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�� 9LGHR�ILOO�LQ�WKH�EODQN�XVLQJ�OU�UO�OVWPV�ZLWK�VSDWLDO-WHPSRUDO�DWWHQWLRQV���$PLU�
0D]DKHUL��'RQJ�=KDQJ�DQG�0XEDUDN�6KDK͕� LQ�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RP�
SXWHU�9LVLRQ��,&&9������� 

�� 9LVXDO�7H[W�&RUUHFWLRQ��$PLU�0D]DKHUL�DQG�0XEDUDN�6KDK͕� LQ�(XURSHDQ�&RQIHU�
HQFH�RQ�&RPSXWHU�9LVLRQ��(&&9�������� 

�� /HDUQLQJ� D� PXOWL-FRQFHSW� YLGHR� UHWULHYDO� PRGHO� ZLWK� PXOWLSOH� ODWHQW� YDULD�
EOHV� ��$PLU�0D]DKHUL��%RTLQJ�*RQJ�DQG�0XEDUDN�6KDK͕� LQ�$&0�7UDQVDFWLRQ�RQ�
0XOWLPHGLD�&RPSXWLQJ��&RPPXQLFDWLRQV��DQG�$SSOLFDWLRQV��$&0-7200���������
0D\������ 

�� 3D\� $WWHQWLRQ�-5REXVWLI\LQJ� D� 'HHS� 9LVXRPRWRU� 3ROLF\� 7KURXJK� 7DVN-
)RFXVHG�9LVXDO�$WWHQWLRQ� ��3RR\D�$EROJKDVHPL��$PLU�0D]DKHUL���0XEDUDN�6KDK�
DQG�/DGLVODX�%RORQL�� LQ�&RQIHUHQFH�LQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ�
�&935�������� 

�� 9LGHR�*HQHUDWLRQ�LQ�WKH�:LOG�IURP�7H[W�(PSOR\LQJ�/DWHQW�3DWK�&RQVWUXFWLRQ�
IRU� 7HPSRUDO� 0RGHOLQJ�� $PLU�0D]DKHUL� DQG�0XEDUDN� 6KDK�� XQGHU� UHYLHZ� LQ�
(XURSHDQ�&RQIHUHQFH�LQ�&RPSXWHU�9LVLRQ��(&&9����������VXEPLWWHG� 

9LGHR�GDWD� LV� H[SORVLYHO\�JURZLQJ�GXH� WR�XELTXLWRXV�YLGHR�DFTXLVLWLRQ�GH�
YLFHV��5HFHQW�\HDUV�ZLWQHVV�D�VXUJH�RI�VXEVWDQWLDO�YLGHR�YROXPHV�IURP�VXU�
YHLOODQFH��KHDOWK�FDUH�� DQG�SHUVRQDO�PRELOH�SKRQHV�� WR�QDPH�D� IHZ��0HDQ�
ZKLOH�� WKDQNV� WR� VRFLDO� PHGLD� DQG� � RQ-GHPDQG� YLGHR� VWUHDPLQJ� LQGXVWU\��
YLGHRV� DQG� FRUUHVSRQGLQJ� WH[WXDO� GHVFULSWLRQV� DUH� EHLQJ� SURGXFHG� DQG�
VWRUHG�HYHU\�PRPHQW��FRQWLQXRXVO\��7KLV�DPRXQW�RI�YLGHR���WH[W�³ELJ�GDWD´�
PDNHV�WRGD\�WKH�EHVW�WLPH�HYHU�IRU�&RPSXWHU�9LVLRQ�DQG��0DFKLQH�/HDUQLQJ�
�0/�� WR� LQWURGXFH� DQG� VROYH� WDVNV� UHODWHG� WR� D� FRPPRQ� XQGHUVWDQGLQJ� RI�
YLGHRV�DQG�WH[W��)XUWKHUPRUH��D�SUDFWLFDO�DQDO\VLV�RI�VXFK�DPRXQW�RI�YLGHR�
DQG�WH[W�GDWD�LV�LPSRVVLEOH�IRU�KXPDQV��7H[W�DQG�YLGHR�MRLQW-XQGHUVWDQGLQJ�
DSSURDFKHV�DUH�VROXWLRQV� WR�YDULRXV�UHDO-ZRUOG�XVH-FDVHV�� OLNH�VRFLDO�PHGLD�
DQDO\VLV�� YLGHR� VHDUFK� HQJLQHV�� HWF�� 7KHVH� SUDFWLFDO� VROXWLRQV� FKDQJH� WKH�
ZD\�WKDW�ZH�XWLOL]H� WKH�DYDLODEOH�GDWD�DQG�KDYH�DQ� LPSDFW�RQ� WKH� LQGXVWU\��
VRFLDO�VHFXULW\���DQG�WKH�IXWXUH�UHVHDUFK�WUDFNV���� 
 
7KLV� GLVVHUWDWLRQ� PDNHV� FRQWULEXWLRQV� WR� WKH� DERYH� WDVNV� E\� SURSRVLQJ�� 
����$�QRYHO� IUDPHZRUN� IRU�PXOWL-FRQFHSW�YLGHR�UHWULHYDO�PRGHO�ZKLFK�XWL�
OL]HV�LQWHU�DQG�LQWUD-VKRWV�FRUUHODWLRQV�����$�6SDWLR-WHPSRUDO�DWWHQWLRQ�PRG�
HO�WR�VROYH�D�QRYHO�IRUP�RI�9LVXDO�4XHVWLRQ�$QVZHULQJ������$�QHZ�UHVHDUFK�
SUREOHP��9LVXDO�7H[W�&RUUHFWLRQ��WR�GHWHFW�DQG�FRUUHFW�LQDFFXUDFLHV�LQ�YLGHR�
GHVFULSWLRQV���� $� *HQHUDWLYH� PRGHO� WR� JHQHUDWH� YLGHRV� IURP� QDWXUDO� ODQ�
JXDJH�VHQWHQFHV�LQ�ZLOG�GDWDVHWV�E\�FRQVWUXFWLQJ�D�ODWHQW�SDWK�  
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7KH�MRLQW�XQGHUVWDQGLQJ�RI�YLGHRV�DQG�WH[W�LV�WKH�EDFNERQH�RI�PDQ\�UHDO-ZRUOG�XVH-FDVHV�
WKDW�LV�QHHGHG�WR�H[SORLW�WKH�NQRZOHGJH�FDSWXUHG�LQ�WRGD\
V�PDVVLYH�YLGHR�GDWD��+RZHYHU��
XQGHUVWDQGLQJ�RI�WH[W�DQG�YLGHRV�FRXOG�EH�YHU\�FKDOOHQJLQJ��VLQFH�WKH\�KDYH�IXQGDPHQ�
WDOO\�GLIIHUHQW�FKDUDFWHULVWLFV��,Q�WKLV�GLVVHUWDWLRQ��ZH�SURSRVH�PHWKRGV�WKDW�DUH�HVVHQWLDO�
WR�WKH�GHVLJQ�RI�PDQ\�SUDFWLFDO�VROXWLRQV�IRU�UHDO-ZRUOG�SUREOHPV�LQ�WKH�FRQWH[W�RI�D�MRLQW�
XQGHUVWDQGLQJ�RI�YLGHR�DQG�WH[W�� 
 
)LUVW��ZH� DGGUHVV� WKH�SUREOHP�RI�9LGHR� 5HWULHYDO� DQG�SURSRVH� D� QRYHO� DSSURDFK�� HP�
SOR\LQJ�D�ODWHQW�UDQNLQJ�690��ZKLFK�LQWHJUDWHV�WKH�DGYDQWDJHV�RI�YDULRXV�UHFHQW�ZRUNV�
LQ�WH[W�DQG�LPDJH�UHWULHYDO��VXFK�DV�FKRRVLQJ�UDQNLQJ�RYHU�VWUXFWXUHG�SUHGLFWLRQ�DQG�PRG�
HOLQJ�LQWHUGHSHQGHQFLHV�EHWZHHQ�TXHU\LQJ�FRQFHSWV�DQG�VR�RQ�� �2XU�PRGHO�FDSWXUHV�WKH�
SRVLWLYH�DQG�QHJDWLYH�FRUUHODWLRQ�DPRQJ�WKH�VKRWV��DQG�ZH�WUDLQ�WKH�ZKROH�V\VWHP�XVLQJ�D�
UDQNLQJ-690�REMHFWLYH�IXQFWLRQ��:H�DOVR�LQWURGXFH�D�VLPSOH�DQG�HIIHFWLYH�WHFKQLTXH�WR�
PDNH�RXU�PRGHO� UREXVW� WR�RXWOLHUV�� VLQFH� WKH�FRQFHSW� ODEHOV�RI� VKRWV� LQ� WKH� WUDLQLQJ�DUH�
VFDUFH�DQG�QRLV\�  
 
 
:KLOH� WKH� YLGHR� UHWULHYDO� LV� DERXW� ILQGLQJ� YLGHRV� UHODWHG� WR� D� TXHU\� �VHW� RI� FRQFHSWXDO�
ZRUGV��� LW�GRHV�QRW� IXOO\�H[SORLW�NQRZOHGJH�FRQWDLQHG� LQ�ERWK�YLGHR�DQG� WH[W��1H[W��ZH�
VWXG\� D� QRYHO� IRUP� RI 9LVXDO� 4XHVWLRQ� $QVZHULQJ� �94$�� 9LGHR-)LOO-,Q-WKH-%ODQN�
�9),%���*LYHQ�D�YLGHR�DQG�D�GHVFULSWLRQ�VHQWHQFH�ZLWK�RQH�PLVVLQJ�ZRUG��9),%�SUREOHP�
LV� WR� ILQG� WKH�PLVVLQJ� ZRUG� DXWRPDWLFDOO\��:H� SURSRVH� D� IUDPHZRUN� WR� VROYH� WKH� ),%�
SUREOHP��ZKLFK�FRQVLVWV�RI�WH[W�DQG�YLVXDO�HQFRGLQJ��:H�HPSOR\�D�QRYHO�WH[W�HQFRGLQJ�
PRGXOH���OU�UO�/670V���WKDW�ILUVW�HQFRGHV�WKH�OHIW�DQG�ULJKW�VHQWHQFH�IUDJPHQWV�VHSDUDWHO\�
DQG�DOVR�FRPELQHV�HDFK�IUDJPHQW�ZLWK�DQ�H[WHUQDO�PHPRU\�FRUUHVSRQGLQJ�WR�WKH�RSSRVLWH�
IUDJPHQW��)RU� WKH�YLVXDO�HQFRGLQJ��ZH�HPSOR\�VSDWLDO�DQG� WHPSRUDO�DWWHQWLRQ�PRGHOV� WR�
VHOHFW� GLVFULPLQDWLYH� YLVXDO� UHSUHVHQWDWLRQV� WR� ILQG� WKH�PLVVLQJ�ZRUG��2XU�PHWKRG�ZRQ�
VHFRQG�SODFH� LQ�/DUJH�6FDOH�0RYLH�'HVFULSWLRQ�&KDOOHQJH-)LOO� ,Q� WKH�%ODQN� �/60'&-
),%��� 
 
5HODWHG� WR� WKH� DERYH�� ZH� LQWURGXFH� D� QHZ� SUREOHP� FDOOHG 9LVXDO� 7H[W� &RUUHFWLRQ�
�97&�� L�H���ILQGLQJ�DQG�UHSODFLQJ�DQ�LQDFFXUDWH�ZRUG�LQ�WKH�WH[WXDO�GHVFULSWLRQ�RI�D�YLG�
HR��:H�SURSRVH�D�GHHS�QHWZRUN� WKDW�FDQ�VLPXOWDQHRXVO\�GHWHFW�DQ� LQDFFXUDF\� LQ�D� VHQ�
WHQFH��DQG�IL[�LW�E\�UHSODFLQJ�WKH�LQDFFXUDWH�ZRUG�V���2XU�PHWKRG�OHYHUDJHV�WKH�VKRUW�DQG�
ORQJ� WHUP� GHSHQGHQFLHV� EHWZHHQ� ZRUGV� RI� D� YLGHR� FDSWLRQ� DQG� DOVR� VHPDQWLF� LQWHUGH�
SHQGHQFH�RI�YLGHR�DQG�WKH�ZRUGV�LQ�WKH�FDSWLRQ��2XU�SURSRVHG�IRUPXODWLRQ�FDQ�VROYH�WKH�
97&�SUREOHP�HPSOR\LQJ�D�QRYHO�QHWZRUN� LQ� WZR�VWHSV�� ���� LQDFFXUDF\� GHWHFWLRQ��DQG�
���� FRUUHFW� ZRUG� SUHGLFWLRQ�� 2XU� H[SHULPHQWV� DQG� SHUIRUPDQFH� DQDO\VLV� GHPRQVWUDWH�
WKDW�WKH�SURSRVHG�PHWKRG�SURYLGHV�H[FHOOHQW�UHVXOWV�DQG�DOVR�KLJKOLJKWV�WKH�FKDOOHQJHV�LQ�
VROYLQJ�WKH�97&�SUREOHP��7R�WKH�EHVW�RI�RXU�NQRZOHGJH��WKLV�ZRUN�LV�WKH�ILUVW�RI�LWV�NLQG�
IRU�WKH�7H[W�&RUUHFWLRQ�7DVN�� 
 
6R�IDU��ZH�KDYH�SURFHVVHG�YLGHRV�DQG�WH[W� �VHQWHQFHV�RU�VHW�RI�FRQFHSW�ZRUGV�� WR�VROYH�
YLGHR� UHWULHYDO��YLGHR� ILOO� LQ� WKH�EODQNV��DQG�YLGHR� WH[W�FRUUHFWLRQ��1H[W��ZH�SURSRVH� WR�
V\QWKHVL]H�WKH�FRQWHQW�RI�D�YLGHR�GLUHFWO\�XVLQJ�VHQWHQFHV��:H�WDFNOH�WKH�FRPSOLFDWHG�
SUREOHP�RI 9LGHR�*HQHUDWLRQ E\�UHJUHVVLQJ�WKH�ILUVW�DQG�ODVW�IUDPHV
�ODWHQW�UHSUHVHQWD�
WLRQV�DQG�HPSOR\LQJ�D�FRQWH[W-DZDUH� LQWHUSRODWLRQ�PHWKRG�WR�EXLOG�XS� WKH� ODWHQW� UHSUH�
VHQWDWLRQV�RI�LQ-EHWZHHQ�IUDPHV��:H�SURSRVH�D�VWDFNLQJ��XS3RROLQJ��EORFN�WR�VHTXHQWLDO�
O\�JHQHUDWH�5*%�IUDPHV�RXW�RI�HDFK�ODWHQW�YHFWRU�DQG�SURJUHVVLYHO\�LQFUHDVH�WKH�UHVROX�
WLRQ��0RUHRYHU��RXU�SURSRVHG�'LVFULPLQDWRU�HQFRGHV�YLGHRV�EDVHG�RQ�VLQJOH�DQG�PXOWLSOH�
IUDPHV��:H� SURYLGH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVXOWV� WR� VXSSRUW� RXU� DUJXPHQWV� DQG�
VKRZ�WKH�VXSHULRULW\�RI�RXU�PHWKRG�RYHU�ZHOO-NQRZQ�EDVHOLQHV�OLNH�511V� 
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