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� =DSRUL]K]KLD�1DWLRQDO�8QLYHUVLW\��25&,'���������������������
� =DSRUL]K]KLD�1DWLRQDO�8QLYHUVLW\��25&,'��������������������;
V�FKRSRURII#]QX�HGX�XD

.H\�ZRUGV�
DOJRULWKP��EORFN�FLSKHU��GHQLDEOH HQ�
FU\SWLRQ��HQFU\SWLRQ PRGH��WH[W�HQ�
FU\SWLRQ�

7KH�SUREOHPV�RI�XQDXWKRUL]HG�DFFHVV�WR�WKH�WRS�V\VWHPV�DQG GDWD�VWHDOLQJ�
DUH�FRQVLGHUHG��7KH�GHQLDEOH�HQFU\SWLRQ�LV�RQH�RI�WKH�PRVW�FRPPRQ�LQ�
FRPSXWHU�V\VWHPV��%XW�WKLV�HQFU\SWLRQ�KDV�VRPH�UHVWULFWLRQV�WKDW�DUH�UH�
ODWHG� WR� WKH� FDSDFLW\� DQG�EORFN� FLSKHU�� ,Q� WKLV� DUWLFOH�� WKH�EORFN� FLSKHU�
DOJRULWKP�KDV�EHHQ�GHYHORSHG��7KLV�EORFN�FLSKHU�KDV�JRRG�FDSDFLW\��1HY�
HUWKHOHVV��HOHFWURQLF�FRGHERRN�HQFU\SWLRQ�PRGH�FDXVHV�WKH�YXOQHUDELOLW\��
7KH�REMHFWLYH�RI�WKH�DUWLFOH�LV�WR�LPSURYH�WKH�GHQLDEOH�HQFU\SWLRQ�DOJR�
ULWKP�VHDUFKLQJ�WKH�VDIH�PRGH��,QLWLDOO\��SRVVLEOH�PRGHV�RI�WKH�EORFN FL�
SKHU�DUH�VWXGLHG��1H[W��HDFK�PRGH�LV�WHVWHG�LQ�EORFN�FLSKHU�IRU�FDSDFLW\�
DQG�YXOQHUDELOLW\��)LQDOO\��WKH�RSWLPDO�PRGH�LV�GHWHUPLQHG��7KH�RSWLPDO�
PRGH�DOORZV�WR�SDWFK�WKH�YXOQHUDELOLW\��,Q�DGGLWLRQ��WKH�PRGHV�DUH�FODVVL�
ILHG�IRU�GDWD�SURFHVVLQJ�LQ�SDUDOOHO�

ɊȿɀɂɆɂ�ȻɅɈɑɇɈȽɈ�ɒɂɎɊɍ�ɍ�ɁȺɉȿɊȿɑɇɈɆɍ�ɒɂɎɊɍȼȺɇɇȱ

Ⱥ��ȼ��Ƚɚɥɶɱɟɧɤɨ���ɋ��ȼ��ɑɨɩɨɪɨɜ�

� Ɂɚɩɨɪɿɡɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ��25&,'���������������������
� Ɂɚɩɨɪɿɡɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ��25&,'� ������������������;
V�FKRSRURII#]QX�HGX�XD

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɚɥɝɨɪɢɬɦ��ɛɥɨɱɧɢɣ�ɲɢɮɪ��ɡɚɩɟɪɟɱɧɟ�
ɲɢɮɪɭɜɚɧɧɹ��ɪɟɠɢɦ�ɲɢɮɪɭɜɚɧɧɹ��
ɲɢɮɪɭɜɚɧɧɹ�ɬɟɤɫɬɿɜ�

ɍ ɞɚɧɿɣ�ɫɬɚɬɬɿ�ɪɨɡɝɥɹɧɭɬɨ�ɩɪɨɛɥɟɦɢ�ɧɟɫɚɧɤɰɿɨɧɨɜɚɧɨɝɨ�ɞɨɫɬɭɩɭ�ɬɚ�
ɜɢɤɪɚɞɟɧɧɹ� ɤɨɧɮɿɞɟɧɰɿɣɧɢɯ� ɞɚɧɢɯ�� ɩɪɢɱɢɧɢ� ɹɤɿ� ɩɪɢɡɜɨɞɹɬɶ� ɞɨ� ʀɯ�
ɜɢɧɢɤɧɟɧɧɹ� ɬɚ�ɦɨɠɥɢɜɿ�ɧɚɫɥɿɞɤɢ��Ⱦɥɹ�ɜɢɪɿɲɟɧɧɹ� ɡɚɡɧɚɱɟɧɢɯ ɩɪɨ�
ɛɥɟɦ� ɡɚɩɪɨɩɨɧɨɜɚɧɨ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɤɪɢɩɬɨɝɪɚɮɿɱɧɿ� ɫɢɫɬɟɦɢ�� ɹɤɿ
ʉɪɭɧɬɭɸɬɶɫɹ�ɧɚ ɦɟɬɨɞɿ ɡɚɩɟɪɟɱɭɜɚɧɨɝɨ�ɲɢɮɪɭɜɚɧɧɹ�ɞɚɧɢɯ��Ɋɚɡɨɦ�ɡ�
ɬɢɦ� ɬɟɯɧɿɱɧɿ�ɨɛɦɟɠɟɧɧɹ� ɩɨɜ¶ɹɡɚɧɿ�ɡ�ɪɟɚɥɿɡɚɰɿɽɸ�ɚɥɝɨɪɢɬɦɿɜ ɧɚ�ɛɚɡɿ�
ɡɚɩɟɪɟɱɭɜɚɧɨɝɨ�ɲɢɮɪɭɜɚɧɧɹ��ɫɭɬɬɽɜɨ�ɜɩɥɢɜɚɸɬɶ ɧɚ�ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�
ʀɯ�ɪɨɛɨɬɢ�ɬɚ�ɨɛɦɟɠɭɸɬɶ�ʀɯ ɩɪɚɤɬɢɱɧɟ�ɜɢɤɨɪɢɫɬɚɧɧɹ��Ⱦɥɹ�ɪɨɡɜ¶ɹɡɚɧɧɹ�
ɰɿɽʀ�ɡɚɞɚɱɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɩɿɞɯɿɞ�ɞɥɹ�ɩɨɛɭɞɨɜɢ�ɛɥɨɱɧɢɯ�ɫɯɟɦ�ɲɢɮ�
ɪɭɜɚɧɧɹ�ɞɚɧɢɯ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɚɥɝɨɪɢɬɦɿɜ�ɡɚɩɟɪɟɱɭɜɚɧɨɝɨ�ɲɢɮɪɭ�
ɜɚɧɧɹ��ɍ ɪɟɡɭɥɶɬɚɬɿ�ɰɶɨɝɨ�ɪɨɡɪɨɛɥɟɧɨ ɩɪɨɬɨɬɢɩ�ɛɥɨɱɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�
ɡɚɩɟɪɟɱɭɜɚɧɨɝɨ�ɲɢɮɪɭɜɚɧɧɹ�ɞɚɧɢɯ��ɹɤɢɣ�ɦɚɽ�ɞɨɫɢɬɶ�ɜɢɫɨɤɭ�ɩɪɨɞɭɤ�
ɬɢɜɧɿɫɬɶ��Ⱥɥɟ�ɜ�ɯɨɞɿ�ɞɨɫɥɿɞɠɟɧɶ�ɩɪɨɬɨɬɢɩɭ�ɜɫɬɚɧɨɜɥɟɧɨ��ɳɨ�ɜ�ɡɚɩɪɨ�
ɩɨɧɨɜɚɧɨɦɭ� ɩɿɞɯɨɞɿ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɪɟɠɢɦ� ɲɢɮɪɭɜɚɧɧɹ� ɟɥɟɤɬ�
ɪɨɧɧɨɸ�ɤɨɞɨɜɨɸ�ɤɧɢɝɨɸ��ɧɟɞɨɥɿɤɢ�ɛɟɡɩɟɤɢ�ɹɤɨɝɨ�ɫɭɬɬɽɜɨ�ɜɩɥɢɜɚɸɬɶ�
ɧɚ�ɧɚɞɿɣɧɿɫɬɶ�ɤɿɧɰɟɜɨɝɨ� ɚɥɝɨɪɢɬɦɭ�ɲɢɮɪɭɜɚɧɧɹ��Ɉɫɧɨɜɧɨɸ�ɦɟɬɨɸ�
ɞɚɧɨʀ�ɫɬɚɬɬɿ�ɽ ɜɢɜɱɟɧɧɹ�ɿɫɧɭɸɱɢɯ�ɪɟɠɢɦɿɜ�ɛɥɨɤɨɜɨɝɨ�ɲɢɮɪɭɜɚɧɧɹ��
ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ�ɬɚ�ɛɟɡɩɟɤɢ�ʀɯ�ɪɟɚɥɿɡɚɰɿɣ��ɚ�ɬɚɤɨɠ�ɩɨɲɭɤ�ɨɩɬɢɦɚɥɶ�
ɧɢɯ ɪɟɠɢɦɿɜ�ɞɥɹ�ɩɨɞɚɥɶɲɨɝɨ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɜ�ɚɥɝɨɪɢɬɦɚɯ�ɡɚɩɟɪɟɱɭ�
ɜɚɧɨɝɨ�ɲɢɮɪɭɜɚɧɧɹ�ɞɚɧɢɯ��ɛɟɡ�ɡɦɟɧɲɟɧɧɹ�ɪɿɜɧɹ�ʀɯ�ɡɚɯɢɳɟɧɨɫɬɿ��Ɂɚ�
ɪɟɡɭɥɶɬɚɬɚɦɢ� ɩɪɨɜɟɞɟɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ� ɞɨɫɥɿɞɠɟɧɨ ɿɫɧɭɸɱɿ� ɪɟɠɢɦɢ�
ɲɢɮɪɭɜɚɧɧɹ�ɬɚ�ʀɯ�ɪɟɚɥɿɡɚɰɿʀ��Ɂ�ɩɨɦɿɠ�ɡɚɡɧɚɱɟɧɢɯ ɪɟɠɢɦɿɜ�ɜɢɹɜɥɟɧɨ
ɧɚɣɛɿɥɶɲ�ɨɩɬɢɦɚɥɶɧɢɣ��ɹɤɢɣ�ɧɟ�ɜɩɥɢɜɚɽ�ɧɚ�ɪɿɜɟɧɶ�ɡɚɯɢɳɟɧɨɫɬɿ�ɤɿɧ�
ɰɟɜɢɯ�ɚɥɝɨɪɢɬɦɿɜ�ɲɢɮɪɭɜɚɧɧɹ��Ⱦɨɞɚɬɤɨɜɨ�ɜɫɬɚɧɨɜɥɟɧɨ��ɳɨ�ɨɛɪɚɧɢɣ�
ɪɟɠɢɦ�ɲɢɮɪɭɜɚɧɧɹ�ɞɨɡɜɨɥɹɽ�ɧɟ�ɥɢɲɟ�ɪɟɚɥɿɡɭɜɚɬɢ�ɜɢɯɿɞɧɿ�ɚɥɝɨɪɢɬɦɢ�
ɡɚɩɟɪɟɱɭɜɚɧɨɝɨ�ɲɢɮɪɭɜɚɧɧɹ��ɚɥɟ�ɣ�ɩɿɞɜɢɳɢɬɢ�ʀɯ�ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�ɡɚ�
ɞɨɩɨɦɨɝɨɸ�ɛɚɝɚɬɨɩɨɬɨɤɨɜɨʀ�ɨɛɪɨɛɤɢ�ɞɚɧɢɯ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

,QWURGXFWLRQ� ,Q�WKH�ODVW�VHYHUDO�GHFDGHV��D�
ODUJH�QXPEHU�RI SULYDWH�DQG�SXEOLF�FRPSDQLHV�
KDYH�EHHQ�DWWDFNHG�E\�FULPH�DQG�WKH�VLWXDWLRQ�LV�
HVFDODWHG� >�@�� 3RVVLEOH� WDUJHWV� RI� VXFK� DWWDFNV�
DUH�FRUSRUDWH�QHWZRUNV�DQG�,R7�GHYLFHV��7\SL�
FDOO\��DWWDFNHUV�WU\�WR�JHW�EXVLQHVV�VHQVLWLYH GDWD�
RU�XVHU FUHGHQWLDOV��7KH�WDUJHW�RI�SOHQW\�F\EHU�
DWWDFNV LV� WKH�DQRWKHU�SRSXODU� WDUJHW�RI� F\EHU�
DWWDFNV�

$� VHW RI�ZHOO�NQRZQ� WHFKQLTXHV� KDV EHHQ�
XVHG�IRU�WKH�WRS�V\VWHPV�SURWHFWLRQ�>�@��1HYHU�
WKHOHVV�� VRPH� SURWHFWHG� LQIRUPDWLRQ� V\VWHPV�
KDYH� EHHQ� FRPSURPLVHG�� ,Q� VRPH� FDVHV�� WKH�
SHQHWUDWLRQ�KDV�EHHQ�FDXVHG�E\ YLRODWLQJ�RI�VH�
FXULW\�UHTXLUHPHQWV��,W�KDV�EHFRPH�WR�WKH�XVHUV¶�
NH\V� VWHDOLQJ�� 7KDW¶V� ZK\� DXWKRUV� KDYH� VXJ�
JHVWHG� WKH� GHQLDEOH� HQFU\SWLRQ� DOJRULWKPV� XV�
LQJ��ZKLFK�GRHVQ¶W�GHSHQG�RQ�NH\V�XVLQJ�>�@�

7KH�VXEMHFW�RI� WKH�UHVHDUFK� LV� WKH�EORFNHG�
GHQLDEOH�HQFU\SWLRQ�

7KH�REMHFWLYH�RI�WKH�UHVHDUFK�LV�WR�LPSURYH�
WKH�GHQLDEOH�HQFU\SWLRQ�DOJRULWKP�VHDUFKLQJ�WKH�
VDIH�PRGH�

)RUPDO�3UREOHP�6WDWHPHQW��7KH�UHOLDELO�
LW\� RI� WUDGLWLRQDO� HQFU\SWLRQ� VFKHPHV� LV� EDVHG�
RQ�NH\V�VHFUHF\��+RZHYHU��VXFK�V\VWHPV DUHQ¶W�
FRPSOHWHO\� SURWHFWHG�� 7KH� PRVW� GDQJHURXV�
F\EHU�DWWDFN�LV�WKH�FRHUFLRQ�WR�XVHUV�RI�WHOHFRP�
PXQLFDWLRQ�V\VWHPV��/DUJH�NH\V��VFKHPHV�ZLWK�
RXW�NH\V�DQG�QHXUDO�QHWZRUNV�DUH�W\SLFDO�VROX�
WLRQV�RI WKLV�SUREOHP��1HYHUWKHOHVV��WUDGLWLRQDO�
HQFU\SWLRQ� VFKHPHV� KDYH� SULYDWH� GDWD� WKDW�
PLJKW�FDXVH�YXOQHUDELOLWLHV�>�@�

,Q�>�@��DXWKRUV�VXJJHVWHG�WR�XVH�GHQLDEOH�HQ�
FU\SWLRQ� DOJRULWKPV� WR� SURWHFW� XVHUV� IURP� WKH�
FRHUFLRQ�DQG�WKHLU�RZQ�GDWD�IURP�OHDNDJH��7KH�
UHOLDELOLW\�RI�WKHVH�DOJRULWKPV�LV�EDVHG�RQ�SURE�
DELOLVWLF� HQFU\SWLRQ� VFKHPHV� �VHH� )LJ�� ���,QL�
WLDOO\��ERWK�SODLQ�DQG�SULYDWH�WH[WV�DUH�HPSOR\HG�
DV LQSXW�GDWD�RI� WKH�HQFU\SWLRQ�DOJRULWKP �VHH�
)LJ� ���� 1H[W�� WKH� HQFU\SWLRQ� DOJRULWKP� WUDQV�
IRUPV�WKHVH�WH[WV�LQ�D FLSKHUWH[W�XVLQJ�D SULYDWH�

NH\��)LQDOO\��WKH�XVHU�PXVW�VXEPLW�WKH�VDPH�SUL�
YDWH�NH\�LQWR�WKH�GHFU\SWLRQ�DOJRULWKP��7KH�GH�
QLDEOH� HQFU\SWLRQ� VFKHPD GRHVQ¶W� GHIHQG� WKH�
SULYDWH�NH\V�IURP�WKH�FRHUFLRQ�DWWDFN��EXW�WKLV�
VFKHPD GHQLHV WKH�H[LVWHQFH�RI�WKH�FLSKHUWH[W�

+RZHYHU�� WKH� GHQLDEOH� HQFU\SWLRQ KDV� WKH�
IROORZLQJ�UHVWULFWLRQV�
�� 7KH�VL]H�RI�WKH�SODLQ�WH[W�GHSHQGV�RQ�WKH�NH\�
VL]H�DV�WKH�IROORZLQJ�LQHTXDOLW\�

__3ODLQ�WH[W__���__.H\__� ���

�� 7KH�OLPLWHG�SRVVLELOLW\�RI�WKH�LPSOHPHQWDWLRQ�
EORFN�FLSKHUV�VFKHPHV�LQWR�WKH�GHQLDEOH�HQFU\S�
WLRQ�DOJRULWKPV�� HQFU\SWLRQ�PRGHV��6%�7UDQV�
IRUPV��URXQG�HQFU\SWLRQV��HWF�
�� 7KH� ORZ� SHUIRUPDQFH� RI� GDWD� SURFHVVLQJ�
�GXULQJ�HQFU\SWLRQ�DQG�GHFU\SWLRQ��

7KH�ILUVW�UHVWULFWLRQ�KDV�EHHQ�VROYHG�E\�WKH�
GHYHORSLQJ�RI�EDVLF�EORFN�GHQLDEOH�HQFU\SWLRQ�
VFKHPH�LQ�>�@��7KH�SHUIRUPDQFH�RI�WKH�EORFN�FL�
SKHU�PHWKRG�KDV�EHHQ�LPSURYHG�LQ�>�@�

1HYHUWKHOHVV�� WKH� YXOQHUDELOLW\� RI� LQ� WKH�
PRGH�RI�EORFN�HQFU\SWLRQ�KDV�EHHQ�IRXQG GXU�
LQJ�WKH�SULPDU\�DQDO\VLV�RI�WKH�DOJRULWKP��7KLV�
YXOQHUDELOLW\� LV� DVVRFLDWHG�ZLWK� WKH�SURFHVV�RI�
FLSKHUWH[W�EORFNV�VXEVWLWXWLRQ��$�F\EHUFULPLQDO�
FRXOG�FDWFK�XVHU IRU� OLH�GXULQJ� WKH�DQDO\VLV�RI�
GHFU\SWHG�SUHSDUHG�EORFN�GDWD�

7KH�VDPH�YXOQHUDELOLW\�H[LVWV� LQ�WKH�EORFN�
FLSKHU�PRGH��7KLV�YXOQHUDELOLW\�LV�FDOOHG�©HOHF�
WURQLF� FRGH� ERRNª� �(&%��� EXW� LW¶V� ODFNLQJ� LQ�
RWKHU� FLSKHU� PRGHV� �VHH� )LJ� ��� ,QLWLDOO\�� WKH�
HQFU\SWLRQ�DOJRULWKP�JHWV�WKH�SXEOLF�GDWD�ILOH�0
DQG�WKH�SULYDWH�GDWD�ILOH�7��1H[W��WKHVH�ILOHV�DUH�
GLYLGHG� LQWR� N EORFNV� RI� WKH� HTXDO� VL]H�
�0L� 7L� � 1 �L  �� ��«� N���(DFK�EORFN�LV�SUH�
SURFHVVHG�IRU�WKH�HQFU\SWLRQ�E\�WKH�IXQFWLRQ�I3��
3UH�SURFHVVHG�EORFNV�DUH�HQFU\SWHG�LQWR�FLSKHU�
WH[WV�&L E\�WKH�IXQFWLRQ�I( ZLWK�WKH�SULYDWH�NH\��
)LQDOO\�� FLSKHUWH[WV�&L DUH� MRLQHG� LQWR� WKH� FL�
SKHUWH[W�&�

)LJ���� 7KH�GHQLDEOH�HQFU\SWLRQ�VFKHPD
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)LJ���� 7KH�GHQLDEOH�HQFU\SWLRQ�VFKHPD�LQ�WKH�(&%�PRGH��D��HQFU\SWLRQ��E��GHFU\SWLRQ

,Q�WKH�GHFU\SWLRQ�DOJRULWKP��DOO�RSHUDWLRQV�
DUH�SHUIRUPHG�LQ�WKH�UHYHUVH�RUGHU��VHH�)LJ� ���
E��� ,QLWLDOO\�� WKH�GHFU\SWLRQ�DOJRULWKP�JHWV� WKH�
FLSKHUWH[W�& DQG�WKH�SULYDWH�NH\��1H[W��WKH�FL�
SKHUWH[W� LV� GLYLGHG� LQWR� N EORFNV�
�$L� %L� � 1 �L  �� ��«� N��� (DFK EORFN� LV� GH�
FU\SWHG� E\� WKH� IXQFWLRQ� I'�� 'HFU\SWHG� EORFNV�
DUH�SURFHVVHG�E\�WKH�IXQFWLRQ�I83��7KLV�IXQFWLRQ�
DOORZV� WR� VHSDUDWH� SULYDWH� EORFNV� IURP� SXEOLF�
EORFNV�� )LQDOO\�� SULYDWH� EORFNV� DUH� MRLQHG� LQWR�
WKH� SULYDWH� GDWD� ILOH�7 DQG� SXEOLF� EORFNV� DUH�
MRLQHG�LQWR�WKH�SXEOLF�GDWD�ILOH�0�

+RZHYHU��F\EHUFULPLQDOV�FRXOG�JHW�WKH�SUL�
YDWH�NH\�XVLQJ�VSHFLDOO\�SUH�SURFHVVHG�GDWD�RU�
WKH�FLSKHUWH[W�

/LWHUDWXUH� 5HYLHZ� 'HQLDEOH� HQFU\SWLRQ�
DOJRULWKPV�DUH NQRZQ VLQFH�������7KH�RULJLQDO�
GHQLDEOH� HQFU\SWLRQ� DOJRULWKP� KDV� EHHQ� VXJ�
JHVWHG�LQ�>�@��7KLV DOJRULWKP�LV�EDVHG�RQ�WKH�ELW�
ZLVH HQFU\SWLRQ��7KH DOJRULWKP�FRXOG� HQFU\SW�
ODUJH�VL]H�GDWD�EXW�LW�GRHVQ¶W�VXSSRUW�WKH�EORFN�
HQFU\SWLRQ�

7KH� 5'�3.(� DOJRULWKP� KDV� EHHQ GHYHO�
RSHG�E\�+DPDGD�,EUDKLP�LQ�>�@��7KLV�DOJRULWKP�
LQFOXGHV P56$�VFKHPH�NH\V�DQG�WKH�SURWRFRO��
,Q� WKLV� DOJRULWKP�� D� SODLQ� WH[W� PXVW� EH� WUDQV�
IRUPHG�LQWR�DJDLQVW�ELWV�DQG�WKHQ�LQSXWWHG�LQWR�
WKH�SUHSDUHG�FRQWDLQHU��)XUWKHUPRUH�� WKH DOJR�
ULWKP�UHTXLUHV�D�WKLUG�SDUW\�WR�DXWKRUL]H�WKH�GH�
FU\SWLQJ� RI� SODLQ� WH[W��1HYHUWKHOHVV�� WKH� DOJR�
ULWKP�GRHVQ¶W�DOORZ�WR�GHQ\�WKH�SODLQ�WH[W�H[LVW�
HQFH�� EHFDXVH XQDXWKRUL]HG� GHFU\SWLQJ PLJKW�
UHWXUQ EURNHQ GDWD��7KLV�DOJRULWKP�DOVR�KDV�WKH�
UHVWULFWLRQ� VSHFLILHG� E\� WKH� LQHTXDOLW\� �����

+HQFH�� WKLV�DOJRULWKP DOVR UHTXLUHV�KLJK�FRP�
SXWLQJ�UHVRXUFHV�

56$� DQG� (O�*DPDO� HQFU\SWLRQ� VFKHPHV�
KDYH�EHHQ�FRPELQHG�E\�-LQJ�4XLQJ�:DQJ�DQG�
%R�0HQJ�LQ�>�@��7KLV�DOJRULWKP�KDV�JRRG�UHOLD�
ELOLW\�� EXW� WKH� VL]H� RI� LQLWLDO� GDWD� LV� DOVR� UH�
VWULFWHG E\ ����� 7KXV�� WKLV� HQFU\SWLRQ� VFKHPH�
DOVR�UHTXLUHV�KLJK�FRPSXWLQJ�UHVRXUFHV��,Q�DG�
GLWLRQ��LW�DOVR�DOORZV�WR�FDWFK�SXEOLF�DQG SULYDWH�
GDWD�GXULQJ�WKH�FLSKHUWH[W�GHFU\SWLRQ�

,Q� >�@�� 6� *ROGZDVVHU� DQG� &� 0LNDOL� VXJ�
JHVWHG�DQ�LQYXOQHUDEOH�SVHXGR�SUREDELOLVWLF�HQ�
FU\SWLRQ�DOJRULWKP��7KLV�DOJRULWKP�GRHVQ¶W�DO�
ORZ�DQ�XQDXWKRUL]HG�DFFHVV� WR�DQ\�SDUW�RI� WKH�
SODLQ�WH[W��,W�UHTXLUHV�WR�XVH�WKH�VDPH�SULYDWH�NH\�
WR�GHFU\SW�HDFK�EORFN��%XW�WKHUH�LV�RQO\�RQH�YDO�
LGDWHG�EORFN�WKDW�XVHU�FRXOG�GHFU\SW�DW�WKH�VDPH�
WLPH��+HQFH� XVHU�FRXOGQ¶W�GHQ\� WKH�H[LVWHQFH�
RI�DQ\�VHFUHW�GDWD�LQ�FDVH�RI�FRHUFHV�XVLQJ�

)LQDOO\��0� 0ROGRY\DQ� KDV� VXJJHVWHG� WKH�
RULJLQDO�HQFU\SWLRQ�DOJRULWKP�LQ�>�@��7KLV�DOJR�
ULWKP�KDV�PRGLILHG�IRU�WKH�EORFN�HQFU\SWLRQ�LQ�
>�@�� 7KH� RULJLQDO� DOJRULWKP� LV� EDVHG� RQ� WKH�
5DELQ¶V� HQFU\SWLRQ� VFKHPD�� 7KLV� VFKHPH� UH�
TXLUHV� WR� LQSXW�SXEOLF�GDWD�DQG�SULYDWH�GDWD� WR�
WUDQVIRUP� WKHP� LQWR� WKH� FLSKHUWH[W�� +RZHYHU��
LW¶V�SRVVLEOH�WR�JHW�VRPH�SXEOLF�RU�SULYDWH�GDWD�
GXULQJ�WKH�FLSKHUWH[W�GHFU\SWLRQ��7KH�DOJRULWKP�
DOORZV�XVHU�WR�GHQ\�WKH�SULYDWH�GDWD�H[LVWHQFH��
EXW�WKLV�DOJRULWKP�DOVR�KDV�WKH�VDPH�UHVWULFWLRQ��
DV�LQ�>�@�

,Q�WKH�HQG�0� 0ROGRY\DQ�VXJJHVWHG�WKH�DQ�
RWKHU�GHQLDEOH�HQFU\SWLRQ�DOJRULWKP LQ�>����@��
7KLV�DOJRULWKP�VXSSRUWV�WKH�EORFN�GDWD�HQFU\S�
WLRQ��7KH� UHOLDELOLW\�RI� WKLV�DOJRULWKP� LV�EDVHG�
RQ� FRPPRQ� EORFN� HQFU\SWLRQ� DOJRULWKPV��%XW�
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WKH DOJRULWKP�UHTXLUHV WZR�GLIIHUHQW�GHFU\SWLRQ�
NH\��+HQFH��XVHUV�FRXOGQ¶W�GHQ\�WKH�SULYDWH�GDWD�
H[LVWHQFH��VR�XVHUV�DUHQ¶W�SURWHFWHG�IURP�WKH�FR�
HUFLRQ��%HVLGHV��WKLV DOJRULWKP KDV�ORZ�FDSDFLW\�
DQG�GRHVQ¶W�SURYLGH�GHQLDEOH�HQFU\SWLRQ�SURS�
HUWLHV�>����@�

%ORFN� &LSKHU� 0RGHV� 7KH� EORFN� FLSKHU�
PRGH� SURYLGHV WKH� SULYDF\� DQG� DXWKRUL]DWLRQ�
IRU�XVHUV��7KLV PRGH�FRXOG�EH� DSSOLHG� IRU� WKH�
V\PPHWULF�DQG�VRPH�DV\PPHWULF�HQFU\SWLRQ�DO�
JRULWKPV�� &RPPRQ� FLSKHU� PRGHV� DUH� IROORZ�
LQJ� HOHFWURQLF� FRGHERRN� �(&%��� WKH� FLSKHU�
EORFN�FKDLQLQJ��&%&���FLSKHU�DQG�RXWSXW�IHHG�
EDFNV� �&)%� DQG� 2)%��� WKH� FRXQWHU� �&75���
7KHVH�PRGHV�KDYH�EHHQ�GHVFULEHG�LQ�>�@�

7KH�(&%�PRGH�LV�WKH�ILUVW�DQG�WKH�ZHDNHVW�
DOJRULWKP�� 7KLV� PRGH� PDVNV� SDWWHUQV� RI� GDWD�
EORFNV� LQ� WKH� HQFU\SWHG� GDWD� XVLQJ WKH� HTXD�
WLRQ ����

&L  �I(�0L��.�� ���

7\SLFDOO\��WKH�LPSOHPHQWDWLRQ�RI�WKLV�PRGH�
LV�VLPSOH��+RZHYHU��LW�PDNHV�FLSKHUV�PRUH�YXO�
QHUDEOH�WR�UHYHUVH�HQJLQHHULQJ�DWWDFNV��2YHUDOO��
LW�DOORZV�WR�JHW�SDWWHUQV�RI�SULYDWH�GDWD�IURP�WKH�
FLSKHUWH[W��+HQFH��LW�LVQ¶W�UHFRPPHQGHG�WR�XVH��
EHFDXVH RWKHU�FLSKHU�PRGHV�KDYHQ¶W�VXFK�YXO�
QHUDELOLWLHV�

7KH�VHFRQG�DOJRULWKP�LV�WKH�&%&�PRGH��,W�
VXJJHVWV WR� HQFU\SW� D� FRPPRQ� EORFN� RI� SODLQ�
WH[WV 0L ZLWK� WKH�SUHYLRXV�EORFN�RI�FLSKHUWH[W�
&L±� E\�WKH�IXQFWLRQ�I( VLPXOWDQHRXVO\�

&L  �I(�0L� &L±��� ���

7KH�HTXDWLRQ�����DGGV�WKH�SVHXGR�UDQGRP�
QHVV� SURSHUW\� WR� HDFK� EORFN�RI� WKH� FLSKHUWH[W��
%XW� WKH� ILUVW� EORFN� RI� WKH� FLSKHUWH[W� UHTXLUHV�
VRPH� LQLWLDOL]DWLRQ�YHFWRU� ,9��%ORFNV�SDGGLQJ�
DOVR� FDXVHV� D� YXOQHUDELOLW\�� 7KLV� YXOQHUDELOLW\�
DOORZV�WR�VWHDO�WKH�HQFU\SWLRQ�NH\��%HVLGHV��WKH�
&%&� PRGH� DOORZV� WR� SDUDOOHOL]H� GHFU\SWLRQ��
*HQHUDOO\�� WKH� &%&� PRGH� LV� PRUH� SURWHFWHG�
WKDQ�WKH�(&%�PRGH�

7KH�WKLUG�DOJRULWKP�LV�WKH�&)%�PRGH��7KLV�
PRGH�SURFHVVHV�GDWD� OLNH� WKH�&%&�PRGH��7KH�
&)%�PRGH�WUDQVIRUPV�WKH�SODLQ�WH[W�0 LQWR�WKH�
FLSKHUWH[W�& XVLQJ� WKH� IXQFWLRQ� I(�� ,W� DOVR� UH�
TXLUHV�WR�VDYH�WKH�LQLWLDOL]DWLRQ�YHFWRU�,9 LQ�WKH�
ILUVW�EORFN�RI�WKH�FLSKHUWH[W�&��

&L  �I(�&L±���0L� ���

7KH� )&%� FRXOG� EH� WUDQVIRUPHG� LQ� WKH�
VWUHDP�FLSKHU��+RZHYHU��WKLV�PRGH�LV�YXOQHUD�

EOH�WR�ELW�FKDQJLQJ�LQ�WKH�FLSKHUWH[W�&��7KLV�YXO�
QHUDELOLW\� DOORZV� WKH� F\EHUFULPLQDO� WR� GHWHU�
PLQH� SDWWHUQV� LQ� WKH� QHDUHVW� EORFNV� RI� WKH� FL�
SKHUWH[W�&��,W�DOVR�FRXOG�EH�SDUDOOHOL]HG�GXULQJ�
WKH�GHFU\SWLRQ�

7KH� IRXUWK� DOJRULWKP� LV� WKH� 2)%� PRGH��
7KLV�PRGH� LV� DOVR�FODVVLILHG�DV�D� V\QFKURQRXV�
VWUHDP�FLSKHU��7KH�FLSKHUWH[W�LV�JHQHUDWHG�IURP�
WKH�SUH�JHQHUDWHG�VWUHDP�EORFNV�DQG�WKH�EORFNV�
RI�SODLQ� WH[W��%XW�HDFK�EORFN�RI� WKH�FLSKHUWH[W�
GHSHQGV�RQ�WKH�SUHYLRXV�HQFU\SWHG�EORFNV�DV�WKH�
IROORZLQJ�HTXDWLRQ�

&L  �I(�I(�&L±����0L� ���

7KH�2)0�PRGHO�DOORZV�WR�XVH�D�KDUGZDUH�
LPSOHPHQWDWLRQ� RI� WKH� &%&� PRGH�� %XW� WKH�
2)0�PRGH�FDQ¶W�EH�LPSOHPHQWHG�LQ�SDUDOOHO�

7KH�ODVW�DOJRULWKP�LV�WKH�&75�PRGH��,W¶V�WKH�
VDPH�DV�WKH�2)%�PRGH��7KH�FLSKHUWH[W�& LV�D�
UHVXOW�RI�WKH�FRXQWHU�YDOXH�&75L DQG�WKH�EORFN�
RI�WKH�SODLQ�WH[W�HQFU\SWLRQ�

&L  �I(�&75L��0L� ���

7KH�&75�PRGH� LV� VXLWDEOH� IRU� LQ� SDUDOOHO�
FRPSXWLQJ�V\VWHPV��,W�DOORZV�D�UDQGRP�DFFHVV�
WR�SURSHUWLHV�GXULQJ�WKH�GHFU\SWLRQ�DQG�VXSSRUWV�
D� SDUDOOHO� HQFU\SWLRQ�� %HVLGHV�� WKLV� PRGH� LV�
ZLGHVSUHDG�DQG�KDYHQ¶W�WKH�(&%�PRGH¶V�ZHDN�
QHVV�

*HQHUDOO\��WKH�HQFU\SWLRQ�DOJRULWKPV�GRQ¶W�
UHTXLUH�GDWD�EORFNV�SDGGLQJ� LQ�&)%��2)%��RU�
&75�PRGHV�

0RGHOV� ,Q�>�@��WKH YXOQHUDELOLW\ RI�WKH�GH�
QLDEOH�HQFU\SWLRQ�KDV�EHHQ�IRXQG��7KH�YXOQHUD�
ELOLW\ LV�FDXVHG�E\ WKH�(&%�PRGH��LW�DOORZV�WR�
GHWHUPLQH�SDWWHUQV�RI�GDWD�LQ�WKH�FLSKHUWH[W�&��
+HQFH D F\EHUFULPLQDO�PLJKW�WR�FDWFK�XVHUV�RQ�
O\LQJ�DERXW�WKH�H[LVWLQJ�GDWD� 6RPH�GHQLDEOH�HQ�
FU\SWLRQ�VFKHPHV�DQG�EORFN�FLSKHU�PRGHV�KDYH�
EHHQ�VWXGLHG�WR�SUHYHQW�VXFK�YXOQHUDELOLWLHV��$V�
D� UHVXOW�� VRPH� PRGHOV� RI� FLSKHU� PRGHV� KDYH�
EHHQ�GHYHORSHG��7KHVH�PRGHOV�FRXOG�EH�XVHG�LQ�
WKH�GHQLDEOH�HQFU\SWLRQ�DOJRULWKP�

7KH�ILUVW�PRGHO�XVHV�WKH�&%&�PRGH��,Q�WKLV�
PRGHO�� SXEOLF� GDWD�0 DQG� SULYDWH� GDWD�7 DUH�
WUDQVIRUPHG�LQWR�WKH�FLSKHUWH[W�&��7KH�HQFU\S�
WLRQ�DOJRULWKP�I( DQG�WKH�SXEOLF�DUH�HPSOR\HG�
LQ�WKH�PRGHO��,Q�WKH�GHFU\SWLRQ�SURFHVV��SXEOLF�
GDWD�0
 DQG�SULYDWH�GDWD�7
 DUH�UHFRYHUHG�XVLQJ�
WKH�VDPH�SULYDWH�NH\�DQG�WKH�IXQFWLRQ�I'�� �VHH�
)LJ� ���
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D� E�

)LJ���� 7KH�LPSOHPHQWDWLRQ�RI�WKH�&%&�PRGH�LQ�WKH�GHQLDEOH�HQFU\SWLRQ�DOJRULWKP�
D��HQFU\SWLRQ��E��GHFU\SWLRQ

7KH�VHFRQG�PRGHO�XVHV�RQ�WKH�&)%�PRGH��
7HPSRUDU\�YDOXHV�DQG�WKH�LQLWLDOL]DWLRQ�YHFWRU�
,9 DUH�HQFU\SWHG�LQ�WKLV�PRGHO�E\�WKH�IXQFWLRQ�
I( �VHH�)LJ� ���

,Q�WKH�VHFRQG�PRGHO��WKH�LQLWLDOL]DWLRQ�YHF�
WRU�,9��EORFNV�RI�SXEOLF�GDWD�0L DQG�SULYDWH�GDWD�
7L DUH�WUDQVIRUPHG�LQWR�WKH�FLSKHUWH[W�&L��1H[W��
WKH� LQLWLDOL]DWLRQ� YHFWRU� ,9 LV� FKDQJHG� E\� WKH�
SUHYLRXV� EORFN� RI� FLSKHUWH[W�&L�� 7KH� F\FOH� RI�
HQFU\SWLRQ�FRQWLQXHV��ZKLOH�WKHUH�DUH�EORFNV�RI�
GDWD�� 7KH� XVHU� PXVW� HQFU\SW� WKH� LQLWLDOL]DWLRQ�

YHFWRU�,9 DJDLQ�WR�JHW�EORFNV�RI�SXEOLF�GDWD�0
L
RU�SULYDWH�GDWD�7
L��)LQDOO\��WKH�PRGHO�VXPPDWHV�
EORFNV�RI�FLSKHUWH[W�&L��+HQFH��SXEOLF�GDWD�0
DQG�SULYDWH�GDWD�7 PXVWQ¶W�EH�GHFU\SWHG�WR�GH�
WHUPLQH�WKH�HQFU\SWHG�FRQWHQW�

7KH�WKLUG�PRGHO�LV�EDVHG�RQ�WKH�2)%�PRGH��
7KLV� PRGHO� LQFOXGHV� VRPH� DGGLWLRQDO� YDOXHV�
�OLNH�WKH�SUHYLRXV�PRGHO���7KHVH�YDOXHV�DUH�DOVR�
HQFU\SWHG� E\� WKH� VDPH� HQFU\SWLRQ� VFKHPH� I(
�VHH�)LJ� ���

D�

E�

)LJ���� 7KH�LPSOHPHQWDWLRQ�RI�WKH�&)%�PRGH�LQ�WKH�GHQLDEOH�HQFU\SWLRQ�DOJRULWKP�
D��HQFU\SWLRQ��E��GHFU\SWLRQ
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D�

E�

)LJ���� 7KH�LPSOHPHQWDWLRQ�RI�WKH�2)%�PRGH�LQ�WKH GHQLDEOH�HQFU\SWLRQ�DOJRULWKP�
D��HQFU\SWLRQ��E��GHFU\SWLRQ

,Q� WKLV�PRGHO�� WKH� HQFU\SWHG� YHFWRU� ,9 LV�
VXPPDWHG�ZLWK�EORFNV�RI�SXEOLF�GDWD�0 DQG�SUL�
YDWH�GDWD�7��7KH�XVHU�PXVW�HQFU\SW� WKH�YHFWRU�
,9 DJDLQ��1H[W�� LW¶V� VXPPDWHG�ZLWK�EORFNV�RI�
WKH� FLSKHUWH[W� &L�� )LQDOO\�� WKH� PRGHO� UHWXUQV�
EORFNV�RI�SXEOLF�GDWD�0
L DQG�SULYDWH�GDWD�7
L��
+HQFH��EORFNV�RI�SXEOLF�GDWD�0 DQG�SULYDWH�GDWD�
7 PXVWQ¶W�EH�GHFU\SWHG��7KLV�ZD\�FKDQJHV�WKH�

FRPPRQ�VHFXULW\�VFKHPD�RQ�WKH�;25�HQFU\S�
WLRQ�� ,W� PDNHV� SRVVLEOH� WR� GHWHUPLQH� WKH� HQ�
FU\SWHG�FRQWHQW�

7KH�ODVW�PRGHO�LV�EDVHG�RQ�WKH�&75�PRGH��
7KHUH�DUH�VRPH�UDQGRP�YDOXHV�&75L DUH�XVHG�
LQ�WKLV�PRGHO��7KH�EORFN�RI�WKH�FLSKHUWH[W�&L LV�
D�VXP�RI�WKH�EORFN�RI�SXEOLF�GDWD�0 RU�SULYDWH�
GDWD�7 ZLWK�WKH�HQFU\SWHG�FRXQWHU�YDOXH�&75L

�VHH�)LJ�����

D� E�

)LJ���� 7KH�LPSOHPHQWDWLRQ�RI�WKH�&75�PRGH�LQ�WKH�GHQLDEOH�HQFU\SWLRQ�DOJRULWKP�
D��HQFU\SWLRQ��E��GHFU\SWLRQ

,QLWLDOO\�� VRPH� FRXQWHU� YDOXHV�&75L PXVW�
EH�HQFU\SWHG��1H[W��EORFNV�RI�SXEOLF�GDWD�0L RU�
SULYDWH�GDWD�7L FRXOG�EH�HYDOXDWHG��7KH�HQFU\S�
WLRQ� VFKHPD� LV� XVHG� LQ� WKLV�PRGHO�� 7KXV�� WKLV�
VFKHPD�KDV�KLJKHU�FDSDFLW\�WKDQ�WKH�(&%�PRGH��
%XW�LW�DOVR�DOORZV�WR�GHWHUPLQH�WKH�SULYDWH�FRQ�
WHQW�LQ�WKH�FLSKHUWH[W�

*HQHUDOO\��WKH�UHOLDELOLW\�RI�WKH�&)%��2)%��
&75�PRGHV� DUHQ¶W� EDVHG� RQ� GHQLDEOH� HQFU\S�
WLRQ�DOJRULWKPV�

([SHULPHQWV� DQG� 5HVXOWV� 0RGHOV� RI�
EORFN�FLSKHU�PRGHV�KDYH�EHHQ�WHVWHG�RQ�WKH�FD�
SDFLW\� DQG� YXOQHUDELOLWLHV�� ([SHULPHQWV� KDYH�
EHHQ� FDUULHG� RXW� XVLQJ� WKH� IROORZLQJ� VFKHPD�
�VHH )LJ�����
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7KH�RSWLPDO�PRGHO�KDV�EHHQ�GHWHUPLQHG�E\�
WKH�IROORZLQJ�LQGLFDWRUV��WKH�GHQLDELOLW\�RI�FRP�
PRQ�GDWD��WKH�UDQGRP�DFFHVV�WR�GDWD��WKH�SDUDO�
OHO� HQFU\SWLRQ� DQG� GHFU\SWLRQ�� WKH� OHDNDJH� RI�
NH\V��WKH�EUXWH�IRUFH��WKH�IDFWRUL]DWLRQ��WKH�GLV�
FUHWH�ORJDULWKP��WKH�DQDO\VLV�RI�EORFNV��%XW�WKH�
PRVW�LPSRUWDQW�LQGLFDWRUV�DUH�IROORZLQJ��WKH�GH�
QLDELOLW\�RI�FRPPRQ�GDWD�� WKH�SDUDOOHO�HQFU\S�
WLRQ�DQG�GHFU\SWLRQ��WKH�OHDNDJH�RI�NH\V�DQG�WKH�
DQDO\VLV� RI� EORFNV�� 5HVXOWV� RI� WKH� H[SHULPHQW�
DUH�FROOHFWHG�LQ�WKH�7DEOH���DQG�)LJ����

+HQFH�WKH�(&%�DQG�WKH�&%&�PRGHV�DOORZ�
WR�SURYLGH�WKH�GHQLDEOH�GHFU\SWLRQ�RI�GDWD��3XE�
OLF�GDWD�0 DQG�SULYDWH�GDWD�7 DUH�GHFU\SWHG�E\�
WKH�VDPH�SULYDWH�NH\��%XW�WKH�(&%�PRGH�LVQ¶W�
UHFRPPHQGHG�WR�XVH�LQ�WKH�FU\SWRJUDSK\�SURWR�
FROV�� 2WKHU� FLSKHU� PRGHV� �&)%�� 2)%�� &75��
FRXOGQ¶W�EH�XVHG�LQ�WKH�EORFN�GHQLDEOH�HQFU\S�
WLRQ�DOJRULWKPV��7KHVH�PRGHV�GRQ¶W�SURYLGH�WKH�
GHQLDEOH�GHFU\SWLRQ�RI�GDWD�DQG�DOORZ�WR�JHW�DF�
FHVV�WR�SULYDWH�GDWD�LQ�EORFNV�RI�WKH�FLSKHUWH[W�

)LJ���� 6FKHPD�RI�WKH�H[SHULPHQW

7DEOH��� 3RVVLELOLW\�RI�FLSKHU�PRGHV�LPSOHPHQWDWLRQ�WHVWV

1R� ,QGLFDWRUV
7KH�FLSKHU�PRGHV

(&ȼ &%& &)% 2)% &75
� %DVLF�LQGLFDWRUV� ,PSOHPHQWDWLRQ��XQLWV
��� 7KH�GHQLDEOH�GHFU\SWLRQ SDVV SDVV IDLO IDLO IDLO
��� 7KH�UDQGRP�DFFHVV SDVV IDLO IDLO IDLO SDVV
��� 7KH�SDUDOOHOL]H�HQFU\SWLRQ SDVV SDVV SDVV IDLO SDVV
��� 7KH�SDUDOOHOL]H�GHFU\SWLRQ SDVV SDVV SDVV IDLO SDVV

7KH�DYHUDJH�UDQN�E\�EDVLF�FKDUDFWHUV ���� ���� ���� ���� ����
� ,QGLFDWRUV�RI�VWUHQJWK� ,PSOHPHQWDWLRQ��XQLWV
��� 7KH�NH\�OHDNDJH SDVV SDVV IDLO IDLO IDLO
��� 7KH�EUXWH�IRUFH SDVV IDLO IDLO IDLO IDLO
��� 7KH�IDFWRUL]DWLRQ SDVV SDVV SDVV SDVV SDVV
��� 7KH�GLVFUHWH�ORJDULWKP SDVV SDVV SDVV SDVV SDVV
��� 7KH�DQDO\VLV�RI�EORFNV IDLO SDVV SDVV SDVV SDVV

7KH�DYHUDJH�UDQN�WR�F\EHU�DWWDFNV�VWUHQJWK ���� ���� ���� ���� ����
6XPPDU\�UDQN ���� ���� ���� ���� ����

)LJ���� 7KH�GLDJUDP�RI�FLSKHU�PRGHV�LPSOHPHQWDWLRQ�WHVWV
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&RQFOXVLRQ� 7KH�RSWLPDO�FLSKHU�PRGH�KDV�
EHHQ� GHWHUPLQHG�� 7KLV� PRGH KDV� DOORZHG� WR�
SDWFK�WKH�YXOQHUDELOLW\�RI�WKH�(&%�PRGH�LQ�WKH�
EORFN�GHQLDEOH�HQFU\SWLRQ�DOJRULWKP�>�@�

7KH IROORZLQJ�UHVXOWV�KDYH�EHHQ�REWDLQHG��
FRPPRQ�FLSKHU�PRGHV�KDYH�EHHQ�VWXGLHG�DQG�
DSSOLHG�WR�WKH�GHQLDEOH�HQFU\SWLRQ�VFKHPH��FL�
SKHU�PRGHV�KDYH�EHHQ� WHVWHG�IRU�FDSDFLW\�DQG�
YXOQHUDELOLW\�� WKH� SRVVLELOLW\� RI� OHDNDJH� GDWD�
IURP�WKH�FLSKHUWH[W�KDV�EHHQ�IRXQG�LQ�VRPH�FL�
SKHU� PRGHV�� +HQFH�� VRPH� FLSKHU� PRGHV�
FRXOGQ¶W�EH�DSSOLHG�LQ�WKH�FRPPRQ�GHQLDEOH�HQ�
FU\SWLRQ�DOJRULWKPV�

7KH�QRYHOW\�RI�ZRUN�FRQVLVWV�RI�VWXG\�FRP�
PRQ�FLSKHU�PRGHV�DQG�WKHLU�LPSOHPHQWDWLRQ LQ�

WKH� GHQLDEOH� HQFU\SWLRQ� DOJRULWKPV�� ,Q� >��� �@��
XVLQJ FRPPRQ�EORFN�FLSKHUV�LQ�WKH�GHQLDEOH�HQ�
FU\SWLRQ� VFKHPHV KDV� EHHQ� VXJJHVWHG�� +RZ�
HYHU� WKHVH�DOJRULWKPV�GRQ¶W�XVH�FLSKHU�PRGHV�
VHSDUDWHO\�� +HQFH�� WKHVH� DOJRULWKPV� KDYH� ORZ�
FDSDFLW\�FRPSDULQJ�WR�GHVFULEHG�LQ >�@�

7KH GHQLDEOH� HQFU\SWLRQ� VFKHPD� FRXOG�EH�
XVHG�ZLWK FLSKHU�PRGHV WKDW� LV� PRUH� VHFXUHG�
WKDQ�WKH�(&%�PRGH�

7KH�SURVSHFWV�IRU�IXUWKHU�UHVHDUFKHUV�DUH�WR�
GHYHORS� WKH� SDUDOOHO� LPSOHPHQWDWLRQ� RI� WKH�
EORFN� GHQLDEOH� HQFU\SWLRQ� VFKHPH�� WR� LPSOH�
PHQW�RWKHU�EORFN�FLSKHUV�VFKHPHV�LQWR�WKH�FRP�
PRQ�GHQLDEOH�HQFU\SWLRQ�DOJRULWKPV��WR�HYDOX�
DWH�WKH�VHFXULW\�RI�FLSKHU�
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