUQDO�$UFKLYH��($� ������������������ ���
H[WHUQDO�GLVFORVXUH ������������������� ����

)�
IDOVH�OLQNDJH ������������������������������� ���
IDOVH�QHJDWLYH������������������������������ ���
IDOVH�SRVLWLYH������������������������������� ���
IDOVH�XQOLQNDJH ��������������������������� ���
IHDVLELOLW\�LQWHUYDO ��������������������� ����
IL[HG�YV�YDULDEOH�JURXS�VL]H ��������� ���
IRUHLJQ�WUDGH�UXOH ���������������������� ����
IUHTXHQF\�WDEOH ���������������������������

*�
*+0,7(5��������������������������������� ����
JOREDO ��������������������������������������� ����
JOREDO�UHFRGLQJ ����������������������������
JURXS�DWWULEXWH�GLVFORVXUH�����������
����

+�
+DQVHQ�0XNKHUMHH·V�RSWLPDO�
XQLYDULDWH�PLFURDJJUHJDWLRQ ���� ���

KLHUDUFKLFDO�ILOH��������������������� �������
KLHUDUFKLFDO�VWXFWXUHV��������������� ����
KLHUDUFKLFDO�WDEOH���������������������� ����
KLOO�FOLPELQJ�RSWLPL]DWLRQ�KHXULVWLF
����������������������������������������������� ���

+L7D6 ��������������������������������������� ����
KROGLQJV ����������������������������������� ����
KRXVHKROG�ULVN���������������������������� ���
+\EULG�GDWD �������������������������������� ���
K\EULG�PDVNLQJ �������������������������� ���
+\SHU� ������������������������������������� ����
+\SHUFXEH�������������������������������� ����
K\SHUFXEH�PHWKRG �������������������� ����

,�
LGHQWLILFDWLRQ ���������������������������� ����
LGHQWLILHU������������������������������������� ���
LGHQWLI\LQJ�YDULDEOH ��������������������� ���
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LGHQWLW\�GLVFORVXUH�������������������������
LQGLYLGXDO�DWWULEXWH�GLVFORVXUH �������
���������

LQGLYLGXDO�UDQNLQJ��������������������������
LQIHUHQWLDO�GLVFORVXUH���������������������
LQIRUPDWLRQ�ORVV ���������������� ���������
LQIRUPDWLRQ�ORVV�LQ�PLFURGDWD�
SURWHFWLRQ �����������������������������������

LQIRUPDWLRQ�ORVV�PHDVXUHV�IRU�
FDWHJRULFDO�GDWD ��������������������������

LQIRUPDWLRQ�ORVV�PHDVXUHV�IRU�
FRQWLQXRXV�GDWD��������������������������

LQVLGHU�NQRZOHGJH �������������������������
LQWUXGHU ���������������������������������
LQWUXGHU�VFHQDULRV �������������������������
,362��,QIRUPDWLRQ�3UHVHUYLQJ�
6WDWLVWLFDO�2EIXVFDWLRQ����������������

,362�SUHVHUYLQJ��%�DQG�Σ����������������
,362�SUHVHUYLQJ�% ��������������������������
,362�SURFHGXUH ������������������������������
,362�WR�JHW�HQWLUHO\�V\QWKHWLF�
PLFURGDWD �����������������������������������

,6,�'HFODUDWLRQ�RQ�3URIHVVLRQDO�
(WKLFV�����������������������������������������

.�
NH\ ������������������������������������������������
NH\�YDULDEOH������������������������������������

/�
/DERXU�)RUFH�6XUYH\ ���������������������
ODPGD��λ)−SDUDPHWHU ���������������������
ODPGD�WUDQVIRUPDWLRQ �������������������
ODZV�����������������������������������������������
/)6�����������6HH�/DERXU�)RUFH�6XUYH\�
OLQHDU�SURJUDPPLQJ�VROYHUV �����������
OLQHDU�UHODWLRQ �������������������������������
OLQHDU�UHODWLRQVKLS �������������������������
OLQNHG�WDEOHV ���������������������������������
OLQNHG�WDEOHV ���������������������������������
/LVV\ ���������������������������������������������
ORFDO�VXSSUHVVLRQ ���������������� ��������
/3�VROYHU���������������������������������������

0�
0DJQLWXGH�WDEOH ������������������������������
PDQXDO�SURFHGXUHV �����������������������
PDVNLQJ�E\�FRUUHODWHG�QRLVH�
DGGLWLRQ��������������������������������������

PDVNLQJ�E\�QRLVH�DGGLWLRQ�DQG�
OLQHDU�WUDQVIRUPDWLRQV ����������������

PDVNLQJ�E\�QRLVH�DGGLWLRQ�DQG�
QRQOLQHDU�WUDQVIRUPDWLRQV�����������

PDVNLQJ�E\�XQFRUUHODWHG�QRLVH�
DGGLWLRQ��������������������������������������

PDVNLQJ�RULJLQDO�GDWD�������������������
0$66& ������������������������������������������
PDWFK ��������������������������������������������
PDWUL[�PDVNLQJ ������������������������������

0'$9�KHXULVWLF�IRU�PXOWLYDULDWH�
PLFURDJJUHJDWLRQ��������������������� ���

PHDQ�DEVROXWH�HUURU�������������������� ���
PHDQ�VTXDUH�HUURU ���������������������� ���
PHDQ�YDULDWLRQ ��������������������������� ���
0)5 ��������������� 6HH�5HVHDUFK�XVH�ILOH�
PLFURDJJUHJDWLRQ ������������������������ ���
0LFURDJJUHJDWLRQ�EDVHG�K\EULG�GDWD
����������������������������������������������� ���

PLFURGDWD ����������������������������������
PLFURGDWD�IRU�UHVHDUFKHUV ��������� ����
PLFURGDWD�SURWHFWLRQ��������������������� ��
PLFURGDWD�SURWHFWLRQ�PHWKRGV����� ���
PLFURGDWD�VHW������������������������������ ���
PLQLPXP�IUHTXHQF\�UDQJH·�������� ����
PLQLPXP�IUHTXHQF\�UXOH����������� ����
PLQLPXP�SURWHFWLRQ�VWDQGDUGV � ����
PRGHO�EDVHG�GLVFORVXUH�SURWHFWLRQ
����������������������������������������������� ���

PRGXODU �������������������������������������
PXOWLSO\�LPSXWHG��SDUWLDOO\�
V\QWKHWLF�GDWDVHWV ������������������� ���

0XUDOLGKDU�6DUDWK\�K\EULG�
JHQHUDWRU �������������������������������� ���

µ−$5*86 �������� ���������������������

1�
QHJDWLYH�FRQWULEXWLRQV �������������� ����
QHJDWLYH�YDOXHV ������������������������� ����
QHWZRUN�IORZV ��������������������������� ����
QRLVH�DGGLWLRQ����������������������� �������
QRPLQDO�VFDOHV���������������������������� ���
QRQ�FRQILGHQWLDO�RXWFRPH�YDULDEOH
����������������������������������������������� ���

QRQ�SHUWXUEDWLYH�PDVNLQJ����� �������
QRV\�QHLJKERXU�VFHQDULR ������������� ���

2�
RQ�VLWH���������������������������������������� ���
RSWLPDO�DSSURDFK���������������������� ����
RSWLPDO�N�SDUWLWLRQ���������������������� ���
RSWLPDO�VROXWLRQ�WR�WKH�
PLFURDJJUHJDWLRQ��������������������� ���

RUGLQDO�VFDOHV ����������������������������� ���
RWKHU�SDUWLDOO\�V\QWKHWLF�DQG�K\EULG�
PLFURGDWD�DSSURDFKHV ������������� ���

RWKHU�UHFRUG�OLQNDJH�PHWKRGV������ ���
RXWSXW�WDEOH ����������������������������� ����
RYHUYLHZ�RI�FRQFHSWV�DQG�PHWKRGV
����������������������������������������������� ���

3�
�S�T��UXOH ���������������������������������� ����
S��UXOH ������������������������������������ ����
SDUWLDO�VXSSUHVVLRQ������������������� ����
SDUWLDOO\�V\QWKHWLF�GDWD�E\�&KROHVN\�
GHFRPSRVLWLRQ������������������������� ���

SDUWLDOO\�V\QWKHWLF�PLFURGDWD������� ���
SHULRGLFDO�GDWD�������������������������� ����
SHUWXUEDWLYH�PDVNLQJ������������������
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SRSXODWLRQ�XQLTXHV ������������������������
SRVW�PDVNLQJ�RSWLPL]DWLRQ �������������
35$0���������������������������� ������������
35$0�PDWUL[ �������������������������������
SULPDU\�FRQILGHQWLDOLW\ ������������������
SULPDU\�VXSSUHVVLRQ ���������������������
SULRU�SRVWHULRU��S�T���UXOH �������������
SUREDELOLVWLF�UHFRUG�OLQNDJH�������������
SURJUDP����������������������������������������
SURJUDP�GHVLJQ �����������������������������
3URV�DQG�FRQV�RI�V\QWKHWLF�DQG�
K\EULG�PLFURGDWD ������������������������

SURWHFWLRQ�OHYHO������������������ ���������
SURWHFWLRQ�RI�RXWSXW�������������������������
SXEOLF�UHJLVWHU ��������������������������������
SXEOLF�XVH�ILOH���������������������� ��������
38) �������������������� 6HH�3XEOLF�XVH�ILOH�

4�
TXDVL�LGHQWLILHU�������������������������������

5�
5$'/ ��������������������������������������������
UDQN�VZDSSLQJ �������������������������������
UDWLRV ��������������������������������������������
UHFRUG�OLQNDJH ��������������������������������
UH�LGHQWLILFDWLRQ�UDWH�����������������������
UHPRWH�DFFHVV ��������������������� ��������
UHPRWH�GDWD�SURFHVVLQJ������������������
UHPRWH�H[HFXWLRQ����������� ������������
UHVDPSOLQJ �������������������������������������
UHVHDUFK�FHQWUHV����������������������������
UHVHDUFK�GDWD�FHQWUH����������������������
UHVHDUFK�XVH�ILOH �����������������������������
UHVSRQVH�YDULDEOH ��������������������������
ULVN�DQG�XWLOLW\ ��������������������������������
ULVN�DVVHVVPHQW��H[DPSOH�RI� ���������
����

URXQGLQJ��������������������������������
URZ�UHODWLRQ�����������������������������������
5�8�FRQILGHQWLDOLW\�PDS�������������������

6�
VDIHW\�ERXQGV��������������������������������
VDIHW\�UXOHV ����������������������� ���������
6DPSOH�RI�$QRQ\PL]HG�5HFRUGV ������
VDPSOLQJ����������������������������������������
VDPSOLQJ�ZHLJKWV ��������������������������
6$5 �����������������������������������������������
6$6 ����������������������������������������������
VFHQDULR��H[DPSOH�RI�GLVFORVXUH������
����

VFLHQWLILF�FRPPXQLW\ ���������������������
VHFRQGDU\�FHOO�VXSSUHVVLRQ�SUREOHP

�������������������������������������������������
VHFRQGDU\�FRQILGHQWLDOLW\ ���������������
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