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$EVWUDFW�
7KLV�SDSHU�FRQVLGHUV�LPSURYLQJ�WKH�SHUIRUPDQFH�
RI� WH[W� FODVVLILFDWLRQ�� ZKHQ� VXPPDULHV� RI� WKH�
WH[WV�� DV� ZHOO� DV� WKH� WH[WV� WKHPVHOYHV�� DUH�
DYDLODEOH� GXULQJ� OHDUQLQJ�� 6XPPDULHV� FDQ� EH�
PRUH� DFFXUDWHO\� FODVVLILHG� WKDQ� WH[WV�� VR� WKH�
TXHVWLRQ�LV�KRZ�WR�HIIHFWLYHO\�XVH�WKH�VXPPDULHV�
LQ� OHDUQLQJ�� 7KLV� SDSHU� SURSRVHV� D� QHZ�PHWKRG�
IRU� DGGUHVVLQJ� WKH� SUREOHP�� XVLQJ� D� WHFKQLTXH�
UHIHUUHG� WR� DV� µVWRFKDVWLF� NH\ZRUG� JHQHUDWLRQ¶�
�6.*���,Q�WKH�SURSRVHG�PHWKRG��WKH�6.*�PRGHO�
LV� WUDLQHG� XVLQJ� WKH� WH[WV� DQG� WKHLU� DVVRFLDWHG�
VXPPDULHV�� ,Q� FODVVLILFDWLRQ�� D� WH[W� LV� ILUVW�
PDSSHG��ZLWK� 6.*�� LQWR� D� YHFWRU� RI� SUREDELOLW\�
YDOXHV��HDFK�RI�ZKLFK�FRUUHVSRQGV�WR�D�NH\ZRUG��
7H[W� FODVVLILFDWLRQ� LV� WKHQ� FRQGXFWHG� RQ� WKH�
PDSSHG�YHFWRU��7KLV�PHWKRG�KDV�EHHQ�DSSOLHG�WR�
HPDLO� FODVVLILFDWLRQ� IRU� DQ� DXWRPDWHG�KHOS�GHVN��
([SHULPHQWDO� UHVXOWV� LQGLFDWH� WKDW� WKH� SURSRVHG�
PHWKRG�EDVHG�RQ�6.*�VLJQLILFDQWO\�RXWSHUIRUPV�
RWKHU�PHWKRGV��

����,QWURGXFWLRQ�
:H� FRQVLGHU� WKH� SUREOHP� RI� LPSURYLQJ� WKH� SHUIRUPDQFH�
RI� WH[W� FODVVLILFDWLRQ�� ZKHQ� RWKHU� W\SHV� RI� GDWD� DUH�
DYDLODEOH� GXULQJ� OHDUQLQJ�� 6SHFLILFDOO\�� ZH� FRQVLGHU� WKH�
FDVH� LQ� ZKLFK� WKH� FODVVLILHG� WH[WV� KDYH� VXPPDULHV�� :H�
DVVXPH� KHUH� WKDW� VXPPDULHV� FDQ� EH� PRUH� DFFXUDWHO\�
FODVVLILHG�WKDQ�WH[WV��7KH�TXHVWLRQ�LV�KRZ�ZH�FRPELQH�WKH�
XVH� RI� FODVVLILHG� WH[WV� DQG� WKH� XVH� RI� VXPPDULHV� LQ�
OHDUQLQJ�� �1RWH� WKDW� ZH� DVVXPH� WKDW� VXPPDULHV� DUH� QRW�
DYDLODEOH�LQ�FODVVLILFDWLRQ����
$Q�H[DPSOH�RI�WKLV�NLQG�RI�WH[W�FODVVLILFDWLRQ�LV�WKH�HPDLO�
FODVVLILFDWLRQ�DW�D�KHOS�GHVN��)RU�H[DPSOH��WKH�KHOS�GHVN�DW�
0LFURVRIW� UHFHLYHV� HPDLO� PHVVDJHV� IURP� FXVWRPHUV�
GHVFULELQJ� VRIWZDUH� HUURUV�� 7KH� JRDO� LV� WR� DXWRPDWLFDOO\�
FODVVLI\� WKH� PHVVDJHV� LQWR� D� QXPEHU� RI� SUHGHILQHG�
FDWHJRULHV�� 7KH� HPDLO� PHVVDJHV� DUH� GLIILFXOW� WR� FODVVLI\�
EHFDXVH� FXVWRPHUV� RIWHQ� XVH� GLIIHUHQW� WHUPV� WR� GHVFULEH�
WKH�VDPH�SUREOHP��+RZHYHU��DW�WKH�KHOS�GHVN��VXPPDULHV�

WR� WKH� PHVVDJHV� PDGH� E\� HQJLQHHUV� DUH� DYDLODEOH� LQ�
DGGLWLRQ� WR� WKH� PDQXDOO\� FODVVLILHG� HPDLO� PHVVDJHV�� 7KH�
VXPPDULHV�DUH�RIWHQ�PRUH�LQGLFDWLYH�WR�WKH�FDWHJRULHV��
:H�DGGUHVV�WKH�SUREOHP�LQ�WKLV�SDSHU�DQG�SURSRVH�D�QHZ�
PHWKRG� EDVHG� RQ� D� WHFKQLTXH� ZKLFK� ZH� UHIHU� WR� DV�
µVWRFKDVWLF� NH\ZRUG� JHQHUDWLRQ¶� �6.*� IRU� VKRUW���7R� WKH�
EHVW�RI�RXU�NQRZOHGJH��WKLV�SUREOHP�KDV�QRW�EHHQ�VWXGLHG�
SUHYLRXVO\��
,Q�6.*��ZH�HPSOR\�D�SUREDELOLVWLF�PRGHO�WR�UHSUHVHQW�WKH�
UHODWLRQVKLS�EHWZHHQ� WKH�ZRUGV� LQ�GLIIHUHQW� WH[WV� DQG� WKH�
NH\ZRUGV� LQ� WKH� VXPPDULHV� RI� WKRVH� WH[WV�� 'XULQJ� WKH�
OHDUQLQJ�SKDVH��ZH�FUHDWH�DQ�6.*�PRGHO�XVLQJ� WH[WV�DQG�
WKHLU�VXPPDULHV�DV� WUDLQLQJ�GDWD��)RU�D�QHZO\�JLYHQ� WH[W��
ZH� JHQHUDWH� D� OLVW� RI� NH\ZRUGV� IURP� WKH� WH[W� XVLQJ� WKH�
6.*� PRGHO�� (DFK� RI� WKH� JHQHUDWHG� NH\ZRUGV� KDV� D�
SUREDELOLW\�YDOXH��
,Q�WH[W�FODVVLILFDWLRQ�EDVHG�RQ�6.*��ZH�ILUVW�XVH�WH[WV�DQG�
WKHLU�VXPPDULHV�WR�WUDLQ�DQ�6.*�PRGHO��:H�WKHQ�HPSOR\�
WKH� REWDLQHG� 6.*� PRGHO� WR� PDS� HDFK� RI� WKH� FODVVLILHG�
WH[WV� LQWR� D�SUREDELOLW\�YHFWRU��1H[W�ZH�XVH� WKH�REWDLQHG�
YHFWRUV� DQG� WKH� FRUUHVSRQGLQJ� FODVVHV� WR� FRQVWUXFW� D�
FODVVLILHU��
2XU�PHWKRG�PDSV�HDFK�WUDLQLQJ�H[DPSOH�LQWR�D�SUREDELOLW\�
YHFWRU�EHIRUH�FRQVWUXFWLQJ�D�FODVVLILHU��7KLV�FDQ�EH�YLHZHG�
DV� D� VRUW� RI� SUHSURFHVVLQJ�� GLIIHUHQW� IURP� WKH� WUDGLWLRQDO�
IHDWXUH�VHOHFWLRQ�DQG�IHDWXUH�WUDQVIRUPDWLRQ��
:H� FRQGXFWHG� H[SHULPHQWV� RQ� HPDLO� FODVVLILFDWLRQ� DW� D�
KHOS� GHVN� DQG� IRXQG� WKDW� RXU� PHWKRG� EDVHG� RQ� 6.*�
VLJQLILFDQWO\�RXWSHUIRUPV�RWKHU�PHWKRGV��
7KH�DSSURDFK�SUHVHQWHG�LQ�WKLV�SDSHU�PD\�EH�H[WHQGHG�WR�
RWKHU� FODVVLILFDWLRQ� SUREOHPV� LQ� VLPLODU� VHWWLQJV�� E\�
JHQHUDOL]LQJ�VWRFKDVWLF�NH\ZRUG�JHQHUDWLRQ�LQWR�VWRFKDVWLF�
IHDWXUH�JHQHUDWLRQ��
7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ���
ZH�GHVFULEH�UHODWHG�ZRUN�DQG�LQ�6HFWLRQ���ZH�GHVFULEH�RXU�
PHWKRG�RI�WH[W�FODVVLILFDWLRQ�XVLQJ�6.*��1H[W��ZH�SUHVHQW�
RXU� H[SHULPHQWDO� UHVXOWV� LQ� 6HFWLRQ� ��� )LQDOO\�� ZH� PDNH�
FRQFOXGLQJ�UHPDUNV�LQ�6HFWLRQ����



����5HODWHG�:RUN�
7H[W� FODVVLILFDWLRQ� �RU� WH[W� FDWHJRUL]DWLRQ�� LV� WKH� SURFHVV�
RI� DXWRPDWLFDOO\� DVVLJQLQJ� WH[WV� LQWR� D� QXPEHU� RI�
SUHGHILQHG� FDWHJRULHV�� 0DQ\� PHWKRGV� IRU� WH[W�
FODVVLILFDWLRQ� EDVHG� RQ� VXSHUYLVHG� OHDUQLQJ� KDYH� EHHQ�
SURSRVHG��7KH\�LQFOXGH�PHWKRGV�XVLQJ�UHJUHVVLRQ�PRGHOV�
�H�J��� )XKU� HW� DO�� ������� QDLYH� %D\HVLDQ� FODVVLILHUV� �H�J���
/HZLV� 	� 5LQJXHWWH� ������� QHDUHVW� QHLJKERU� FODVVLILHUV�
�H�J��� <DQJ� ������� QHXUDO� QHWZRUNV� �H�J��� :LHQHU� HW� DO��
������� VXSSRUW� YHFWRU� PDFKLQHV� �H�J��� -RDFKLPV� �������
ERRVWLQJ� �H�J��� 6FKDSLUH� 	� 6LQJHU� ������� V\PEROLF� UXOHV�
�H�J��� /L� 	� <DPDQLVKL� ������� DQG� WKH� SHUFHSWURQ�
DOJRULWKP�ZLWK�PDUJLQV��H�J���/L�HW�DO���������$PRQJ�WKHVH�
PHWKRGV�� WKH� VR�FDOOHG� PDUJLQ� FODVVLILHUV�� LQFOXGLQJ�
VXSSRUW� YHFWRU� PDFKLQHV�� ERRVWLQJ�� DQG� SHUFHSWURQV�� DUH�
UHSRUWHG�WR�SHUIRUP�WKH�EHVW�IRU�PDQ\�GDWD�VHWV��$OO�RI�WKH�
PHWKRGV�DERYH�XVH�RQO\�FODVVLILHG�WH[WV�LQ�WUDLQLQJ��
)HDWXUH� VHOHFWLRQ� DQG� WUDQVIRUPDWLRQ� DUH� LPSRUWDQW�
SUHSURFHVVLQJ�VWHSV�IRU�WH[W�FODVVLILFDWLRQ��/LX�	�0RWRGD�
������� )HDWXUH� VHOHFWLRQ� LV� WKH� SURFHVV� RI� UHPRYLQJ�
LUUHOHYDQW� IHDWXUHV� LQ� RUGHU� WR� HQKDQFH� WKH� HIILFLHQF\� RI�
WUDLQLQJ�DQG�FODVVLILFDWLRQ��7KH�FRPPRQO\�XVHG�PHDVXUHV�
IRU� IHDWXUH� VHOHFWLRQ� LQFOXGH� GRFXPHQW� IUHTXHQF\��
LQIRUPDWLRQ� JDLQ�� PXWXDO� LQIRUPDWLRQ�� F $ �WHVW� VFRUH�� DQG�
WHUP� VWUHQJWK� �<DQJ� 	� 3HGHUVRQ� ������� )HDWXUH�
WUDQVIRUPDWLRQ� LV� WKH�SURFHVV�RI�PDSSLQJ� H[DPSOHV� IURP�
WKH�RULJLQDO�IHDWXUH�VSDFH�WR�D�KLJKHU�GLPHQVLRQDO�VSDFH�LQ�
RUGHU� WR� LPSURYH� WKH� FODVVLILFDWLRQ� DELOLW\�RI� D� FODVVLILHU��
)RU� LQVWDQFH�� WKH�EDFN�SURSDJDWLRQ� DOJRULWKP� �5XPHOKDUW�
HW� DO�� ������ DXWRPDWLFDOO\� PDSV� H[DPSOHV� WR� D� KLJKHU�
GLPHQVLRQDO� VSDFH� UHSUHVHQWHG� E\� WKH� KLGGHQ� OD\HU� LQ� D�
PXOWLOD\HU� QHXUDO� QHWZRUN�� 7KH� VXSSRUW� YHFWRU� PDFKLQH�
OHDUQLQJ� DOJRULWKP� �9DSQLN� ������ DOVR� DWWHPSWV� WR� XVH� D�
NHUQHO�IXQFWLRQ�WR�PDS�H[DPSOHV�IURP�WKH�RULJLQDO�IHDWXUH�
VSDFH�WR�D�KLJKHU�GLPHQVLRQDO�VSDFH��)HDWXUH�VHOHFWLRQ�DQG�
IHDWXUH� WUDQVIRUPDWLRQ� DFWXDOO\� DXWRPDWLFDOO\� FRQVWUXFW�
QHZ�IHDWXUH�VSDFHV��
0DQ\� SUREOHPV� LQ� PDFKLQH� WUDQVODWLRQ�� LQIRUPDWLRQ�
UHWULHYDO�DQG�WH[W�VXPPDUL]DWLRQ�FDQ�EH�IRUPDOL]HG�DV�RQH��
EDVHG� RQ� D� PDSSLQJ� EHWZHHQ� WZR� VSDFHV�� 7KH� FHQWUDO�
LVVXH� RI� VWDWLVWLFDO� PDFKLQH� WUDQVODWLRQ� LV� WR� FRQVWUXFW� D�
SUREDELOLVWLF�PRGHO�EHWZHHQ�WKH�VSDFHV�RI�WZR�ODQJXDJHV��
)RU� H[DPSOH�� %URZQ� HW� DO�� ������� SURSRVHG� D� VHULHV� RI�
VWDWLVWLFDO�WUDQVODWLRQ�PRGHOV�IRU�VHQWHQFH�WUDQVODWLRQ��7KH�
HVVHQFH�RI�WKH�PRGHOV�LV�WR�SHUIRUP�SUREDELOLVWLF�PDSSLQJ�
EHWZHHQ� WKH� OLQJXLVWLF� GDWD� LQ� WZR� ODQJXDJHV�� ,Q�
LQIRUPDWLRQ� UHWULHYDO�� PDQ\� VWDWLVWLFDO� PHWKRGV� �H�J���
%HUJHU� 	� /DIIHUW\� ������ KDYH� EHHQ� SURSRVHG� IRU�
HIIHFWLYHO\� ILQGLQJ� WKH� PDSSLQJ� UHODWLRQVKLS� EHWZHHQ�
WHUPV�LQ�WKH�VSDFH�RI�XVHU�TXHULHV�DQG�WHUPV�LQ�WKH�VSDFH�
RI� GRFXPHQWV�� 7KLV� LV� EHFDXVH� D� PDMRU� GLIILFXOW\� IRU�
GRFXPHQW� UHWULHYDO� LV� WKDW� LQ� PDQ\� FDVHV�� WHUPV� LQ� XVHU�
TXHULHV� DQG� WHUPV� LQ�GRFXPHQWV�GR�QRW�PDWFK�YHU\�ZHOO��
,Q� VWDWLVWLFV�EDVHG� VXPPDUL]DWLRQ�� IRU� H[DPSOH�� .QLJKW�

DQG�0DUFX��������SURSRVHG�XVLQJ�WH[WV�DQG�WKH�DVVRFLDWHG�
DEVWUDFWV� DV� GDWD� WR� FRQGXFW� WH[W� VXPPDUL]DWLRQ�� $JDLQ��
PDSSLQJ�EHWZHHQ�GDWD�LQ�WZR�VSDFHV��WH[WV�DQG�VXPPDULHV��
LV�D�FHQWUDO�LVVXH��

����7H[W� &ODVVLILFDWLRQ� 8VLQJ� 6WRFKDVWLF�
.H\ZRUG�*HQHUDWLRQ�

�����3UREOHP�6HWWLQJ�
6XSSRVH� WKDW� ZH� DUH� WR� FRQGXFW� WH[W� FODVVLILFDWLRQ� EDVHG�
RQ� VXSHUYLVHG� OHDUQLQJ�� $V� XVXDO�� ZH� KDYH� D� QXPEHU� RI�
FODVVLILHG� WH[WV� DQG� ZH� FDQ� FRQVWUXFW� D� FODVVLILHU� XVLQJ�
WKHVH� FODVVLILHG� WH[WV�� 2XU� QHZ� DVVXPSWLRQ� LV� WKDW� LQ�
DGGLWLRQ� WR� WKH� FODVVLILHG� WH[WV�� ZH� DOVR� KDYH� VXPPDULHV�
DVVRFLDWHG�WR�WKH�WH[WV��L�H���HDFK�RI�WKHP�KDV�D�VXPPDU\���
)XUWKHUPRUH�� WKH� VXPPDULHV� FDQ� EH� PRUH� DFFXUDWHO\�
FODVVLILHG� WKDQ� WKH� WH[WV�� 2XU� TXHVWLRQ�� WKHQ�� LV� KRZ� ZH�
FDQ�XVH�WKH�VXPPDULHV�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WH[W�
FODVVLILFDWLRQ��1RWH�WKDW�ZH�DVVXPH�WKDW�IXWXUH�WH[WV�WR�EH�
FODVVLILHG�GR�QRW�KDYH�VXPPDULHV��
$V�RQH� H[DPSOH��ZH� FRQVLGHU� WKH� FDVH�RI� HPDLO�PHVVDJH�
FODVVLILFDWLRQ�DW�WKH�KHOS�GHVN�RI�0LFURVRIW��7KH�KHOS�GHVN�
UHFHLYHV� HPDLOV� IURP� FXVWRPHUV� WKDW� GHVFULEH� VRIWZDUH�
HUURUV� WKDW� WKH� FXVWRPHUV� KDYH� HQFRXQWHUHG�� )LJXUH� �� �D��
VKRZV� DQ� H[DPSOH� PHVVDJH�� 7KH� HQJLQHHUV� DW� WKH� KHOS�
GHVN� DVVLJQ� ODEHOV� WR� WKH� PHVVDJHV�� LQGLFDWLQJ� WKH�
FDWHJRULHV�RI� WKH�HUURUV�DQG� WKH� VROXWLRQV��DIWHU� WKH\�KHOS�
UHVROYH�WKH�SUREOHPV��7KXV��WKH�HPDLO�PHVVDJHV�DUH�KDQG�
FODVVLILHG�LQWR�FDWHJRULHV��7KH�FDWHJRULHV�LQFOXGH�µ&DQQRW�
2SHQ� :RUG� )LOH¶�� µ(PSW\� 2XWORRN� 0HVVDJH¶�� HWF�� 7KH�
FDWHJRU\�RI�WKH�PHVVDJH�LQ�)LJXUH����D��LV�µ(PSW\�2XWORRN�
0HVVDJH¶��8VXDOO\�� WKH� HQJLQHHUV� DOVR� DGG� VXPPDULHV� WR�
WKH� PHVVDJHV�� )LJXUH� �� �E�� VKRZV� WKH� VXPPDU\� RI� WKH�
PHVVDJH� LQ� )LJXUH� �� �D��� :H� VHH� WKDW� WKH� FXVWRPHU¶V�
GHVFULSWLRQ� LV� QRW� DV� WHFKQLFDO� DV� WKH� HQJLQHHU¶V�
GHVFULSWLRQ�� ,W� LV� RIWHQ� WKH� FDVH� WKDW� FXVWRPHUV¶�
GHVFULSWLRQV� YDU\� GHSHQGLQJ� RQ� WKH� SHUVRQ�� ZKLOH�
HQJLQHHUV¶� GHVFULSWLRQV� DUH� PXFK� PRUH� FRQVLVWHQW�� 2XU�
JRDO�KHUH�LV�WR�DXWRPDWLFDOO\�FODVVLI\�QHZ�HPDLO�PHVVDJHV��
XVLQJ�ERWK� WKH�FODVVLILHG�PHVVDJHV�DQG� WKH� VXPPDULHV�RI�
WKH�PHVVDJHV�DV� WUDLQLQJ�GDWD��$V� LQGLFDWHG� LQ�)LJXUH����

:KHQ� JHWWLQJ� HPDLOV� ,� JHW� D� QRWLFH� WKDW� DQ� HPDLO� KDV�
EHHQ� UHFHLYHG�EXW�ZKHQ� ,� WU\� WR�YLHZ� WKH�PHVVDJH� LW� LV�
EODQN��,�KDYH�DOVR�WULHG�WR�UXQ�WKH�UHSDLU�SURJUDP�RII�WKH�
LQVWDOO�GLVN�EXW�WKDW�LW�GLG�QRW�WDNH�FDUH�RI�WKH�SUREOHP��

�D��
UHFHLYH� HPDLOV�� VRPH� HPDLOV� KDYH� QR� VXEMHFW� DQG�
PHVVDJH�ERG\�

�E��
)LJXUH����$�H[DPSOH�RI�D�WH[W�DQG�LWV�VXPPDU\���D��WKH�WH[W��E��
WKH�VXPPDU\�



VXPPDULHV�DUH�PRUH� LQGLFDWLYH��DQG� WKXV� VKRXOG�EH�PRUH�
XVHIXO�LQ�FODVVLILFDWLRQ��
/HW� XV� GHVFULEH� WKH� SUREOHP� PRUH� IRUPDOO\�� /HW�%�̀��^ ; �GHQRWH� D� VSDFH� RI� IHDWXUHV� DQG� < �D� VHW� RI�
FODVVHV�� *LYHQ� D� ZRUG� OLVW�� OHW� ;� ����� &' ([[[ �[ �
GHQRWH�WKH�YDOXH�RI�D�IHDWXUH�YHFWRU�UHSUHVHQWLQJ�D�WH[W��LQ�
ZKLFK� WKH� L�WK� HOHPHQW� LQGLFDWHV� WKH� RFFXUUHQFH� RU� QRQ�
RFFXUUHQFH�RI�WKH�L�WK�ZRUG�RI�WKH�ZRUG�OLVW�LQ�WKH�WH[W��/HW�

<�\ �GHQRWH�D�FODVV�UHSUHVHQWLQJ�D�FDWHJRU\�RI�WH[WV��/HW�
����� )* +;;; � ; �GHQRWH� D� UDQGRP� YDULDEOH� RQ� ; ��

DQG�< �D�UDQGRP�YDULDEOH�RQ�< ���
/HW� ,�̀��^ 6 �GHQRWH� DQRWKHU� VSDFH�RI� IHDWXUHV��*LYHQ� D�
NH\ZRUG�OLVW��OHW� 6� ����� -. /VVV �V �GHQRWH�WKH�YDOXH�RI�
D�IHDWXUH�YHFWRU�UHSUHVHQWLQJ�D�VXPPDU\��LQ�ZKLFK�WKH�L�WK�
HOHPHQW�LQGLFDWHV�WKH�RFFXUUHQFH�RU�QRQ�RFFXUUHQFH�RI�WKH�
L�WK� NH\ZRUG� RI� WKH� NH\ZRUG� OLVW� LQ� WKH� VXPPDU\�� /HW�

����� 01 2666 � 6 �GHQRWH�D�UDQGRP�YDULDEOH�RQ� 6 ���
7KH� FRQYHQWLRQDO� WH[W� FODVVLILFDWLRQ� SUREOHP� FDQ� EH�
GHVFULEHG� DV� IROORZV�� *LYHQ� D� VHW� RI� FODVVLILHG� WH[WV�

�`����������^� 0011 33 \\\/ [[[ � 4 DV� WUDLQLQJ� GDWD�� D�
VXSHUYLVHG� OHDUQLQJ� DOJRULWKP� $ �FUHDWHV� D� FODVVLILHU�

�� 44 /$K  �ZKLFK� LV�D� IXQFWLRQ� IURP� ; �WR�< ��*LYHQ�D�
VHW�RI�XQFODVVLILHG�WH[WV�DV�WHVW�GDWD��ZH�XVH�WKH�FODVVLILHU�
WR�FODVVLI\�WKHP��7KH�SHUIRUPDQFH�RI�WKH�FODVVLILHU�FDQ�EH�
PHDVXUHG� LQ� WHUPV� RI� WKH� JHQHUDOL]DWLRQ� HUURU�

@��>567 <K( 89 z;: ; ��
,Q� WKLV�SDSHU��ZH� HPSOR\� OLQHDU� FODVVLILHUV�ZKLFK� FDQ�EH�
UHSUHVHQWHG�DV�
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ZKHUH� GH I J KLZ �UHSUHVHQWV� WKH� ZHLJKW� VXSSRUWLQJ� \ �ZLWK� WKH�
RFFXUUHQFH�RI�WKH�L�WK�ZRUG�RI�WKH�ZRUG�OLVW�LQ�WKH�WH[W��DQG�
ME �UHSUHVHQWV� WKH� SULRU� ZHLJKW� VXSSRUWLQJ� \ �� 1DLYH�

%D\HVLDQ� FODVVLILHUV�� SHUFHSWURQV�� DQG� OLQHDU� VXSSRUW�
YHFWRU�PDFKLQHV�DUH�OLQHDU�FODVVLILHUV��
,Q�RXU�QHZ�FODVVLILFDWLRQ�SUREOHP��ZH�XVH�DV�WUDLQLQJ�GDWD��
QRW� RQO\ �`����������^� NNOO PP \\\/ [[[ � Q �� EXW� DOVR�

�`����������^� RRSS TT V[V[V[ � �ZKLFK� LV� D� VHW� RI� WKH��
WH[WV� DQG� WKHLU� DVVRFLDWHG� VXPPDULHV�� :H� DVVXPH��
WKDW� WKH� VXPPDULHV� FDQ� EH� PRUH� DFFXUDWHO\��
FODVVLILHG� WKDQ� WKH� WH[WV� WKHPVHOYHV�� 0RUH��
SUHFLVHO\�� @��>@��> UVWUVW <K(<K( XYXY z!z 6; Z[ \] �� ZKHUH�

@��>^_` <K( ab z6c d �GHQRWHV� WKH� JHQHUDOL]DWLRQ� HUURU� RI�
FRQGXFWLQJ� FODVVLILFDWLRQ� RQ� VXPPDULHV�� GHILQHG� LQ� D�
VLPLODU�ZD\�DV�FODVVLILFDWLRQ�RQ�WH[WV��
7DEOH� �� VKRZV� D� FRPSDULVRQ� EHWZHHQ� WKH� FRQYHQWLRQDO�
WH[W�FODVVLILFDWLRQ�SUREOHP�DQG�WKH�QHZ�WH[W�FODVVLILFDWLRQ�
SUREOHP���
7KH� TXHVWLRQ� LV� ZKHWKHU� ZH� FDQ� FRQVWUXFW� D� KLJK�
SHUIRUPDQFH�FODVVLILHU�LQ�RXU�QHZ�SUREOHP�VHWWLQJ��

�����6WRFKDVWLF�.H\ZRUG�*HQHUDWLRQ�
:H� FRQVLGHU� WKH� SUREOHP� RI� DXWRPDWLFDOO\� JHQHUDWLQJ�
NH\ZRUGV�IRU�D�JLYHQ�WH[W��:H�SURSRVH�D�QHZ�DSSURDFK�WR�
DGGUHVV� WKLV�SUREOHP��ZKLFK�ZH�FDOO� µVWRFKDVWLF� NH\ZRUG�
JHQHUDWLRQ¶��6.*���
:H�DVVXPH�WKDW�ZH�KDYH�D�QXPEHU�RI�WH[WV��HDFK�KDYLQJ�D�
VXPPDU\�� ,Q� DGGLWLRQ�� ZH� KDYH� D� OLVW� RI� NH\ZRUGV�� 2QH�
ZD\� WR�FUHDWH� WKH�NH\ZRUG� OLVW��ZKLFK�ZH�HPSOR\� LQ� WKLV�
SDSHU��LV�WR�FROOHFW�DOO�WKH�FRQWHQW�ZRUGV��QRQ�VWRSZRUGV��
LQ�WKH�VXPPDULHV�DQG�YLHZ�WKHP�DV�NH\ZRUGV��
7KXV�� IRU� HDFK� NH\ZRUG�� ZH� FDQ� GHWHUPLQH� ZKHWKHU� LW�
RFFXUV�LQ�WKH�VXPPDU\�RI�D�JLYHQ�WH[W��)RU�HDFK�NH\ZRUG��
ZH�FDQ�FUHDWH�D�ELQDU\�FODVVLILHU�ZKLFK�MXGJHV�KRZ�OLNHO\�
WKH�NH\ZRUG�RFFXUV��RU�GRHV�QRW�RFFXU��LQ�WKH�VXPPDU\�RI�
D�WH[W��XVLQJ�WKH�WH[WV�DQG�WKH�DVVRFLDWHG�VXPPDULHV��,I�ZH�
KDYH�P�NH\ZRUGV�WKHQ�ZH�FDQ�FUHDWH�P�VXFK�FODVVLILHUV��
*LYHQ� D�QHZ� WH[W��ZH� FDQ�XVH� WKH� FODVVLILHUV� WR� FDOFXODWH�
WKH� OLNHOLKRRG� YDOXHV� RI� WKH� NH\ZRUGV� DQG� RXWSXW� WKRVH�
NH\ZRUGV�DQG�WKHLU�OLNHOLKRRG�YDOXHV��:H�FDOO�WKLV�SURFHVV�
6.*�� )LJXUH� �� VKRZV� DQ� H[DPSOH� RI� 6.*�� 1RWH� WKDW�

7DEOH� ��� &RPSDULVRQ� EHWZHHQ� WKH� FRQYHQWLRQDO� SUREOHP� DQG�
WKH�QHZ��SUREOHP�RQ�WH[W�FODVVLILFDWLRQ�

� &RQYHQWLRQDO� 1HZ�

&ODVVLILHU� <; o � <; o �

7UDLQLQJ�
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)LJXUH����$Q�H[DPSOH�RI�VWRFKDVWLF�NH\ZRUG�JHQHUDWLRQ�



DOWKRXJK� WKH� ZRUG� µERG\¶� GRHV� QRW� DSSHDU� LQ� WKH� WH[W�� LW�
FDQ�VWLOO�EH�JHQHUDWHG�DV�D�NH\ZRUG��
0RUH�IRUPDOO\��JLYHQ�D�GDWD�VHW�FRQWDLQLQJ�WH[WV�DQG�WKHLU�
VXPPDULHV� �`����������^� nnoo pp V[V[V[ � ��ZH�FDQ�FRQVWUXFW�
D�FODVVLILHU�IRU�HDFK�RI�WKH�NH\ZRUGV� ����� qr s666 � ��)RU�
H[DPSOH�� ZH� FDQ� FUHDWH� D� QDLYH� %D\HVLDQ� FODVVLILHU� IRU�
HDFK� NH\ZRUG�� *LYHQ� D� QHZ� WH[W� [ �� ZH� FDQ� XVH��
WKH� QDLYH� %D\HVLDQ� FODVVLILHUV� WR� FDOFXODWH� WKH��
FRQGLWLRQDO� SUREDELOLWLHV� RI� WKH� NH\ZRUGV��

��_�����_����_��� tu [[[    v636363 � ��1RWH�WKDW�ZH�
XVH� WKH� QDwYH�%D\HVLDQ� FODVVLILHUV� DV� D� GHQVLW\� HVWLPDWRU�
KHUH� IRU� DVVLJQLQJ� NH\ZRUG� SUREDELOLWLHV�� QRW� IRU�
FODVVLILFDWLRQ��
+HUHDIWHU�� ZH� ZLOO� XVH� � �WR� GHQRWH� WKH� VSDFH� RI�
FRQGLWLRQDO� SUREDELOLW\� YDOXHV� RI� NH\ZRUGV�� DQG�

������������� tu [[[[ vTTT � �D� YHFWRU� LQ � ��
ZKHUH �_���� [[   ww 63T ����� PM � �� :H� FDOO� LW�
µVWRFKDVWLF�NH\ZRUG�JHQHUDWLRQ�PRGHO¶��
:H� QRWH� WKDW� 6.*� FDQ� EH� XVHG� IRU� ERWK� NH\ZRUG�
JHQHUDWLRQ� DQG� � IRU� RWKHU� DSSOLFDWLRQV� OLNH� WH[W�
FODVVLILFDWLRQ��DV�ZLOO�EH�PDGH�FOHDU�EHORZ��

�����$OJRULWKP�
:H� SURSRVH� WR� HPSOR\� 6.*� LQ� WKH� WH[W� FODVVLILFDWLRQ�
SUREOHP�GHVFULEHG� LQ�6HFWLRQ������)LJXUH��� LOOXVWUDWHV� WKH�
GLIIHUHQFHV� EHWZHHQ� WKH� FRQYHQWLRQDO� DSSURDFK� �D�� DQG�
RXU�DSSURDFK��E����

)LJXUH���GHOLQHDWHV�WKUHH�VWHSV�RI�WKH�DOJRULWKP���
���� *LYHQ� WKH� VHW� RI� WH[WV� DQG� WKHLU��
VXPPDULHV� �`����������^� ttuu xx V[V[V[ � �� LW� FRQVWUXFWV��
DQ� 6.*� PRGHO� ������������� tu [[[[ vTTT � �� :H�
HPSOR\� WKH� QDwYH� %D\HVLDQ� FODVVLILHUV� IRU� FUHDWLQJ� WKH�
6.*�PRGHO�LQ�WKLV�SDSHU��
����0DS� WKH� VHW� RI� FODVVLILHG� WH[WV� `���^ tu x[[[ � �LQWR� D�
VHW� RI� SUREDELOLW\� YHFWRUV� �`��������^ tu x[[[ � �XVLQJ�
WKH�FRQVWUXFWHG�6.*�PRGHO��
���� &RQVWUXFW� D� FODVVLILHU� ZLWK� WKH� SUREDELOLW\��
YHFWRUV� DQG� WKH� DVVRFLDWHG� FODVVHV�

�`����������������^� yyzz {{ \\\ [[[ � ��$�FODVVLILHU�KHUH�
LV�UHSUHVHQWHG�DV� @��>PD[DUJ���� | }~ � �
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7UDLQLQJ�'DWD�
�`������^� �� �� \\ [[ � �
�`������^� �� �� V[V[ � �

7HVW�'DWD�
�`������^� �� �� \\ cccc [[ � �

7HVW�'DWD�
�`������^� �� �� \\ cccc [[ � �

�D�� �E��
)LJXUH� ��� 'LIIHUHQFHV� EHWZHHQ� �D�� WKH� FRQYHQWLRQDO� DSSURDFK�
DQG��E��RXU�DSSURDFK�

� ,QSXW� �`����������^� ���� �� \\\ [[[ � �
DQG� �`����������^� ���� �� V[V[V[ � �
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�

7UDLQ�6.*�PRGHO� ��[ �XVLQJ�
�`����������^� ���� �� V[V[V[ � �

��� 0DS� `���^ �� �[[[ � �LQWR� �`��������^ �� �[[[ � �
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7UDLQ�FODVVLILHU� �K �XVLQJ�
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,Q�WKLV�SDSHU��ZH�HPSOR\HG�WKH�SHUFHSWURQ�DOJRULWKP�ZLWK�
PDUJLQV� �3$0�� WR� WUDLQ� D� SHUFHSWURQ� FODVVLILHU�� )LJXUH� ��
VKRZV�WKH�GHWDLOV�RI�LWV�WUDLQLQJ�SURFHVV��:H�DOVR�XVHG�WKH�
OLQHDU�VXSSRUW�YHFWRU�PDFKLQH��690��DV�D�FODVVLILHU���
,Q�WH[W�FODVVLILFDWLRQ��JLYHQ�D�QHZ�WH[W� ;�[ ��RXU�PHWKRG�
ILUVW� FUHDWHV� LWV� FRUUHVSRQGLQJ� ��[ �� DQG� WKHQ� XVHV� WKH�
FODVVLILHU� ���� [ÇK �WR�FODVVLI\�WKH�WH[W��
1RWH� WKDW� LQ� RXU� PHWKRG�� VWRFKDVWLF� NH\ZRUG� JHQHUDWLRQ�
WXUQV�RXW�WR�EH�D�SUHSURFHVVLQJ�VWHS�IRU�WH[W�FODVVLILFDWLRQ��

����([SHULPHQWDO�5HVXOWV�
�����(PDLO�&ODVVLILFDWLRQ�
:H�FRQGXFWHG�H[SHULPHQWV�RQ�HPDLO�DXWR�FODVVLILFDWLRQ�DW�
WKH�KHOS�GHVN�RI�0LFURVRIW���
:H� XVHG� HPDLO� PHVVDJHV� ZLWK� VXPPDULHV� WR� WUDLQ�
VWRFKDVWLF� NH\ZRUG� PRGHOV� DV� GHVFULEHG� LQ� 6HFWLRQ� �����
DQG� XVHG� WKH� REWDLQHG� VWRFKDVWLF� NH\ZRUG� PRGHOV� DQG�
FODVVLILHG�HPDLO�PHVVDJHV�WR�WUDLQ�FODVVLILHUV�DV�GHVFULEHG�
LQ� 6HFWLRQ� �����1H[W�� ZH� XVHG� WKH� REWDLQHG� FODVVLILHUV� WR�
FODVVLI\�RWKHU�HPDLO�PHVVDJHV��
7KHUH� ZHUH� ������ HPDLO� PHVVDJHV� EHORQJLQJ� WR� ���
FDWHJRULHV��7KH�ODUJHVW�FDWHJRU\�FRQWDLQHG�PRUH�WKDQ�����
HPDLO� PHVVDJHV�� ZKLOH� WKH� VPDOOHVW� FDWHJRU\� FRQWDLQHG��
RQO\� ����7KH� DYHUDJH� OHQJWK� RI� D�PHVVDJH�ZDV� DERXW� ���
ZRUGV��DQG� WKHUH�ZHUH�DERXW��������XQLTXH�ZRUGV� LQ� WKH�
HPDLO�PHVVDJHV��$OO�RI�WKH�������PHVVDJHV�ZHUH�DVVLJQHG�
VXPPDULHV�� 7KH� DYHUDJH� OHQJWK� RI� D� VXPPDU\� ZDV� ���
ZRUGV�� DQG� WKHUH� ZHUH� DERXW� ������ XQLTXH� ZRUGV� LQ� WKH�
VXPPDULHV�� :H� UHPRYHG� VWRSZRUGV� �ZH� GHILQHG� ����
VWRSZRUGV��IURP�ERWK�WKH�WH[WV�DQG�VXPPDULHV��EXW�GLG�QRW�
SHUIRUP�VWHPPLQJ�RQ�WKHP��
:H�UDQGRPO\�VSOLW� WKH�GDWD�LQWR�ILYH�SDUWV�DQG�FRQGXFWHG�
��IROG�FURVV�YDOLGDWLRQ��,Q�HDFK�WULDO�RI�WKH�FURVV�YDOLGDWLRQ��
ZH�XVHG�WKH�WUDLQLQJ�H[DPSOHV�IRU�WKH�FRQVWUXFWLRQ�RI�ERWK�
6.*� PRGHOV� DQG� FODVVLILHUV�� DQG� ZH� GLVFDUGHG� WKH�
VXPPDULHV� RI� WKH� WHVW� H[DPSOHV��$OO� RI� WKH� H[SHULPHQWDO�
UHVXOWV� UHSRUWHG� EHORZ� DUH� WKRVH� DYHUDJHG� RYHU� WKH� ILYH�
WULDOV��
,Q� HDFK� WULDO�� ZH� FROOHFWHG� DOO� WKH� ZRUGV� ZKRVH� WRWDO�
IUHTXHQFLHV�ZHUH�ODUJHU�WKDQ���IURP�WKH�VXPPDULHV�RI�WKH�
WUDLQLQJ� H[DPSOHV� DQG� FUHDWHG� D� VHW� RI� NH\ZRUGV�

PM6 È ������ � ��7KHUH�ZHUH�RQ�DYHUDJH�����NH\ZRUGV��LQ�
WKH�ILYH�WULDOV��)RU�HDFK�NH\ZRUG� È6 ��ZH�VHOHFWHG�IURP�WKH�
HPDLO�PHVVDJHV� ���ZRUGV� KDYLQJ� WKH� ODUJHVW� LQIRUPDWLRQ�
JDLQ�YDOXHV� �FI��<DQJ�	�3HGHUVRQ��������:H�GHQRWH� WKH�
VHW�RI�ZRUGV�UHODWHG�WR� È6 �DV� È; ��7KHUH�ZHUH�RQ�DYHUDJH�

DERXW� ������ ZRUGV� LQ� WKH� VHW� RI� WKH� VHOHFWHG� ZRUGV�
ÉÊ

É ;; ËÌ � ��

,Q�HDFK�WULDO��ZH�FRQVWUXFWHG�DQ�6.*�PRGHO�ZLWK�WKH�WH[WV�
DQG�VXPPDULHV�LQ�WKH�WUDLQLQJ�H[DPSOHV��)RU�D�JLYHQ�WH[W�
[�� ZH� FDOFXODWHG� WKH� FRQGLWLRQDO� SUREDELOLW\� RI� HDFK�
NH\ZRUG� È6 �JLYHQ� WKH� WH[W� [�� XVLQJ� RQO\� WKH�
FRUUHVSRQGLQJ�VHW�RI�ZRUGV� È; ��7KLV�LV�EHFDXVH�ZH�IRXQG�
WKDW� WKLV� NLQG� RI� µIHDWXUH� VHOHFWLRQ¶� KHOSV� WR� LPSURYH�
SHUIRUPDQFH�� �:H� VHW� ��_ Í;_ �EDVHG� RQ� D� SUHOLPLQDU\�
H[SHULPHQWDO� UHVXOW� XVLQJ� D� UDQGRP� ���� VSOLW� RI� WKH�
WUDLQLQJ�GDWD�SULRU�WR�WKH�ILUVW�WULDO�RI�WKH�FURVV�YDOLGDWLRQ��
6HH�6HFWLRQ�����IRU�GHWDLOV�RQ�IXUWKHU�H[SHULPHQWV����
:H� FODVVLILHG� WKH� WHVW� GDWD� XVLQJ� RXU� PHWKRG�� QDPHO\�
FODVVLILFDWLRQ� EDVHG� RQ� 6.*�� :KHQ� WKH� FODVVLILHU� LV�
WUDLQHG� ZLWK� WKH� SHUFHSWURQ� DOJRULWKP� ZLWK� PDUJLQV�� ZH�
GHQRWH� WKH�PHWKRG�DV� µ6.*��3$0�¶��:KHQ�WKH�FODVVLILHU�
LV� WKH� VXSSRUW� YHFWRU�PDFKLQH��ZH� GHQRWH� WKH�PHWKRG� DV�
µ6.*� �690�¶�� )RU� 3$0�� ZH� XVHG� D� WRRO� WKDW� ZH�
GHYHORSHG�RXUVHOYHV��)RU�690��ZH�XVHG�D�WRRO�GHYHORSHG�
E\� 3ODWW� �������� ZKLFK� ZDV� DOVR� XVHG� LQ� �'XPDLV� HW� DO��
������IRU�WH[W�FODVVLILFDWLRQ��
)RU�FRPSDULVRQ��ZH�DOVR�WHVWHG�RWKHU�PHWKRGV���
)LUVW�� ZH� XVHG� RQO\� HPDLO� PHVVDJHV� WR� WUDLQ� FODVVLILHUV��
�7KDW� LV� WR� VD\�� ZH� GLG� QRW� XVH� WKH� VXPPDULHV��� $V�
FODVVLILHUV�� ZH� HPSOR\HG� 690� DQG� 3$0�� 2XU� XVH� RI��
690�ZDV�H[DFWO\�WKH�VDPH�DV�WKDW�LQ��'XPDLV�HW�DO���������
7KDW�LV��IRU�HDFK�FODVV��ZH�FRQGXFWHG�ELQDU\�FODVVLILFDWLRQ�
LQ� ZKLFK�ZH� VHOHFWHG� ���� IHDWXUHV� EDVHG� RQ� LQIRUPDWLRQ�
JDLQ�� 3$0� ZDV� DOVR� UXQ� RQ� WKH� VDPH� IHDWXUH� VHW�� :H�
GHQRWH� WKH�PHWKRGV� DV� µ7H[W� �690�¶� DQG� µ7H[W� �3$0�¶�
UHVSHFWLYHO\��
6HFRQG��ZH�DOVR�XVHG�DOO�WKH�ZRUGV�LQ�WKH�WH[WV�DV�IHDWXUHV�
ZKHQ� XVLQJ� 690� DQG� 3$0��:H� GHQRWH� WKHP� DV� µ7H[W�
�DOO��690�¶�DQG�µ7H[W��DOO��3$0�¶�UHVSHFWLYHO\��
7KLUG��ZH� XVHG� RQO\� VXPPDULHV� WR� WUDLQ� 690�DQG�3$0�
FODVVLILHUV��1H[W��ZH�XVHG�WKHP�WR�FODVVLI\�HPDLO�PHVVDJHV��
7KH� PHWKRGV� DUH� GHQRWHG� DV� µ6XP� �690�¶� DQG� µ6XP�
�3$0�¶�UHVSHFWLYHO\��
)RXUWK��ZH�PHUJHG�HDFK�HPDLO�PHVVDJH�ZLWK�LWV�DVVRFLDWHG�
VXPPDU\�DQG�YLHZHG�WKH�PHUJHG�UHVXOWV�DV�SHXGR�WH[WV�WR�
WUDLQ�FODVVLILHUV��$JDLQ��ZH�HPSOR\HG�690�DQG�3$0��:H�
GHQRWH� WKH� PHWKRGV� DV� µ7H[W�6XP� �690�¶� DQG��
µ7H[W�6XP��3$0�¶�UHVSHFWLYHO\��
)LIWK�� ZH� WUHDWHG� WKH� NH\ZRUGV� H[WUDFWHG� IURP� WKH�
VXPPDULHV� DV� IHDWXUHV� RI� WKH� HPDLO� PHVVDJHV� DQG�
FRQGXFWHG� WUDLQLQJ� DQG� FODVVLILFDWLRQ� ZLWK� WKH� HPDLO�
PHVVDJHV�RQ�WKH�EDVLV�RI�WKH�IHDWXUHV��7KLV�FDQ�EH�YLHZHG�
DV�IHDWXUH�VHOHFWLRQ�IRU�WH[W�FODVVLILFDWLRQ�XVLQJ�VXPPDULHV��



:H� DOVR� HPSOR\HG� 690� DQG� 3$0� DV� FODVVLILHUV�� :H�
GHQRWH� WKH� PHWKRGV� DV� µ7H[W� �.:��690�¶� DQG� µ7H[W�
�.:��3$0�¶�UHVSHFWLYHO\��
6L[WK�� ZH� XVHG� 3$0� DQG� 690� RQO\� RQ� ; �� WKH� VHW� RI��
ZRUGV� XVHG� IRU� FUHDWLQJ� WKH� VWRFKDVWLF� NH\ZRUGV�
JHQHUDWLRQ� PRGHOV��:H� GHQRWH� WKHP� DV� µ7H[W�;� �3$0�¶�
DQG�µ7H[W�;��690�¶�UHVSHFWLYHO\���
:H�DOVR�WHVWHG�WKH�EDVHOLQH�PHWKRG��GHQRWHG�DV�µ3ULRU¶��LQ�
ZKLFK� ZH� DOZD\V� FKRVH� WKH� PRVW� IUHTXHQWO\� RFFXUULQJ�
FODVVHV��
7DEOH���VKRZV�WKH�UHVXOWV�LQ�WHUPV�RI� WRS���DFFXUDF\�DQG�
WRS���DFFXUDF\���
)URP�7DEOH����ZH�VHH�WKDW�6.*��3$0��DQG�6.*��690��
VLJQLILFDQWO\�RXWSHUIRUP�WKHLU�FRUUHVSRQGLQJ�PHWKRGV�WKDW�
GR�QRW�XVH�6.*��7KH�UHVXOWV�RI�WKH�VLJQ�WHVW��FI���<DQJ�	�
/LX� ������ VKRZ� WKDW� WKH� LPSURYHPHQWV� DUH� VWDWLVWLFDOO\�
VLJQLILFDQW��S�YDOXH�����������
7KH�H[SHULPHQWDO�UHVXOWV�RI�7H[W��3$0���7H[W��DOO��3$0��
7H[W� �690��� DQG� 7H[W� �DOO��690�� LQGLFDWH� WKDW� IHDWXUH�
VHOHFWLRQ� EDVHG� RQ� LQIRUPDWLRQ� JDLQ� GR� QRW� DIIHFW� WKH�
SHUIRUPDQFHV�YHU\�PXFK��
7KH�SHUIRUPDQFHV�RI�6XP��3$0��DQG�6XP��690��DUH�QRW�
DV� JRRG� DV� WKRVH� RI� 7H[W� �3$0�� DQG� 7H[W� �690���
VXJJHVWLQJ� WKDW� D� FODVVLILHU� WUDLQHG� IURP� WKH� VSDFH� RI�
VXPPDULHV� FDQQRW� ZRUN� ZHOO� LQ� WKH� VSDFH� RI� HPDLO�
PHVVDJHV�� 7KLV� LV� EHFDXVH� WKH� ZRUG� XVDJH� LQ� WKH� HPDLO�
PHVVDJHV� DUH� TXLWH� GLIIHUHQW� IURP� WKH�ZRUG� XVDJH� LQ� WKH�

VXPPDULHV�� )RU� WKH� VDPH� UHDVRQ�� 7H[W� �.:��3$0�� DQG�
7H[W��.:��690��GR�QRW�SHUIRUP�ZHOO�HLWKHU��
7KH� SHUIRUPDQFHV� RI� 7H[W�6XP� �3$0�� DQG� 7H[W�6XP�
�690��DUH�QRW�EHWWHU�WKDQ�WKRVH�RI�7H[W��3$0��DQG�7H[W�
�690��� VXJJHVWLQJ� WKDW� VLPSO\� PHUJLQJ� WH[WV� ZLWK� WKHLU�
VXPPDULHV�IRU�WUDLQLQJ�FDQQRW�KHOS�LPSURYH�SHUIRUPDQFH��
7KH� SHUIRUPDQFHV� RI� 7H[W�;� �3$0�� DQG� 7H[W�;� �690��
DUH� LQIHULRU� WR� WKRVH� RI� 6.*� �3$0�� DQG� 6.*� �690���
LQGLFDWLQJ� WKDW� WKH�EHWWHU�SHUIRUPDQFHV�RI�6.*�ZHUH�QRW�
GXH�WR�WKH�XVH�RI�WKH�VHOHFWHG�IHDWXUH�VHW� ; ��

�����'LVFXVVLRQV�
:H�LQYHVWLJDWHG�WKH�HIIHFWV�RI�XVLQJ�GLIIHUHQW�QXPEHUV�RI�
ZRUGV��IHDWXUHV��IURP�HPDLO�PHVVDJHV�LQ�WKH�FRQVWUXFWLRQ�
RI� WKH� 6.*�PRGHOV��7DEOH� �� VKRZV� WKH� SHUIRUPDQFHV� RI�
6.*� �3$0�� LQ� GLIIHUHQW� VHWWLQJV�� :H� VHH� WKDW� DOO� WKH�
UHVXOWV�DUH�EHWWHU�WKDQ�WKRVH�RI�QRQ�6.*�PHWKRGV�LQ�7DEOH�
��� DQG� DPRQJ� WKHP� WKH� UHVXOWV� DFKLHYH� WKH� EHVW� ZKHQ�

��_ Î;_ �DQG� ��_ Î;_ �� 7KH� UHVXOWV� LQGLFDWH� WKDW� ��� WR�
��� ZRUGV� �IHDWXUHV�� ZLOO� XVXDOO\� VXIILFH� WR� LGHQWLI\� D�
NH\ZRUG���
:H� DOVR� LQYHVWLJDWHG� WKH� SHUIRUPDQFH� RI� GHWHUPLQLVWLF�
NH\ZRUG�JHQHUDWLRQ��LQ�ZKLFK�ZH�PDSSHG�H[DPSOHV�IURP�
; �WR� 6 �LQVWHDG�RI� ; �WR�� �LQ�WUDLQLQJ�DQG�WHVWLQJ��0RUH�
SUHFLVHO\�� ZH� ILUVW� XVHG� WKH� HPDLO� PHVVDJHV� DQG� WKHLU�
VXPPDULHV� WR� WUDLQ� WKH� QDwYH�%D\HVLDQ� FODVVLILHUV�� DV� ZH�
GLG�EHIRUH��+RZHYHU��ZH�GLG�QRW� XVH� WKH�QDwYH�%D\HVLDQ�
FODVVLILHUV� IRU� SUREDELOLW\� DVVLJQPHQW�� EXW� XVHG� WKHP� IRU�
FODVVLILFDWLRQ�� )RU� HDFK� WH[W�� ZH� XVHG� WKH� FODVVLILHUV� WR�
JHQHUDWH� D� ���� YHFWRU�� 7KH� YDOXH� ZDV� RQH�� LI� WKH�
FRUUHVSRQGLQJ�NH\ZRUG�KDV�D�SUREDELOLW\�YDOXH�ODUJHU�WKDQ�
����� DQG� ]HUR� RWKHUZLVH�� 1H[W�� ZH� FRQYHUWHG� DOO� RI� WKH�
FODVVLILHG� WH[WV� LQWR� ���� YHFWRUV� DQG� XVHG� WKHP� IRU� WKH�
FRQVWUXFWLRQ�RI�FODVVLILHUV��:H�HPSOR\HG�3$0�DQG�690�
DV� EHIRUH�� 7KH� H[SHULPHQWDO� UHVXOWV�� GHQRWHG� DV� µ'.*�
�3$0�¶� DQG� µ'.*� �690�¶� UHVSHFWLYHO\�� DUH� VKRZQ� LQ�
7DEOH����:H�VHH�WKDW�'.*��3$0��VOLJKWO\�LPSURYHV�XSRQ�
7H[W��3$0���+RZHYHU��WKH�UHVXOW�IURP�WKH�VLJQ�WHVW�LV�QRW�
VWDWLVWLFDOO\� VLJQLILFDQW�� 6.*� �3$0�� SHUIRUPV� PXFK�

7DEOH� ��� 3HUIRUPDQFH� RI� 6.*� �3$0�� ZKHQ� XVLQJ� GLIIHUHQW�
QXPEHUV�RI�IHDWXUHV� _Ï;_ �WR�PRGHO�WKH�FRQGLWLRQDO�SUREDELOLW\�
RI�HDFK�NH\ZRUG� Ï6 �

_Ð;_ � 7RS���
$FFXUDF\�����

7RS���
$FFXUDF\�����

��� ����� �����
��� ����� �����
��� ����� �����
��� ����� �����
��� ����� �����

7DEOH����([SHULPHQWDO�UHVXOWV�RI�HPDLO�FODVVLILFDWLRQ�

0HWKRG� 7RS���
$FFXUDF\�����

7RS���
$FFXUDF\�����

3ULRU� ����� �����
7H[W��3$0�� ����� �����
7H[W��DOO��3$0�� ����� �����
6XP��3$0�� ����� �����
7H[W�6XP��3$0�� ����� �����
7H[W��.:��3$0�� ����� �����
7H[W�;��3$0�� ����� �����
6.*��3$0�� ����� �����
7H[W��690�� ����� �����
7H[W��DOO��690�� ����� �����
6XP��690�� ����� �����
7H[W�6XP��690�� ����� �����
7H[W��.:��690�� ����� �����
7H[W�;��690�� ����� �����
6.*��690�� ����� �����



EHWWHU� WKDQ�'.*��3$0��� VXJJHVWLQJ� WKDW� WKH�PDSSLQJ�RI�
H[DPSOHV� IURP� ; �WR�� �LV� PRUH� HIIHFWLYH�� 7KH� UHVXOWV�
ZLWK�690�KDYH�VLPLODU�WHQGHQFLHV��7KXV�LW� LV�VDIH�WR�VD\�
WKDW�SUREDELOLVWLF�DVVLJQPHQW�RI�NH\ZRUGV�LV�PRUH�UHOLDEOH�
WKDQ� GHWHUPLQLVWLF� DVVLJQPHQW� RI� NH\ZRUGV� IRU� WH[W�
FODVVLILFDWLRQ��
7DEOH� �� VKRZV� WKH� SHUIRUPDQFHV� RI� FODVVLILFDWLRQ� RQ�
VXPPDULHV��L�H���ZH�XVHG�WKH�VXPPDULHV� IRU�ERWK�WUDLQLQJ�
DQG�FODVVLILFDWLRQ���ZKLFK�ZH�GHQRWHG�DV�6XP�6XP��3$0��
DQG� 6XP�6XP� �690��� 7KH� UHVXOWV� LQGLFDWH� WKDW� WKH�
VXPPDULHV�PDGH�E\�WKH�HQJLQHHUV�FDQ�EH�PRUH�DFFXUDWHO\�
FODVVLILHG�WKDQ�WKH�WH[WV�ZULWWHQ�E\�WKH�FXVWRPHUV��7KLV�KDV�
YHULILHG� WKDW� RXU� DVVXPSWLRQ� �VXPPDULHV� FDQ� EH� PRUH�
DFFXUDWHO\� FODVVLILHG� WKDQ� WH[WV�� KROGV� IRU� WKH�GDWD� LQ� WKH�
H[SHULPHQWV��
)LJXUH� �� JLYHV� DQ� H[DPSOH� IURP� WKH� FDWHJRU\� µ(PSW\�
2XWORRN� 0HVVDJH¶�� ZKLFK� ZDV� LQFRUUHFWO\� FODVVLILHG� E\�
7H[W��3$0��DQG�7H[W��690���EXW�ZDV�FRUUHFWO\�FODVVLILHG�
E\�6.*��3$0��DQG�6.*��690���7KH�FXVWRPHU�GHVFULEHG�
WKH� SUREOHP� DV� µLW� LV� EODQN¶�� ,Q� FRQWUDVW�� WKH� HQJLQHHU�
GHVFULEHG�WKH�SUREOHP�DV�µQR�VXEMHFW�DQG�PHVVDJH�ERG\¶��
,W� DSSHDUV� WKDW� WKH� HPDLO� PHVVDJHV� ZULWWHQ� E\� D� ODUJH�
JURXS� RI� FXVWRPHUV� WHQG� WR� XVH� YDU\LQJ� DQG� UHGXQGDQW�
H[SUHVVLRQV�� ZKLOH� WKH� VXPPDULHV� ZULWWHQ� E\� D� VPDOO�
JURXS� RI� HQJLQHHUV� WHQG� WR� XVH� XQLIRUP� DQG� FRQFLVH�
H[SUHVVLRQV�� 7KLV� LV� WKH� UHDVRQ� WKDW� VXPPDULHV� FDQ� EH�
PRUH� DFFXUDWHO\� FODVVLILHG� WKDQ� WH[WV�� )LJXUH� ��F�� VKRZV�
WKH� UHVXOW� RI� WKH� WRS� IRXU� NH\ZRUGV� DQG� WKHLU� SUREDELOLW\�
YDOXHV� EDVHG� RQ� VWRFKDVWLF� NH\ZRUG� JHQHUDWLRQ��:H� VHH�
WKDW� 6.*� FDQ� µUHFRYHU¶� WKH� VXPPDULHV� TXLWH� ZHOO�� $V� D�
UHVXOW�� 6.*� FDQ� LQGHHG� HIIHFWLYHO\� XWLOL]H� WKH� VXPPDU\�

LQIRUPDWLRQ� IRU� LPSURYLQJ� WKH� SHUIRUPDQFHV� RI� WH[W�
FODVVLILFDWLRQ��

����&RQFOXVLRQV�DQG�)XWXUH�:RUN�
7KLV�SDSHU�KDV�SUHVHQWHG�D�QHZ�WH[W�FODVVLILFDWLRQ�PHWKRG�
XVLQJ� VWRFKDVWLF� NH\ZRUG� JHQHUDWLRQ� IRU� SUHSURFHVVLQJ�
ZKHQ� VXPPDULHV� RI� WH[WV� DUH� DYDLODEOH� GXULQJ� OHDUQLQJ��
6WRFKDVWLF� NH\ZRUG� JHQHUDWLRQ� LV� WKH� WHFKQLTXH� RI�
JHQHUDWLQJ� NH\ZRUGV� IURP� D� WH[W� RQ� WKH� EDVLV� RI�
FRQGLWLRQDO� SUREDELOLW\� PRGHOV�� 7KH� PRGHOV� DUH� WUDLQHG�
EDVHG� RQ� VXSHUYLVHG� OHDUQLQJ�� ZLWK� WH[WV� DQG� WKHLU�
VXPPDULHV�DV�WUDLQLQJ�GDWD��,Q�WH[W�FODVVLILFDWLRQ�EDVHG�RQ�
6.*�� D� WH[W� LV� ILUVW�PDSSHG��ZLWK� 6.*�� LQWR� D� YHFWRU� RI�
SUREDELOLW\� YDOXHV�� HDFK� RI� ZKLFK� FRUUHVSRQGV� WR� D�
NH\ZRUG�� 7H[W� FODVVLILFDWLRQ� LV� WKHQ� FRQGXFWHG� RQ� WKH�
PDSSHG� SUREDELOLW\� YHFWRU�� ([SHULPHQWDO� UHVXOWV� LQGLFDWH�
WKDW� WKH� SHUIRUPDQFH� RI� WKH� QHZ� PHWKRG� LQ� WKH� HPDLO�
FODVVLILFDWLRQ� WDVN� IRU� DQ� DXWRPDWHG� KHOS� GHVN� LV�
VLJQLILFDQWO\�EHWWHU�WKDQ�WKRVH�RI�WKH�EDVHOLQH�PHWKRGV��
:H�QRWH�WKDW�6.*�LV�QRW�D�WHFKQLTXH�OLPLWHG�RQO\�WR�WH[W�
FODVVLILFDWLRQ�� ,W� LV� SRWHQWLDOO\� XVHIXO� LQ� RWKHU� WH[W�
SURFHVVLQJ��VXFK�DV�WH[W�VXPPDUL]DWLRQ�DQG�WH[W�FOXVWHULQJ��
:H� DOVR� QRWH� WKDW� WKH� FODVVLILFDWLRQ� SUREOHP� ZH� KDYH�
UDLVHG� LQ� WKLV�SDSHU� LV� QRW� OLPLWHG� WR� WKH� FODVVLILFDWLRQ�RI�

7DEOH� ��� 5HVXOWV� RI� HPDLO� FODVVLILFDWLRQ� ZLWK� GHWHUPLQLVWLF�
NH\ZRUG� JHQHUDWLRQ� �UHVXOWV� ZLWK� VWRFKDVWLF� NH\ZRUG�
JHQHUDWLRQ�DUH�DOVR�OLVWHG���
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)LJXUH����$Q�H[DPSOH�RI� FODVVLILFDWLRQ� �D�� WKH� HPDLO�PHVVDJH�
�E�� WKH� VXPPDU\� �F�� WRS� �� NH\ZRUGV� DQG� WKHLU� SUREDELOLW\�
YDOXHV�



WH[WV�� 2XU� DSSURDFK� PD\� EH� DSSOLFDEOH� WR� RWKHU�
FODVVLILFDWLRQ� SUREOHPV� LI� ZH� JHQHUDOL]H� VWRFKDVWLF�
NH\ZRUG�JHQHUDWLRQ�WR�VWRFKDVWLF�IHDWXUH�JHQHUDWLRQ���
7KHUH�DUH�VHYHUDO�LVVXHV�UHPDLQLQJ�IRU�IXWXUH�ZRUN��)LUVW��
WKHRUHWLFDO�DQDO\VLV�RQ�WKH�6.*�PHWKRG�FDQ�EH�SHUIRUPHG��
6HFRQG�� H[SHULPHQWV� ZLWK� GLIIHUHQW� VHWWLQJV� FDQ� EH�
FRQGXFWHG��)RU�H[DPSOH��ZH� DVVXPH� WKDW� WKH� WH[WV�ZKLFK�
KDYH�VXPPDULHV�DQG�WKH�WH[WV�ZKLFK�KDYH�EHHQ�FODVVLILHG�
EHORQJ�WR�WKH�VDPH�GDWD�VHW��,Q�SULQFLSOH��WKH�6.*�PHWKRG�
FDQ�EH�DSSOLHG�HYHQ�ZKHQ�WKH\�GR�QRW��

$FNQRZOHGJHPHQWV�
:H� WKDQN�<XQER�&DR� DQG� WKH� DQRQ\PRXV� UHYLHZHUV� IRU�
WKHLU� YDOXDEOH� FRPPHQWV� RQ� WKH� HDUOLHU� YHUVLRQV� RI� WKLV�
SDSHU��:H�DFNQRZOHGJH�6XVDQ�'XPDLV�DQG�-RKQ�3ODWW�IRU�
PDNLQJ� WKH� 690� WRROV� DYDLODEOH� WR� XV�� :H� WKDQN� %HQ�
:HOOLQJWRQ�DQG�7LP�3DHN�IRU�FKHFNLQJ�WKH�(QJOLVK�RI�WKLV�
SDSHU��

5HIHUHQFHV�
%HUJHU��$��	�/DIIHUW\��-����������,QIRUPDWLRQ�5HWULHYDO�DV�
6WDWLVWLFDO� 7UDQVODWLRQ�� ,Q� 3URFHHGLQJV� RI� WKH� 7ZHQW\�
6HFRQG� $QQXDO� ,QWHUQDWLRQDO� $&0� 6,*,5� &RQIHUHQFH�
RQ�5HVHDUFK�DQG�'HYHORSPHQW�LQ�,QIRUPDWLRQ�5HWULHYDO��
SS�����������

%URZQ�� 3�� )��� 'HOOD� 3LHWUD�� 6�� $��� 'HOOD� 3LHWUD�� 9�� -��� 	�
0HUFHU�� 5�� /�� �������� 7KH� 0DWKHPDWLFV� RI� 6WDWLVWLFDO�
0DFKLQH� 7UDQVODWLRQ�� 3DUDPHWHU� (VWLPDWLRQ��
&RPSXWDWLRQDO�/LQJXLVWLFV��YRO������QR�����SS�����������

'XPDLV�� 6��� 3ODWW�� -��� +HFNHUPDQ�� '��� 	� 6DKDPL�� 0��
�������� ,QGXFWLYH� /HDUQLQJ� $OJRULWKPV� DQG�
5HSUHVHQWDWLRQV� IRU�7H[W�&ODVVLILFDWLRQ�� ,Q�3URFHHGLQJV�
RI� WKH� 6HYHQWK� $&0� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
,QIRUPDWLRQ�DQG�.QRZOHGJH�0DQDJHPHQW��SS�����������

)XKU��1���+DUWPDQQD�� 6��� /XVWLJ��*��� 6FKZDQWQHU��0���	�
7]HUDV�� .�� �������� $LU�;� ±� $� 5XOH�EDVHG� 0XOWL�VWDJH�
,QGH[LQJ� 6\VWHP� IRU� /DUJH� 6XEMHFW� )LHOGV�� ,Q�
3URFHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
³5HFKHUFKH�G¶,QIRUPDWLRQ�$VVLVWHH�SDU�2UGLQDWHXU´��SS��
���������

-RDFKLPV�� 7�� �������� 7H[W� &DWHJRUL]DWLRQ� ZLWK� 6XSSRUW�
9HFWRU� 0DFKLQHV�� /HDUQLQJ� ZLWK� 0DQ\� 5HOHYDQW�
)HDWXUHV�� ,Q� 3URFHHGLQJV� RI� WKH� 7HQWK� (XURSHDQ�
&RQIHUHQFH�RQ�0DFKLQH�/HDUQLQJ��SS�����������

.QLJKW�� .�� 	� 0DUFX�� '�� �������� 6WDWLVWLFV�%DVHG�
6XPPDUL]DWLRQ� �� 6WHS� 2QH�� 6HQWHQFH� &RPSUHVVLRQ�� ,Q�
3URFHHGLQJV�RI�WKH�6HYHQWHHQWK�1DWLRQDO�&RQIHUHQFH�RQ�
$UWLILFLDO� ,QWHOOLJHQFH� DQG� 7ZHOIWK� &RQIHUHQFH� RQ� RQ�
,QQRYDWLYH� $SSOLFDWLRQV� RI� $UWLILFLDO� ,QWHOOLJHQFH�� SS��
���������

.UDXWK��:�� 	�0H]DUG��0�� �������� /HDUQLQJ� $OJRULWKPV�
ZLWK�2SWLPDO� 6WDELOLW\� LQ�1HXUDO�1HWZRUNV�� -RXUQDO� RI�

3K\VLFV�$���0DWKHPDWLFDO�*HQHUDO��YRO������QR������SS��
���������

/HZLV��'��'��	�5LQJXHWWH��0�� ��������$�&RPSDULVRQ�RI�
7ZR� /HDUQLQJ� $OJRULWKPV� IRU� 7H[W� &DWHJRUL]DWLRQ�� ,Q�
3URFHHGLQJV� RI� WKH� 7KLUG� $QQXDO� 6\PSRVLXP� RQ�
'RFXPHQW� $QDO\VLV� DQG� ,QIRUPDWLRQ� 5HWULHYDO�� SS�� ���
����

/L��+��	�<DPDQLVKL��.����������7H[W�&ODVVLILFDWLRQ�8VLQJ�
(6&�EDVHG� 6WRFKDVWLF� 'HFLVLRQ� /LVWV�� ,QIRUPDWLRQ�
3URFHVVLQJ� DQG� 0DQDJHPHQW�� YRO�� ���� QR�� ��� SS�� ����
�����

/L�� <��� =DUDJR]D�� +��� +HUEULFK�� 5��� 6KDZH�7D\ORU�� -��� 	�
.DQGROD�� -�� �������� 7KH� 3HUFHSWURQ� $OJRULWKP� ZLWK�
8QHYHQ� 0DUJLQ�� ,Q� 3URFHHGLQJV� RI� WKH� 1LQHWHHQWK�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 0DFKLQH� /HDUQLQJ�� SS��
���������

/LX��+��	�0RWRGD��+����������)HDWXUH�7UDQVIRUPDWLRQ�DQG�
6XEVHW�6HOHFWLRQ��,(((�,QWHOOLJHQW�6\VWHP��YRO������QR�����
SS���������

3ODWW��-����������)DVW�7UDLQLQJ�RI�6XSSRUW�9HFWRU�0DFKLQHV�
8VLQJ� 6HTXHQWLDO�0LQLPDO�2SWLPL]DWLRQ�� ,Q� 6FK|ONRSI��
%���%XUJHV��&���	�6PROD��$���(GV����$GYDQFHV�LQ�.HUQHO�
0HWKRGV� ��6XSSRUW�9HFWRU�/HDUQLQJ��SS�����������0,7�
3UHVV��

5XPHOKDUW��'��(���+LQWRQ��*��(���	�:LOOLDPV��5��-����������
/HDUQLQJ�,QWHUQDO�5HSUHVHQWDWLRQV�E\�(UURU�3URSDJDWLRQ��
,Q�5XPHOKDUW��'��(��	�0F&OHOODQG��-��/���(GV����3DUDOOHO�
'LVWULEXWHG� 3URFHVVLQJ�� ([SORUDWLRQV� LQ� WKH�
0LFURVWUXFWXUH� RI�&RJQLWLRQ�� YRO�� ��� SS�� ���������0,7�
3UHVV��

6FKDSLUH�� 5�� 	� 6LQJHU�� <�� �������� %RRV7H[WHU�� $�
%RRVWLQJ�EDVHG� 6\VWHP� IRU� 7H[W� &DWHJRUL]DWLRQ��
0DFKLQH�/HDUQLQJ��YRO������QR�������SS�����²�����

9DSQLN�� 9�� �������� 7KH� 1DWXUH� RI� 6WDWLVWLFDO� /HDUQLQJ�
7KHRU\��6SULQJHU�9HUODJ��

:LHQHU��(���3HGHUVHQ��-��2���	�:HLJHQG��$��6����������$�
1HXUDO� 1HWZRUN� $SSURDFK� WR� 7RSLF� 6SRWWLQJ�� ,Q�
3URFHHGLQJV� RI� WKH� )RXUWK� $QQXDO� 6\PSRVLXP� RQ�
'RFXPHQW�$QDO\VLV�DQG�,QIRUPDWLRQ�5HWULHYDO��SS������
�����

<DQJ��<���������([SHUW�1HWZRUN��(IIHFWLYH�DQG�(IILFLHQW�
/HDUQLQJ�IURP�+XPDQ�'HFLVLRQV�LQ�7H[W�&DWHJRUL]DWLRQ�
DQG�5HWULHYDO��,Q�3URFHHGLQJV�RI�WKH�6HYHQWHHQWK�$QQXDO�
,QWHUQDWLRQDO�$&0�6,*,5�&RQIHUHQFH�RQ�5HVHDUFK�DQG�
'HYHORSPHQW�LQ�,QIRUPDWLRQ�5HWULHYDO��SS���������

<DQJ�� <�� 	� 3HGHUHVRQ�� -�� 2�� �������� $� &RPSDUDWLYH�
6WXG\� RQ� )HDWXUH� 6HOHFWLRQ� LQ� 7H[W� &DWHJRUL]DWLRQ�� ,Q�
3URFHHGLQJV�RI�WKH�)RXUWHHQWK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�0DFKLQH�/HDUQLQJ��SS�����������

<DQJ�� <�� 	� /LX�� ;�� �������� $� 5H�H[DPLQDWLRQ� RI� 7H[W�
&DWHJRUL]DWLRQ�0HWKRGV��,Q�3URFHHGLQJV�RI�WKH�7ZHQW\�
6HFRQG� $QQXDO� ,QWHUQDWLRQDO� $&0� 6,*,5� &RQIHUHQFH�
RQ�5HVHDUFK�DQG�'HYHORSPHQW�LQ�,QIRUPDWLRQ�5HWULHYDO��
SS���������


