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6WXGHQW�5HVHDUFKHU
'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ�3XQH��,QGLD

3URI��6XSUL\D�6XUYDVH

3URMHFW�*XLGH
'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH

$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ
3XQH��,QGLD

$EVWUDFW

)DFLDO�UHFRJQLWLRQ�WHFKQRORJ\�KDV�EHFRPH�DQ�LPSRUWDQW�FRPSRQHQW�RI�PRGHUQ�FRPSXWHU�YLVLRQ�V\VWHPV�DQG�
LV� ZLGHO\� XVHG� IRU� DXWKHQWLFDWLRQ�� VXUYHLOODQFH�� DFFHVV� FRQWURO�� VRFLDO� PHGLD� DSSOLFDWLRQV�� DQG� LGHQWLW\�
YHULILFDWLRQ��+RZHYHU��WKH�LQFUHDVLQJ�XVH�RI�DXWRPDWHG�IDFLDO�UHFRJQLWLRQ�FUHDWHV�VLJQLILFDQW�SULYDF\�ULVNV�
ZKHQ� IDFLDO� LPDJHV� DUH� FROOHFWHG�� SURFHVVHG�� RU� VKDUHG� ZLWKRXW� DGHTXDWH� XVHU� FRQVHQW�� ([LVWLQJ� IDFLDO�
SULYDF\� SURWHFWLRQ� DSSURDFKHV� LQFOXGH� DGYHUVDULDO� SHUWXUEDWLRQV�� LPDJH� WUDQVIRUPDWLRQV�� VHPDQWLF�
PDQLSXODWLRQ�� SHUVRQDOLVHG PDVNV�� DGYHUVDULDO�PDNHXS�� DQG� GLIIXVLRQ�EDVHG� WHFKQLTXHV��$OWKRXJK� WKHVH�
PHWKRGV�FDQ�UHGXFH�WKH�HIIHFWLYHQHVV�RI�IDFLDO�UHFRJQLWLRQ��WKH\�PD\�VXIIHU�IURP�OLPLWDWLRQV�UHODWHG�WR�LPDJH�
TXDOLW\��WUDQVIRUPDWLRQ�UREXVWQHVV��UHFRJQLWLRQ�PRGHO�GHSHQGHQFH��FRPSXWDWLRQDO�FRVW��DQG�JHQHUDOLVDWLRQ�

7KLV� SDSHU� SUHVHQWV� D� FRQFHSWXDO� DGDSWLYH� K\EULG� IUDPHZRUN� IRU� SURWHFWLQJ� IDFLDO� LPDJHV� DJDLQVW�
XQDXWKRULVHG�IDFH�UHFRJQLWLRQ��7KH�SURSRVHG�IUDPHZRUN�FRPELQHV�VHPDQWLF�SHUWXUEDWLRQ��DGDSWLYH�SL[HO�
OHYHO�QRLVH��DQG�DGDSWLYH�LPDJH�ILOWHULQJ��7KH�DSSURDFK�ILUVW�DQDO\VHV�WKH�IDFLDO� LPDJH�DQG�LWV� LPSRUWDQW�
IHDWXUHV��WKHQ�DSSOLHV�VHPDQWLF�OHYHO�PRGLILFDWLRQV�IROORZHG�E\�FRQWHQW�DZDUH�SL[HO�SHUWXUEDWLRQ�DQG�LPDJH�
ILOWHULQJ��7KH�REMHFWLYH�LV�WR�UHGXFH�WKH�UHFRJQL]DELOLW\�RI�WKH�SURWHFWHG�LPDJH�ZKLOH�PDLQWDLQLQJ�DFFHSWDEOH�
YLVXDO�TXDOLW\��7KH�SDSHU�UHYLHZV�H[LVWLQJ�IDFLDO�SULYDF\�SURWHFWLRQ�DSSURDFKHV��LGHQWLILHV�WKHLU�OLPLWDWLRQV��
DQG�GLVFXVVHV�DQ� LQWHJUDWHG�IUDPHZRUN� WKDW�FDQ�DGDSW�SURWHFWLRQ�DFFRUGLQJ� WR� LPDJH�FKDUDFWHULVWLFV�DQG�
UHFRJQLWLRQ�WKUHDWV��7KH�SURSRVHG�IUDPHZRUN�LV� LQWHQGHG�DV�D�FRQFHSWXDO�UHVHDUFK�GLUHFWLRQ�IRU�SULYDF\�
SUHVHUYLQJ� FRPSXWHU� YLVLRQ� DQG� GRHV� QRW� FODLP� D� FRPSOHWHG� LPSOHPHQWDWLRQ� RU� H[SHULPHQWDO� DFFXUDF\�
UHVXOW�

.H\ZRUGV� $GYHUVDULDO�0DFKLQH�/HDUQLQJ��$GDSWLYH� ,PDJH� )LOWHULQJ��$UWLILFLDO� ,QWHOOLJHQFH��&RPSXWHU�
9LVLRQ��'HHS�/HDUQLQJ��'LIIXVLRQ�0RGHOV��)DFLDO�3ULYDF\�3URWHFWLRQ��)DFLDO�5HFRJQLWLRQ��,PDJH�3URFHVVLQJ��
3ULYDF\�3UHVHUYLQJ�$,��6HPDQWLF�3HUWXUEDWLRQ
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� ,QWURGXFWLRQ

)DFLDO� UHFRJQLWLRQ� KDV� GHYHORSHG� UDSLGO\� ZLWK� DGYDQFHV� LQ� DUWLILFLDO� LQWHOOLJHQFH�� GHHS� OHDUQLQJ�� DQG�
FRPSXWHU�YLVLRQ��0RGHUQ�UHFRJQLWLRQ�V\VWHPV�FDQ�H[WUDFW�IDFLDO�IHDWXUHV�IURP�DQ�LPDJH�DQG�FRPSDUH�WKHP�
ZLWK� SUHYLRXVO\� VWRUHG� UHSUHVHQWDWLRQV� WR� LGHQWLI\� RU� YHULI\� DQ� LQGLYLGXDO�� 7KHVH� V\VWHPV� DUH� XVHG� LQ�
DSSOLFDWLRQV�VXFK�DV�PRELOH�DXWKHQWLFDWLRQ��DFFHVV�FRQWURO��VXUYHLOODQFH��GLJLWDO�LGHQWLW\�V\VWHPV��DQG�VRFLDO�
PHGLD�SODWIRUPV�

$OWKRXJK�IDFLDO�UHFRJQLWLRQ�SURYLGHV�XVHIXO�IXQFWLRQDOLW\��LWV�LQFUHDVLQJ�GHSOR\PHQW�DOVR�FUHDWHV�LPSRUWDQW�
SULYDF\�FRQFHUQV��)DFLDO�LPDJHV�DUH�ELRPHWULF�LQIRUPDWLRQ�EHFDXVH�WKH\�FDQ�EH�DVVRFLDWHG�ZLWK�WKH�LGHQWLW\�
RI�D�SHUVRQ��8QOLNH�D�SDVVZRUG��D�IDFH�FDQQRW�VLPSO\�EH�UHSODFHG�DIWHU�LW�KDV�EHHQ�FRPSURPLVHG��7KHUHIRUH��
XQDXWKRUL]HG�FROOHFWLRQ�DQG�SURFHVVLQJ�RI�IDFLDO�LPDJHV�FDQ�FUHDWH�ORQJ�WHUP�SULYDF\�ULVNV�

7KH�SUREOHP�EHFRPHV�PRUH�VLJQLILFDQW�ZLWK�WKH�ZLGHVSUHDG�DYDLODELOLW\�RI�RQOLQH�LPDJH�VKDULQJ�SODWIRUPV��
$�SHUVRQ�PD\�XSORDG�DQ�LPDJH�IRU�VRFLDO��SURIHVVLRQDO��RU�SHUVRQDO�SXUSRVHV�ZLWKRXW�NQRZLQJ�ZKHWKHU�WKH�
LPDJH�PD\�ODWHU�EH�FROOHFWHG�E\�DQ�DXWRPDWHG�UHFRJQLWLRQ�V\VWHP��,Q�VXFK�VLWXDWLRQV��WUDGLWLRQDO�VHFXULW\�
PHFKDQLVPV� VXFK� DV� SDVVZRUGV� DUH� QRW� VXIILFLHQW� EHFDXVH� WKH� SULYDF\� ULVN� H[LVWV� ZLWKLQ� WKH� YLVXDO�
LQIRUPDWLRQ�LWVHOI�

)DFLDO SULYDF\� SURWHFWLRQ� WKHUHIRUH� DLPV� WR�PRGLI\� IDFLDO� LPDJHV� EHIRUH� WKH\� DUH� VKDUHG� RU� SXEOLVKHG��
$GYHUVDULDO�PHWKRGV�VXFK�DV�)DZNHV�DQG�/RZ.H\�GHPRQVWUDWH�WKDW�FDUHIXOO\�GHVLJQHG�PRGLILFDWLRQV�FDQ�
LQWHUIHUH�ZLWK�IDFLDO�UHFRJQLWLRQ�V\VWHPV�ZKLOH�DWWHPSWLQJ�WR�SUHVHUYH�WKH�YLVXDO�DSSHDUDQFH�RI�WKH�RULJLQDO�
LPDJH�>�@��>�@��2WKHU�DSSURDFKHV�LQYHVWLJDWH�DGYHUVDULDO�PDNHXS��SHUVRQDOL]HG�PDVNV��VHPDQWLF�HGLWLQJ��DQG�
GLIIXVLRQ�EDVHG SURWHFWLRQ�>"@��>�@±>�@�

+RZHYHU��H[LVWLQJ�DSSURDFKHV�GR�QRW�FRPSOHWHO\�VROYH�WKH�SUREOHP��$�SULYDF\�SURWHFWLRQ�PHWKRG�PD\�ZRUN�
DJDLQVW� RQH� UHFRJQLWLRQ� DUFKLWHFWXUH� EXW� SHUIRUP�SRRUO\� DJDLQVW� DQRWKHU�� 6LPLODUO\�� LPDJH� FRPSUHVVLRQ��
UHVL]LQJ��FURSSLQJ��IRUPDW�FRQYHUVLRQ��RU�RWKHU�WUDQVIRUPDWLRQV�FDQ�UHGXFH�WKH�HIIHFWLYHQHVV�RI�DQ�DSSOLHG�
SHUWXUEDWLRQ�

7KLV�SDSHU�WKHUHIRUH�LQYHVWLJDWHV�DQ�DGDSWLYH�K\EULG�DSSURDFK�LQ�ZKLFK�PXOWLSOH�SURWHFWLRQ�PHFKDQLVPV�DUH�
FRPELQHG��7KH�SURSRVHG�IUDPHZRUN�XVHV�VHPDQWLF�SHUWXUEDWLRQ��DGDSWLYH�SL[HO�OHYHO�QRLVH��DQG�DGDSWLYH�
LPDJH�ILOWHULQJ�WR�LPSURYH�WKH�IOH[LELOLW\�RI�IDFLDO�SULYDF\�SURWHFWLRQ�

7KH�SDSHU�LV�D�FRQFHSWXDO�UHVHDUFK�VWXG\�DQG�GRHV�QRW�FODLP�D�FRPSOHWHG�UHDO�ZRUOG LPSOHPHQWDWLRQ��WUDLQHG�
PRGHO��GDWDVHW�HYDOXDWLRQ��RU�QXPHULFDO�SULYDF\�SURWHFWLRQ�UHVXOW��,QVWHDG��LW�UHYLHZV�H[LVWLQJ�UHVHDUFK�DQG�
SURSRVHV�DQ�LQWHJUDWHG�IUDPHZRUN�WKDW�FDQ�EH�LQYHVWLJDWHG�H[SHULPHQWDOO\�LQ�IXWXUH�ZRUN�

� 5HVHDUFK�4XHVWLRQV�DQG�2EMHFWLYHV

7KH�UHVHDUFK�LV�JXLGHG�E\�WKH�IROORZLQJ�TXHVWLRQV�

�� +RZ�GRHV�PRGHUQ�IDFLDO�UHFRJQLWLRQ�WHFKQRORJ\�LGHQWLI\�LQGLYLGXDOV�IURP�IDFLDO�LPDJHV"

�� :KDW�WHFKQLTXHV�DUH�FXUUHQWO\�XVHG�WR�SURWHFW�IDFLDO�LPDJHV�IURP�XQDXWKRUL]HG�UHFRJQLWLRQ"

�� :KDW�DUH�WKH�PDMRU�OLPLWDWLRQV�RI�DGYHUVDULDO�DQG�LPDJH�EDVHG�IDFLDO�SULYDF\�SURWHFWLRQ�PHWKRGV"

�� +RZ�FDQ�VHPDQWLF�SHUWXUEDWLRQ�LPSURYH�IDFLDO�SULYDF\�SURWHFWLRQ"
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�� +RZ�FDQ�DGDSWLYH�SL[HO�OHYHO�QRLVH�EH�XVHG�DFFRUGLQJ�WR�IDFLDO�LPDJH�FKDUDFWHULVWLFV"

�� +RZ�FDQ�DGDSWLYH�LPDJH�ILOWHULQJ�FRPSOHPHQW�VHPDQWLF�DQG�SL[HO�OHYHO�SURWHFWLRQ"

�� +RZ�FDQ�D�K\EULG�IUDPHZRUN�EDODQFH�SULYDF\��UREXVWQHVV��LPDJH�TXDOLW\��DQG�FRPSXWDWLRQDO�FRVW"

7KH�PDMRU�REMHFWLYHV�RI�WKLV�UHVHDUFK�DUH�

�� 7R�VWXG\�IDFLDO�UHFRJQLWLRQ�WHFKQRORJ\�DQG�LWV�SULYDF\�LPSOLFDWLRQV�

�� 7R�XQGHUVWDQG�H[LVWLQJ�IDFLDO�SULYDF\�SURWHFWLRQ�WHFKQLTXHV�

�� 7R�DQDO\VH�WKH�OLPLWDWLRQV�RI�FXUUHQW�SULYDF\�SUHVHUYLQJ�PHWKRGV�

�� 7R�VWXG\�VHPDQWLF�SHUWXUEDWLRQ�IRU�IDFLDO�SULYDF\�SURWHFWLRQ�

�� 7R�LQYHVWLJDWH�DGDSWLYH�SL[HO�OHYHO�QRLVH�IRU�IDFLDO�LPDJHV�

�� 7R�LQYHVWLJDWH�DGDSWLYH�LPDJH�ILOWHULQJ�EDVHG�RQ�LPDJH�FRQWHQW�

�� 7R�SURSRVH�D�FRQFHSWXDO�K\EULG�IUDPHZRUN�FRPELQLQJ�PXOWLSOH�SURWHFWLRQ�PHFKDQLVPV�

�� 7R�LGHQWLI\�VXLWDEOH�HYDOXDWLRQ�SDUDPHWHUV�IRU�SULYDF\��UREXVWQHVV��LPDJH�TXDOLW\��DQG�FRPSXWDWLRQDO�
HIILFLHQF\�

� )DFLDO�5HFRJQLWLRQ�DQG�3ULYDF\

)DFLDO� UHFRJQLWLRQ� V\VWHPV� JHQHUDOO\� SHUIRUP� D� VHTXHQFH� RI� RSHUDWLRQV� LQFOXGLQJ� IDFH� GHWHFWLRQ��
SUHSURFHVVLQJ��IHDWXUH�H[WUDFWLRQ��DQG�LGHQWLW\�FRPSDULVRQ��$�IDFLDO�LPDJH�LV�ILUVW�SURFHVVHG�WR�LGHQWLI\�WKH�
UHJLRQ�FRQWDLQLQJ�D�IDFH��$�UHFRJQLWLRQ�PRGHO�WKHQ�FRQYHUWV�WKH�IDFLDO�UHJLRQ�LQWR�D�IHDWXUH�UHSUHVHQWDWLRQ��
7KLV�UHSUHVHQWDWLRQ�FDQ�VXEVHTXHQWO\�EH�FRPSDUHG�ZLWK�VWRUHG�UHSUHVHQWDWLRQV�WR�GHWHUPLQH�ZKHWKHU�WZR�
IDFLDO�LPDJHV�EHORQJ�WR�WKH�VDPH�SHUVRQ�

7KH�DFFXUDF\�DQG�HIIHFWLYHQHVV�RI�PRGHUQ�UHFRJQLWLRQ�V\VWHPV�KDYH�LQFUHDVHG�EHFDXVH�RI�GHHS�OHDUQLQJ�
DUFKLWHFWXUHV��&RQYROXWLRQDO�QHXUDO�QHWZRUNV�DQG�RWKHU�UHSUHVHQWDWLRQ�OHDUQLQJ�PRGHOV�FDQ�OHDUQ�FRPSOH[�
SDWWHUQV�DVVRFLDWHG�ZLWK�IDFLDO�LGHQWLW\�

7KH�VDPH�FDSDELOLW\�WKDW�PDNHV�UHFRJQLWLRQ�XVHIXO�DOVR�FUHDWHV�SULYDF\�FRQFHUQV��:KHQ�D�IDFLDO�LPDJH�LV�
SXEOLFO\�DYDLODEOH��DQ�XQDXWKRULVHG V\VWHP�PD\�DWWHPSW�WR�LGHQWLI\�WKH�SHUVRQ�ZLWKRXW�GLUHFW�LQWHUDFWLRQ�RU�
H[SOLFLW�FRQVHQW�

)DFLDO�SULYDF\�SURWHFWLRQ�WKHUHIRUH�DLPV�WR�PRGLI\�WKH�LPDJH�LQ�VXFK�D�ZD\�WKDW�

� WKH�SURWHFWHG�LPDJH�UHPDLQV�YLVXDOO\�DFFHSWDEOH�WR�D�KXPDQ�YLHZHU�

� DXWRPDWHG�IDFLDO�UHFRJQLWLRQ�EHFRPHV�OHVV�UHOLDEOH�

� WKH�SURWHFWLRQ�UHPDLQV�HIIHFWLYH�DIWHU�FRPPRQ�LPDJH�WUDQVIRUPDWLRQV�

� WKH�FRPSXWDWLRQDO�FRVW�UHPDLQV�SUDFWLFDO��DQG

� WKH�SURWHFWLRQ�FDQ�JHQHUDOL]H�DFURVV�GLIIHUHQW�UHFRJQLWLRQ�PRGHOV�
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� /LWHUDWXUH�5HYLHZ

5HVHDUFK�LQ�IDFLDO�SULYDF\�SURWHFWLRQ�KDV�LQYHVWLJDWHG�VHYHUDO�DSSURDFKHV��7KHVH�DSSURDFKHV�FDQ�EURDGO\�
EH� FODVVLILHG� LQWR� DGYHUVDULDO� SHUWXUEDWLRQ�� VHPDQWLF� PDQLSXODWLRQ�� SHUVRQDOLVHG SURWHFWLRQ�� DGYHUVDULDO�
DSSHDUDQFH�PRGLILFDWLRQ��DQG�GLIIXVLRQ�EDVHG�PHWKRGV�

��� )DZNHV

)DZNHV�LQYHVWLJDWHG�LPDJH�FORDNLQJ�WR�SURWHFW�LQGLYLGXDOV�DJDLQVW�XQDXWKRULVHG IDFLDO�UHFRJQLWLRQ�>�@��7KH�
EDVLF�LGHD�LV�WR�PRGLI\�DQ�LPDJH�LQ�D�ZD\�WKDW�UHPDLQV�GLIILFXOW�IRU�KXPDQV�WR�QRWLFH�ZKLOH�DOWHULQJ�WKH�
IHDWXUHV�XVHG�E\�UHFRJQLWLRQ�PRGHOV�

)DZNHV�GHPRQVWUDWHG�WKDW�DGYHUVDULDO�LPDJH�PRGLILFDWLRQV�FRXOG�EH�XVHG�DV�D�SULYDF\�WRRO�UDWKHU�WKDQ�RQO\�
DV�DQ�DWWDFN�WHFKQLTXH��+RZHYHU��SURWHFWLRQ�HIIHFWLYHQHVV�FDQ�GHSHQG�RQ�WKH�WDUJHW�UHFRJQLWLRQ�PRGHOV�DQG�
WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�SURWHFWHG�LPDJH�LV�SURFHVVHG�

��� /RZ.H\

&KHUHSDQRYD�HW�DO��SURSRVHG�/RZ.H\�DV�D�SULYDF\�SUHVHUYLQJ�DSSURDFK�IRU�IDFLDO�LPDJHV�>�@��7KH�PHWKRG�
LQYHVWLJDWHV� VWURQJHU� SURWHFWLRQ� DJDLQVW� IDFH� UHFRJQLWLRQ� V\VWHPV� E\� DSSO\LQJ� FDUHIXOO\� RSWLPL]HG�
SHUWXUEDWLRQV�

6XFK�DSSURDFKHV�GHPRQVWUDWH�WKH�SRWHQWLDO�RI�DGYHUVDULDO�PDFKLQH�OHDUQLQJ�IRU�IDFLDO�SULYDF\��+RZHYHU��
UREXVWQHVV� DJDLQVW� WUDQVIRUPDWLRQV� DQG� JHQHUDOL]DWLRQ� DFURVV� UHFRJQLWLRQ� PRGHOV� UHPDLQ� LPSRUWDQW�
FRQVLGHUDWLRQV�

��� 6W\OH$GY

/H�HW�DO��LQYHVWLJDWHG�6W\OH$GY��DQ�DSSURDFK�EDVHG�RQ�DGYHUVDULDO�PRGLILFDWLRQ�RI�YLVXDO�FKDUDFWHULVWLFV�>�@��
7KH�UHVHDUFK�LOOXVWUDWHV�KRZ�VHPDQWLF�DQG�DSSHDUDQFH�OHYHO�PRGLILFDWLRQV�FDQ�LQWHUIHUH�ZLWK�UHFRJQLWLRQ�
ZKLOH�PDLQWDLQLQJ�D�QDWXUDO�YLVXDO�DSSHDUDQFH�

7KLV� GLUHFWLRQ� LV� UHOHYDQW� WR� WKH� SURSRVHG IUDPHZRUN� EHFDXVH� VHPDQWLF� PRGLILFDWLRQ� FDQ� FRPSOHPHQW�
FRQYHQWLRQDO�SL[HO�OHYHO�SHUWXUEDWLRQ�

��� 'LII$0

6XQ� HW� DO�� SURSRVHG�'LII$0��ZKLFK� LQYHVWLJDWHV� GLIIXVLRQ�EDVHG� DGYHUVDULDO�PDNHXS� IRU� IDFLDO� SULYDF\�
SURWHFWLRQ� >�@�� 'LIIXVLRQ� PRGHOV� SURYLGH� D� SRZHUIXO� PHFKDQLVP� IRU� PRGLI\LQJ� YLVXDO� FRQWHQW� ZKLOH�
SUHVHUYLQJ�UHDOLVWLF�DSSHDUDQFH�

+RZHYHU��GLIIXVLRQ�EDVHG�JHQHUDWLRQ�PD\�UHTXLUH�JUHDWHU�FRPSXWDWLRQDO�UHVRXUFHV�FRPSDUHG�ZLWK�VLPSOHU�
LPDJH�SURFHVVLQJ�PHWKRGV�

��� &ORDN'LII

/X�HW�DO��LQYHVWLJDWHG�&ORDN'LII� ZKLFK�DSSOLHV�GLIIXVLRQ�EDVHG�PHWKRGV�WR�WKH�SUREOHP�RI�IDFLDO�SULYDF\�
SURWHFWLRQ� >�@�� 'LIIXVLRQ�EDVHG� SULYDF\� WHFKQLTXHV� GHPRQVWUDWH� WKH� SRVVLELOLW\� RI� FRPELQLQJ� VWURQJ�
VHPDQWLF�LPDJH�PRGLILFDWLRQ�ZLWK�DGYHUVDULDO�SURWHFWLRQ�
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7KH� FRPSXWDWLRQDO� FRVW� DQG� SUDFWLFDO� GHSOR\PHQW� UHTXLUHPHQWV� RI� GLIIXVLRQ� PRGHOV� UHPDLQ� LPSRUWDQW�
HQJLQHHULQJ�FKDOOHQJHV�

��� 'LII8(

0HHU]D� HW� DO�� LQYHVWLJDWHG�'LII8(�� UHSUHVHQWLQJ�D� UHFHQW�GLUHFWLRQ� LQ�GLIIXVLRQ�EDVHG�SULYDF\�SURWHFWLRQ�
UHVHDUFK�>�@��6XFK�UHVHDUFK�LQGLFDWHV�LQFUHDVLQJ�LQWHUHVW�LQ�JHQHUDWLYH�PRGHOV�IRU�SURWHFWLQJ�IDFLDO�LGHQWLW\�
ZKLOH�PDLQWDLQLQJ�YLVXDOO\�SODXVLEOH�LPDJHV�

7KH�OLWHUDWXUH�VXJJHVWV�WKDW�IXWXUH�SULYDF\�V\VWHPV�PD\�QHHG�WR�FRPELQH�PXOWLSOH�SURWHFWLRQ�OHYHOV�LQVWHDG�
RI�UHO\LQJ�RQ�D�VLQJOH�SHUWXUEDWLRQ�PHFKDQLVP�

� &RPSDUDWLYH�$QDO\VLV

7DEOH�,�VXPPDUL]HV�VHOHFWHG�UHVHDUFK�GLUHFWLRQV�UHODWHG�WR�IDFLDO�SULYDF\�SURWHFWLRQ�

7DEOH����&RPSDULVRQ�RI�6HOHFWHG�)DFLDO�3ULYDF\�3URWHFWLRQ�6WXGLHV

<HDU 6WXG\ $SSURDFK 0DLQ�,GHD 6WUHQJWK /LPLWDWLRQ

���� 'LII8( 'LIIXVLRQ�EDVHG 8VHV�GLIIXVLRQ�
EDVHG LPDJH�
PDQLSXODWLRQ�IRU�
SULYDF\

6HPDQWLF�
PRGLILFDWLRQ

&RPSXWDWLRQDO�
FRVW

���� &ORDN'LII 'LIIXVLRQ�EDVHG $SSOLHV�GLIIXVLRQ�
WHFKQLTXHV�IRU�
IDFLDO�LGHQWLW\�
SURWHFWLRQ

1DWXUDO�LPDJH�
PRGLILFDWLRQ

*HQHUDWLRQ�
FRPSOH[LW\

���� 'LII$0 'LIIXVLRQ� ��
DGYHUVDULDO�
PDNHXS

0RGLILHV�IDFLDO�
DSSHDUDQFH�WR�UHGXFH
UHFRJQLWLRQ

5HDOLVWLF�
DSSHDUDQFH�
PRGLILFDWLRQ

0RGHO�
GHSHQGHQFH

���� 6W\OH$GY 6W\OH�EDVHG�
DGYHUVDULDO�
PHWKRG

8VHV�DSSHDUDQFH�
OHYHO PRGLILFDWLRQV�
DJDLQVW�UHFRJQLWLRQ

6HPDQWLF�YLVXDO�
PRGLILFDWLRQ

5REXVWQHVV�
FRQFHUQV

���� /RZ.H\ $GYHUVDULDO�
SHUWXUEDWLRQ

2SWLPL]HV�
SHUWXUEDWLRQV�
DJDLQVW�UHFRJQLWLRQ�
V\VWHPV

$GYHUVDULDO�
SURWHFWLRQ

0RGHO�
GHSHQGHQFH

���� )DZNHV ,PDJH�FORDNLQJ $SSOLHV�DGYHUVDULDO�
PRGLILFDWLRQV

3ULYDF\�
RULHQWHG�
DSSURDFK

5HFRJQLWLRQ�
GHSHQGHQFH
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� 3URSRVHG�$GDSWLYH�+\EULG�)UDPHZRUN

7KH�SURSRVHG�IUDPHZRUN�FRPELQHV�VHPDQWLF�SHUWXUEDWLRQ��DGDSWLYH�SL[HO�OHYHO�QRLVH��DQG�DGDSWLYH�LPDJH�
ILOWHULQJ�

7KH�FHQWUDO�LGHD�LV�WKDW�QR�VLQJOH�SURWHFWLRQ�WHFKQLTXH�VKRXOG�EH�DVVXPHG�WR�EH�VXIILFLHQW�IRU�HYHU\�IDFLDO�
LPDJH�DQG�HYHU\�UHFRJQLWLRQ�V\VWHP��,QVWHDG��WKH�SURWHFWLRQ�LQWHQVLW\�FDQ�EH�DGMXVWHG�DFFRUGLQJ�WR�LPDJH�
FKDUDFWHULVWLFV�DQG�WKH�GHVLUHG�SULYDF\�OHYHO�

7KH�SURSRVHG�SURFHVVLQJ�SLSHOLQH�LV�

,QSXW� )DFLDO� ,PDJH� ĺ� )DFH� 'HWHFWLRQ� DQG� 3UHSURFHVVLQJ� ĺ� )DFLDO� )HDWXUH� $QDO\VLV� ĺ� 6HPDQWLF�
3HUWXUEDWLRQ�ĺ�$GDSWLYH�3L[HO�/HYHO�1RLVH�ĺ�$GDSWLYH� ,PDJH�)LOWHULQJ�ĺ�3URWHFWHG�)DFLDO� ,PDJH�ĺ�
(YDOXDWLRQ

��� ,QSXW�)DFLDO�,PDJH

7KH�V\VWHP�DFFHSWV�D�IDFLDO�LPDJH�DV�LWV�LQSXW��7KH�LPDJH�PD\�RULJLQDWH�IURP�D�SHUVRQDO�SKRWRJUDSK��VRFLDO�
PHGLD�LPDJH��SURILOH�SKRWRJUDSK��RU�DQRWKHU�VRXUFH�ZKHUH�IDFLDO�SULYDF\�LV�UHTXLUHG�

��� )DFH�'HWHFWLRQ�DQG�3UHSURFHVVLQJ

7KH� IDFLDO� UHJLRQ� LV� LGHQWLILHG� DQG� VHSDUDWHG� IURP� LUUHOHYDQW� LPDJH� FRQWHQW��3UHSURFHVVLQJ�PD\� LQFOXGH�
UHVL]LQJ��QRUPDOL]DWLRQ��DOLJQPHQW��DQG�UHPRYDO�RI�XQQHFHVVDU\�EDFNJURXQG�LQIRUPDWLRQ�

��� )DFLDO�)HDWXUH�$QDO\VLV

,PSRUWDQW� IDFLDO�FKDUDFWHULVWLFV�DUH�DQDO\VHG� WR�GHWHUPLQH�DUHDV� WKDW�PD\� VWURQJO\�FRQWULEXWH� WR� LGHQWLW\�
UHFRJQLWLRQ�

7KH�DQDO\VLV�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�DSSURSULDWH�SURWHFWLRQ�LQWHQVLW\�LQVWHDG�RI�DSSO\LQJ�WKH�VDPH�
PRGLILFDWLRQ�WR�HYHU\�LPDJH�

��� 6HPDQWLF�3HUWXUEDWLRQ

6HPDQWLF�SHUWXUEDWLRQ�PRGLILHV�PHDQLQJIXO�YLVXDO�FKDUDFWHULVWLFV�RI�WKH�IDFH��7KH�REMHFWLYH�LV�WR�FKDQJH�
LGHQWLW\�UHODWHG�LQIRUPDWLRQ�ZKLOH�UHWDLQLQJ�D�QDWXUDO�RYHUDOO�DSSHDUDQFH�

7KH�SURWHFWHG�VHPDQWLF�UHSUHVHQWDWLRQ�FDQ�EH�UHSUHVHQWHG�DV�

,V� �I�,�6� ���

ZKHUH�,�LV WKH�RULJLQDO�LPDJH��6�UHSUHVHQWV�VHPDQWLF�PRGLILFDWLRQ�SDUDPHWHUV��DQG�I�UHSUHVHQWV�WKH�VHPDQWLF�
WUDQVIRUPDWLRQ�IXQFWLRQ�

��� $GDSWLYH�3L[HO�/HYHO�1RLVH

3L[HO�OHYHO�SHUWXUEDWLRQ�FDQ�WKHQ�EH�DSSOLHG�WR�IXUWKHU�LQWHUIHUH�ZLWK�UHFRJQLWLRQ�IHDWXUHV�

$�VLPSOH�UHSUHVHQWDWLRQ�LV�

,S� �,���1 ���
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ZKHUH�,�UHSUHVHQWV�WKH�LQSXW�LPDJH�DQG�1�UHSUHVHQWV�DQ�DGYHUVDULDO�QRLVH�FRPSRQHQW�

,Q�WKH�SURSRVHG�IUDPHZRUN��WKH�QRLVH�LV�DGDSWLYH�UDWKHU�WKDQ�IL[HG��,WV�PDJQLWXGH�DQG�VSDWLDO�GLVWULEXWLRQ�
FDQ�GHSHQG�RQ�LPDJH�FKDUDFWHULVWLFV�

$IWHU�VHPDQWLF�PRGLILFDWLRQ��WKH�SURWHFWHG�LPDJH�FDQ�EH�UHSUHVHQWHG�DV�

,S� �,V���1 ���

ZKHUH�,V�UHSUHVHQWV�WKH�VHPDQWLFDOO\�PRGLILHG�LPDJH�

��� $GDSWLYH�,PDJH�)LOWHULQJ

$Q�DGGLWLRQDO�ILOWHULQJ�VWDJH�FDQ�EH�DSSOLHG�DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�RI�WKH�SURWHFWHG�LPDJH�

7KH�ILOWHULQJ�IXQFWLRQ�FDQ�EH�UHSUHVHQWHG�DV�

,I� �J�,S�)� ���

ZKHUH�,S�LV�WKH�SHUWXUEHG�LPDJH��)�UHSUHVHQWV�DGDSWLYH�ILOWHULQJ�SDUDPHWHUV��DQG�J�UHSUHVHQWV�WKH�ILOWHULQJ�
IXQFWLRQ�

7KH�SXUSRVH�RI�WKLV�VWDJH�LV�WR�EDODQFH�SULYDF\�SURWHFWLRQ�DQG�YLVXDO�TXDOLW\�

��� 3URWHFWHG�)DFLDO�,PDJH

7KH� ILQDO� RXWSXW� LV� DQ� LPDJH� GHVLJQHG� WR� SUHVHUYH� DFFHSWDEOH� YLVXDO� DSSHDUDQFH� ZKLOH� UHGXFLQJ� WKH�
HIIHFWLYHQHVV�RI�XQDXWKRUL]HG�IDFLDO�UHFRJQLWLRQ�

7KH�V\VWHP�VKRXOG�QRW�DVVXPH�WKDW�SULYDF\�LV�DFKLHYHG�VLPSO\�EHFDXVH�D�VLQJOH�UHFRJQLWLRQ�PRGHO�IDLOV��
(YDOXDWLRQ�VKRXOG�FRQVLGHU�PXOWLSOH�UHFRJQLWLRQ�DUFKLWHFWXUHV�DQG�FRPPRQ�LPDJH�WUDQVIRUPDWLRQV�

� 6\VWHP�$UFKLWHFWXUH

7KH�FRQFHSWXDO�DUFKLWHFWXUH�RI�WKH�SURSRVHG�IUDPHZRUN�FRQVLVWV�RI�ILYH�PDMRU�OD\HUV�

��� ,QSXW�/D\HU

7KH�LQSXW�OD\HU�UHFHLYHV�IDFLDO�LPDJHV�IURP�WKH�XVHU�RU�DQ�LPDJH�VKDULQJ�DSSOLFDWLRQ�

��� $QDO\VLV�/D\HU

7KH�DQDO\VLV�OD\HU�SHUIRUPV�IDFH�GHWHFWLRQ��SUHSURFHVVLQJ��DQG�IDFLDO�IHDWXUH�DQDO\VLV�

��� 3URWHFWLRQ�/D\HU

7KH�SURWHFWLRQ�OD\HU�FRQWDLQV�WKH�WKUHH�PDMRU�PHFKDQLVPV�

�� VHPDQWLF�SHUWXUEDWLRQ�

�� DGDSWLYH�SL[HO�OHYHO�QRLVH��DQG

�� DGDSWLYH�LPDJH�ILOWHULQJ�
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��� 2XWSXW�/D\HU

7KH�RXWSXW�OD\HU�SURGXFHV�WKH�SURWHFWHG�IDFLDO�LPDJH�

��� (YDOXDWLRQ�/D\HU

7KH� HYDOXDWLRQ� OD\HU� PHDVXUHV� SULYDF\� SURWHFWLRQ�� UREXVWQHVV�� LPDJH� TXDOLW\�� DQG� FRPSXWDWLRQDO�
UHTXLUHPHQWV�

� (YDOXDWLRQ�3DUDPHWHUV

$� IXWXUH� H[SHULPHQWDO� LPSOHPHQWDWLRQ� RI� WKH� SURSRVHG� IUDPHZRUN� VKRXOG� HYDOXDWH� WKH� IROORZLQJ�
SDUDPHWHUV�

��� 3ULYDF\�3URWHFWLRQ

3ULYDF\�SURWHFWLRQ�FDQ�EH�HYDOXDWHG�E\�PHDVXULQJ�WKH�UHFRJQLWLRQ�SHUIRUPDQFH�EHIRUH�DQG�DIWHU�DSSO\LQJ�
WKH�SURWHFWLRQ�IUDPHZRUN�

$�VXFFHVVIXO�SURWHFWLRQ�PHWKRG�VKRXOG�UHGXFH�XQDXWKRULVHG LGHQWLILFDWLRQ�RU�YHULILFDWLRQ�SHUIRUPDQFH�ZKLOH�
PDLQWDLQLQJ�DFFHSWDEOH�YLVXDO�TXDOLW\�

��� 5REXVWQHVV

7KH�SURWHFWHG�LPDJH�VKRXOG�EH�WHVWHG�DIWHU�FRPPRQ�WUDQVIRUPDWLRQV�VXFK�DV�

� -3(*�FRPSUHVVLRQ�

� UHVL]LQJ�

� FURSSLQJ�

� EULJKWQHVV�FKDQJHV�

� LPDJH�IRUPDW�FRQYHUVLRQ�

� PLOG�LPDJH�ILOWHULQJ�

5REXVWQHVV� LV� LPSRUWDQW�EHFDXVH�DQ�DWWDFNHU�PD\�SURFHVV� WKH�LPDJH�EHIRUH�IHHGLQJ�LW� LQWR�D�UHFRJQLWLRQ�
V\VWHP�

��� ,PDJH�4XDOLW\

3ULYDF\�SURWHFWLRQ�VKRXOG�QRW�PDNH�WKH�LPDJH�XQXVDEOH�IRU�QRUPDO�KXPDQ�YLHZLQJ�

3RVVLEOH�HYDOXDWLRQ�PHWULFV�LQFOXGH�

� 3HDN�6LJQDO�WR�1RLVH�5DWLR��3615��

� 6WUXFWXUDO�6LPLODULW\�,QGH[��66,0��

� SHUFHSWXDO�VLPLODULW\��DQG

� KXPDQ�YLVXDO�DVVHVVPHQW�
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��� &RPSXWDWLRQDO�&RVW

7KH�SURFHVVLQJ�WLPH��PHPRU\�FRQVXPSWLRQ��DQG�KDUGZDUH�UHTXLUHPHQWV�VKRXOG�DOVR�EH�PHDVXUHG�

7KLV�SDUDPHWHU�LV�HVSHFLDOO\�LPSRUWDQW�IRU�GLIIXVLRQ�EDVHG�WHFKQLTXHV�EHFDXVH�JHQHUDWLYH�LPDJH�SURFHVVLQJ�
FDQ�EH�FRPSXWDWLRQDOO\�H[SHQVLYH�

� $SSOLFDWLRQV

7KH�SURSRVHG�IUDPHZRUN�PD\�EH�XVHIXO�LQ�VHYHUDO�SULYDF\�VHQVLWLYH�DSSOLFDWLRQV�

��� 6RFLDO�0HGLD�3ULYDF\

8VHUV�FDQ�SURWHFW�IDFLDO�SKRWRJUDSKV�EHIRUH�XSORDGLQJ�WKHP�WR�VRFLDO�PHGLD�SODWIRUPV�

��� 3HUVRQDO�3KRWRJUDSK�3URWHFWLRQ

3ULYDWH�SKRWRJUDSKV�FDQ�EH�PRGLILHG�EHIRUH�EHLQJ�VWRUHG�RU�VKDUHG�RQOLQH�

��� 3ULYDF\�$ZDUH�,PDJH�6KDULQJ

7KH�IUDPHZRUN�FDQ�VXSSRUW�LPDJH�VKDULQJ�V\VWHPV�ZKHUH�XVHUV�ZDQW�WR�PDLQWDLQ�FRQWURO�RYHU�ELRPHWULF�
LQIRUPDWLRQ�

��� 2QOLQH�3URILOH�3URWHFWLRQ

3URILOH�SKRWRJUDSKV�FDQ�EH�SURWHFWHG�DJDLQVW�XQDXWKRUL]HG�DXWRPDWHG�LGHQWLILFDWLRQ�

��� 3ULYDF\�3UHVHUYLQJ�&RPSXWHU�9LVLRQ

7KH� IUDPHZRUN� FDQ� VXSSRUW� DSSOLFDWLRQV� ZKHUH� LPDJHV� PXVW� UHPDLQ� YLVXDOO\� XVHIXO� ZKLOH� UHGXFLQJ�
XQQHFHVVDU\�H[SRVXUH�RI�LGHQWLW\�LQIRUPDWLRQ�

�� /LPLWDWLRQV

7KH�SURSRVHG�IUDPHZRUN�LV�FRQFHSWXDO�DQG�VHYHUDO�OLPLWDWLRQV�PXVW�EH�FRQVLGHUHG�

)LUVW��SULYDF\�SURWHFWLRQ�PD\�GHSHQG�RQ�WKH�UHFRJQLWLRQ�DUFKLWHFWXUH�DJDLQVW�ZKLFK�WKH�LPDJH�LV�HYDOXDWHG��
$�PHWKRG�WKDW�UHGXFHV�UHFRJQLWLRQ�SHUIRUPDQFH�IRU�RQH�PRGHO�PD\�QRW�SURYLGH�WKH�VDPH�SURWHFWLRQ�DJDLQVW�
DQRWKHU�

6HFRQG�� FRPPRQ� LPDJH� WUDQVIRUPDWLRQV� FDQ�ZHDNHQ� DGYHUVDULDO�PRGLILFDWLRQV�� &RPSUHVVLRQ�� UHVL]LQJ��
FURSSLQJ��DQG�ILOWHULQJ�PD\�UHPRYH RU�DOWHU�XVHIXO�SHUWXUEDWLRQV�

7KLUG��VWURQJHU�SURWHFWLRQ�PD\�UHGXFH�YLVXDO�TXDOLW\��7KHUHIRUH��SULYDF\�DQG�LPDJH�TXDOLW\�PXVW�EH�WUHDWHG�
DV�FRPSHWLQJ�REMHFWLYHV�

)RXUWK��GLIIXVLRQ�EDVHG�SURWHFWLRQ�PD\�UHTXLUH�VLJQLILFDQW�FRPSXWDWLRQDO�UHVRXUFHV�DQG�PD\�QRW�EH�VXLWDEOH�
IRU�ORZ�SRZHU�RU�UHDO�WLPH�HQYLURQPHQWV�ZLWKRXW�RSWLPL]DWLRQ�

)LQDOO\��QR�SULYDF\�SURWHFWLRQ�WHFKQLTXH�VKRXOG�EH�LQWHUSUHWHG�DV�SURYLGLQJ�DQ�DEVROXWH�JXDUDQWHH�DJDLQVW�
HYHU\�SRVVLEOH�UHFRJQLWLRQ�V\VWHP�
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�� )XWXUH�6FRSH

)XWXUH�UHVHDUFK�FDQ�H[WHQG�WKH�SURSRVHG�IUDPHZRUN�LQ�VHYHUDO�GLUHFWLRQV�

�� $GDSWLYH�SURWHFWLRQ�FDQ�EH�GHYHORSHG�IRU�GLIIHUHQW�IDFLDO�UHFRJQLWLRQ�DUFKLWHFWXUHV�

�� 7UDQVIRUPDWLRQ�DZDUH� SURWHFWLRQ� FDQ� EH� LQYHVWLJDWHG� WR� LPSURYH� UREXVWQHVV� DIWHU� FRPSUHVVLRQ��
UHVL]LQJ��DQG�FURSSLQJ�

�� /LJKWZHLJKW�GLIIXVLRQ�PRGHOV�FDQ�EH�VWXGLHG�WR�UHGXFH�FRPSXWDWLRQDO�UHTXLUHPHQWV�

�� 6HPDQWLF�SHUWXUEDWLRQ�DQG�SL[HO�OHYHO�DGYHUVDULDO�QRLVH�FDQ�EH�MRLQWO\�RSWLPL]HG�

�� $GDSWLYH�ILOWHULQJ�FDQ�EH�LPSURYHG�XVLQJ�LPDJH�FRQWHQW�DQDO\VLV�

�� 5HDO�WLPH�SULYDF\�SURWHFWLRQ�FDQ�EH�LQYHVWLJDWHG�IRU�PRELOH�GHYLFHV�DQG�VRFLDO�PHGLD�DSSOLFDWLRQV�

�� ([SHULPHQWV�FDQ�EH�FRQGXFWHG�XVLQJ�PXOWLSOH�SXEOLF�IDFLDO�LPDJH�GDWDVHWV�

�� &URVV�PRGHO�DQG�EODFN�ER[�HYDOXDWLRQ�FDQ�EH�XVHG�WR�LQYHVWLJDWH�JHQHUDOLVDWLRQ�

�� +XPDQ� YLVXDO�TXDOLW\� VWXGLHV� FDQ� EH� SHUIRUPHG� WR� GHWHUPLQH� ZKHWKHU� SURWHFWHG� LPDJHV� UHPDLQ�
DFFHSWDEOH�WR�XVHUV�

&RQFOXVLRQ

)DFLDO� UHFRJQLWLRQ� SURYLGHV� VLJQLILFDQW� EHQHILWV� LQ� DXWKHQWLFDWLRQ�� VXUYHLOODQFH�� VHFXULW\�� DQG� FRPSXWHU�
YLVLRQ�DSSOLFDWLRQV��EXW�LWV�ZLGHVSUHDG�XVH�DOVR�FUHDWHV�LPSRUWDQW�SULYDF\�FKDOOHQJHV�

)DFLDO� LPDJHV�FRQWDLQ�ELRPHWULF� LQIRUPDWLRQ�WKDW�FDQ�SRWHQWLDOO\�EH�FROOHFWHG�DQG�SURFHVVHG�ZLWKRXW� WKH�
NQRZOHGJH�RU�FRQVHQW�RI�WKH�LQGLYLGXDO�

([LVWLQJ� UHVHDUFK� KDV� LQYHVWLJDWHG� VHYHUDO� SULYDF\� SURWHFWLRQ� VWUDWHJLHV�� LQFOXGLQJ� DGYHUVDULDO� LPDJH�
FORDNLQJ�� SHUVRQDOL]HG� SHUWXUEDWLRQV�� VHPDQWLF� PRGLILFDWLRQ�� DGYHUVDULDO� PDNHXS�� DQG� GLIIXVLRQ�EDVHG�
LPDJH� JHQHUDWLRQ�� 7KHVH� DSSURDFKHV� GHPRQVWUDWH� WKDW� IDFLDO� LPDJHV� FDQ� EH� PRGLILHG� WR� LQWHUIHUH� ZLWK�
DXWRPDWHG�UHFRJQLWLRQ�ZKLOH�DWWHPSWLQJ�WR�PDLQWDLQ�YLVXDO�TXDOLW\�

+RZHYHU�� FKDOOHQJHV� UHPDLQ� LQ� UREXVWQHVV�� PRGHO� GHSHQGHQFH�� FRPSXWDWLRQDO� FRVW�� LPDJH� TXDOLW\�� DQG�
JHQHUDOL]DWLRQ��$�VLQJOH�SURWHFWLRQ�PHFKDQLVP�PD\�QRW�EH�VXIILFLHQW�XQGHU�FKDQJLQJ�UHFRJQLWLRQ�PRGHOV�
DQG�LPDJH�WUDQVIRUPDWLRQV�

7KLV� SDSHU� WKHUHIRUH� SURSRVHV� D� FRQFHSWXDO� DGDSWLYH� K\EULG� IUDPHZRUN� WKDW� FRPELQHV� VHPDQWLF�
SHUWXUEDWLRQ��DGDSWLYH�SL[HO�OHYHO�QRLVH��DQG�DGDSWLYH�LPDJH�ILOWHULQJ��7KH�IUDPHZRUN�LV�LQWHQGHG�WR�SURYLGH�
PXOWLSOH�OHYHOV�RI�SURWHFWLRQ�ZKLOH�PDLQWDLQLQJ�DFFHSWDEOH�LPDJH�TXDOLW\��)XWXUH�H[SHULPHQWDO�ZRUN�VKRXOG�
HYDOXDWH� WKH� IUDPHZRUN� XVLQJ� PXOWLSOH� UHFRJQLWLRQ� PRGHOV�� GDWDVHWV�� LPDJH� WUDQVIRUPDWLRQV�� SULYDF\�
PHWULFV��LPDJH�TXDOLW\�PHDVXUHV��DQG�FRPSXWDWLRQDO�FRQVWUDLQWV�

7KH�SURSRVHG�DSSURDFK�UHSUHVHQWV�D�UHVHDUFK�GLUHFWLRQ�WRZDUG�SULYDF\�DZDUH�FRPSXWHU�YLVLRQ�V\VWHPV�LQ�
ZKLFK�LQGLYLGXDOV�FDQ�KDYH�JUHDWHU�FRQWURO�RYHU�WKH�XVH�RI�WKHLU�IDFLDO�ELRPHWULF�LQIRUPDWLRQ�
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