
,QWHUSUHWDEOH�0DFKLQH�/HDUQLQJ�IRU�4XDOLW\�(QJLQHHULQJ�LQ�
0DQXIDFWXULQJ���,PSRUWDQFH�0HDVXUHV�WKDW�5HYHDO�,QVLJKWV�RQ�

(UURUV�

+ROJHU�=LHNRZ��8OI�6FKUHLHU��$OH[DQGHU�*HUOLQJ��$ODD�6DOHK�
%XVLQHVV�,QIRUPDWLRQ�6\VWHPV��)XUWZDQJHQ�8QLYHUVLW\�RI�$SSOLHG�6FLHQFH��

������)XUWZDQJHQ��*HUPDQ\�

^KROJHU�]LHNRZ�XOI�VFKUHLHU�DOH[DQGHU�JHUOLQJ�DODD�VDOHK`�
#KV�IXUWZDQJHQ�GH�

$EVWUDFW��7KLV�SDSHU�DGGUHVVHV�WKH�XVH�RI�PDFKLQH�OHDUQLQJ�DQG�WHFKQLTXHV�RI�LQWHUSUHWDEOH�
PDFKLQH� OHDUQLQJ� WR� LPSURYH� TXDOLW\� LQ� PDQXIDFWXULQJ� SURFHVVHV�� ,W� SURSRVHV� DQDO\VLV�
PHWKRGV�RQ� WRS�RI�6+$3�YDOXHV� WR� HOLFLW�XVHIXO�LQVLJKWV� IURP�PDFKLQH�OHDUQLQJ�PRGHOV��
7KHVH�PHWKRGV�FRQVWLWXWH�QRYHO�LPSRUWDQFH�PHDVXUHV�WKDW�VXSSRUW�TXDOLW\�HQJLQHHUV�LQ�WKH�
DQDO\VLV�RI�SURGXFWLRQ�HUURUV��:H�LOOXVWUDWH�DQG�WHVW�WKH�SURSRVHG�PHWKRGV�RQ�V\QWKHWLF�DV�
ZHOO�DV�RQ�UHDO�ZRUOG�GDWD�IURP�D�*HUPDQ�PDQXIDFWXUHU��

.H\ZRUGV��,QWHUSUHWDEOH�0DFKLQH�/HDUQLQJ��,PSRUWDQFH�PHDVXUHV��0DQXIDFWXULQJ��

�� ,QWURGXFWLRQ�
5HFHQW� DGYDQFHPHQWV� LQ�PDFKLQH� OHDUQLQJ� KDYH� FUHDWHG� LQFUHDVHG� LQWHUHVW� LQ� OHYHUDJLQJ� WKH�
SRWHQWLDO�RI�WKLV�WHFKQRORJ\�LQ�D�UDQJH�RI�DSSOLFDWLRQ�GRPDLQV��:LWKLQ�WKLV�SDSHU�ZH�DGGUHVV�WKH�
DSSOLFDWLRQ�RI�PDFKLQH� OHDUQLQJ� WR�TXDOLW\�HQJLQHHULQJ� LQ�PDQXIDFWXULQJ��+HUH�� WKH�JRDO� LV� WR�
OHYHUDJH�PDFKLQH�OHDUQLQJ�IRU�LGHQWLI\LQJ�DQG�UHGXFLQJ�FDXVHV�RI�SURGXFWLRQ�HUURUV��/LNH�LQ�RWKHU�
DSSOLFDWLRQV��WKH�EODFN�ER[�QDWXUH�RI�PDQ\�PDFKLQH�OHDUQLQJ�DSSURDFKHV�SRVHV�FKDOOHQJHV�WR�WKH�
DSSOLFDELOLW\�� 7KLV� FUHDWHV� WKH� QHHG� IRU� PHWKRGV� WR� H[SODLQ� PDFKLQH� OHDUQLQJ� PRGHOV��
6SHFLILFDOO\��WKHUH�DUH�WZR�SUHYDOHQW�UHDVRQV�IRU�H[SODLQLQJ�PDFKLQH�OHDUQLQJ�PRGHOV�LQ�TXDOLW\�
PDQDJHPHQW� IRU�PDQXIDFWXULQJ��2QH� LV� WR� JDLQ� WUXVW� LQ� WKH�PRGHO� GHFLVLRQV�� 7KH� RWKHU� LV� WR�
OHYHUDJH�LQVLJKWV�RI�WKH�PRGHO�WR�GULYH�KXPDQ�GDWD�DQDO\VLV��7KDW�LV��TXDOLW\�HQJLQHHUV�ZDQW�WR�
EH�SRLQWHG�WR�IDFWRUV�RU�FRPELQDWLRQ�RI�IDFWRUV�WKDW�KHOS�WR�XQGHUVWDQG�DQG�UHGXFH�SURGXFWLRQ�
HUURUV�� ,Q�WKLV�SDSHU�ZH�H[SORUH�H[LVWLQJ�DQG�QHZ�PHWKRGV�RI�H[SODLQDEOH�PDFKLQH�OHDUQLQJ�WR�
DGGUHVV�WKLV�QHHG��
5HFHQWO\��D�UDQJH�RI�PHWKRGV�KDYH�EHHQ�SURSRVHG�WKDW�DUH�LQWHQGHG�WR�PDNH�EODFN�ER[�PDFKLQH�
OHDUQLQJ�PRGHOV�H[SODLQDEOH��VHH�H�J��*LOSLQ�HW�DO��>�@�RU�0ROQDU�>�@�IRU�DQ�RYHUYLHZ���$PRQJ�
WKH�H[LVWLQJ�PHWKRGV�DUH�VHYHUDO�PHDQV�WR�DVVHVV�IHDWXUH�LPSRUWDQFH��)HDWXUH�LPSRUWDQFH�FDQ�EH�
XVHG�DV�JXLGDQFH�IRU�KXPDQV�DERXW�ZKHUH�WKH\�VKRXOG�IRFXV�WKHLU�DQDO\VLV�RI�WKH�GDWD��+RZHYHU��
WKH�TXHVWLRQ�LV��ZKDW�LPSRUWDQFH�PHDVXUHV�SURYLGH�XVHIXO�JXLGDQFH��,Q�WKLV�SDSHU�ZH�DUJXH�WKDW�
H[LVWLQJ� LPSRUWDQFH� PHDVXUHV� DUH� QRW� LGHDO� IRU� WKH� DSSOLFDWLRQ� LQ� PDQXIDFWXULQJ� TXDOLW\�
PDQDJHPHQW��:H�DOVR�SURSRVH�D�UDQJH�RI�QHZ�LPSRUWDQFH�PHDVXUHV�DQG�WHVW�WKHP�RQ�V\QWKHWLF�
GDWD�DV�ZHOO�DV�RQ�UHDO�ZRUOG�GDWD�IURP�D�*HUPDQ�PDQXIDFWXUHU��
7KLV�SDSHU�LV�D�PLQRU�UHYLVLRQ�RI�RXU�HDUOLHU�WHFKQLFDO�UHSRUW�RQ�WKH�WRSLF�>��@��6HFWLRQ���SUHVHQWV�
WKH�XVH�FDVH�WKDW�PRWLYDWHV�RXU�ZRUN��6HFWLRQ���LQWURGXFHV�RXU�FRQFHSW�IRU�LGHQWLI\LQJ�LPSRUWDQW�
IHDWXUHV�DQG�GHILQHV�FRUUHVSRQGLQJ�PHDVXUHV��,Q�6HFWLRQ���ZH�HYDOXDWH�WKH�SURSRVHG�LPSRUWDQFH�
PHDVXUH�RQ�UHDO�ZRUOG�GDWD�IRUP�D�*HUPDQ�PDQXIDFWXUHU��6,&.�$*���,Q�6HFWLRQ���ZH�UHYLHZ�
UHODWHG�ZRUN��6HFWLRQ���VXPPDUL]H�WKH�FRQWHQW�RI�WKLV�SDSHU��
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�� 0RWLYDWLQJ�XVH�FDVH�
7KH�PHWKRGV�SURSRVHG�LQ�WKLV�SDSHU�PD\�EH�RI�JHQHUDO�DSSOLFDELOLW\��EXW�DUH�PDLQO\�PRWLYDWHG�
E\�WKH�XVH�FDVH�RI�TXDOLW\�HQJLQHHULQJ�LQ�PDQXIDFWXULQJ��6SHFLILFDOO\��ZH�GUDZ�WKH�UHTXLUHPHQWV�
IURP�WKH�35()(50/�UHVHDUFK�SURMHFW�>�@�DQG�WKH�SDUWLFLSDWLQJ�PDQXIDFWXULQJ�FRPSDQ\�6,&.�
$*��7KH�WDVN�RI�TXDOLW\�HQJLQHHUV�LV�HQVXULQJ�KLJK�SURGXFW�TXDOLW\�ZKLOH�NHHSLQJ�WKH�SURGXFWLRQ�
FRVW�ORZ��7KHUHIRUH��WKH\�VWULYH�WR� LGHQWLI\�DQG�HOLPLQDWH�URRW�FDXVHV�RI�SURGXFWLRQ�HUURUV��$OO�
SURGXFWV�XQGHUJR�ULJLG�WHVWV��QRW�RQO\�ZKHQ�WKH\�DUH�ILQLVKHG��7KH�ILQDO�FKHFNV�HQVXUH�WKDW�RQO\�
KLJK�TXDOLW\�SURGXFWV�DUH�VKLSSHG�WR�WKH�FRVWXPHUV��+RZHYHU��LW�LV�GHVLUDEOH�IRU�WKH�PDQXIDFWXUHU�
WR�VRUW�RXW�IDXOW\�SURGXFWV�HDUO\�LQ�WKH�SURGXFWLRQ�SURFHVV�DQG�WR�DYRLG�DOORFDWLRQ�RI�UHVRXUFHV�WR�
ODWHU� GLVFDUGHG� SURGXFWV�� 7KHUHIRUH�� DGGLWLRQDO� TXDOLW\� FKHFNV� DUH� FRQGXFWHG� DIWHU� HDFK�
SURGXFWLRQ� VWHS� WKURXJKRXW� WKH� SURGXFWLRQ� OLQH�� (DFK� FKHFNSRLQW� UHFRUGV� D� UDQJH� RI�
PHDVXUHPHQWV�DQG�VRUWV�RXW�SURGXFWV�WKDW�GR�QRW�VDWLVI\�SUHGHILQHG�FULWHULD��7KH�UHFRUGHG�GDWD�
SRLQWV�DUH�DOVR�WKH�VRXUFH�IRU�LQYHVWLJDWLQJ�HUURU�FDXVHV��)RU�LQVWDQFH��D�TXDOLW\�HQJLQHHU�PLJKW�
UHDOL]H�WKDW�SURGXFWV�WKDW�VKRZ�D�YDOXH�JUHDWHU�WKDQ�;�IRU�SURSHUW\�<�LQ�SURGXFWLRQ�VWHS�$��KDYH�
DQ�LQFUHDVHG�FKDQFH�RI�IDLOLQJ�ZKHQ�FKHFNHG�LQ�SURGXFWLRQ�VWHS�(��7KLV�LQVLJKW�PLJKW�UHVXOW�LQ�
DGMXVWPHQWV�RI�FKHFN�LQ�VWHS�$�WR�ILOWHU�RXW�VXFK�SURGXFWV�HDUO\���
+RZHYHU�� WKH� GDWD� SRRO� IRU� LQYHVWLJDWLRQ� LV� YHU\� ODUJH�� 7KH�PDQXIDFWXUHU� LQ� WKH� 3()(50/�
UHVHDUFK�SURMHFW�WDNHV�VHYHUDO�WKRXVDQGV�RI�PHDVXUHPHQWV�IRU�HDFK�SURGXFW��)RU�KXPDQV�LW�LV�D�
YHU\�FKDOOHQJLQJ�WDVN�WR�ILQG�UHOHYDQW�UHODWLRQV�LQ�VXFK�D�ODUJH�SRRO�RI�GDWD��7KH�PHWKRGV�WKDW�ZH�
SURSRVH�LQ�WKLV�SDSHU�SURYLGH�PHDQV�WR�JXLGH�TXDOLW\�HQJLQHHUV�WR�UHOHYDQW�PHDVXUPHQWV��

�� )LQGLQJ�LPSRUWDQW�)HDWXUHV�IRU�4XDOLW\�(QJLQHHUV�ZLWK�6+$3�
7KH�JRDO�LV�WR�SRLQW�TXDOLW\�HQJLQHHUV�WR�LQWHUHVWLQJ�PHDVXUHPHQWV��IHDWXUHV��LQ�WKH�TXDOLW\�WHVW�
GDWD��:H�FRQVLGHU�D�IHDWXUH�LQWHUHVWLQJ�LQ�WKH�WDUJHW�FRQWH[W��LI�LW�SURYLGHV�DFWLRQDEOH�LQVLJKWV�IRU�
TXDOLW\�HQJLQHHUV�WR�DGDSW�WKUHVKROGV�LQ�WKH�FXUUHQW�TXDOLW\�FKHFNV��+HQFH�D�IHDWXUH�LV�LQWHUHVWLQJ�
LI� LW� �D�� HQDEOHV�D� VLPSOH� UXOH� IRU�SUHGLFWLQJ� HUURUV� DQG� �E�� WKH�SUHGLFWLRQ�ZLWK� WKDW� UXOH� LV�RI�
VXIILFLHQW�TXDOLW\�WR�UHGXFH�SURGXFWLRQ�FRVW��

����6KDSOH\�$GGLWLYH�([SODQDWLRQV�
,Q�RXU�ZRUN�ZH�OHYHUDJH�ORFDO�H[SODQDWLRQV�DQG�VSHFLILFDOO\�6+$3�YDOXHV�>�@� WR�UHDVRQ�DERXW�
IHDWXUH� LPSRUWDQFH��/RFDO� H[SODQDWLRQV� DGGUHVV� IHDWXUH� LPSRUWDQFH�IRU� LQGLYLGXDO� GDWD� SRLQWV�
ZKHUHDV�JOREDO�LPSRUWDQFH�PHDVXUHV�FDSWXUH�WKH�JHQHUDO��H�J��DYHUDJH��LPSRUWDQFH�RI�D�IHDWXUH��
/RFDO�H[SODQDWLRQV�KDYH�WKH�DGYDQWDJH�WKDW�WKH\�FDQ�UHYHDO�LI�IHDWXUHV�DUH�VRPHWLPHV��SRVVLEO\�
RQO\�D�IHZ�WLPHV��RI�JUHDW�LPSRUWDQFH��7KH�FRQWULEXWLRQ�RI�VXFK�IHDWXUHV�PD\�EH�KLGGHQ�LQ�JOREDO�
LPSRUWDQFH�PHDVXUHV��+RZHYHU��D� IHDWXUH�WKDW�LV� YHU\� LPSRUWDQW�D� IHZ�WLPHV�FDQ�EH�RI�PDMRU�
LQWHUHVW� IRU�TXDOLW\�PDQDJHPHQW��7KLV�LV�EHFDXVH� WKH�LQWHUHVWLQJ�VLWXDWLRQV��SUHGLFWDEOH�HUURUV��
DUH� UDUH� LQ� D� SURGXFWLRQ� SURFHVV�� :LWK� RXU� PHWKRGV� ZH� DLP� WR� LGHQWLI\� VXFK� IHDWXUHV�� 7KH�
SURSRVHG�IHDWXUH�LPSRUWDQFH�PHWULFV�DUH�QRW�JOREDO�RU�ORFDO�LQ�WKH�FODVVLFDO�VHQVH��7KH�LGHQWLILHG�
IHDWXUHV�DUH� LPSRUWDQW� LQ� WKH�VHQVH� WKDW� WKH\� DOORZ�IRU�JRRG�DQG�VLPSOH�SUHGLFWLRQV� IRU� VRPH�
UHJLRQV���

����,OOXVWUDWLYH�([DPSOH�IRU�XVLQJ�6+$3�YDOXHV�IRU�4XDOLW\�0DQDJHPHQW�
6+$3�YDOXHV�SURYLGH�LQVLJKWV� LQWR�SUHGLFWLRQV�IRU�LQGLYLGXDO�GDWD�SRLQWV��)RU�D�JLYHQ�GDWD�VHW�
WKLV� UHVXOWV� LQ� D� VHW� RI� H[SODQDWLRQV�� $QDO\]LQJ� WKLV� VHW� RI� H[SODQDWLRQV� FDQ� \LHOG� DGGLWLRQDO�
LQVLJKWV�LQWR�WKH�ZRUNLQJV�RI�D�PRGHO�DQG�WKH�PRGHOHG�SKHQRPHQRQ��/XQGEHUJ�HW�DO��>�@�SURSRVHG�
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DQG� LPSOHPHQWHG�VRPH�DQDO\VLV�RQ� WRS�RI�6+$3�YDOXHV�DQG�6+$3� LQWHUDFWLRQ�YDOXHV��7KHVH�
LQFOXGH�FOXVWHULQJ�RI�H[SODQDWLRQV�DQG�YLVXDOL]DWLRQ�RI�LQWHUDFWLRQV��
7KLV�FKDSWHU� LQWURGXFHV�DGGLWLRQDO�PHWKRGV�IRU�DQDO\]LQJ�6+$3�YDOXHV�DQG�6+$3�LQWHUDFWLRQ�
YDOXHV��,Q�FRQWUDVW�WR�H[LVWLQJ�PHWKRGV�IRU�DQDO\VLV��WKH�SURSRVHG�PHWKRGV�GR�QRW�DLP�DW�SURYLGLQJ�
D�KROLVWLF� XQGHUVWDQGLQJ� RI� WKH� DQDO\]HG�PRGHO�RU� SKHQRPHQRQ�� ,QVWHDG�� WKH\� DLP� DW� ILQGLQJ�
VLPSOH� DQG� JRRG� H[SODQDWLRQV� IRU� SDUW� RI� WKH� DQDO\]HG� SKHQRPHQRQ� DQG� WKHUHE\� JXLGH� WKH�
DQDO\VLV�RI�TXDOLW\�HQJLQHHUV��:H�DUJXH�WKDW�D�IHDWXUH�RU�UHODWLRQ�EHWZHHQ�IHDWXUHV�LV�RI�SRWHQWLDO�
LQWHUHVW��LI�LW�HQDEOHV��D��SUHGLFWLRQ�UXOHV�ZLWK�KLJK�SUHGLFWLRQ�TXDOLW\�DQG��E��WKH�UHVSHFWLYH�UXOHV�
DUH� VLPSOH�HQRXJK�IRU�KXPDQ�FRPSUHKHQVLRQ� DV�ZHOO� DV� IRU� WDNLQJ�FRUUHVSRQGLQJ�DFWLRQ� �H�J��
DGMXVWLQJ�D�WKUHVKROG�LQ�D�TXDOLW\�FKHFN���,Q�WKH�PRWLYDWLQJ�XVH�FDVH��SUHGLFWLRQ�TXDOLW\�LV�KLJK�
HQRXJK��LI�WKH�UDWLR�EHWZHHQ� WUXH�SRVLWLYHV�73�DQG�IDOVH�SRVLWLYHV�)3�LV�KLJK� HQRXJK��7KDW�LV��
73�)3�PXVW�EH�ELJJHU�WKDQ�WKH�FRVW�RI�D�IDOVH�SRVLWLYH�GLYLGHG�E\�WKH�VDYLQJV�IRU�D�WUXH�SRVLWLYH��
�)DOVH�DQG�WUXH�QHJDWLYHV�DUH�LUUHOHYDQW�DV�WKH\�GR�QRW�FKDQFH�WKH�DV�LV�SURFHVV���
:H�IXUWKHU�DUJXH�WKDW�WKH�VXSSRUW�IRU�WKH�UXOH�LV�OHVV�LPSRUWDQW��(UURUV�DUH�UDUH�LQ�KLJKO\�RSWLPL]HG�
SURGXFWLRQ�OLQHV�DQG�DQ\�SUHGLFWLRQ�UXOH�ZLOO�OLNHO\�KDYH�ORZ�VXSSRUW��,W�LV�PRUH�LPSRUWDQW�WR�
LGHQWLI\�VWURQJ�HIIHFWV�EHFDXVH�WKH\�HQDEOH�FOHDU�DFWLRQV��$�ZHDN�EXW�PRUH�FRPPRQ�HIIHFW�FDQ�
\LHOG�D�UXOH�ZLWK�JRRG�VXSSRUW�EXW�LV�PRUH�GLIILFXOW�WR�H[SORLW�LQ�WKH�SURGXFWLRQ�SURFHVV��7KH�FRUH�
LGHDV� EHKLQG� WKH� SURSRVHG� DQDO\VLV� PHWKRGV� IROORZ� IURP� WKH� DUJXPHQWV� DERYH�� 7KDW� LV�� WR�
VDFULILFH�VXSSRUW�LQ�IDYRU�RI�FRQILGHQFH�DQG�VLPSOLFLW\��7KLV�LV�LQ�FRQWUDVW�WR�HVWDEOLVKHG�IHDWXUH�
LPSRUWDQFH� PHDVXUHV�� ZKLFK� DLP� DW� ILQGLQJ� IHDWXUHV� WKDW� DUH� RYHUDOO� PRVW� LPSRUWDQW� �H�J��
LPSRUWDQW�RQ�DYHUDJH���:H�DUH� ORRNLQJ� IRU� IHDWXUHV�DQG� UHODWLRQV� WKDW�DUH�YHU\� LPSRUWDQW��EXW�
SRVVLEO\�RQO\�LQ�D�IHZ�FDVHV��)RU�WKH�VDNH�RI�LOOXVWUDWLRQ�FRQVLGHU�WKH�VXEVHTXHQW�VLPSOLILHG�FDVH��
$VVXPH�D�ILFWLRQDO�PDQXIDFWXUHU�WKDW�KDV�SURGXFHG�������SURGXFW�LWHPV��$Q�LQWHUPHGLDWH�TXDOLW\�
WHVW�PHDVXUHV�WKH�IHDWXUHV�$�DQG�%�ZLWK�XQLIRUPO\�GLVWULEXWHG�YDOXHV��UDQJH���WR����DQG�KDYH�WKH�
IROORZLQJ�UHODWLRQ�ZLWK�SURGXFWLRQ�HUURUV������3URGXFWV�ZLWK�IHDWXUH�$�����KDYH�URXJKO\�D�����
FKDQFH�RI�IDLOLQJ�WKH�ILQDO�TXDOLW\�FKHFN������3URGXFWV�ZLWK�IHDWXUH�%!�����KDYH�URXJKO\�D�����
FKDQFH�RI�IDLOLQJ��2YHUDOO��DERXW�����RI�WKH�VDPSOH�GDWD�UHIOHFW�IDXOW\�SURGXFWV��
7R�VXSSRUW�WKH�TXDOLW\�HQJLQHHU��ZH�DLP�WR�LGHQWLI\�WKH�IHDWXUH�WKDW�\LHOGV�WKH�PRVW�XVHIXO�LQVLJKWV��
:H� WKHUHIRUH� WUDLQ�D�PDFKLQH� OHDUQLQJ�PRGHO�RQ� WKH�TXDOLW\� WHVW�GDWD�DQG�DQDO\]H� WKH� IHDWXUH�
LPSRUWDQFH��7KH�IHDWXUH�LPSRUWDQFH�VFRUH�VKRXOG�SRLQW�WKH�TXDOLW\�HQJLQHHU�WR�WKH�PRVW�XVHIXO�
IHDWXUH��)RU�LOOXVWUDWLRQ��ZH�EXLOG�D�WUHH�PRGHO��VHH�)LJXUH����DQG�FRPSXWH�WKH�W\SLFDO�IHDWXUH�
LPSRUWDQFH�VFRUHV��VHH�7DEOH�����:H�XVHG�WKH�3\WKRQ�;*%RRVW�OLEUDU\�WR�EXLOG�WKH�WUHH��XVLQJ�D�
VLQJOH�WUHH�IRU�VLPSOLFLW\��)LJXUH���LOOXVWUDWHV�WKH�PRGHO���
7DEOH���VKRZV�WKH�YDOXHV�RI�HVWDEOLVKHG�IHDWXUH�LPSRUWDQFH�PHDVXUHV�IRU� WKH�SUHVHQWHG�PRGHO��
1RWH� WKDW� WKH� W\SLFDO� IHDWXUH� LPSRUWDQFH�PHDVXUHV� DOO� FRQVLGHU� IHDWXUH� $� DV� PRVW� LPSRUWDQW��
+RZHYHU�� IHDWXUH�$� LV�RI� OLWWOH�XVH� LQ� WKH� WDUJHWHG�DSSOLFDWLRQ�GRPDLQ��7KURXJK� LQYHVWLJDWLQJ�
IHDWXUH�$��WKH�TXDOLW\�HQJLQHHU�FDQ�EXLOG�D�UXOH�RI�WKH�IRUP�³,)�IHDWXUH�$�������7+(1�(5525´��
+RZHYHU�� WKLV� UXOH� LV�QRW� RI�SUDFWLFDO�XVH�� 6RUWLQJ�RXW�SURGXFWV�ZLWK� D�SUHGLFWHG�HUURU�ZRXOG�
UHPRYH�����RI�WKH�SURGXFWV�DQG�DV�PDQ\�IDOVH�SRVLWLYHV��,Q�FRQWUDVW��DQ�DQDO\VLV�RI�IHDWXUH�%�
ZRXOG�UHVXOW� LQ�D�SUHGLFWLRQ�UXOH�RI� WKH� IRUP�³,)�IHDWXUH�%�!������7+(1�(5525´��7KLV�UXOH�
DIIHFWV�D�UHDVRQDEOH�QXPEHU�RI� SURGXFWV�DQG�LV�DOPRVW�DOZD\V�FRUUHFW��,W� WKHUHIRUH�HQDEOHV�DQ�
DGMXVWPHQW�RI�WKH�SURGXFWLRQ�SURFHVV��1RWH�WKDW�WKH�W\SLFDO�IHDWXUH�LPSRUWDQFH�PHDVXUHV�IDLO�WR�
UDQN�WKH�IHDWXUHV�DV�GHVLUHG��7DEOH���VKRZV�WKH�UHVXOWV�IURP�WKH�PHDVXUHV�WKDW�ZH�LQWURGXFH�LQ�
WKLV�SDSHU��7KH\� DOO� FRUUHFWO\� UDQN� IHDWXUH�%� ILUVW��7KH� VSHFLILFV�RI� HDFK� LPSRUWDQFH�PHDVXUH�
IROORZ�LQ�WKH�FRUUHVSRQGLQJ�VXEVHFWLRQV�EHORZ��

��3RVLWLYH�YDOXHV�LQ�WKH�OHDYH�QRGHV�FRUUHVSRQG�WR�WKH�SUHGLFWLRQ�RI�DQ�HUURU�DQ�QHJDWLYH�YDOXHV�
WR�WKH�SUHGLFWLRQ�RI�QR�HUURU��
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)LJXUH����7KH�ILUVW�WUHH�LQ�WKH�VDPSOH�FDVH�PRGHO��XVLQJ�;*%RRVW��

7DEOH����(VWDEOLVKHG�IHDWXUH�LPSRUWDQFH�PHDVXUHV�IRU�WKH�PRGHO�LQ�ILJ���
,PSRUWDQFH�0HDVXUH� 6FRUH�IRU�IHDWXUH�$� 6FRUH�IRU�IHDWXUH�%�
*DLQ� ���������� ��������
&RYHU� ����������� ����������
:HLJKW� ���� ����
7RWDO�*DLQ� ������������ ������������
7RWDO�&RYHU� �������������� ��������������
*LQL�LPSRUWDQFH� ��������� ���������
$YHUDJH�6+$3�YDOXHV� ��������� ���������

7DEOH����3URSRVHG�LPSRUWDQFH�PHDVXUHV�IRU�WKH�PRGHO�LQ�ILJ���
,PSRUWDQFH�0HDVXUH� 6FRUH�IRU�IHDWXUH�$� 6FRUH�IRU�IHDWXUH
0D[�6+$3� ��������� ���������
5DQJH�6+$3� ��������� ���������
6PRRWKHG�5DQJH�6+$3� ���������� ����������
7RS�.�6+$3��ZLWK�N ���� ����������� ����������
0D[�0DLQ�(IIHFW� ��������� ���������

����&RQFHSW�IRU�)HDWXUH�,PSRUWDQFH�PHDVXUHV�RQ�WRS�RI�6+$3�YDOXHV�
,Q� WKLV�VHFWLRQ�ZH�LQWURGXFH�D�UDQJH�RI�LPSRUWDQFH�PHDVXUH�RQ�WRS�RI�6+$3�YDOXHV��$OO�WKHVH�
LPSRUWDQFH�PHDVXUHV� OHYHUDJH� WKH� ORFDO� LPSRUWDQFH� PHDVXUHV� SURYLGHG� E\� 6+$3� YDOXHV�� WR�
LGHQWLI\� ³ORFDOO\� LQWHUHVWLQJ´� IHDWXUHV��%\�³ORFDOO\� LQWHUHVWLQJ´�ZH� UHIHU� WR� IHDWXUHV� WKDW�\LHOG�
JRRG�H[SODQDWLRQV�IRU�HUURUV�LQ�DW�OHDVW�VRPH�FDVHV��7KLV�LV�LQ�FRQWUDVW�WR�PHDVXUHV�WKDW�LGHQWLI\�
IHDWXUHV�WKDW�DUH�IUHTXHQWO\�RU�RQ�DYHUDJH�LPSRUWDQW��

7RS�,PSRUWDQFH�IRU�7RS�.�3UHGLFWLRQV�
7KH�LGHD�EHKLQG�WKH�DQDO\VLV�RI�WRS�N�SUHGLFWLRQV�LV�WR�]RRP�LQ�RQ�WKH�PRVW�UHOHYDQW�FDVHV��:H�
GHILQH�WRS�N�E\�UDQNLQJ�WKH�SUHGLFWLRQV�DFFRUGLQJ�WR�WKHLU�FRQILGHQFH��,Q�WKH�WDUJHW�DSSOLFDWLRQ�
ZH� RQO\� FDUH� DERXW� SUHGLFWLQJ� HUURUV�� +HQFH�� ZH� RQO\� ORRN� DW� HUURU� SUHGLFWLRQV� ZLWK� KLJK�
FRQILGHQFH��+HUH�ZH�XVH�D� QRWLRQ� RI� FRQILGHQFH� WKDW� GRHV�QRW� LPSO\�TXDQWLILDEOH� FRQILGHQFH�
LQWHUYDOV��7KDW�LV��ZH�XVH�WKH�6+$3�YDOXHV�LQ�RXU�DQDO\VLV�WR�GHWHUPLQH�WKH�WRS�N�LQVWDQFHV��:H�
WKHQ�DYHUDJH�WKH�ORFDO�IHDWXUH�VSHFLILF�6+$3�YDOXHV�IRU�HDFK�RI�WKH�WRS�N�SUHGLFWLRQV��/HDQLQJ�
RQ�WKH�QRWDWLRQ�IURP�/XQGEHUJ�DQG�/HH�>�@�DQG�DVVXPLQJ�WKDW�D�KLJK�6+$3�YDOXH�UHIHUV�WR�WKH�
HUURU�FODVV��WKH�LPSRUWDQFH�PHDVXUH�LV�GHILQHG�DV�IROORZV���

���Ǧ�௜ሺ݂ǡ ሻܦ ൌ
ͳ
݇෍ ߶௜ሺ݂ǡ ሻݔ

௫אሼௗȁ�௞வȁሼௗᇲא஽ȁ௙ሺௗሻழ௙ሺௗᇲሻሽȁሽ

��)RU�WKH�VDNH�RI�VLPSOLFLW\�ZH�DVVXPH�D�WRWDO�RUGHULQJ�RI�SUHGLFWLRQ�VFRUHV��
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+HUH�� I�LV� WKH�PRGHO�IXQFWLRQ�DQG�'� WKH�GDWD�VHWV� IRU�HYDOXDWLQJ�WKH� IHDWXUH� LPSRUWDQFH�� L� WKH�
IHDWXUH� WR� VFRUH��DQGࢥ�BL��I�[�� WKH�6+$3�YDOXH�RI�IHDWXUH� L�IRU�PRGHO� I� DQG�GDWD�SRLQW�[��7KH�
LQWXLWLRQ�EHKLQG�WKLV�PHDVXUH�LV�WKH�IROORZLQJ��,Q�WKH�WDUJHW�DSSOLFDWLRQ�ZH�ORRN�IRU�SUHGLFWLRQV�
ZLWK�KLJK�FRQILGHQFH�RQO\��+HQFH��ZH�RQO\�FDUH�DERXW�IHDWXUHV�WKDW�SOD\�D�UROH�LQ�WKH�SUHGLFWLRQV�
ZLWK� KLJK� FRQILGHQFH�� :H� WKHQ� DJJUHJDWH� WKH� ORFDO� 6+$3� YDOXHV� IRU� WKH� PRVW� UHOHYDQW�
SUHGLFWLRQV��$Q�DVVXPSWLRQ�EHKLQG�WKLV�DSSURDFK�LV�WKDW�WKH�WRS�N�SUHGLFWLRQV�DUH�VLPLODU�IURP�
WKH�SHUVSHFWLYH�RI� WKH�PRGHO��7KDW� LV��WKH\�\LHOG�SUHGLFWLRQV�ZLWK�KLJK�FRQILGHQFH�IRU�VLPLODU�
UHDVRQV��7KLV�PD\�QRW�DOZD\V�KROG�WUXH��HVSHFLDOO\�IRU�ODUJHU�N��+HQFH��D�QDWXUDO�H[WHQVLRQ�RI�WKLV�
PHDVXUH�LV�WR�FRQVLGHU�FOXVWHUV�ZLWKLQ�WKH�WRS�SUHGLFWLRQV��
�
0D[�6+$3�
7KH� LGHD� EHKLQG�0D[�6+$3� LV� WR� ORRN� IRU� IHDWXUHV� WKDW� FDQ� KDYH� D�KLJK� FRQWULEXWLRQ� WR� WKH�
RXWFRPH��,W�LV�VLPSO\�GHILQHG�DV�WKH�PD[LPXP�6+$3�YDOXH�IRU�D�JLYHQ�IHDWXUH�LQ�GDWD�VHW��

��������௜ሺ݂ǡܦሻ ൌ ���ሼ߶௜ሺ݂ǡ ݔሻȁݔ א �ሽܦ
�
+HUH��ZH�DJDLQ�DVVXPH�WKDW�WKH�RXWFRPH�RI�LQWHUHVW�LV�DVVRFLDWHG�ZLWK�KLJK�6+$3�YDOXHV��2QH�
PD\�FKDQJH�WKH�VLJQ�RI�WKH�PHDVXUH�RU�VXEVWLWXWH�WKH�PD[LPXP�ZLWK�D�PLQLPXP�IXQFWLRQ��LI�WKH�
RSSRVLWH�LV�WKH�FDVH��
7KH�LQWXLWLRQ�EHKLQG�WKLV�PHDVXUH�LV�WKDW�LW�FDSWXUHV�WKH�KLJKHVW�HIIHFW�WKDW�D�IHDWXUH�FDQ�KDYH��
7KH�UDWLRQDOH�LV�WKDW�D�IHDWXUH�ZLWK�D�KLJK�PD[LPDO�FRQWULEXWLRQ�LV�LQ�VRPH�FDVHV�RI�KLJK�LQWHUHVW��
$�ZHDNQHVV�RI�WKLV�PHDVXUH�LV�WKDW�LW�LV�VHQVLWLYH�WR�RXWOLQHUV��:H�DUJXH�WKDW�FRQILGHQFH�LV�PXFK�
PRUH�LPSRUWDQW�LQ�WKH�WDUJHWHG�DSSOLFDWLRQ�GRPDLQ�WKDQ�VXSSRUW��+RZHYHU��LVRODWHG�RXWOLHUV�FDQ�
OHDG�WR�XQGHVLUDEOH�UHVXOWV��2QH�PD\�WKHUHIRUH�DOWHU�WKLV�LPSRUWDQFH�PHDVXUH�E\�WDNLQJ�D�FHUWDLQ�
TXDQWLOH�LQVWHDG�RI�WKH�PD[LPXP�YDOXH��
�
0D[�0DLQ�(IIHFW�
7KH�LGHD�EHKLQG�0D[�0DLQ�(IIHFW� LV�WR�ORRN�IRU�IHDWXUHV�WKDW�KDYH� WKH�KLJKHVW�HIIHFWV�RQ�WKHLU�
RZQ��7KDW�LV��ZH�H[SOLFLWO\�LJQRUH�WKH�HIIHFW�RI�IHDWXUH�LQWHUDFWLRQV��ZKLFK�DUH�RWKHUZLVH�LQFOXGHG�
LQ�WKH�6+$3�YDOXHV��/HDQLQJ�RQ�/XQGEHUJ�HW�DO��>�@��ZH�GHILQH�WKH�PHDVXUH�DV��

���������������௜ሺ݂ǡܦሻ ൌ ���൛߶௜ሺ݂ǡ ሻݔ െ σ ߶௜ǡ௝ሺ݂ǡ ሻ௝ஷ௜ݔ หݔ א ��ൟܦ
�
+HUHࢥ��B�L�M��LV�WKH�6+$3�IHDWXUH�LQWHUDFWLRQ�DV�GHILQHG�LQ�>�@��DQG�ZLWKࢥ�BL��I�[��ZH�GHQRWH�WKH�
GHSHQGHQF\�RQ�WKH�PRGHO�I�DQG�WKH�GDWD�VHW�'���
7KH� LQWXLWLRQ�EHKLQG� WKLV�PHDVXUH� LV�DQ�HQKDQFHPHQW�RI� WKH�0D[�6+$3�PHDVXUH��$JDLQ��ZH�
DVVXPH�WKDW�WKH�RXWFRPH�RI�LQWHUHVW�LV�DVVRFLDWHG�ZLWK�KLJK�6+$3�YDOXHV��2QH�PD\�FKDQJH�WKH�
IRUHVLJQ�RI�WKH�PHDVXUH�RU�VXEVWLWXWH�WKH�PD[LPXP�ZLWK�D�PLQLPXP�IXQFWLRQ��LI�WKH�RSSRVLWH�LV�
WKH�FDVH��7KH�PD[LPDO�6+$3�YDOXH�RI�D�IHDWXUH�PD\�EH�KHDYLO\�GHSHQGHQW�RQ�WKH�LQWHUDFWLRQ�RI�
IHDWXUHV��,Q�WKLV�FDVH��WKH�KLJK�FRQWULEXWLRQ�RI�WKH�IHDWXUH�FDQQRW�EH�DVVHVVHG�LQ�LVRODWLRQ��:LWK�
WKH�0D[�0DLQ�(IIHFW�PHDVXUH�ZH�DLP�DW� LGHQWLI\LQJ�IHDWXUHV��ZKLFK�KDYH�D�KLJK�FRQWULEXWLRQ�
UHJDUGOHVV�RI�WKH�RWKHU�IHDWXUHV��7KLV�LV�DSSHDOLQJ�LQ�WKH�WDUJHWHG�XVH�FDVH��EHFDXVH�VXFK�IHDWXUHV�
VXSSRUW�VLPSOH�GHFLVLRQ�UXOHV�DQG�YLVXDO�DQDO\VLV�ZLWK�RQO\�RQH�GLPHQVLRQ��
5DQJH�6+$3�
7KH�LGHD�EHKLQG�5DQJH�6+$3�LV�WR�ORRN�IRU�IHDWXUHV�WKDW�KDYH�D�VWURQJ�LPSDFW�RQ�WKH�RXWFRPH�
RYHU�WKHLU�YDOXH�UDQJH��8QOLNH�0D[�6+$3��LW�FRQVLGHUV�DOVR�QHJDWLYH�6+$3�YDOXHV��7KDW�LW�WDNHV�
LQWR�DFFRXQW�� LI� FHUWDLQ�YDOXH�UDQJHV�RI� WKH� IHDWXUH�DUH�DQ� LQGLFDWLRQ� IRU�QR� HUURU�� �$JDLQ��ZH�
DVVXPH�WKDW�WKH�RXWFRPH�RI�LQWHUHVW�LV�DVVRFLDWHG�ZLWK�KLJK�6+$3�YDOXHV���:H�GHILQH�WKH�PHDVXUH�
DV�IROORZV��
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����������௜ሺ݂ǡ ሻܦ ൌ ���ሼ߶௜ሺ݂ǡ ݔሻȁݔ א ሽܦ െ ���ሼ߶௜ሺ݂ǡ ݔሻȁݔ א ሽܦ
7KH�LQWXLWLRQ�EHKLQG�WKLV�PHDVXUH�LV� WR�ORRN�IRU� IHDWXUHV�WKDW�FDQ�KDYH�D�VWURQJ� LPSDFW�RQ�WKH�
PRGHO�RXWSXW�LQ�HLWKHU�GLUHFWLRQ��%\�ORRNLQJ�DW�WKH�UDQJH��ZH�FDSWXUH�WKH�VWURQJHVW�ORFDO�HIIHFWV��
7KDW�LV��WKH�VFRUH�LV�KLJK�LI�WKH�IHDWXUH�FRQWULEXWLRQ�YDULHV�VWURQJO\�EHWZHHQ�VRPH�FDVHV��

6PRRWKHG�5DQJH�6+$3�
7KH�LGHD�EHKLQG�6PRRWKHG�5DQJH�6+$3�LV�WR�VXSSUHVV�YDULDQFH�IRU�GDWD�SRLQWV�ZLWK�WKH�VDPH�
IHDWXUH�YDOXH��'XH� WR� IHDWXUH� LQWHUDFWLRQ�� WKH� VDPH� IHDWXUH�YDOXH�PD\�FRUUHVSRQG� WR�GLIIHUHQW�
6+$3�YDOXHV��6PRRWKHG�5DQJH�6+$3�DYHUDJHV�RYHU�D�VOLGLQJ�ZLQGRZ�WR�VXSSUHVV�YDULDWLRQ�IRU�
WKH� VLPLODU� IHDWXUH� YDOXHV��8VLQJ� WKH� IRUPXOD� IRU�PRYLQJ� DYHUDJH� WKH�PHDVXUH� LV� GHILQHG� DV�
IROORZV��

�������������������௜ሺ݂ǡܦሻ

ൌ ݔܽ݉ ቆቊ ͳܹ σ ߶௜ሺ݂ǡ ௡ሻݔ
௠ାௐିଵ

ଶ
௡ୀ௠ିௐିଵ

ଶ
ቤܹ െ ͳ

ʹ ൑ ݉� ൑ ȁܦȁ െܹ െ ͳ
ʹ ሽቋቇ

െ ݉݅݊ ቆቊ ͳܹσ ߶௜ሺ݂ǡ ௡ሻݔ
௠ାௐିଵ

ଶ
௡ୀ௠ିௐିଵ

ଶ
ቤܹ െ ͳ

ʹ ൑ ݉� ൑ ȁܦȁ െܹ െ ͳ
ʹ ቋቇ

+HUH�ZH�DVVXPH�WKDW�WKH�GDWD�VHW�'�LV�VRUWHG�E\�[�DQG�[L�LV�WKH�L�WK�SRVLWLRQ��
7KH� LQWXLWLRQ� EHKLQG� WKLV�PHDVXUH� LV� DQ� HQKDQFHPHQW� RI�5DQJH� 6+$3�� ,I� D� IHDWXUH� LQWHUDFWV�
VWURQJO\�ZLWK�RWKHU�IHDWXUHV��WKH�6+$3�YDOXHV�PD\�KDYH�D�KLJK�YDULDQFH�IRU�WKH�VDPH�RU�VLPLODU�
IHDWXUH�YDOXHV��+RZHYHU��LW�LV�PRUH�LQWHUHVWLQJ�IRU�WKH�WDUJHW�DSSOLFDWLRQ�WR�ILQG�FKDQJHV�LQ�WKH�
PRGHO�RXWSXW��ZKLFK�FRUUHVSRQG�WR�GLIIHUHQW�IHDWXUH�YDOXHV��6XFK�FKDQJHV�DUH�PRUH�KHOSIXO�IRU�
LGHQWLI\LQJ�VLPSOH�SUHGLFWLRQ�UXOHV�DQG�DUH�WKHUHIRUH�HPSKDVL]HG�E\�WKLV�LPSRUWDQFH�PHDVXUH��

�� (YDOXDWLRQ�
7R�HYDOXDWH�WKH�SURSRVHG�LPSRUWDQFH�PHDVXUHV�ZLWK�UHDO�ZRUOG�GDWD��ZH�DQDO\]HG�TXDOLW\�ORJV�
IURP�WKH�*HUPDQ�PDQXIDFWXUHU�6,&.�$*��1RWH�WKDW�ZH�RPLW�VRPH�GHWDLOV�LQ�WKH�GDWD�GHVFULSWLRQ�
WKDW�DUH�RI�PLQRU�LPSRUWDQFH�IRU� WKH�HYDOXDWLRQ��7KLV� LV�WR�SURWHFW�LQWHUQDO� LQIRUPDWLRQ�RI� WKH�
PDQXIDFWXUHU��7KH�DQDO\]HG�GDWD�FRYHU�D�WLPH�VSDQ�RI�URXJKO\�RQH�\HDU�DQG�FRQWDLQ�UHFRUGV�DERXW�
VHYHUDO�WHQ�WKRXVDQG�SURGXFWV�RI�D�VSHFLILF�W\SH��
6SHFLILFDOO\��ZH�DQDO\]HG�WKH�WHVW�GDWD�IURP�D�SURGXFWLRQ�VWHS�$�DQG�WKH�RXWFRPH�RI�WHVWV�IURP�
WKH�VXEVHTXHQW�VWHS�%��:H�WUDLQHG�D�PRGHO��L�H��;*%RRVW�FODVVLILHU��RQ�����RI�WKH�TXDOLW\�WHVW�
GDWD�IURP�VWHS�$��ZLWK�WKH�DLP�WR�SUHGLFW�HUURUV�LQ�VWHS�%��)RU�PRGHO�WUDLQLQJ�ZH�XVHG�URXJKO\�
���� WHVW� SDUDPHWHUV� IURP� VWHS� $� DV� IHDWXUHV� DQG� WKH� WHVW� UHVXOWV� IURP� VWHS� %� DV� ODEHO�� )RU�
VLPSOLFLW\��ZH�UHGXFHG�GLIIHUHQW�HUURU�ODEHOV�WR�WKH�ELQDU\�RXWFRPH�³SDVVHG´�RU�³IDLOHG´��
:LWKLQ�WKLV�VHWXS�ZH�DQDO\]HG�WKH�WUDLQHG�PRGHO�ZLWK�UHJDUGV�WR�IHDWXUH�LPSRUWDQFH��:H�WHVWHG�
WKH� HVWDEOLVKHG� DQG� QHZ� LQWURGXFHG� PHDVXUHV� OLVWHG� LQ� 6HFWLRQ� ��� 7KH� LQWURGXFHG� PHDVXUHV�
UHTXLUH� GDWD� LQVWDQFHV� DQG� WKH�PRGHO� DV� LQSXW��+HUH�ZH�XVHG� WKH� WUDLQLQJ� GDWD��:H� XVHG� WKH�
;*%RRVW�OLEUDU\�IRU�WKH�LPSOHPHQWDWLRQ�RI�WKH�PRGHO��DQG�WKH�HVWDEOLVKHG�LPSRUWDQFH�PHDVXUHV��
7R�LPSOHPHQW�WKH�QHZ�SURSRVHG�PHDVXUHV��ZH�VHW�XS�RQ�WRS�RI�WKH�6+$3�OLEUDU\�IRU�FRPSXWLQJ�
6+$3�YDOXHV�DQG�6+$3�LQWHUDFWLRQ�YDOXHV��7KH�SDUDPHWHUV���DQG���IRU�RXU�PHDVXUHV�ZHUH�VHW�
WR��εͷͶ��L�H��WKH�WRS����SUHGLFWLRQV��DQG��εͻͶ��L�H��D�VPRRWKLQJ�ZLQGRZ�RI����YDOXHV���

��:H�XVHG�GHIDXOW�SDUDPHWHUV��ZLWK�H[FHSWLRQ�RI�VFDOHBSRVBZHLJKW��7KLV�SDUDPHWHU�ZDV�DGMXVWHG�
WR�UHIOHFW�WKH�FRVW�IRU�IDOVH�DQG�WUXH�SRVLWLYHV�LQ�WKH�PDQXIDFWXULQJ�OLQH��
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7KH�DQDO\VLV� UHVXOWV� LQ� D� UDQNHG� OLVW� RI� IHDWXUHV� IRU� HDFK� WHVWHG� LPSRUWDQFH�PHDVXUH�� 7DEOH���
VKRZV�WKH�WRS����UHVXOWV�IRU�HVWDEOLVKHG�PHDVXUHV�DQG�7DEOH���GHSLFWV�WKH�WRS����UHVXOWV�IRU�WKH�
QHZ�LQWURGXFHG�PHWKRGV��)HDWXUH�QDPHV�DUH�REIXVFDWHG� WR�SURWHFW� LQWHUQDO� LQIRUPDWLRQ�RI� WKH�
PDQXIDFWXUHU��,Q�ERWK�WDEOHV�ZH�KLJKOLJKW�IHDWXUH�'IOHIWBFROB�����DQG�'IOHIWBFROB�����:H�DUJXH�
WKDW� �� DPRQJVW� WKH� OLVWHG� IHDWXUHV� �� WKHVH� WZR� IHDWXUHV� DUH� RI� PRVW� LQWHUHVW� LQ� WKH� WDUJHWHG�
DSSOLFDWLRQ��+HQFH��ZH�H[SHFW�WKDW�DQ�HIIHFWLYH�LPSRUWDQFH�PHDVXUH�UDQNV�WKHVH�IHDWXUHV�KLJK��
)LJXUH� �� DQG� )LJXUH� �� SURYLGH� WKH� GHWDLOV� IRU� RXU� DUJXPHQW� DERXW� WKH� LPSRUWDQFH� RI�
'IOHIWBFROB����� DQG� 'IOHIWBFROB����� 7KH� ILJXUHV� VKRZ� WKH� GLVWULEXWLRQ� RI� IHDWXUH� YDOXHV� DV�
KLVWRJUDP��7KH�<�D[HV�GLVSOD\V�WKH�IUHTXHQF\�RI�IHDWXUH�YDOXHV�DQG�KDYH�ORJDULWKPLF�VFDOH��7KH�
;�D[LV� LV� VFDOHG� WR� FRYHU� WKH� ZKROH� YDOXH� UDQJH��:H� RPLWWHG� D[LV� ODEHOV� WR� SURWHFW� LQWHUQDO�
LQIRUPDWLRQ�RI�WKH�PDQXIDFWXUHU��7KH�VKDGLQJ�RI�WKH�EDUV�HQFRGH�WKH�SHUFHQWDJH�RI�HUURUV��IDXOW\�
SURGXFW��LQ�WKH�UHVSHFWLYH�EDU��ZKLWH����DQG�EODFN������HUURUV���:H�VKRZ�DOO�IHDWXUHV�WKDW�DUH�
DPRQJ�WKH�WRS�WKUHH�IHDWXUHV�RI�DQ\�WHVWHG�LPSRUWDQFH�PHDVXUH��
�

7DEOH����)HDWXUHV�UDQNHG�E\�HVWDEOLVKHG�LPSRUWDQFH�PHDVXUHV�
�ǀĞƌĂŐĞ�^,�W� �ŽǀĞƌ� 'ĂŝŶ� dŽƚĂů�'ĂŝŶ� tĞŝŐŚƚ�
�ĨůĞĨƚͺŝĚ� �ĨůĞĨƚͺĐŽůͺϭϭϮϱ� �ĨůĞĨƚͺĐŽůͺϭϭϮϱ� �ĨůĞĨƚͺŝĚ� �ĨůĞĨƚͺŝĚ�

�ĨůĞĨƚͺĐŽůͺϴϯϮ� �ĨůĞĨƚͺĐŽůͺϴϯϮ� �ĨůĞĨƚͺĐŽůͺϴϯϮ� �ĨůĞĨƚͺĐŽůͺϭϱϵϯ� �ĨůĞĨƚͺĐŽůͺϯϱϳ�
�ĨůĞĨƚͺĐŽůͺϳϬϱ� �ĨůĞĨƚͺĐŽůͺϳϬϴ� �ĨůĞĨƚͺĐŽůͺϳϭϭ� �ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϭϱϵϯ�
�ĨůĞĨƚͺĐŽůͺϭϱϵϯ� �ĨůĞĨƚͺĐŽůͺϳϬϱ� �ĨůĞĨƚͺĐŽůͺϯϲϲ� �ĨůĞĨƚͺĐŽůͺϭϭϮϱ� �ĨůĞĨƚͺĐŽůͺϯϳϵ�
�ĨůĞĨƚͺĐŽůͺϭϭϮϲ� �ĨůĞĨƚͺĐŽůͺϳϭϭ� �ĨůĞĨƚͺĐŽůͺϭϱϵϯ� �ĨůĞĨƚͺĐŽůͺϴϯϮ� �ĨůĞĨƚͺĐŽůͺϭϯϮϮ�
�ĨůĞĨƚͺĐŽůͺϵϯϮ� �ĨůĞĨƚͺĐŽůͺϯϲϲ� �ĨůĞĨƚͺĐŽůͺϳϯϯ� �ĨůĞĨƚͺĐŽůͺϯϱϳ� �ĨůĞĨƚͺĐŽůͺϳϯϴ�
�ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϳϱϭ� �ĨůĞĨƚͺĐŽůͺϳϰϱ� �ĨůĞĨƚͺĐŽůͺϭϮϭϰ� �ĨůĞĨƚͺĐŽůͺϭϮϭϰ�
�ĨůĞĨƚͺĐŽůͺϭϱϲϲ� �ĨůĞĨƚͺĐŽůͺϳϮϱ� �ĨůĞĨƚͺŝĚ� �ĨůĞĨƚͺĐŽůͺϳϭϭ� �ĨůĞĨƚͺĐŽůͺϭϮϲϳ�
�ĨůĞĨƚͺĐŽůͺϯϱϳ� �ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϯϳϵ� �ĨůĞĨƚͺĐŽůͺϭϮϲϲ�
�ĨůĞĨƚͺĐŽůͺϳϭϭ� �ĨůĞĨƚͺĐŽůͺϭϭϮϲ� �ĨůĞĨƚͺĐŽůͺϭϭϮϲ� �ĨůĞĨƚͺĐŽůͺϭϭϮϲ� �ĨůĞĨƚͺĐŽůͺϭϱϲϲ�

�
7DEOH����)HDWXUHV�UDQNHG�E\�SURSRVHG�LPSRUWDQFH�PHDVXUHV�

DĂǆ�DĂŝŶ��ĨĨĞĐƚ� DĂǆ�^,�W� ZĂŶŐĞ�^,�W� ^ŵŽŽƚŚĞĚ�ZĂŶŐĞ�
^,�W� dŽƉͲ<�^,�W�

�ĨůĞĨƚͺĐŽůͺϭϱϵϯ� �ĨůĞĨƚͺĐŽůͺϯϳϵ� �ĨůĞĨƚͺŝĚ� �ĨůĞĨƚͺŝĚ� �ĨůĞĨƚͺĐŽůͺϭϱϵϯ�
�ĨůĞĨƚͺĐŽůͺϯϳϵ� �ĨůĞĨƚͺĐŽůͺϭϱϵϯ� �ĨůĞĨƚͺĐŽůͺϭϱϵϯ� �ĨůĞĨƚͺĐŽůͺϭϱϵϯ� �ĨůĞĨƚͺĐŽůͺϳϯϴ�

�ĨůĞĨƚͺŝĚ� �ĨůĞĨƚͺŝĚ� �ĨůĞĨƚͺĐŽůͺϯϳϵ� �ĨůĞĨƚͺĐŽůͺϯϳϵ� �ĨůĞĨƚͺŝĚ�
�ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϳϯϴ� �ĨůĞĨƚͺĐŽůͺϳϮϬ�
�ĨůĞĨƚͺĐŽůͺϳϬϯ� �ĨůĞĨƚͺĐŽůͺϵϯϮ� �ĨůĞĨƚͺĐŽůͺϴϯϮ� �ĨůĞĨƚͺĐŽůͺϴϯϮ� �ĨůĞĨƚͺĐŽůͺϭϭϮϱ�
�ĨůĞĨƚͺĐŽůͺϳϬϴ� �ĨůĞĨƚͺĐŽůͺϭϯϮϮ� �ĨůĞĨƚͺĐŽůͺϭϯϮϮ� �ĨůĞĨƚͺĐŽůͺϭϭϮϱ� �ĨůĞĨƚͺĐŽůͺϯϱϳ�
�ĨůĞĨƚͺĐŽůͺϭϭϮϱ� �ĨůĞĨƚͺĐŽůͺϯϱϳ� �ĨůĞĨƚͺĐŽůͺϯϱϳ� �ĨůĞĨƚͺĐŽůͺϳϮϬ� �ĨůĞĨƚͺĐŽůͺϭϮϭϰ�
�ĨůĞĨƚͺĐŽůͺϴϭϭ� �ĨůĞĨƚͺĐŽůͺϭϮϭϰ� �ĨůĞĨƚͺĐŽůͺϳϬϯ� �ĨůĞĨƚͺĐŽůͺϭϮϭϬ� �ĨůĞĨƚͺĐŽůͺϳϰϱ�
�ĨůĞĨƚͺĐŽůͺϭϯϮϮ� �ĨůĞĨƚͺĐŽůͺϳϮϬ� �ĨůĞĨƚͺĐŽůͺϭϮϭϰ� �ĨůĞĨƚͺĐŽůͺϭϮϲϲ� �ĨůĞĨƚͺĐŽůͺϭϭϮϲ�
�ĨůĞĨƚͺĐŽůͺϭϮϭϰ� �ĨůĞĨƚͺĐŽůͺϳϬϯ� �ĨůĞĨƚͺĐŽůͺϵϯϮ� �ĨůĞĨƚͺĐŽůͺϭϮϲϳ� �ĨůĞĨƚͺĐŽůͺϳϭϭ�

�
$V�)LJXUH���VKRZV��WKH�IHDWXUHV�'IOHIWBFROB�����DQG�'IOHIWBFROB����KDYH�GHVLUDEOH�SURSHUWLHV�
IRU� WKH� WDUJHWHG� XVH� FDVH� �KRZHYHU� WKH� HUURU� QXPEHUV� WKDW� VXSSRUW� WKLV� REVHUYDWLRQ� IRU�
'IOHIWBFROB����DUH�UDWKHU�VPDOO���)RU�ERWK�IHDWXUHV�RQH�FDQ�REVHUYH�DQ�LQWHUYDO�ZLWK�D�ORZ�HUURU�
UDWH��2XWVLGH�WKLV�LQWHUYDO��WKH�HUURU� UDWH� LV�YHU\�KLJK��7KLV�DOORZV�TXDOLW\� HQJLQHHUV�WR�GHULYH�
VLPSOH�UXOHV�RI�WKH�IRUP�³,)�YDOXH�!�;�RU�YDOXH���<�7+(1�(5525´��)RU�'IHIWBFROB�����DQG�
'IOHIWBFROB����WKLV�UXOH�ZRXOG�DSSO\�LQ�IHZ�FDVHV�DQG�±�DFFRUGLQJ�WR�WKH�WUDLQLQJ�GDWD�±�KDV�KLJK�
SUHGLFWLRQ� TXDOLW\�� 6HYHUDO� RI� WKH� RWKHU� LGHQWLILHG� IHDWXUHV� VKDUH� WKLV� SURSHUW\� RI� IHDWXUH�
'IOHIWBFROB�����DQG�'IOHIWBFROB�����+RZHYHU��WKH�FRUUHVSRQGLQJ�UHODWLRQV�DUH�ZHDNHU��7KDW�LV��
WKH�HUURU�UDWHV�RXWVLGH�WKH�UHVSHFWLYH�LQWHUYDOV�DUH�ORZHU�DQG�RU�WKH�UXOHV�ZRXOG�DSSO\�WR�IHZHU�
LQVWDQFHV��:H� WKHUHIRUH� DUJXH� WKDW� WKH� IHDWXUH� 'IHIWBFROB����� DQG� 'IOHIWBFROB���� DUH� PRVW�
LPSRUWDQW�DQG�VKRXOG�EH�UDQNHG�KLJK�E\�WKH�LPSRUWDQFH�PHDVXUHV��1RWH�WKDW�WKLV�LV�WKH�FDVH�IRU�
WKH�QHZ�LQWURGXFHG�PHDVXUHV�DQG�LQ�SDUWLFXODU�IRU�0D[�0DLQ�(IIHFW�DQG�0D[�6+$3��
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)LJXUH����'LVWULEXWLRQ�RI�IHDWXUH�YDOXHV�IRU�WUDLQLQJ�GDWD���<�D[HV�ZLWK�ORJDULWKPLF�VFDOH��FRORU�FRGHG�HUURU�
SHUFHQWDJH��ZKLWH ����EODFN �������

)XUWKHUPRUH��WKH�IHDWXUHV�'IOHIWBLG�DQG�'IOHIWBFROB����VWLFN�RXW��7KHVH�IHDWXUHV�GR�QRW�VKRZ�D�
FOHDU� UHODWLRQ�ZLWK� HUURUV� LQ� )LJXUH� ��� )LJXUH��� SURYLGHV�PRUH� GHWDLOV� RQ� WKHVH� IHDWXUHV�� )RU�
'IOHIWBLG�DQG�'IOHIWBFROB����LW�VKRZV�WKH�6+$3�YDOXHV�DQG�IHDWXUH�YDOXHV�IRU�HDFK�GDWD�SRLQW�
LQ�WKH�WUDLQLQJ�GDWD��7KH�SORWV�SURYLGH�LQVLJKWV�RQ�ZK\�WKHVH�IHDWXUHV�DUH�FRQVLGHUHG�LPSRUWDQW�
E\�VRPH�PHDVXUHV��)RU� VRPH�GDWD�SRLQWV� WKH� IHDWXUHV�KDYH�VWURQJ�FRQWULEXWLRQV� WR� WKH�PRGHO�
RXWSXW��+RZHYHU��WKH�YDULDQFH�RI�WKH�FRQWULEXWLRQ�LV�KLJK��LQ�SDUWLFXODU�LQ�UHJLRQV�ZLWK�SRWHQWLDO�
KLJK�LPSDFW���7KLV�FDQ�EH�VHHQ�LQ�WKH�YHUWLFDO�DUUDQJHPHQW�RI�SRLQWV�EHORZ�RU�DERYH�SRLQW�ZLWK�
KLJK� FRQWULEXWLRQ��� 7KH� ILJXUH� LPSOLHV� WKDW� WKHVH� IHDWXUHV�KDYH� VWURQJ� LQWHUDFWLRQV�ZLWK� RWKHU�
IHDWXUHV�DQG�GR�QRW�HQDEOH�JRRG�H[SODQDWLRQV�RQ�WKHLU�RZQ��7KXV��WKH�IHDWXUHV�DUH�QRW�XVHIXO�IRU�
VLPSOH�SUHGLFWLRQ�UXOHV�WKDW�FRQVLGHU�RQO\�RQH�YDOXH���
$V�D�VLGH�QRWH��WKH�IHDWXUH�'IOHIWBLG�LV�DQ�LGHQWLILHU�YDOXH�WKDW�URXJKO\�UHVHPEOHV�D�FRXQWHU��7KLV�
IHDWXUH�LV�QRW�XVHIXO�IRU�SUHGLFWLRQV�EXW�FDQ�KHOS�DQDO\VLV�LQ�UHWURVSHFW��

)LJXUH����6+$3�YDOXHV�IRU�'IOHIWBLG�DQG�'IOHIWBFROB����
)RU�RXU�DQDO\VLV�ZH�VSOLW�WKH� GDWD�LQWR� WUDLQLQJ�DQG� WHVW� GDWD��+RZHYHU�� WKH�HYDOXDWLRQ�RQ�WKH�
WUDLQLQJ�GDWD�PD\�EH�PRUH�PHDQLQJIXO�LQ�WKH�WDUJHWHG�XVH�FDVH��7KLV�LV�EHFDXVH�WKH�PDLQ�JRDO�LV�
QRW�WR�EXLOG�D�JHQHUDO�SUHGLFWLRQ�PRGHO��EXW�WR�SRLQW�TXDOLW\�HQJLQHHUV�WR�LQWHUHVWLQJ�SKHQRPHQD�
LQ� WKH�GDWD��SRVVLEO\�RQO\� LQ�UHWURVSHFW���,Q� WKLV�FDVH� WKH�KXPDQ�FDQ� MXGJH�WKH�YDOLGLW\�RI�WKH�
ILQGLQJV�EDVHG�RQ�GRPDLQ�NQRZOHGJH�DQG�YDOLGDWLRQ�WKURXJK�D�VHSDUDWH�WHVW�VHW�PD\�EH�RI�OHVV�
LPSRUWDQFH�� �6HH� >�@� IRU� D� PRUH� GHWDLOHG� GLVFXVVLRQ� RI� XVLQJ� WHVW� VHWV� RU� WUDLQLQJ� VHWV� IRU�
HYDOXDWLQJ�DSSURDFKHV�RI�LQWHUSUHWDEOH�PDFKLQH�OHDUQLQJ���,Q�RXU�WHVW�FDVH��WKH�LQVLJKW�IURP�WKH�
PRGHO�ZRXOG�KDYH�EHHQ�DYDLODEOH�DIWHU�����RI�WKH�DQDO\]HG�SHULRG�DQG�EHIRUH�WKH�WHVW�GDWD�LV�
DYDLODEOH��+RZHYHU��LW�LV�VWLOO�LQWHUHVWLQJ�WR�VHH�KRZ�GHULYHG�UXOHV�ZRXOG�KDYH�SOD\HG�RXW�RQ�WKH�
WHVW�GDWD��VHH�)LJXUH�����2YHUDOO��ZH�ILQG�WKDW�LQVLJKWV�IURP�WKH�WUDLQLQJ�VHW�FRQWLQXH�WR�EH�YDOLG�
LQ� WKH� WHVW� VHW��<HW�� WKH� WRWDO� IUHTXHQF\� RI� HUURUV� GHFUHDVHG�� 7KLV� LV� QRW� VXUSULVLQJ�� VLQFH� WKH�
REVHUYHG�SURFHVV�LV�VXEMHFW�WR�FRQWLQXRXV�LPSURYHPHQWV�E\�WKH�TXDOLW\�HQJLQHHUV��
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�

�
)LJXUH����'LVWULEXWLRQ�RI�IHDWXUH�YDOXHV�IRU�WHVW�GDWD���<�D[HV�ZLWK�ORJDULWKPLF�VFDOH��FRORU�FRGHG�HUURU�

SHUFHQWDJH��ZKLWH ����EODFN �������

�� 5HODWHG�:RUN�
5HFHQWO\�WKHUH�KDV�EH�D�VWURQJ�LQFUHDVH�RI�LQWHUHVW�LQ�ZRUNV�RQ�LQWHUSUHWDEOH�PDFKLQH�OHDUQLQJ���
6XFK�ZRUNV�DLP� WR�DGGUHVV� WKH�RSDTXHQHVV�RI�PDQ\�PDFKLQH� OHDUQLQJ�PRGHOV� DQG� WR�SURYLGH�
KXPDQ�XQGHUVWDQGDEOH�H[SODQDWLRQV���6HH�>�@�RU�>�@�IRU�DQ�RYHUYLHZ���:RUNV�IURP�WKLV�FDWHJRU\�
DUH�JHQHUDOO\�UHODWHG�WR�RXU�ZRUN��+RZHYHU��ZH�DUH�QRW�DZDUH�RI�DQ\�DSSURDFK�WKDW�LV�WDLORUHG�WR�
WKH�VSHFLILF�QHHGV�RI�TXDOLW\�HQJLQHHULQJ�LQ�PDQXIDFWXULQJ��7KH�H[LVWLQJ�ZRUNV�W\SLFDOO\�DLP�DW�
SURYLGLQJ�D�KROLVWLF�XQGHUVWDQGLQJ�RI� D�PRGHO��,Q� FRQWUDVW��RXU�ZRUN�DLPV�DW�HOHFWLQJ�VSHFLILF�
LQVLJKWV�IURP�WKH�PRGHO�WKDW�DUH�KHOSIXO�IRU�TXDOLW\�HQJLQHHUV��
0RUH� VSHFLILFDOO\� UHODWHG� WR� RXU�ZRUN� DUH� ZRUNV� RQ� IHDWXUH� LPSRUWDQFH��:H� FDQ� GLVWLQJXLVK�
EHWZHHQ� JOREDO� LPSRUWDQFH� PHDVXUHV� DQG� ±� PRUH� UHFHQWO\� LQWURGXFHG� ±� ORFDO� LPSRUWDQFH�
PHDVXUHV��*OREDO� LPSRUWDQFH�PHDVXUHV�OLNH�JDLQ� >�@��RU� DQG�VLPLODU�PHDVXUHV� IRU�WUHH�PRGHOV�
�H�J��DV�LPSOHPHQWHG�LQ�>�@��DUH�ZHOO�HVWDEOLVKHG��7KH\�DUH�VRPH�IRUP�RI�DJJUHJDWH�WKDW�DLP�DW�
FDSWXULQJ� WKH� W\SLFDO� �H�J�� DYHUDJH�� LPSRUWDQFH� RI� D� IHDWXUH��7KLV� W\SH�RI� DJJUHJDWH� FRQFHDOV�
IHDWXUHV�WKDW�DUH�RQO\�LPSRUWDQW�LQ�VRPH�UDUH�FDVHV��+RZHYHU��VXFK�UDUH�FDVHV�FDQ�EH�RI�PRVW�
LQWHUHVW�LQ�TXDOLW\�PDQDJHPHQW�IRU�PDQXIDFWXULQJ��
/RFDO� LPSRUWDQFH�PHDVXUHV� VXFK� DV� /,0(� >�@� DQG� 6+$3� >�@� H[SODLQ� IHDWXUH� LPSRUWDQFH� IRU�
LQGLYLGXDO� GDWD� SRLQWV�� 7KLV� LV� XVHIXO� IRU� XQGHUVWDQGLQJ� VSHFLILF� SUHGLFWLRQV�� +RZHYHU�� WKH\�
UHTXLUH�DGGLWLRQDO�DQDO\VLV�WR�JDLQ�LQVLJKWV�EH\RQG�WKH�VFRSH�RI�VLQJOH�GDWD�SRLQWV��&ORVHO\�UHODWHG�
WR�RXU�ZRUN�LV�WKH�ZRUN�RI�/XQGEHUJ�HW�DO��>�@��ZKR�DGGUHVV�YLVXDOL]DWLRQV�RQ�WRS�RI�6+$3�YDOXHV��
6XFK�YLVXDOL]DWLRQV�DUH�KHOSIXO�IRU�D�GHWDLOHG�DQDO\VLV��<HW��WKH\�VKRZ�LQGLYLGXDO�GDWD�SRLQWV�DQG�
OHDYH�WKH�LQWHUSUHWDWLRQ�WR�WKH�XVHU��,Q�FRQWUDVW��RXU�ZRUN�SRLQWV�TXDOLW\�HQJLQHHUV�WR�IHDWXUHV�RI�
LQWHUHVW��/XQGEHUJ�HW�DO��>�@�DOVR�XVH�PHDQ�6+$3�YDOXHV�DV�JOREDO�LPSRUWDQFH�PHDVXUH��7KLV�LV�
UHODWHG� WR� RXU� ZRUN� LQ� WKH� VHQVH� WKDW� LW� LV� DQ� LPSRUWDQFH�PHDVXUH� RQ� WRS� RI� 6+$3� YDOXHV��
+RZHYHU�� WKH�PHDVXUH� LV� QRW� GHVLJQHG� IRU� WKH� VSHFLILF� QHHGV� RI� RXU� XVH� FDVH� DQG� ±� DV� RXU�
H[SHULPHQWV�VKRZ�±�LW�LV�OHVV�HIIHFWLYH�WKDQ�RXU�PHDVXUHV�LQ�WKLV�FRQWH[W��
&RKHQ� HW� DO�� OHYHUDJH� 6KDSOH\� YDOXHV� LQ� D� IHDWXUH� VHOHFWLRQ� PHFKDQLVP� >�@�� 7KHUHE\� WKH\�
LQGLUHFWO\�GHILQH�IHDWXUH�LPSRUWDQFH�RQ�WRS�RI�6KDSOH\�YDOXHV��VLPLODU�WR�>�@��+RZHYHU��WKH\�IRFXV�
RQ�PD[LPL]LQJ� WKH� RYHUDOO� SHUIRUPDQFH� RI� FODVVLILHUV�� 7KDW� LV�� OLNH� RWKHU� JOREDO� LPSRUWDQFH�
PHDVXUHV�� WKH\� DLP� DW� FDSWXULQJ� WKH� W\SLFDO� LPSRUWDQFH� RI�D� IHDWXUH�� 7KHUHIRUH� ±� XQOLNH� RXU�
PHDVXUHV±�WKHLU�DQDO\VLV�LV�QRW�WDLORUHG�WR�LGHQWLI\LQJ�XVHIXO�IHDWXUHV�IRU�TXDOLW\�HQJLQHHUV��

�
��:H�XVH�WKH�WHUP�WR�UHIHU� WR�DSSURDFKHV�RI�H[SODLQDEOH�0/�DV�ZHOO��ZKLOH�DFNQRZOHGJLQJ�DQ�
RQJRLQJ�GHEDWH�RQ�KRZ�WR�VSHFLI\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WHUPV��
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�� &RQFOXVLRQ�DQG�)XWXUH�:RUN�
,Q�WKLV�SDSHU�ZH�LQWURGXFHG�IHDWXUH�LPSRUWDQFH�PHDVXUHV�WKDW�DUH�WDLORUHG�WR�WKH�QHHGV�RI�TXDOLW\�
HQJLQHHUV�LQ�PDQXIDFWXULQJ��7KH\�OHYHUDJH�6+$3�YDOXHV�WR�LGHQWLI\�ORFDOO\�LPSRUWDQW�IHDWXUHV��
$ORQJ�V\QWKHWLF�DQG�UHDO�ZRUOG�GDWD�ZH�GHPRQVWUDWHG�WKH�EHQHILWV�RI�WKHVH�PHDVXUHV��2XU�WHVWV�
LQGLFDWH�WKDW�³0D[�0DLQ�(IIHFW´�DQG�³0D[�6+$3´�DUH�PRVW�SURPLVLQJ�DPRQJ�WKH�LQWURGXFHG�
PHDVXUHV�� ,Q� IXWXUH� ZRUN� ZH� SODQ� WR� IXUWKHU� LQYHVWLJDWH� WKH� SURSRVHG� PHDVXUHV� WR� GHULYH�
UHFRPPHQGDWLRQV� DERXW� WKHLU� DSSOLFDWLRQ�� 2WKHU� GLUHFWLRQV� RI� IXWXUH�ZRUN� DUH� H[SDQVLRQV� WR�
EHWWHU�OHYHUDJH�ORFDO�LQIRUPDWLRQ�RQ�IHDWXUH�LQWHUDFWLRQ�DQG�WR�EXLOG�UHJLRQDO�PRGHOV�RQ�WRS�RI�
WKH�LGHQWLILHG�UHOHYDQW�IHDWXUHV��:H�SODQ�RQ�H[SDQGLQJ�RQ�WKH�LGHD�WR�EXLOG�VXUURJDWH�WUHHV�E\��D��
EXLOGLQJ�WUHHV�RQO\�IRU�UHJLRQV�DQG�QRW�DV�VXUURJDWH�IRU�WKH�HQWLUH�PRGHO���E��EXLOGLQJ�WUHHV�RQ�D�
VXEVHW�RI�IHDWXUHV��DQG��F��WUDLQLQJ�RQ�WKH�RULJLQDO�GDWD�DQG�QRW�WKH�PRGHO�SUHGLFWLRQV��)LUVW�VWHSV�
LQ�WKLV�GLUHFWLRQ�KDYH�DOUHDG\�EHHQ�PDGH�LQ�>��@���

$FNQRZOHGJHPHQWV�
7KLV�SURMHFW�ZDV�IXQGHG�E\�WKH�*HUPDQ�)HGHUDO�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK��IXQGLQJ�
OLQH� ³)RUVFKXQJ� DQ� )DFKKRFKVFKXOHQ� PLW� 8QWHUQHKPHQ� �)+3URI8QW�³�� FRQWUDFW� QXPEHU�
��)+���3;���:H� DOVR� OLNH� WR� WKDQN� WKH� PDQXIDFWXUHU� 6,&.� $*� IRU� WKH� FRRSHUDWLRQ�� 7KH�
UHVSRQVLELOLW\�IRU�WKH�FRQWHQW�RI�WKLV�SXEOLFDWLRQ�OLHV�ZLWK�WKH�DXWKRUV��

5HIHUHQFHV�

>�@ /��+��*LOSLQ��'��%DX��%�� =��<XDQ��$��%DMZD��0�� 6SHFWHU�� DQG� /�� .DJDO�� ³([SODLQLQJ
H[SODQDWLRQV��$Q�RYHUYLHZ�RI� LQWHUSUHWDELOLW\�RI�PDFKLQH� OHDUQLQJ�´� LQ������ ,(((��WK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�GDWD�VFLHQFH�DQG�DGYDQFHG�DQDO\WLFV��'6$$��������

>�@ &��0ROQDU�� ³,QWHUSUHWDEOH�PDFKLQH� OHDUQLQJ�´�$�*XLGH� IRU�0DNLQJ�%ODFN�%R[�0RGHOV
([SODLQDEOH��YRO����������

>�@ +��=LHNRZ�HW�DO���³3URDFWLYH�(UURU�3UHYHQWLRQ�LQ�0DQXIDFWXULQJ�%DVHG�RQ�DQ�$GDSWDEOH
0DFKLQH�/HDUQLQJ�(QYLURQPHQW�´�)URP�5HVHDUFK�WR�$SSOLFDWLRQ��S������������

>�@ 6��0��/XQGEHUJ�DQG�6��,��/HH��³$�XQLILHG�DSSURDFK�WR�LQWHUSUHWLQJ�PRGHO�SUHGLFWLRQV�´�LQ
$GYDQFHV�LQ�1HXUDO�,QIRUPDWLRQ�3URFHVVLQJ�6\VWHPV��������SS������±�����

>�@ 6��0��/XQGEHUJ��*��*��(ULRQ��DQG�6��,��/HH��³&RQVLVWHQW�LQGLYLGXDOL]HG�IHDWXUH�DWWULEXWLRQ
IRU�WUHH�HQVHPEOHV�´�DU;LY�SUHSULQW�DU;LY������������������

>�@ /��%UHLPDQ��&ODVVLILFDWLRQ�DQG�UHJUHVVLRQ�WUHHV��5RXWOHGJH�������
>�@ [JERRVW� GHYHORSHUV�� ;*%RRVW� 'RFXPHQWDWLRQ� �� 3\WKRQ� $3,� 5HIHUHQFH�� >2QOLQH@�

$YDLODEOH��KWWSV���[JERRVW�UHDGWKHGRFV�LR�HQ�ODWHVW�S\WKRQ�S\WKRQBDSL�KWPO
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