
,�5�DW�17&,5��
�

<DQJ�/LQJSHQJ��-L�'RQJKRQJ�
,QVWLWXWH�IRU�,QIRFRPP�5HVHDUFK�
����+HQJ�0XL�.HQJ�7HUUDFH�

6LQJDSRUH��������
^OS\DQJ��GKML`#L�U�D�VWDU�HGX�VJ�

�
�

$EVWUDFW�
�

7KH� , � 5� JURXS� SDUWLFLSDWHG� LQ� WKH� FURVV�
ODQJXDJH�UHWULHYDO�WDVN��&/,5��DW�WKH�ILIWK�17&,5�
ZRUNVKRS��17&,5����� ,Q�WKLV�SDSHU��ZH�GHVFULEH�
RXU� DSSURDFK� RQ� 6LQJOH� /DQJXDJH� ,QIRUPDWLRQ�
5HWULHYDO� �6/,5�� RQ� &KLQHVH� ODQJXDJH�� :H� XVH�
EL�JUDPV�DV�LQGH[�XQLWV�DQG�XVH�2.$3,�%0���DV�
UHWULHYDO�PRGHO�� 7KH� LQLWLDO� UHWULHYHG� GRFXPHQWV�
DUH� UH�UDQNHG� EHIRUH� WKH\� DUH� XVHG� WR� GR�
VWDQGDUG�TXHU\�H[SDQVLRQ��

2XU� GRFXPHQW� UH�UDQNLQJ� PHWKRG� EDVHV� RQ�
WHUP� GLVWULEXWLRQ�� ZKLFK� LQWHJUDWHV� WKH�
LQIRUPDWLRQ� IURP� UHODWLYH� GRFXPHQW� IUHTXHQF\��
GRFXPHQW� SRVLWLRQ� DQG� WHUP� OHQJWK�� 2QH�
DGYDQWDJH� LV� WKDW� WKH� WHUP� ZHLJKWLQJ� VFKHPH� LV�
EDVHG� RQ� ERWK� ORFDO� DQG� JOREDO� GLVWULEXWLRQV��
ZKLFK� FDQ� HQVXUH� PRUH� PHDQLQJIXO� WHUPV� IRU�
GRFXPHQW� UH�UDQNLQJ��$QRWKHU�DGYDQWDJH� LV� WKDW�
ZH� GRQ¶W� QHHG� WR� SUH�VSHFLI\� WKH� QXPEHU� RI�
SVHXGR�UHOHYDQFH�GRFXPHQWV�

([SHULHQFHV�VKRZ�RXU�PHWKRG�DFKLHYHV���������
������� PHDQ� DYHUDJH� SUHFLVLRQ� RQ� 7�RQO\� UXQ�
�7LWOH� EDVHG�� DW� ULJLG�� UHOD[� UHOHYDQW� MXGJPHQW�
DQG� �������� ������� PHDQ� DYHUDJH� SUHFLVLRQ� RQ�
'�RQO\� UXQ� �VKRUW� GHVFULSWLRQ� EDVHG�� DW� ULJLG��
UHOD[� UHOHYDQW� MXGJPHQW� LQ� 6/,5� RQ� &KLQHVH�
/DQJXDJH���
.H\ZRUGV�� 'RFXPHQW� 5H�UDQNLQJ�� 7HUP�
([WUDFWLRQ��&KLQHVH�,QIRUPDWLRQ�5HWULHYDO��4XHU\�
([SDQVLRQ�
�
���,QWURGXFWLRQ�
�
������$W� 17&,5� ��� ZH� SDUWLFLSDWHG� LQ� WKH� &URVV�
/LQJXDO�,QIRUPDWLRQ�5HWULHYDO��&/,5��ZKHUH� WKH�
TXHU\� DQG� GRFXPHQW� VHW� DUH� &KLQHVH� ODQJXDJH��
5HDGHUV�DUH�UHIHUUHG�WR�>�@�WR�JHW�WKH�LQIRUPDWLRQ�
DERXW�17&,5��DQG�WKH�WDVN�GHVFULSWLRQ�LQ�GHWDLO���
:H�VXEPLWWHG�WZR�FRPSXOVRU\�UXQV��D�7�RQO\�UXQ�
ZKLFK� XVHV� ILHOG� 7,7/(� �QRXQ� RU� QRXQ� SKUDVHV�
DERXW� WRSLF�� DV� TXHU\� DQG� D� '�RQO\� UXQ� ZKLFK�

XVHV�ILHOG�'(6&��D�VKRUW�GHVFULSWLRQ�RI�WRSLF��DV�
TXHU\��
������,Q� 17&,5��� ZH� XVH� FRPSOHWHO\� DXWRPDWLF�
PHWKRGV�� :H� XVH� 2.$3,� %0��� DV� UHWULHYDO�
PRGHO� DQG� XVH� EL�JUDPV� DV� LQGH[� XQLWV�� 7KH�
LQLWLDO� UHWULHYHG� UHVXOWV� DUH� UH�UDQNHG� EHIRUH�
VWDQGDUG�TXHU\�H[SDQVLRQ���
7KH� UHVW� RI� WKLV� SDSHU� LV� RUJDQL]HG� DV�

IROORZLQJ�� ,Q� VHFWLRQ� ��� ZH� GHVFULEH� WKH� SUH�
SURFHVVLQJ�RQ�GRFXPHQWV�DQG�TXHULHV�� ,Q�VHFWLRQ�
��� ZH� GHVFULEH� WKH� UHWULHYDO� PRGHO� XVHG� LQ� RXU�
V\VWHP�� ,Q�VHFWLRQ� ���ZH�GHVFULEH�RXU� GRFXPHQW�
UH�UDQNLQJ�PHWKRG��,Q�VHFWLRQ����ZH�GHVFULEH�KRZ�
WR�GR�TXHU\� H[SDQVLRQ� LQ�RXU� V\VWHP�� ,Q�VHFWLRQ�
���ZH�HYDOXDWH� WKH�SHUIRUPDQFH�RI�RXU�SURSRVHG�
PHWKRG� RQ� 17&,5�� DQG� JLYH� RXW� VRPH� UHVXOW�
DQDO\VLV��,Q�VHFWLRQ����ZH�SUHVHQW�WKH�FRQFOXVLRQ�
DQG�VRPH�IXWXUH�ZRUN��
�
���3UH�3URFHVVLQJ�
�

%HIRUH� WKH� QRUPDO� &KLQHVH� ,5� SURFHVV�� DOO�
GRFXPHQWV�DQG�TXHULHV�DUH�SUH�SURFHVVHG�DV���
x� $OO� GRFXPHQWV� DQG� TXHULHV� DUH� FRQYHUWHG�

IURP� %,*��� FRGH� EDVHG� WR� *%����� FRGH�
EDVHG� VR� WKDW� ZH� FDQ� VDYH� LQGH[HV� VSDFH�
ZLWKRXW� ORVLQJ� WRR� PXFK� SUHFLVLRQ�� 7KH�
%,*��WR�*%�����PDSSLQJ�LV�D�PDQ\�WR�RQH�
PDSSLQJ� EHFDXVH� WKHUH� DUH� ������ &KLQHVH�
&KDUDFWHUV� LQ� %,*�� UHSUHVHQWDWLRQ� EXW� RQO\�
�����&KLQHVH�&KDUDFWHUV�FDQ�EH�UHSUHVHQWHG�
LQ� *%����� FRGH�� )RU� WKRVH� %,*�� &KLQHVH�
&KDUDFWHUV� ZKLFK� KDYH� QR� PDSSLQJ� LQ�
*%�����FRGH��ZH�DVVLJQ��[)()(��ILUVW�E\WH�
DQG�VHFRQG�E\WH�DUH��[)(��DV�WKHLU�PDSSLQJ�
FRGH�LQ�*%������
�

���5HWULHYDO�0RGHO�
�
:H�XVH�EL�JUDPV�DV�LQGH[�XQLWV�DQG�XVH�2.$3,�
%0���DV�UHWULHYDO�PRGHO��
�����)RU�WKH�%0���PRGHO��WKH�UHOHYDQFH�EHWZHHQ�
WKH�GRFXPHQW�DQG�WKH�TXHU\�LV�GHILQHG�LQ�����������
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ZKHUH�Z � ��GHILQHG�LQ������ LV�WKH�5REHUWVRQ�6SDUN�
-RQHV�ZHLJKW�RI�W��N � ��E�DQG�N 	 �DUH�SDUDPHWHUV��N � �
DQG� E� DUH� VHW� DV� ���� DQG� ����� UHVSHFWLYHO\� E\�
GHIDXOW�� DQG� N 	 � LV� VHW� DV� ��� GO� DQG� DYGO� DUH�
UHVSHFWLYHO\� WKH� GRFXPHQW� OHQJWK� DQG� DYHUDJH�
GRFXPHQW�OHQJWK�PHDVXUHG�E\�WKH�QXPEHU�RI�WKH�
EL�JUDPV��
�
���'RFXPHQW�5H�UDQNLQJ�
�
+RZ� WR� IXUWKHU� LPSURYH� WKH� UDQNLQJV� RI� WKH�
UHOHYDQW� GRFXPHQWV� DIWHU� DQ� LQLWLDO� VHDUFK� KDV�
EHHQ�H[WHQVLYHO\�VWXGLHG�LQ�LQIRUPDWLRQ�UHWULHYDO��
6XFK� VWXGLHV� LQFOXGH� WZR� PDLQ� VWUHDPV��
DXWRPDWLF� TXHU\� H[SDQVLRQ� DQG� DXWRPDWLF�
GRFXPHQW� UH�UDQNLQJ�� :KLOH� WKH� DVVXPSWLRQ�
EHKLQG� DXWRPDWLF� TXHU\� H[SDQVLRQ� LV� WKDW� WKH�
KLJK� UDQNHG�GRFXPHQWV� DUH� OLNHO\� WR�EH� UHOHYDQW�
VR�WKDW�WKH�WHUPV�LQ�WKHVH�GRFXPHQWV�FDQ�EH�XVHG�
WR�DXJPHQW�WKH�RULJLQDO�TXHU\�WR�D�PRUH�DFFXUDWH�
RQH��GRFXPHQW�UH�UDQNLQJ�LV�D�PHWKRG�WR�LPSURYH�
WKH�UDQNLQJV�E\�UH�RUGHULQJ�WKH�SRVLWLRQ�RI�LQLWLDO�
UHWULHYHG� GRFXPHQWV� ZLWKRXW� GRLQJ� D� VHFRQG�
VHDUFK��$IWHU�GRFXPHQW�UH�UDQNLQJ�� LW¶V�H[SHFWHG�
WKDW� PRUH� UHOHYDQW� GRFXPHQWV� DSSHDU� LQ� KLJKHU�
UDQNLQJV��IURP�ZKLFK�DXWRPDWLF�TXHU\�H[SDQVLRQ�
FDQ�EHQHILW��
������2XU�SURSRVHG�GRFXPHQW�UH�UDQNLQJ�DSSURDFK�
EDVHV� RQ� WHUP� GLVWULEXWLRQ�� ZKLFK� LQWHJUDWHV� WKH�
LQIRUPDWLRQ� IURP� UHODWLYH� GRFXPHQW� IUHTXHQF\��
GRFXPHQW�SRVLWLRQ�DQG�WHUP�OHQJWK���
������:H� XVH� WKH� VDPH� WHUP� H[WUDFWLRQ� PHWKRG�
LQWURGXFHG� LQ� 17&,5�� >�@� WR� H[WUDFW� NH\� WHUPV�
IURP�WRS������UHWULHYHG�GRFXPHQWV��
������7R� UH�UDQN� UHWULHYHG� GRFXPHQWV�� ZH� XVH� WKH�
NH\� WHUPV� LQ� WKH� WRS� ����� GRFXPHQWV�� DQG�
VXSSRVH� WKDW� WKHVH� NH\� WHUPV� ZLOO� FRQWULEXWH� WR�
WKH�UH�UDQNLQJV��+HUH��ZH�RQO\�IRFXV�RQ�WKH�WHUPV�
ZKLFK� DOVR� RFFXU� LQ� WKH� TXHULHV�� ZKLFK� PHDQV�
WKDW�ZH� GRQ¶W� XVH� DQ\� TXHU\� H[SDQVLRQ�� 6R�� WKH�
WHUPV�FDQ�DOVR�EH�UHIHUUHG�WR�DV�TXHU\�WHUPV��7R�
ZHLJK� D� TXHU\� WHUP�� ZH� FRQVLGHU� WKH� IROORZLQJ�
WKUHH�IDFWRUV���
������L��5HODWLYH�GLVWULEXWLRQ��WKH�UDWLR�RI�GRFXPHQW�

IUHTXHQF\� RI� D� WHUP� LQ� WKH� WRS� �����
UHWULHYHG� GRFXPHQW� DJDLQVW� WKH� GRFXPHQW�

IUHTXHQF\� RI� WKH� WHUP� LQ� WKH� ZKROH�
GRFXPHQW�FROOHFWLRQ���

,QWXLWLYHO\��WKH�PRUH�IUHTXHQWO\�D�WHUP�RFFXUV�LQ�
WKH� ����� GRFXPHQWV� UHODWLYH� ZLWK� WKH� ZKROH�
FROOHFWLRQ�� WKH�PRUH�LPSRUWDQW� WKH� WHUP�WHQGV� WR�
EH���
�������LL�� 7HUP� OHQJWK�� WKH� QXPEHU� RI� &KLQHVH�

FKDUDFWHUV�D�WHUP�FRQWDLQV��
,QWXLWLYHO\�� WKH� ORQJHU� D� WHUP� LV�� WKH� PRUH�
FRQWULEXWLRQ�WR�WKH�SUHFLVLRQ�WKH�WHUP�PD\�KDYH����

�LLL�� 'RFXPHQW� UDQNLQJ� SRVLWLRQ�� WKH� VHULDO�
QXPEHU�RI�D�GRFXPHQW�LQ�WRS������GRFXPHQWV��

,QWXLWLYHO\��WKH�KLJKHU�UDQNLQJ�D�GRFXPHQW�LV��WKH�
PRUH�LPSRUWDQW�WKH�WHUPV�LQ�LW�WHQG�WR�EH��

:LWK� ERWK� WKH� ORFDO� DQG� JOREDO� LQIRUPDWLRQ�
WDNHQ�LQWR�FRQVLGHUDWLRQ��WKH�ZHLJKW�DVVLJQHG�WR�D�
NH\�WHUP�W�LV�JLYHQ�E\�WKH�IROORZLQJ�IRUPXOD��
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ZKHUH�G 3 � LV�WKH� L�WK��L ���«��������GRFXPHQW��5�
LV� WKH� QXPEHU� RI� WRWDO� GRFXPHQWV� LQ� WKH� ZKROH�
FROOHFWLRQ�&��GI�W�G��DQG�GI�W�&��DUH�WKH�GRFXPHQW�
IUHTXHQF\� LQ� G� DQG� &� UHVSHFWLYHO\�� _W_� LV� WKH�
OHQJWK�RI�WKH�NH\�WHUP�W��I�L���GHILQHG�LQ������LV�WKH�
ZHLJKW�JLYHQ�WR�G 3 ��ZKLFK�LPSOLHV�D�GRZQJUDGHG�
GRFXPHQW�IUHTXHQF\����

�����������I�L�� �����VTUW�L�� � ����
,QWXLWLYHO\�� D� WHUP� JHWV� D� ORZHU� GRFXPHQW�
IUHTXHQF\� LI� RFFXUULQJ� LQ� D� ORZHU�UDQNLQJ�
GRFXPHQW�� DQG� D� KLJKHU� RQH� LI� RFFXUULQJ� LQ� D�
KLJKHU�UDQNLQJ� GRFXPHQW�� 7KLV� LV� LQ� FRQWUDVW� RI�
WKH� XVXDO� ZD\� IRU� GRFXPHQW� IUHTXHQF\� WKDW� D�
GRFXPHQW� JHWV� �� FRXQW� QR� PDWWHU� ZKHUH� WKH�
GRFXPHQW�LV�ORFDWHG�LQ�WKH�OLVW��
����,Q� WKH� UH�UDQNLQJ� SKDVH�� IRU� HDFK� GRFXPHQW�G�
LQ� WRS� ����� UHWULHYHG� GRFXPHQWV�� ZH� ILUVW� ILQG�
RXW�WKH�TXHU\�WHUPV�ZKLFK�RFFXU�LQ�G�DQG�VXP�WKH�
ZHLJKW� RI� WKHVH� TXHU\� WHUPV�� WKHQ� ZH� XVH� WKH�
DFFXPXODWHG� YDOXH� DQG� WKH� LQLWLDO� VLPLODULW\�
EHWZHHQ�G�DQG�TXHU\�T�WR�FDOFXODWH�D�QHZ�UDQNLQJ�
VFRUH�� ILQDOO\�� ZH� XVH� WKH� QHZ� UDQNLQJ� VFRUH� WR�
UH�RUGHU�WKH������GRFXPHQWV��
)LJXUH� �� JLYHV� RXW� WKH� SVHXGR� FRGH� IRU� WKH� UH�
UDQNLQJ�SURFHGXUH��
�
6WHS����$FTXLULQJ�WHUPV�LQ�T�DQG�WKHLU�ZHLJKWV��
������������([WUDFW� WHUPV� IURP�HDFK�GRFXPHQW�G� LQ�
WRS������ UHWULHYHG� GRFXPHQWV�� LQ� SUDFWLFH�� WHUP�
H[WUDFWLRQ�IURP�HDFK�GRFXPHQW�LV�GRQH�RQO\�RQFH�
DQG� WKLV� SURFHVV� FDQ� EH� FRQVLGHUHG� DV� D� SDUW� RI�
LQGH[LQJ��
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������������&ROOHFW� WHUPV� WKDW� RFFXU� LQ� T� DQG�
FDOFXODWH�WKHLU�ZHLJKWV�E\�IRUPXOD�����DQG������
6WHS����5H�RUGHU�WKH������GRFXPHQWV��
������������� )RU� HDFK� GRFXPHQW� G 3 � LQ� WKH� �����
GRFXPHQWV��FDOFXODWH�LWV�QHZ�UDQNLQJ�YDOXH�6 3 �E\�
IRUPXOD������5 3 �LV�LWV�LQLWLDO�VLPLODULW\�YDOXH������� �¦ ���� �	�
� ��� ��56 ������������
�������������5H�RUGHU�WRS������UHWULHYHG�GRFXPHQWV�
E\�^6 � ��«��6 � ��«��6 � ����� `��
�
)LJ����7KH�3URFHGXUH�RI�'RFXPHQW�5H�5DQNLQJ�������������������������������������������������������
�
�
���4XHU\�([SDQVLRQ�
�
:H� XVH� UH�UDQNHG� UHWULHYHG� GRFXPHQWV� WR� GR�
TXHU\� H[SDQVLRQ�� :H� XVH� 5REHUWVRQ¶V� 569�
VFKHPH� >�@� WR� VHOHFW� ���� EL�JUDPV� IURP� WRS� ���
UH�UDQNHG� GRFXPHQWV�� :H� DOVR� PDNH� XVH� RI�
5RFFKLR¶V� >�@� IRUPXOD�� DV� LPSURYHG� E\� 6DOWRQ�
DQG�%XFNOH\�>�@�WR�SHUIRUP�TXHU\�H[SDQVLRQ��7KH�
QHZ� TXHU\� LV� UHWULHYHG� DJDLQ� WR� JHW� WKH� ILQDO�
UHVXOW��

�
���(YDOXDWLRQ�
�

:H� VXEPLWWHG� WZR� FRPSXOVRU\� UXQV� WR�
17&,5��� D� 7�RQO\� UXQ� ZKLFK� RQO\� XVHV� ILHOG�
7,7/(� DV� TXHU\� DQG� D� '�RQO\� UXQ� ZKLFK� RQO\�
XVHV� ILHOG�'(6&�DV�TXHU\��7DEOH��� DQG�7DEOH���
OLVW� VWDWLVWLFDO� UHVXOW� RI� PHDQ� DYHUDJH� SUHFLVLRQ�
�0$3�� IRU� ��� TXHU\� WRSLFV� RQ� UHOD[� UHOHYDQFH�
MXGJPHQW� DQG� ULJLG� UHOHYDQFH� MXGJPHQW�� � 5HOD[�
UHOHYDQFH� MXGJPHQW� FRQVLGHUV� KLJK� UHOHYDQW�
GRFXPHQWV�� UHOHYDQW� GRFXPHQWV� DQG� SDUWLDOO\�
UHOHYDQW� GRFXPHQWV�� 5LJLG� UHOHYDQFH� MXGJPHQW�
RQO\� FRQVLGHUV� KLJK� UHOHYDQW� GRFXPHQWV� DQG�
UHOHYDQW� GRFXPHQWV�� � ,Q� WDEOH� �� DQG� ��� FROXPQ�
>&�&�7@� UHSUHVHQWV� &KLQHVH� WR� &KLQHVH� 7�RQO\�
UXQ�� >&�&�'@� UHSUHVHQWV� &KLQHVH� WR� &KLQHVH� '�
RQO\� UXQ�� 5RZ� >PLQ@� UHSUHVHQWV� WKH� PLQLPXP�
0$3� DPRQJ� DOO� SDUWLFLSDQWV�� 5RZ� >PD[@�
UHSUHVHQWV� WKH� PD[LPXP� 0$3� DPRQJ� DOO�
SDUWLFLSDQWV�� 5RZ� >PHG@� UHSUHVHQWV� WKH� PHGLXP�
0$3� DPRQJ� DOO� SDUWLFLSDQWV�� 5RZ� >DYH@�
UHSUHVHQWV� WKH� DYHUDJH�0$3� RI� DOO� SDUWLFLSDQWV��
DQG� 5RZ� >, � 5@� UHSUHVHQWV� RXU� JURXS¶V� 0$3�
UHVXOW��

)URP�WKH�VWDWLVWLFDO�UHVXOWV��IRU�7�RQO\�UXQ��RXU�
JURXS�DFKLHYHV��������DQG��������0$3�RQ�ULJLG�
DQG� UHOD[� UHOHYDQFH� MXGJPHQW�� IRU� '�RQO\� UXQ��
RXU�JURXS�DFKLHYHV� ������� DQG��������0$3�RQ�
ULJLG�DQG�UHOD[�UHOHYDQFH�MXGJPHQW���

7DEOH���6WDWLVWLFV�RQ�5LJLG�-XGJPHQW�
&�&�7 &�&�'

PLQ ������ ������

PD[ ������ ������

PHG ������ ������

DYH ������ ������

,�5 ������ ������ ��
7DEOH���6WDWLVWLFV�RQ�5HOD[�-XGJPHQW�

&�&�7 &�&�'
PLQ ������ ������

PD[ ������ ������

PHG ������ ������

DYH ������ ������

,�5 ������ ������ �
�

&RPSDULQJ� RXU� UHWULHYHG� UHVXOWV�ZLWK� RIILFLDO�
UHOHDVHG�MXGJPHQWV��ZH� ILQG�ZH�JHW�SRRU� UHVXOWV�
RQ�VHYHUDO�LQGLYLGXDO�TXHU\�WRSLFV��VXFK�DV�WRSLF�
���� WRSLF����DQG� WRSLF�����7R�GHPRQVWUDWH�ZKDW�
SUREOHPV� ZH� HQFRXQWHUHG�� ZH� OLVW� WKHVH� TXHU\�
WRSLFV�DV�IROORZLQJ��

�
�723,&!��
�180!�����180!��
�6/$1*!.5��6/$1*!��
�7/$1*!&+��7/$1*!��
�7,7/(! ��7,7/(!�
��723,&!��
�
�723,&!��
�180!�����180!��
�6/$1*!.5��6/$1*!��
�7/$1*!&+��7/$1*!��
�7,7/(! ��7,7/(!�
��723,&!��
�
�723,&!��
�180!�����180!��
�6/$1*!.5��6/$1*!��
�7/$1*!&+��7/$1*!��
�7,7/(! ��7,7/(!�
��723,&!��
�
$QDO\]LQJ� WKH� FRQWHQW� RI� RIILFLDO� UHOHDVHG�

UHOHYDQW� GRFXPHQWV�� ZH� ILQG� WKH� SUREOHP� LV�
PRVWO\�FDXVHG�E\�WKH�OLPLWDWLRQ�RI�RQO\�XVLQJ�EL�
JUDPV� DV� LQGH[� XQLWV�� )RU� H[DPSOH�� �ILVK�� LQ�
WRSLF����FDQQRW�EH�LQGH[HG�E\�EL�JUDP��$QRWKHU�
H[DPSOH� LV�� ZKLOH �GRQDWLRQ�� LQ� WRSLF� ���
VHOGRP� RFFXUV� LQ� UHOHYDQW� GRFXPHQWV��
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�GRQDWLRQ��RFFXUV�LQ�PRVW�UHOHYDQW�GRFXPHQWV�EXW�
LW� GRHVQ¶W� RFFXU� LQ� TXHU\� WRSLF�� 6XFK� SUREOHP�
PD\� EH� VROYHG� E\� XVLQJ� ERWK� VLQJOH� &KLQHVH�
&KDUDFWHUV� DV� LQGH[�XQLWV� DQG�XVLQJ�EL�JUDPV�DV�
LQGH[�XQLWV��

7DEOH� ���� OLVW� WKH� VWDWLVWLFDO� UHVXOWV� RQ�
GLIIHUHQW�UHWULHYDO�VWDJHV�� ,Q�WDEOH������ URZ�>,1,@�
UHSUHVHQWV�WKH�LQLWLDO�UHVXOWV��URZ�>'5@�UHSUHVHQWV�
WKH� UH�UDQNLQJ� UHVXOW� EDVHG� RQ� LQLWLDO� UHWULHYDO�
UHVXOWV�� URZ� >'5� �� 4(@� UHSUHVHQWV� WKH� VHFRQG�
URXQG� UHWULHYDO� UHVXOWV� DIWHU� TXHU\� H[SDQVLRQ�
EDVHG�RQ�UH�UDQNHG�GRFXPHQWV�LQ�LQLWLDO�UHWULHYDO��
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������2XU�H[SHULPHQWV�VKRZ�WKDW�XVLQJ�EL�JUDPV�DV�
LQGH[� XQLWV� FDQ� SURGXFH� FRPSDUDEOH� UHVXOWV� EXW�
LW¶V� QRW� HQRXJK�� 2XU� H[SHULPHQWV� DOVR� VKRZ�
GRFXPHQW� UH�UDQNLQJ� FDQ� LPSURYH� WKH�
HIIHFWLYHQHVV� RI� UHWULHYHG� GRFXPHQWV� DQG� FDQ�
KHOS�TXHU\�H[SDQVLRQ�WR�SURGXFH�EHWWHU�UHVXOWV��
�
���&RQFOXVLRQ�
�

,Q� WKLV� SDSHU��ZH� LQWURGXFH� RXU� DSSURDFK� IRU�
&KLQHVH�,5�DQG�RXU�H[SHULHQFH�LQ�SDUWLFLSDWLQJ�LQ�
6/,5� LQ� 17&,5��� 2XU� V\VWHP� DFKLHYHV� �������
DQG� ������� 0$3� RQ� ULJLG� DQG� UHOD[� UHOHYDQFH�
MXGJPHQW� IRU�7�RQO\� UXQ�DQG��������DQG��������
0$3�RQ� ULJLG� DQG� UHOD[� UHOHYDQFH� MXGJPHQW� IRU�
'�RQO\�UXQ���

2XU� H[SHULPHQWDO� UHVXOWV� VKRZ� WKDW� SURSHU�
GRFXPHQW� UH�UDQNLQJ� FDQ� LPSURYH� WKH� SUHFLVLRQ�
RI� WRS� UHWULHYHG�GRFXPHQWV� DQG� IXUWKHU� LPSURYH�
WKH�HIIHFWLYHQHVV�RI�TXHU\�H[SDQVLRQ��

2XU�H[SHULPHQWDO�UHVXOWV�DOVR�VKRZ�WKDW�XVLQJ�
EL�JUDPV�DV� LQGH[�XQLWV�LV�QRW�HQRXJK��&RPELQJ�
VLQJOH�&KLQHVH�FKDUDFWHUV� DV� LQGH[�XQLWV� DQG�EL�
JUDPV�DV�LQGH[�XQLWV�PD\�SURGXFH�EHWWHU�UHVXOWV��
,Q� IXWXUH�� ZH¶OO� GR� VRPH� H[SHULPHQWV� WR� ILQG� D�
ZD\�WR�FRPELQH�GLIIHUHQW�LQGH[�XQLWV��

�

5HIHUHQFHV�
��������

� �
	��  ������������������� ��� �"!�#%$'&�(*),+ -�.0/�132 &�+ 1�)�4�56 1�& 78(8&�#94*-�:�19;�<=&�135 13)�4*-�:�1�7*1�1�>�;�4*:�?8�,@��3ACB=�8���*���,DE��FG�
�
��H ��I

�
��J�K*K8LEJ*M*N��

�
M*M8O���

J
�
@���P������RQ�H �
��/�135 13)�4*-�:�1TS�131�>�;�4�:�?U+ -V!�- 7�(8&�#W4�2 + (8-

/�132 &�+ 1�)�4�5 �XD �Y Q��Z�*[\AWP�]"P^�R _�H �R`�	��a�*�
bEE��Bdcegf�h �R_GH Bi�R�8jbkH �aAl�8 �8Bm	� H �VnW�����*Bo�R�8qpr_G�*���,b�b�H ��s���
� �
	��  ����� e't � �*pr_G�R�8EH ���^uC	�� � � e ��s*� �Rvl�8� t ��� H FjFjb���wx� @���
M*N
�

� y��'z
�
z
H bjQ�H t 	,�

z
�*ui���'Q��R�
� � ��{|�3�3�

z
�
z
�*_GH ��	�Bm	��8wq�z

	R� t �*��uo�}uo���'Q��R���C� �}u~� [��
	�����s��9�^)31�&�),+ 1R��( 7�g� !E/�2 48��?�4�2�2 ��187�+ 7*2 �9��� � !E/��C(8&�?�����(G$^�3DE���X��_j��H ��s
wo�, �3b|�*F
 Q����%H F  Q�wo]��'DEPk�X��_j��bGQ�� h [T����EH ��s*��J�O*O���

I
�
{}� p|����	R��s8�rni� ui�
@RH �
{}�
]�	R��s�� � �
+ -�1R�R1C!G- 7�(8&�#W4�2 + (8-
/�132 &�+ 1�)�4�59��48��1�>�(8-a��1�&�#9��4*-*>��}-�2 (�5 (�.3<g�}D �V Q��
� ���*_  Q�wo]|�'D PX�X��_E�
bjQ�� h ��

�
�
� � e � �9P������R_ Eb����r�9��-a��1�&�#Z��135 1�:32 + (8-o78(8&T�9�81�& <� � $'4*-8��+ (8-
�x@����*_E��	����*F�nW���R�*Bo���8 	�EH ����I����=nC�3��
M*M8O*� h*h

y
�8M*L

y
��I
��

�
�
� � e �rP��8�*��_ Eb������|�%� ��	�� ���R_��|	�� t [X�g� h 	R_G����@������3b��
��?�4�$�+}4�2C��/ � �'�E� ��pr_j�*�����*F�]gQ�H _ t ]|� f lP^�� _�H �R`�	��
������F �R_G���������E]%P e �}L

y� 
�
�
M*M����

Proceedings of NTCIR-5 Workshop Meeting, December 6-9, 2005, Tokyo, Japan


