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,QVWLWXWH�RI�,QIRUPDWLRQ�6FLHQFH��$FDGHPLD�6LQLFD��7DLSHL��7DLZDQ��5�2�&��

(PDLO��ZKP#LLV�VLQLFD�HGX�WZ��EHUOLQ#LLV�VLQLFD�HGX�WZ���

�

$EVWUDFW�

6SRNHQ�GRFXPHQW�UHWULHYDO� �6'5��KDV�EHHQ�H[WHQVLYHO\� VWXGLHG�LQ�UHFHQW�\HDUV�EHFDXVH�RI� LWV�SRWHQWLDO�

XVH�LQ�QDYLJDWLQJ�ODUJH�PXOWLPHGLD�FROOHFWLRQV�LQ�WKH�QHDU�IXWXUH��7KLV�SDSHU�SUHVHQWV�D�QRYHO�FRQFHSW�RI�

DSSO\LQJ� WKH� FRQWHQW�EDVHG� ODQJXDJH� PRGHOV� WR� VSRNHQ� GRFXPHQW� UHWULHYDO�� ,Q� DQ� H[DPSOH� WDVN� IRU�

UHWULHYDO� RI� 0DQGDULQ� EURDGFDVW� QHZV�� WKH� FRQWHQW�EDVHG� ODQJXDJH� PRGHOV� HLWKHU� WUDLQHG� ZLWK� WKH�

DXWRPDWLF� WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV�RU�DGDSWHG�IURP�WKH�EDVHOLQH� ODQJXDJH�PRGHOV�XVLQJ�

WKH�DXWRPDWLF�WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV�ZHUH�XVHG�WR�FUHDWH�WKH�PRUH�DFFXUDWH�UHFRJQLWLRQ�

UHVXOWV�DQG�LQGH[LQJ�WHUPV�IURP�ERWK�WKH�VSRNHQ�GRFXPHQWV�DQG�WKH�VSHHFK�TXHULHV��:H�UHSRUW�RQ�VRPH�

LQWHUHVWLQJ�ILQGLQJV�REWDLQHG�LQ�WKLV�UHVHDUFK��

.H\ZRUGV��VSRNHQ�GRFXPHQW�UHWULHYDO��6'5���FRQWHQW�EDVHG�ODQJXDJH�PRGHOV��VSHHFK�UHFRJQLWLRQ��
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0DVVLYH�TXDQWLWLHV�RI�VSRNHQ�DXGLR�DUH�EHFRPLQJ�DYDLODEOH�

RQ�WKH�ZHE��7KHUHIRUH��LQWHOOLJHQW�DQG�HIILFLHQW�LQIRUPDWLRQ�

UHWULHYDO� WHFKQLTXHV� DOORZLQJ� HDV\� DFFHVV� WR� VSRNHQ�

GRFXPHQWV�� VXFK� DV� UDGLR� DQG� WHOHYLVLRQ� SURJUDPV�� DUH�

EHFRPLQJ�KLJKO\�GHVLUHG�DQG�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG�

LQ� UHFHQW� \HDUV� >���@�� 7KHUH� KDYH� EHHQ� VHYHUDO� GLIIHUHQW�

DSSURDFKHV� GHYHORSHG� IRU� VSRNHQ� GRFXPHQW� UHWULHYDO�

�6'5��� :RUG�EDVHG� UHWULHYDO� DSSURDFKHV� >���@� KDYH� EHHQ�

YHU\� SRSXODU� DQG� VXFFHVVIXO�� WKRXJK� ZLWK� WKH� SRWHQWLDO�

SUREOHPV� RI� HLWKHU� KDYLQJ� WR� NQRZ� WKH� TXHU\� ZRUGV� LQ�

DGYDQFH�� RU� UHTXLULQJ�D� ODUJH� HQRXJK� OH[LFRQ� WR� FRYHU� WKH�

JURZLQJ� G\QDPLF� FRQWHQWV�� VXFK� DV� WKH� GLYHUVH� EURDGFDVW�

QHZV�� 6RPH� RWKHU� UHVHDUFKHUV� >���@� SURSRVHG� WKH� FRQFHSW�

RI� VXEZRUG�EDVHG� DSSURDFKHV� EHFDXVH� WKH� VXEZRUG� XQLWV�

FRXOG� SURYLGH� D� FRPSOHWH� SKRQRORJLFDO� FRYHUDJH� IRU�

VSRNHQ� GRFXPHQWV� DQG� FLUFXPYHQW� WKH� 229� SUREOHP� LQ�

DXGLR�LQGH[LQJ�DQG�UHWULHYDO���

1R� PDWWHU� ZKLFK� DSSURDFK� LV� DGRSWHG�� DSSO\LQJ� WKH�

ODQJXDJH� PRGHOV� WR� VSHHFK� UHFRJQLWLRQ� FDQ� GHILQLWHO\�

LPSURYH� WKH� UHFRJQLWLRQ� DFFXUDF\� DV� ZHOO� DV� WKH� UHWULHYDO�

SHUIRUPDQFH�� /LQ� HW� DO� >�@� SURYHG� WKDW� DSSO\LQJ� WKH�

ODQJXDJH� PRGHOV� WUDLQHG� RQ� WKH� WDUJHW� WH[W� GDWDEDVH� WR�

UHFRJQLWLRQ� RI� WKH� VSHHFK� TXHULHV� FRXOG� LPSURYH� WKH�

SHUIRUPDQFH� RI� UHWULHYLQJ� D� YHU\� ODUJH� FROOHFWLRQ� RI�

&KLQHVH�WH[W�GRFXPHQWV�ZLWK�VSHHFK�TXHULHV��+RZHYHU��IRU�

VSRNHQ�GRFXPHQW�UHWULHYDO�� WKH�UHDO�LVVXH�LV�KRZ�WR�FROOHFW�

DGHTXDWH� FRUSRUD� IRU� WUDLQLQJ� WKH� ODQJXDJH� PRGHOV�� )RU�

H[DPSOH�� LQ� DXWRPDWLF� WUDQVFULSWLRQ� RI� EURDGFDVW� QHZV��

PDQ\� H[SHULPHQWDO� UHVXOWV� KDYH� VKRZQ� WKDW� XVLQJ� WKH�

ODQJXDJH� PRGHOV� WUDLQHG� ZLWK� WKH� PDQXVFULSWV� RI� WKH�

EURDGFDVW� QHZV� FDQ� DFKLHYH� WKH� KLJKHU� UHFRJQLWLRQ�

DFFXUDF\� FRPSDUHG� WR� XVLQJ� WKH� ODQJXDJH� PRGHOV� PHUHO\�

WUDLQHG�RQ�WKH�QHZVZLUH�WH[W�FRUSRUD�>�@��7KHUHIRUH��WKHUH�LV�

UHDVRQ� WR� EHOLHYH� WKDW� WKH� ODQJXDJH� PRGHOV� DGDSWHG� IURP�

WKH� EDVHOLQH� ODQJXDJH� PRGHOV� XVLQJ� WKH� DXWRPDWLF�

WUDQVFULSWLRQV�RI� WKH� ODUJH�FROOHFWLRQ�RI�VSRNHQ�GRFXPHQWV�

PD\�EH�KHOSIXO�IRU�ERWK�UHFRJQLWLRQ�DQG�UHWULHYDO��+RZHYHU��

IRU� VRPH� WDVNV�� VXFK� DV� UHWULHYDO� RI� PHHWLQJ� QRWHV�� WKH�

DGHTXDWH� FRUSRUD�PD\� EH� YHU\� GLIILFXOW� WR� FROOHFW� RU� HYHQ�

QRW� DYDLODEOH� DW� DOO�� ,Q� WKHVH� FDVHV�� RQO\� WKH� ODQJXDJH�

PRGHOV� WUDLQHG� ZLWK� WKH� DXWRPDWLF� WUDQVFULSWLRQV� RI� WKH�

ODUJH� FROOHFWLRQ� RI� VSRNHQ� GRFXPHQWV� DUH� DYDLODEOH� DQG�

WKH\� PD\� EH� KHOSIXO� DV� ZHOO�� $FFRUGLQJO\�� WKLV� SDSHU�

SUHVHQWV�D�FRQFHSW�RI�DSSO\LQJ� WKH�FRQWHQW�EDVHG� ODQJXDJH�

PRGHOV� WR� VSRNHQ� GRFXPHQW� UHWULHYDO�� 7KH� FRQWHQW�EDVHG�

ODQJXDJH� PRGHO� FDQ� EH� HLWKHU� WUDLQHG� ZLWK� WKH� DXWRPDWLF�

WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV�RU�DGDSWHG�IURP�WKH�

EDVHOLQH� ODQJXDJH� PRGHOV� XVLQJ� WKH� DXWRPDWLF�

WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV��7KH�UHFRJQLWLRQ�RI�

WKH�VSRNHQ�GRFXPHQWV�FDQ�EH�LWHUDWLYHO\�H[HFXWHG�DQG��WKXV��

WKH�PRUH�DFFXUDWH� UHFRJQLWLRQ� UHVXOWV� FDQ�EH� REWDLQHG�DQG�

XVHG� WR� FUHDWH� WKH� LQGH[LQJ� WHUPV�� 6XFK� FRQWHQW�EDVHG�

ODQJXDJH� PRGHOV� FDQ� EH� XVHG� WR� LPSURYH� WKH� UHFRJQLWLRQ�

DFFXUDF\� RI� WKH� VSHHFK� TXHULHV� DV� ZHOO�� $V� D� UHVXOW�� WKH�

UHWULHYDO�SHUIRUPDQFH�FDQ�EH�LPSURYHG�FRUUHVSRQGLQJO\��

$�V\OODEOH�EDVHG� IUDPHZRUN� IRU� UHWULHYLQJ�0DQGDULQ� UDGLR�

EURDGFDVW�QHZV�XVLQJ�VSHHFK�TXHULHV�KDV�EHHQ�LQYHVWLJDWHG�

LQ�>�@��7KH�V\OODEOH�EDVHG�DSSURDFK�LV�D�VSHFLDO�FDVH�RI�WKH�

VXEZRUG�EDVHG� DSSURDFKHV�� 7KLV� LV� EDVHG� RQ� YDULRXV�

FRQVLGHUDWLRQV� RQ� WKH� VWUXFWXUDO� QDWXUH� RI� WKH� &KLQHVH�

ODQJXDJH�� 7KH� IHDVLELOLW\� RI� WKH� SURSRVHG� DSSURDFK� KDV�

EHHQ� WHVWHG� RQ� WKH� VDPH� WDVN�� 7KH� UHVW� RI� WKLV� SDSHU� LV�

RUJDQL]HG� DV� IROORZV�� 7KH� PHWKRGRORJ\� RI� WKH� SURSRVHG�

DSSURDFK� WR� VSRNHQ� GRFXPHQW� UHWULHYDO� LV� LQWURGXFHG� LQ�

6HFWLRQ����7KH�VSHHFK�UHFRJQLWLRQ�SURFHVV�DQG�WKH�UHWULHYDO�

PHWKRG� DUH� SUHVHQWHG� LQ� 6HFWLRQV� �� DQG� ��� UHVSHFWLYHO\��

7KHQ��DOO� WKH�H[SHULPHQWDO� UHVXOWV�DUH�GLVFXVVHG� LQ�6HFWLRQ�

���)LQDOO\��WKH�FRQFOXGLQJ�UHPDUNV�DUH�PDGH�LQ�6HFWLRQ����
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7KH� EORFN� GLDJUDP� RI� WKH� SURSRVHG� DSSURDFK� WR� VSRNHQ�

GRFXPHQW�UHWULHYDO�LV�VKRZQ�LQ�)LJXUH����'XULQJ�WKH�SKDVH�

RI� GDWDEDVH� SUHSDUDWLRQ�� WKH� VSHHFK� UHFRJQLWLRQ� PRGXOH�

ILUVW�WUDQVFULEHV�HYHU\�VSRNHQ�GRFXPHQW�LQ�WKH�GDWDEDVH�WR�D�

ZRUG� �RU� VXEZRUG�� VWULQJ� EDVHG� RQ� WKH� DFRXVWLF� PRGHOV��

7KHQ��WKH�DXWRPDWLF�WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV�

DUH� XVHG� WR� WUDLQ� WKH� VR�FDOOHG� FRQWHQW�EDVHG� ODQJXDJH�

PRGHOV�� DQG� WKH� VSHHFK� UHFRJQLWLRQ� PRGXOH� UHSHDWV�

UHFRJQLWLRQ�EDVHG�RQ� WKH�DFRXVWLF�PRGHOV�DQG� WKH�FRQWHQW�

EDVHG� ODQJXDJH�PRGHOV�� )RU�D�EL�JUDP�PRGHO�� WKH�EL�JUDP�

SUREDELOLWLHV�DUH�HVWLPDWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�
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DQG� �� �-LZF UHVSHFWLYHO\� GHQRWH� WKH�

RFFXUUHQFH�FRXQWV�RI�WKH�ZRUG�SDLU� ��� � LL
ZZ

-

�DQG�WKH�ZRUG�

�-LZ
LQ� WKH� VSRNHQ� GRFXPHQW� FROOHFWLRQ�� 7KH� GHWDLOV� RI�

VSHHFK�UHFRJQLWLRQ�EDVHG�RQ�WKH�VWDWLVWLFDO�DFRXVWLF�PRGHOV�

DQG�1�JUDP�ODQJXDJH�PRGHOV�FDQ�EH�IRXQG�LQ�PDQ\�ERRNV�

DQG� SDSHUV� >�@�� 7KH� ODQJXDJH� PRGHO� WUDLQLQJ� DQG� VSHHFK�

UHFRJQLWLRQ�SURFHVV�FDQ�LWHUDWH�VHYHUDO�WLPHV�DQG�WKH�KLJKHU�

UHFRJQLWLRQ� DFFXUDF\� FDQ� EH� DFKLHYHG�� ,I� WKH� EDVHOLQH�

ODQJXDJH�PRGHOV�DUH�DYDLODEOH��WKH�DXWRPDWLF�WUDQVFULSWLRQV�

RI� WKH� VSRNHQ� GRFXPHQWV� DUH� XVHG� WR� DGDSW� WKH� EDVHOLQH�

ODQJXDJH� PRGHOV� DQG� WKH� FRQWHQW�EDVHG� ODQJXDJH� PRGHOV�

DUH�REWDLQHG�DFFRUGLQJO\��)RU�D�EL�JUDP�PRGHO��WKH�DGDSWHG�

EL�JUDP�SUREDELOLWLHV� FDQ�EH� REWDLQHG� XVLQJ� WKH� IROORZLQJ�

HTXDWLRQ�
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:KHUH� ��� �� LL
ZZF

-

DQG� �� �� -L
ZF �UHVSHFWLYHO\� GHQRWH� WKH�

RFFXUUHQFH�FRXQWV�RI�WKH�ZRUG�SDLU� �� � LL
ZZ

-

DQG�WKH�ZRUG�

�-LZ �LQ� WKH� WH[W�FRUSRUD�ZLWK�ZKLFK� WKH�EDVHOLQH� ODQJXDJH�

PRGHOV�ZHUH� WUDLQHG�� DQG�a LV� D�ZHLJKWLQJ� IDFWRU�� ,Q� WKLV�

SDSHU��a LV�VLPSO\�VHW�WR����7KH�ODQJXDJH�PRGHO�DGDSWDWLRQ�

DQG� VSHHFK� UHFRJQLWLRQ� SURFHVV� FDQ� LWHUDWH� VHYHUDO� WLPHV�

DQG� WKH� KLJKHU� UHFRJQLWLRQ� DFFXUDF\� FDQ� EH� DFKLHYHG��

)LQDOO\��WKH�IHDWXUH�YHFWRU�H[WUDFWLRQ�PRGXOH�FRQVWUXFWV�WKH�

IHDWXUH�YHFWRUV�IURP�WKHVH�DXWRPDWLF�WUDQVFULSWLRQV���

:KHQ�D�XVHU�HQWHUV�D�VSHHFK�TXHU\�LQWR�WKH�UHWULHYDO�V\VWHP��

WKH� VSHHFK� UHFRJQLWLRQ�PRGXOH� ILUVW� WUDQVFULEHV� WKH� VSHHFK�

TXHU\� WR�D�ZRUG��RU�VXEZRUG��VWULQJ�EDVHG�RQ� WKH�DFRXVWLF�

PRGHOV�IRU� VSHHFK�TXHULHV�DQG� WKH�FRQWHQW�EDVHG� ODQJXDJH�

PRGHOV�� 7KHQ�� WKH� IHDWXUH� YHFWRU� H[WUDFWLRQ� PRGXOH�

FRQVWUXFWV� WKH� IHDWXUH� YHFWRU� IURP� WKH�ZRUG� �RU� VXEZRUG��

VWULQJ��)LQDOO\��WKH�UHWULHYDO�PRGXOH�HYDOXDWHV�WKH�VLPLODULW\�

PHDVXUHV� EHWZHHQ� WKH� IHDWXUH� YHFWRU� RI� WKH� VSHHFK� TXHU\�

DQG� DOO� WKH� IHDWXUH� YHFWRUV� RI� WKH� VSRNHQ� GRFXPHQWV� DQG�

VHOHFWV� D� VHW� RI� GRFXPHQWV� ZLWK� WKH� KLJKHVW� VLPLODULW\�

PHDVXUHV�DV�WKH�UHWULHYDO�RXWSXW���

,Q� WKLV� SDSHU�� D� 0DQGDULQ� VSRNHQ� GRFXPHQW� RU� D� VSHHFK�

TXHU\� LV� WUDQVFULEHG� WR� D� V\OODEOH� VWULQJ� DQG� WKH� IHDWXUH�

YHFWRU� FRQVLVWV� RI� WKH� RYHUODSSLQJ� V\OODEOH�1�JUDPV� �XQL�

JUDP�� EL�JUDP�� DQG� WUL�JUDP�� DQG� WKH� V\OODEOH� SDLUV�

VHSDUDWHG� E\�Q� V\OODEOHV� �Q �������� 7KH� GHWDLOV� IRU� VSHHFK�

UHFRJQLWLRQ� DQG� LQIRUPDWLRQ� UHWULHYDO� ZLOO� EH� JLYHQ� LQ�

6HFWLRQV���DQG����UHVSHFWLYHO\��
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(DFK� IUDPH� RI� WKH� VSHHFK� GDWD� LV� UHSUHVHQWHG� E\� D� ���

GLPHQVLRQDO� IHDWXUH� YHFWRU�� ZKLFK� FRQVLVWV� RI� ��� PHO�

IUHTXHQF\� FHSVWUDO� FRHIILFLHQWV� �0)&&V�� DQG� WKH�

ORJDULWKPLF� HQHUJ\�� DQG� WKHLU� ILUVW� DQG� VHFRQG� WLPH�

)LJXUH����%ORFN�GLDJUDP�RI�WKH�SURSRVHG�DSSURDFK�WR�UHWULHYLQJ�VSRNHQ�GRFXPHQWV�XVLQJ�VSHHFK�TXHULHV��

5HWULHYHG��

6SRNHQ�'RFXPHQWV�
,QSXW�6SHHFK��

4XHULHV�

6SRNHQ�

'RFXPHQWV�

)HDWXUH�9HFWRUV�
IRU�'RFXPHQWV�

,QIRUPDWLRQ�
5HWULHYDO�

$FRXVWLF�0RGHOV�
IRU�4XHULHV�

$FRXVWLF�0RGHOV�
IRU�'RFXPHQWV�

/DQJXDJH�0RGHOV�

6SHHFK�
5HFRJQLWLRQ�

6SHHFK�
5HFRJQLWLRQ�

)HDWXUH�9HFWRU�
([WUDFWLRQ�

)HDWXUH�9HFWRU�
([WUDFWLRQ�

/DQJXDJH�
0RGHO�7UDLQLQJ�

6SHHFK�5HWULHYDO�'DWD�)ORZ�

'DWDEDVH�SUHSDUDWLRQ�'DWD�)ORZ�



GHULYDWLYHV�� 8WWHUDQFH�EDVHG� FHSVWUDO� PHDQ� VXEWUDFWLRQ�

�&06�� LV� DSSOLHG� WR� DOO� WKH� WUDLQLQJ� VHQWHQFHV�� VSRNHQ�

GRFXPHQWV� DQG� VSHHFK� TXHULHV�� 7KH� DFRXVWLF� XQLWV� FKRVHQ�

IRU� V\OODEOH� UHFRJQLWLRQ� DUH� ���� FRQWH[W�GHSHQGHQW�

,1,7,$/V� DQG� ��� FRQWH[W�LQGHSHQGHQW� ),1$/V� EDVHG� RQ�

WKH� PRQRV\OODELF� QDWXUH� RI� 0DQGDULQ� &KLQHVH� DQG� WKH�

SKRQHWLF� VWUXFWXUH� RI� 0DQGDULQ� V\OODEOHV� >�@�� +HUH��

,1,7,$/�PHDQV� WKH� LQLWLDO� FRQVRQDQW� RI� WKH� V\OODEOH�� DQG�

),1$/�PHDQV�WKH�YRZHO� �RU�GLSKWKRQJ��SDUW�EXW�LQFOXGLQJ�

RSWLRQDO� PHGLDO� RU� QDVDO� HQGLQJ�� (DFK� ,1,7,$/� LV�

UHSUHVHQWHG�E\�D�+00�ZLWK���VWDWHV�ZKLOH�HDFK�),1$/�LV�

UHSUHVHQWHG� E\� RQH� ZLWK� �� VWDWHV�� 7KH� *DXVVLDQ� PL[WXUH�

QXPEHU� SHU� VWDWH� UDQJHV� IURP� �� WR� ���� GHSHQGLQJ� RQ� WKH�

DPRXQW� RI� WUDLQLQJ� GDWD�� 7KH� VLOHQFH� PRGHO� LV� D� ��VWDWH�

+00�ZLWK� ��� *DXVVLDQ� PL[WXUHV� WUDLQHG� XVLQJ� WKH� QRQ�

VSHHFK�VHJPHQWV���
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7KH� EDVHOLQH� V\OODEOH� ODQJXDJH� PRGHOV� DUH� WUDLQHG� RQ� D�

QHZVZLUH� WH[W� FRUSXV� FRQVLVWLQJ� RI� ��� PLOOLRQ� &KLQHVH�

FKDUDFWHUV�FROOHFWHG�IURP�&HQWUDO�1HZV�$JHQF\��&1$�� LQ�

�����IURP�-DQXDU\�WR�-XO\��7KH�WUDLQLQJ�PDWHULDOV�DUH�ZRUG�

LGHQWLILHG� DQG� SKRQHWLF� VSHOOLQJ� LQGLFDWHG� XVLQJ� D� OH[LFRQ�

FRQVLVWLQJ�RI�DURXQG��������IUHTXHQWO\�XVHG�&KLQHVH�ZRUGV��

$%$��#�����������
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,I� WKH� ODQJXDJH� PRGHOV� DUH� QRW� DYDLODEOH�� WKH� V\OODEOH�

UHFRJQL]HU� SHUIRUPV� RQO\� IUHH� V\OODEOH� GHFRGLQJ� ZLWKRXW�

DQ\� JUDPPDU� FRQVWUDLQWV�� 2Q� WKH� RWKHU� KDQG�� LQ� D� PRUH�

FRPSOLFDWHG� V\OODEOH� UHFRJQL]HU� >��@�� D� WZR�SDVV� VHDUFK�

VWUDWHJ\� LV� XVHG�� ,Q� WKH� ILUVW� SDVV�� WKH� 9LWHUEL� VHDUFK� LV�

SHUIRUPHG� EDVHG� RQ� WKH� DFRXVWLF� PRGHOV� DQG� WKH� V\OODEOH�

EL�JUDP�ODQJXDJH�PRGHO��DQG�WKH�VFRUH�DW�HYHU\�WLPH�LQGH[�

LV� VWRUHG�� ,Q� WKH� VHFRQG� SDVV�� D� EDFNZDUG� WLPH�

DV\QFKURQRXV� $
� WUHH� VHDUFK� JHQHUDWHV� WKH� EHVW� V\OODEOH�

VWULQJ�EDVHG�RQ�WKH�KHXULVWLF�VFRUHV�REWDLQHG�IURP�WKH�ILUVW�

SDVV�VHDUFK�DQG�WKH�V\OODEOH�WUL�JUDP�ODQJXDJH�PRGHO���

(� !���������������������
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9HFWRU�VSDFH�PRGHOV�ZLGHO\�XVHG�LQ�PDQ\�WH[W�LQIRUPDWLRQ�

UHWULHYDO�V\VWHPV�DUH�XVHG�KHUH��LQ�ZKLFK�HDFK�GRFXPHQW�RU�

TXHU\�LV�UHSUHVHQWHG�E\�D�IHDWXUH�YHFWRU��

��LGI�W�I�W������ZLGI�W�I�W�Z9 ..N ����= ���
�� ����

:KHUH�
L

Z � ��
L
WI DQG ��

L
WLGI DUH� UHVSHFWLYHO\� WKH� ZHLJKW��

IUHTXHQF\�� DQG� LQYHUVH� GRFXPHQW� IUHTXHQF\� �,')�� RI� WKH�

LQGH[LQJ� WHUP�
L

W �� ZKLOH�.� LV� WKH� WRWDO� QXPEHU� RI� GLVWLQFW�

LQGH[LQJ� WHUPV�� 7KH� ZHLJKW
L

Z LV� GLIIHUHQW� IRU� GLIIHUHQW�

FODVVHV�RI� LQGH[LQJ� WHUPV�DV�H[SODLQHG�EHORZ��7KH�&RVLQH�

PHDVXUH�ZLGHO\�XVHG�LQ�WH[W�LQIRUPDWLRQ�UHWULHYDO�LV�XVHG�WR�

HVWLPDWH�WKH�VLPLODULW\�EHWZHHQ�D�GRFXPHQW�DQG�D�TXHU\���

(%"��#�������������!�
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�+���	�

,Q�WKLV�SDSHU��WKH�V\OODEOH�OHYHO�LQGH[LQJ�WHUPV�FRPSRVH�RI�

WKH� RYHUODSSLQJ� V\OODEOH� VHJPHQWV� ZLWK� OHQJWK� 1� �6�1���

1 �a��� DQG� WKH� V\OODEOH� SDLUV� VHSDUDWHG� E\� Q� V\OODEOHV�

�3�Q��� Q �a���� +HUH�� WKH� V\OODEOH� VHJPHQW� ZLWK� OHQJWK�1�

FRUUHVSRQGV� WR� WKH� RYHUODSSLQJ� V\OODEOH� 1�JUDP��

&RQVLGHULQJ�D�V\OODEOH�VWULQJ�RI����V\OODEOHV�6��6��6������6����

H[DPSOHV�RI�WKH�IRUPHU�DUH�OLVWHG�RQ�WKH�XSSHU�KDOI�RI�7DEOH�

���ZKLOH�H[DPSOHV�RI�WKH�ODWWHU�RQ�WKH�ORZHU�KDOI�RI�7DEOH����

7KH�FRPELQDWLRQ�RI� WKHVH� LQGH[LQJ� WHUPV�KDV�EHHQ�VKRZQ�

WR� EH� YHU\� HIIHFWLYH� IRU�0DQGDULQ�6'5� >�@�� )RU� H[DPSOH��

WKH� RYHUODSSLQJ� V\OODEOH� VHJPHQWV� ZLWK� OHQJWK� 1� FDQ�

FDSWXUH� WKH� LQIRUPDWLRQ� RI� SRO\V\OODELF� ZRUGV� RU� SKUDVHV�

ZKLOH�WKH�V\OODEOH�SDLUV�VHSDUDWHG�E\�Q�V\OODEOHV�FDQ�WDFNOH�

WKH� SUREOHPV� DULVLQJ� IURP� WKH� IOH[LEOH� ZRUGLQJ� VWUXFWXUH��

DEEUHYLDWLRQ�� DQG� VSHHFK� UHFRJQLWLRQ� HUURUV�� ,Q� WKH�

IROORZLQJ�H[SHULPHQWV��WKH�ZHLJKW�LQ�(TXDWLRQ�����LV�����IRU�

6����DQG�����IRU�DOO�WKH�UHVW�FODVVHV�RI�LQGH[LQJ�WHUPV���

,� -*��������	�
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,Q� WKLV�SDSHU�� WKH�UDGLR�QHZV�ZDV�UHFRUGHG�XVLQJ�D�ZL]DUG�

)0� UDGLR� FRQQHFWHG� WR� D� 3&�� DQG� GLJLWL]HG� DW� D� VDPSOLQJ�

UDWH� RI� ��N+]� ZLWK� ��ELW� UHVROXWLRQ�� 7KH� GDWD� ZHUH�

FROOHFWHG�IURP�VHYHUDO� UDGLR�VWDWLRQV��DOO� ORFDWHG�DW�7DLSHL��

IURP�'HFHPEHU������WR�-XO\�������$OO�WKH�UHFRUGLQJV�ZHUH�

PDQXDOO\�VHJPHQWHG�LQWR�VWRULHV�DQG�WUDQVFULEHG��

7KH� GDWDEDVH� WR� EH� UHWULHYHG� FRQVLVWV� RI� ���� UHFRUGLQJV�

�DERXW������KRXUV� RI� VSHHFK�PDWHULDOV��� DQG�ZDV� FROOHFWHG�

IURP� %URDGFDVWLQJ� &RUSRUDWLRQ� RI� &KLQD� �%&&��� (DFK�

UHFRUGLQJ� LV� D� VKRUW� QHZV� DEVWUDFW� �DERXW� ��� VHFRQGV� RI�

VSHHFK� PDWHULDOV�� SURGXFHG� E\� D� QHZV� DQQRXQFHU�� DQG�

FRQWDLQV� VHYHUDO� QHZV� LWHPV�� 6RPH� UHFRUGLQJV� LQ� WKH�

GDWDEDVH� FRQWDLQ� EDFNJURXQG� PXVLF�� $� VHW� RI� ��� VLPSOH�

TXHULHV� DQG� WKH� FRUUHVSRQGLQJ� UHOHYDQW� QHZV� UHFRUGLQJV�

ZHUH�PDQXDOO\�FUHDWHG�WR�VXSSRUW�WKH�UHWULHYDO�H[SHULPHQWV��

(DFK�TXHU\�KDV�RQ�DYHUDJH������UHOHYDQW�GRFXPHQWV�DPRQJ�

WKH�����GRFXPHQWV� LQ� WKH�GDWDEDVH��ZLWK�WKH�H[DFW�QXPEHU�

UDQJLQJ� IURP� �� WR� ���� 7ZR� �RQH� PDOH� DQG� RQH� IHPDOH��

VSHDNHUV� ZHUH� DVNHG� WR� SURQRXQFH� WKH� ��� TXHULHV��

UHVSHFWLYHO\��$W�WKH�ILUVW�JODQFH�� WKLV�6'5�WDVN�VHHPV�HDV\�

VLQFH�WKH�UHWULHYDO�WDUJHW�FRQWDLQV�RQO\�WKH�DQFKRUV
�VSHHFK��

+RZHYHU�� WKLV� 6'5� WDVN� LV�� LQ� IDFW�� YHU\� GLIILFXOW� EHFDXVH�

DOPRVW�DOO�WKH�TXHU\�WHUPV�DSSHDU�RQO\�RQFH�LQ�HDFK�RI�WKHLU�

UHOHYDQW�GRFXPHQWV�DQG�WKH�TXHULHV�DUH�RIWHQ�YHU\�VKRUW��2Q�

6\OODEOH�6HJPHQWV� ([DPSOHV�

6�1���1 �� �V����V���«�V����

6�1���1 �� �V��V����V��V��«�V��V����

6�1���1 �� �V��V��V����V��V��V��«�V��V��V����

6\OODEOH� 3DLU� 6HSDUDWHG�
E\�Q�6\OODEOHV�

([DPSOHV�

3�Q���Q �� �V��V����V��V���«�V��V����

3�Q���Q �� �V��V����V��V���«�V��V����

3�Q���Q �� �V��V����V��V���«�V��V����

7DEOH����7KH� LQGH[LQJ� WHUPV�H[WUDFWHG� IURP�DQ�H[DPSOH�
V\OODEOH�VWULQJ�6��6��6�«��6�����



DYHUDJH��HDFK�TXHU\�FRQWDLQV�URXJKO\�RQO\���FKDUDFWHUV��RU�

V\OODEOHV���

$� GLIIHUHQW� EURDGFDVW� QHZV� VSHHFK� GDWDEDVH� FRQVLVWLQJ� RI�

����VWRULHV� �DERXW�����KRXUV�RI�VSHHFK�PDWHULDOV��FROOHFWHG�

IURP� 3ROLFH� 5DGLR� 6WDWLRQ� �356��� 8)2� 6WDWLRQ� �8)2���

9RLFH� RI�+DQ��92+���DQG�9RLFH�RI�7DLSHL� �927�� LV�XVHG�

IRU� WUDLQLQJ� WKH� VSHDNHU�LQGHSHQGHQW�+00V�IRU�DXWRPDWLF�

UHFRJQLWLRQ� RI� WKH� EURDGFDVW� QHZV� VSHHFK�� $QRWKHU� UHDG�

VSHHFK�GDWDEDVH�LQFOXGLQJ�����KRXUV�RI�VSHHFK�PDWHULDOV�IRU�

SKRQHWLFDOO\� EDODQFHG� VHQWHQFHV� DQG� LVRODWHG� ZRUGV�

SURGXFHG� E\� URXJKO\� ��� PDOH� DQG� ��� IHPDOH� VSHDNHUV� LV�

XVHG� IRU� WUDLQLQJ� WKH� VSHDNHU�LQGHSHQGHQW� +00V� IRU�

DXWRPDWLF�UHFRJQLWLRQ�RI�WKH�VSHHFK�TXHULHV��
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%HFDXVH� LWHUDWLYHO\� DSSO\LQJ� WKH� FRPSOLFDWHG� V\OODEOH�

UHFRJQLWLRQ�SURFHVV��DV�GHVFULEHG�SUHYLRXVO\�LQ�6HFWLRQ������

WR�DOO�WKH�VSRNHQ�GRFXPHQWV�LQ�WKH�ODUJH�GDWDEDVH�LV�D�YHU\�

WLPH� FRQVXPLQJ� WDVN�� ZH� KDYH� FKRVHQ� DQ� DOWHUQDWLYH���

SURFHGXUH� IRU� VDYLQJ� WKH� VLPXODWLRQ� WLPH� LQ� WKH� LQLWLDO�

HYDOXDWLRQ�� )LUVW� RI� DOO�� DOO� WKH� VSRNHQ� GRFXPHQWV� DQG�

VSHHFK�TXHULHV�DUH�WUDQVFULEHG�WR�V\OODEOH�ODWWLFHV��7KHQ��LQ�

HDFK�LWHUDWLRQ��WKH�FRQWHQW�EDVHG�V\OODEOH�EL�JUDP�ODQJXDJH�

PRGHO�� HLWKHU� DGDSWHG� IURP� WKH� EDVHOLQH� V\OODEOH� EL�JUDP�

ODQJXDJH� PRGHO� XVLQJ� WKH� EHVW� V\OODEOH� VWULQJV� RI� DOO� WKH�

VSRNHQ� GRFXPHQWV� REWDLQHG� LQ� WKH� SUHYLRXV� LWHUDWLRQ� RU�

GLUHFWO\� WUDLQHG�RQ� WKH�EHVW�V\OODEOH�VWULQJV�REWDLQHG� LQ� WKH�

SUHYLRXV� LWHUDWLRQ�� LV� XVHG� WR� VHOHFW� D� QHZ� EHVW� V\OODEOH�

VWULQJ�IURP� WKH� V\OODEOH� ODWWLFH�RI�D�VSRNHQ�GRFXPHQW� RU�D�

VSHHFK�TXHU\��7KH�DERYH�LWHUDWLYH�SURFHVV�IRU�ILQGLQJ�D�QHZ�

EHVW� V\OODEOH� VWULQJ� IURP� D� V\OODEOH� ODWWLFH� EDVHG� RQ� WKH�

DFRXVWLF� UHFRJQLWLRQ� VFRUHV� DQG� WKH� FRQWHQW�EDVHG� V\OODEOH�

EL�JUDP� ODQJXDJH�PRGHO� FDQ� EH� YHU\� IDVW� EHFDXVH� RQO\� D�

VLPSOH� UH�VFRULQJ�SURFHVV� LQVWHDG�RI�D�FRPSOLFDWHG� VSHHFK�

UHFRJQLWLRQ� SURFHVV� LV� H[HFXWHG�� 2EYLRXVO\�� VXFK� D� QHZ�

V\OODEOH� VWULQJ� REWDLQHG� DIWHU� HDFK� LWHUDWLRQ� LV� QRW� DQ�

RSWLPDO� UHVXOW� EDVHG� RQ� WKH� DFRXVWLF� PRGHOV� DQG� WKH�

FRQWHQW�EDVHG�ODQJXDJH�PRGHO�EHFDXVH�LW�LV�REWDLQHG�XQGHU�

WKH� FRQVWUDLQW� RI� WKH� VHJPHQWDWLRQ� REWDLQHG� IURP� IUHH�

V\OODEOH�GHFRGLQJ�DQG� WKH�V\OODEOH�FDQGLGDWHV�FRQWDLQHG� LQ�

WKH� V\OODEOH� ODWWLFH�� +RZHYHU�� VXFK� D� VLPSOLILHG�

H[SHULPHQWDO�VHWXS�FDQ�VWLOO�VKRZ�VLJQLILFDQW�LPSURYHPHQWV�

LQ�ERWK�UHFRJQLWLRQ�DQG�UHWULHYDO�DV�ZLOO�EH�GHVFULEHG� ODWHU�

RQ��

7KH� V\OODEOH� ODWWLFH� JHQHUDWLRQ� SURFHVV� LV� GHVFULEHG� DV�

IROORZV��)LUVW�RI�DOO��WKH�EDVHOLQH�V\OODEOH�UHFRJQL]HU��ZKLFK�

SHUIRUPV�RQO\�IUHH�V\OODEOH�GHFRGLQJ�ZLWKRXW�DQ\�JUDPPDU�

FRQVWUDLQWV�� LV�XVHG� WR� WUDQVFULEH�DOO� WKH�VSRNHQ�GRFXPHQWV�

DQG� VSHHFK� TXHULHV�� 7KHQ�� EDVHG� RQ� WKH� VWDWH� OLNHOLKRRG�

VFRUHV�FDOFXODWHG� LQ� WKH�VHDUFK�DQG� WKH�V\OODEOH�ERXQGDULHV�

RI� WKH� EHVW� V\OODEOH� VWULQJ�� WKH� V\OODEOH� UHFRJQL]HU� IXUWKHU�

SHUIRUPV� WKH� 9LWHUEL� VHDUFK� RQ� HDFK� XWWHUDQFH� VHJPHQW�

ZKLFK� PD\� LQFOXGH� D� V\OODEOH� DQG� RXWSXWV� VHYHUDO� PRVW�

SRVVLEOH� V\OODEOH� FDQGLGDWHV� ZLWK� WKHLU� FRUUHVSRQGLQJ�

DFRXVWLF� UHFRJQLWLRQ� VFRUHV�� )LQDOO\�� D� V\OODEOH� ODWWLFH� LV�

FRQVWUXFWHG�� ,Q� WKLV� VWXG\�� HDFK� V\OODEOH� VHJPHQW� FRQWDLQV�

���V\OODEOH�FDQGLGDWHV��

������6\OODEOH�5HFRJQLWLRQ�5HVXOWV�

6RPH� LQLWLDO� VSHHFK� UHFRJQLWLRQ� H[SHULPHQWV� KDYH� EHHQ�

FRQGXFWHG�ZLWK�WKH�UHVXOWV�VKRZQ�LQ�7DEOH����,Q�WKH�VHFRQG�

URZ�� WKH� WHVW� XVLQJ� IUHH� V\OODEOH� GHFRGLQJ� JLYHV� WKH�

UHFRJQLWLRQ� DFFXUDFLHV� RI� WKH� VSRNHQ� GRFXPHQWV� DQG� WKH�

VSHHFK�TXHULHV�RQO\��������DQG���������UHVSHFWLYHO\��:H�

KDYH�ILUVW�HYDOXDWHG�RQ�WUDLQLQJ�WKH�FRQWHQW�EDVHG�ODQJXDJH�

PRGHOV� IURP� WKH� DXWRPDWLF� WUDQVFULSWLRQV� RI� WKH� VSRNHQ�

GRFXPHQWV�� :LWK� WKH� V\OODEOH� EL�JUDP� ODQJXDJH� PRGHO�

WUDLQHG� RQ� WKH� WUDQVFULSWLRQV� REWDLQHG� XVLQJ� IUHH� V\OODEOH�

GHFRGLQJ� DSSOLHG� WR� UH�VFRULQJ�� WKH� UHFRJQLWLRQ� DFFXUDFLHV�

DUH� LPSURYHG� WR� ������� DQG� �������� UHVSHFWLYHO\�� DV�

VKRZQ�LQ�WKH�WKLUG�URZ��:LWK�WKH�V\OODEOH�EL�JUDP�ODQJXDJH�

PRGHO� WUDLQHG� RQ� WKH� QHZ� WUDQVFULSWLRQV� DSSOLHG� WR� UH�

VFRULQJ��WKH�UHFRJQLWLRQ�DFFXUDFLHV�DUH�LPSURYHG�WR��������

DQG���������UHVSHFWLYHO\��DV�VKRZQ�LQ�WKH�IRXUWK�URZ��$IWHU�

DQ� DGGLWLRQDO� LWHUDWLRQ�� WKH� UHFRJQLWLRQ� DFFXUDFLHV� DUH�

IXUWKHU� LPSURYHG� WR� ������� DQG� �������� UHVSHFWLYHO\�� DV�

VKRZQ�LQ�WKH�ILIWK�URZ��:H�KDYH�DOVR�HYDOXDWHG�RQ�DGDSWLQJ�

WKH�EDVHOLQH�ODQJXDJH�PRGHOV�XVLQJ�WKH�WUDQVFULSWLRQV�RI�WKH�

VSRNHQ� GRFXPHQWV�� :LWK� WKH� EDVHOLQH� V\OODEOH� EL�JUDP�

ODQJXDJH�PRGHO� WUDLQHG�E\�D�QHZVZLUH�WH[W�FRUSXV�DSSOLHG�

WR� UH�VFRULQJ�� WKH� UHFRJQLWLRQ� DFFXUDFLHV� FDQ� EH� LPSURYHG�

IURP� ������� DQG� ������� WR� ������� DQG� ��������

UHVSHFWLYHO\��DV�VKRZQ�LQ�WKH�VL[WK�URZ�RI�7DEOH����:LWK�WKH�

FRQWHQW�EDVHG� V\OODEOH� EL�JUDP� ODQJXDJH� PRGHO� DGDSWHG�

IURP� WKH� EDVHOLQH� ODQJXDJH� PRGHO� XVLQJ� WKH� QHZ�

WUDQVFULSWLRQV� DSSOLHG� WR� UH�VFRULQJ�� WKH� UHFRJQLWLRQ�

DFFXUDFLHV� DUH� IXUWKHU� LPSURYHG� WR� ������� DQG� ��������

UHVSHFWLYHO\�� DV�VKRZQ�LQ� WKH� VHYHQWK�URZ��+RZHYHU�� DIWHU�

RQH�PRUH� LWHUDWLRQ�� WKH� LPSURYHPHQWV� DUH� QRW� REYLRXV�� DV�

VKRZQ�LQ�WKH�ODVW�URZ���

� 'RFXPHQWV� 4XHULHV�

)UHH�6\OODEOH�'HFRGLQJ��:LWKRXW�/0�� ������ ������

5H�VFRULQJ�ZLWK�/0�7UDLQHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

5H�VFRULQJ�ZLWK�/0�7UDLQHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

5H�VFRULQJ�ZLWK�/0�7UDLQHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

5H�VFRULQJ�ZLWK�/0�7UDLQHG�E\�1HZVZLUH��%DVHOLQH�/0�� ������ ������

5H�VFRULQJ�ZLWK�/0�$GDSWHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

5H�VFRULQJ�ZLWK�/0�$GDSWHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

7DEOH����7KH�V\OODEOH�UHFRJQLWLRQ�UHVXOWV�IRU�WKH�VSRNHQ�GRFXPHQWV�DQG�WKH�VSHHFK�TXHULHV��



7KH�GHWDLOHG�UHFRJQLWLRQ�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH����7KH�

UHFRJQLWLRQ� DFFXUDFLHV� DUH� VLJQLILFDQWO\� LPSURYHG� DW� ILUVW��

6XEVHTXHQWO\�� WKH� LPSURYHPHQWV� DUH� QRW� REYLRXV� RU�

VRPHWLPHV�WKH�UHFRJQLWLRQ�DFFXUDF\�HYHQ�VOLJKWO\�GHJUDGHV��

2QH�SRVVLEOH�UHDVRQ�ZK\�WKH�UHFRJQLWLRQ�DFFXUDF\�UHDFKHV�

D�VDWXUDWLRQ�SRLQW�VRRQ� LV�EHFDXVH��LQ�WKLV�LQLWLDO�VWXG\�� WKH�

UHFRJQL]HU�RQO\�SHUIRUPV�UH�VFRULQJ�XQGHU�WKH�FRQVWUDLQW�RI�

WKH� V\OODEOH� ODWWLFH�� 7KHUH� LV� UHDVRQ� WR� EHOLHYH� WKDW� WKH�

KLJKHU�DFFXUDF\�FDQ�EH�DFKLHYHG�LI�WKH�FRPSOLFDWHG�VSHHFK�

UHFRJQL]HU� LV� LWHUDWLYHO\� DSSOLHG� WR� UHFRJQLWLRQ� RI� WKH�

VSRNHQ� GRFXPHQWV�� $V� D� UHVXOW�� D� PRUH� DFFXUDWH� FRQWHQW�

EDVHG� ODQJXDJH�PRGHO�FDQ�EH� REWDLQHG�EDVHG�RQ� WKH�PRUH�

DFFXUDWH� WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV�DQG��WKXV��

WKH� UHFRJQLWLRQ� DFFXUDF\� RI� WKH� VSHHFK� TXHULHV� FDQ� EH�

IXUWKHU�LPSURYHG�DV�ZHOO��+RZHYHU��WKH�SUHOLPLQDU\�UHVXOWV�

KDYH� VKRZQ� WKH� IHDVLELOLW\� RI� XVLQJ� WKH� DXWRPDWLF�

WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV�WR�DGDSW�RU�WUDLQ�WKH�

FRQWHQW�EDVHG� ODQJXDJH� PRGHOV� DQG�� EDVHG� RQ� ZKLFK�� WKH�

UHFRJQLWLRQ� DFFXUDFLHV� RI� ERWK� WKH� VSRNHQ� GRFXPHQWV� DQG�

WKH�VSHHFK�TXHULHV�FDQ�EH�LPSURYHG��

,%$���������������������������

7KH� UHWULHYDO� SHUIRUPDQFH� LQ� WHUPV� RI� QRQ�LQWHUSRODWHG�

DYHUDJH� SUHFLVLRQ� >��@� ZLWK� UHVSHFW� WR� WKH� QXPEHU� RI�

LWHUDWLRQV� LV�VKRZQ� LQ�)LJXUH����ZKHUH�6'�64�DQG�6'�74�

UHSUHVHQW�WKH�UHVXOWV�RI�VSRNHQ�GRFXPHQW�UHWULHYDO�REWDLQHG�

XVLQJ�VSHHFK�TXHULHV�DQG�WH[W�TXHULHV��UHVSHFWLYHO\��7KDW�LV��

WKH� HUURQHRXV� V\OODEOH� VWULQJV� RI� GRFXPHQWV� DQG� TXHULHV�

REWDLQHG� IURP� VSHHFK� UHFRJQLWLRQ� DUH� GHQRWHG� DV� 6'�

�6SRNHQ� 'RFXPHQWV�� DQG� 64� �6SHHFK� 4XHULHV���

UHVSHFWLYHO\��ZKLOH� WKH�H[DFWO\�FRUUHFW�TXHU\� WUDQVFULSWLRQV�

DUH� GHQRWHG� DV� 74� �7H[W� 4XHULHV��� ,Q� JHQHUDO�� )LJXUH� ��

UHYHDOV� YHU\� VLPLODU� WUHQGV� WR� )LJXUH� �� WKDW� GLVSOD\HG� WKH�

VSHHFK� UHFRJQLWLRQ� UHVXOWV�� L�H��� WKH� LPSURYHPHQWV� LQ� WKH�

UHWULHYDO� SHUIRUPDQFH� DUH� VLJQLILFDQW� DW� ILUVW�� EXW� QRW�

REYLRXV� VXEVHTXHQWO\�� 7KLV� LV� EHFDXVH� WKH� UHWULHYDO�

SHUIRUPDQFH� LQHYLWDEO\� GHSHQGV� RQ� WKH� UHFRJQLWLRQ�

DFFXUDFLHV� RI� ERWK� WKH� VSRNHQ� GRFXPHQWV� DQG� WKH� VSHHFK�

TXHULHV��)XUWKHUPRUH��LW�FDQ�EH�IRXQG�IURP�)LJXUH���WKDW�WKH�

LPSURYHPHQWV�IRU�WKH�6'�74�FDVH�DUH�OHVV�VLJQLILFDQW�WKDQ�

WKDW� IRU� WKH� 6'�64� FDVH�� 7KLV� LV� EHFDXVH� WKH� UHWULHYDO�

SHUIRUPDQFH� IRU� WKH�6'�64�FDVH�QRW� RQO\� GHSHQGV� RQ� WKH�

UHFRJQLWLRQ� DFFXUDF\� RI� WKH� VSRNHQ� GRFXPHQWV� EXW� DOVR�

KLJKO\� GHSHQGV� RQ� WKH� UHFRJQLWLRQ�DFFXUDF\�RI� WKH� VSHHFK�

TXHULHV�� $FFRUGLQJ� WR� 7DEOH� �� DQG� )LJXUH� ��� LW¶V� REYLRXV�

WKDW� WKH� LPSURYHPHQWV� LQ� WKH� UHFRJQLWLRQ� DFFXUDF\� IRU� WKH�

VSHHFK�TXHULHV�DUH�PRUH�VLJQLILFDQW�WKDQ�WKDW�IRU�WKH�VSRNHQ�

GRFXPHQWV�LQ�WKLV�WDVN��7KH�UHWULHYDO�SHUIRUPDQFH�DIWHU�WKH�

ILUVW� VHYHUDO� LWHUDWLRQV� LV� OLVWHG� LQ� 7DEOH� �� LQ� PRUH� GHWDLO��

� $YHUDJH�
3UHFLVLRQ�
�6'�64��

$YHUDJH�
3UHFLVLRQ�
�6'�74��

)UHH�6\OODEOH�'HFRGLQJ��:LWKRXW�/0�� ������ ������

5H�VFRULQJ�ZLWK�/0�7UDLQHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������
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5H�VFRULQJ�ZLWK�/0�7UDLQHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

5H�VFRULQJ�ZLWK�/0�7UDLQHG�E\�1HZVZLUH��%DVHOLQH�/0�� ������ ������

5H�VFRULQJ�ZLWK�/0�$GDSWHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

5H�VFRULQJ�ZLWK�/0�$GDSWHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������

5H�VFRULQJ�ZLWK�/0�$GDSWHG�E\�$XWRPDWLF�7UDQVFULSWLRQV�RI�%1��,WHU���� ������ ������
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)LJXUH����7KH�V\OODEOH�UHFRJQLWLRQ�UHVXOWV�IRU�WKH�VSRNHQ�GRFXPHQWV�DQG�WKH�VSHHFK�TXHULHV��

�D��/DQJXDJH�PRGHOV�DUH�WUDLQHG�ZLWK�DXWRPDWLF�

WUDQVFULSWLRQV�

�E��/DQJXDJH�PRGHOV�DUH�DGDSWHG�IURP�EDVHOLQH�

ODQJXDJH�PRGHOV�XVLQJ�DXWRPDWLF�WUDQVFULSWLRQV�



7KH�EHVW�QRQ�LQWHUSRODWHG�DYHUDJH�SUHFLVLRQ�IRU�6'�64�DQG�

6'�74� EDVHG� RQ� WKH� WUDQVFULSWLRQV� REWDLQHG� E\� DSSO\LQJ�

WKH�FRQWHQW�EDVHG�V\OODEOH�EL�JUDP�ODQJXDJH�PRGHO� WUDLQHG�

ZLWK� WKH� WUDQVFULSWLRQV�RI� WKH�VSRNHQ�GRFXPHQWV� WR�VSHHFK�

UHFRJQLWLRQ�LV��������DQG���������UHVSHFWLYHO\��ZKLOH�LW�LV�

������� DQG� ������� EDVHG� RQ� WKH� WUDQVFULSWLRQV� REWDLQHG�

E\� IUHH� V\OODEOH� GHFRGLQJ�� )XUWKHUPRUH�� WKH� EHVW� QRQ�

LQWHUSRODWHG�DYHUDJH�SUHFLVLRQ�IRU�6'�64�DQG�6'�74�EDVHG�

RQ� WKH� WUDQVFULSWLRQV� REWDLQHG� E\� DSSO\LQJ� WKH� FRQWHQW�

EDVHG� V\OODEOH� EL�JUDP� ODQJXDJH� PRGHO� DGDSWHG� IURP� WKH�

EDVHOLQH� ODQJXDJH� PRGHO� XVLQJ� WKH� WUDQVFULSWLRQV� RI� WKH�

VSRNHQ� GRFXPHQWV� WR� VSHHFK� UHFRJQLWLRQ� LV� ������� DQG�

��������UHVSHFWLYHO\��ZKLOH�LW�LV��������DQG��������EDVHG�

RQ� WKH� WUDQVFULSWLRQV� REWDLQHG� E\� DSSO\LQJ� WKH� EDVHOLQH�

ODQJXDJH� PRGHO� WR� VSHHFK� UHFRJQLWLRQ�� $OWRJHWKHU�� WKH�

H[SHULPHQWDO�UHVXOWV�LQGLFDWH�WKDW�WKH�SURSRVHG�DSSURDFK�RI�

DSSO\LQJ� WKH� FRQWHQW�EDVHG� ODQJXDJH� PRGHOV� WR� VSHHFK�

UHFRJQLWLRQ�QRW�RQO\�LPSURYHV�WKH�UHFRJQLWLRQ�DFFXUDFLHV�RI�

ERWK�WKH�VSRNHQ�GRFXPHQWV�DQG�WKH�VSHHFK�TXHULHV�EXW�DOVR�

LPSURYHV�WKH�UHWULHYDO�SHUIRUPDQFH���

.� ������	���	�

,Q� WKLV� SDSHU��ZH� KDYH�SURSRVHG� D� QRYHO� DSSURDFK��ZKLFK�

DSSOLHG� WKH� FRQWHQW�EDVHG� ODQJXDJH�PRGHOV� WR� UHFRJQLWLRQ�

RI�WKH�VSRNHQ�GRFXPHQWV�DQG�WKH�VSHHFK�TXHULHV��WR�VSRNHQ�

GRFXPHQW�UHWULHYDO��:H�KDYH�WHVWHG�WKH�SURSRVHG�DSSURDFK�

RQ� DQ� H[DPSOH� WDVN� IRU� UHWULHYDO� RI� 0DQGDULQ� EURDGFDVW�

QHZV�� 7KH� FRQWHQW�EDVHG� ODQJXDJH� PRGHOV� FDQ� EH� HLWKHU�

WUDLQHG� ZLWK� WKH� DXWRPDWLF� WUDQVFULSWLRQV� RI� WKH� VSRNHQ�

GRFXPHQWV� RU� DGDSWHG� IURP� WKH� EDVHOLQH� ODQJXDJH�PRGHOV�

XVLQJ�WKH�DXWRPDWLF�WUDQVFULSWLRQV�RI�WKH�VSRNHQ�GRFXPHQWV��

%RWK� NLQGV� RI� FRQWHQW�EDVHG� ODQJXDJH� PRGHOV� DUH� YHU\�

XVHIXO� IRU� LPSURYLQJ� WKH� UHFRJQLWLRQ� DFFXUDFLHV� RI� WKH�

VSRNHQ�GRFXPHQWV�DQG�WKH�VSHHFK�TXHULHV��$V�D�UHVXOW�� WKH�

UHWULHYDO�SHUIRUPDQFH�FDQ�EH�LPSURYHG�FRUUHVSRQGLQJO\��

���������	�
�� -RQHV��.��6���-RQHV��*��-��)���)RRWH��-��7��DQG�<RXQJ��6��

-�� ([SHULPHQWV� RQ� VSRNHQ� GRFXPHQW� UHWULHYDO��

,QIRUPDWLRQ� 3URFHVVLQJ�	�0DQDJHPHQW�� ������ �������

SS�����������

�� :DFWODU�� +��� .DQDGH�� 7��� 6PLWK�� 0�� DQG� 6WHYHQV�� 6��

,QWHOOLJHQW� DFFHVV� WR� GLJLWDO� YLGHR�� WKH� ,QIRUPHGLD�

SURMHFW��,(((�&RPSXWHU���������������SS����������

�� 9RRUKHHV��(��DQG�+DUPDQ��'��2YHUYLHZ�RI�WKH�HLJKWK�

WH[W�UHWULHYDO�FRQIHUHQFH��75(&����� ,Q�3URFHHGLQJV�RI�

WKH�(LJKWK�7H[W�5(WULHYDO�&RQIHUHQFH��������

�� 1J�� .�� DQG� =XH��9�� 3KRQHWLF� UHFRJQLWLRQ� IRU� VSRNHQ�

GRFXPHQW� UHWULHYDO�� ,Q� 3URFHHGLQJV� RI� WKH� �����

,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH�

3URFHVVLQJ��������

�� :HFKVOHU�� 0�� 6SRNHQ� GRFXPHQW� UHWULHYDO� EDVHG� RQ�

SKRQHPH� UHFRJQLWLRQ�� 3K�'�� WKHVLV�� 6ZLVV� )HGHUDO�

,QVWLWXWH�RI�7HFKQRORJ\��(7+���=XULFK��������

�� &KHQ�� %��� :DQJ�� +�� 0�� DQG� /HH�� /�� 6�� 5HWULHYDO� RI�

EURDGFDVW�QHZV�VSHHFK�LQ�0DQGDULQ�&KLQHVH�FROOHFWHG�

LQ� 7DLZDQ� XVLQJ� V\OODEOH�OHYHO� VWDWLVWLFDO�

FKDUDFWHULVWLFV�� ,Q� 3URFHHGLQJV� RI� WKH� �����

,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $FRXVWLFV� 6SHHFK� DQG�

6LJQDO�3URFHVVLQJ��������

�� /LQ��6��&���&KLHQ��/��)���&KHQ��.��-��DQG�/HH��/��6��$�

V\OODEOH�EDVHG� YHU\�ODUJH�YRFDEXODU\� YRLFH� UHWULHYDO�

V\VWHP�IRU�FKLQHVH�GDWDEDVH�ZLWK�WH[WXDO�DWWULEXWHV��,Q�

3URFHHGLQJV� RI� WKH� ����� (XURSHDQ� &RQIHUHQFH� RQ�

6SHHFK�&RPPXQLFDWLRQ�DQG�7HFKQRORJ\��������

�� 0DWVXRND��7���7DJXFKL��<���2KWVXNL��.���)XUXL��6��DQG�

6KLUDL��.��7RZDUGV�DXWRPDWLF�WUDQVFULSWLRQ�RI�-DSDQHVH�

EURDGFDVW�QHZV�� ,Q�3URFHHGLQJV�RI�WKH������(XURSHDQ�

&RQIHUHQFH� RQ� 6SHHFK� &RPPXQLFDWLRQ� DQG�

7HFKQRORJ\��������

�� 5DELQHU��/��DQG�-XDQJ��%��+��)XQGDPHQWDOV�RI�VSHHFK�

UHFRJQLWLRQ��3UHQWLFH�+DOO�,QWHUQDWLRQDO�,QF��������

��� &KHQ�� %���:DQJ��+��0���&KLHQ�� /�� )�� DQG�/HH�� /��6��

$
�DGPLVVLEOH� NH\�SKUDVH� VSRWWLQJ� ZLWK� VXE�V\OODEOH�

OHYHO�XWWHUDQFH�YHULILFDWLRQ��,Q�3URFHHGLQJV�RI�WKH������

,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 6SRNHQ� /DQJXDJH�

3URFHVVLQJ��������

��� +DUPDQ�� '�� 2YHUYLHZ� RI� WKH� IRXUWK� WH[W� UHWULHYDO�

FRQIHUHQFH� �75(&����� ,Q� 3URFHHGLQJV� RI� WKH� )RXUWK�

7H[W�5(WULHYDO�&RQIHUHQFH��������

)LJXUH� ��� 7KH� SHUIRUPDQFH� IRU� VSRNHQ� GRFXPHQW

UHWULHYDO� XVLQJ� VSHHFK� TXHULHV� �6'�64�� DQG� WH[W

TXHULHV� �6'�74��� ZLWK�ZLWKRXW� WKH� EDVHOLQH� ODQJXDJH

PRGHOV��
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