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INTRODUCTION  

5RERWLF�VXUJHU\�DVVLVWHG�E\�DUWLILFLDO�LQWHOOLJHQFH�KDV�EHFRPH�DQ�LQQRYDWLYH�DVSHFW�LQ�WKH�KHDOWKFDUH�

VHFWRU�EXW�PRUH�VR�LQ�WKH�VXUJHU\�LQWHUYDO��7UDGLWLRQDO�PHWKRGRORJLHV�KDYH�GHSHQGHG�RQ�KXPDQ�VNLOOV�

RI� D� VXUJHRQ�� KRZHYHU� VNLOOHG�� H[SHULHQFHG� RU� ZHOO�WUDLQHG� WKH� VXUJHRQ� PD\� EH�� FRQYHQWLRQDO�

RSHUDWLRQV�DUH� OLPLWHG�E\� IDFWRUV�VXFK�DV�HUURU�� IDWLJXH�DQG�YDULDELOLW\� LQ� UHVXOWV� >�@��:KHUHDV�� WKH�

VXUJHULHV�WRGD\�DW�WKH�DGYHQW�RI�$,�DQG�URERWLFV��DUH�EHLQJ�VXSSRUWHG�E\�WHFKQRORJLHV�ZKLFK�QRW�RQO\�

DLGV�VXUJHRQV�LQ�LWV�ZRUNLQJ�REYLRXVO\�EXW�DOVR�UHLQIRUFHV�LQ�GH�HPSKDVL]LQJ�WKH�FRPPRQ�GUDZEDFNV�

FXVWRPDU\�LQ�VXUJHULHV�>�@�� 

6XUJLFDO�DSSOLFDWLRQV�LQYROYLQJ�DUWLILFLDO�LQWHOOLJHQFH�FDQ�DGG�D�SRVLWLYH�GLIIHUHQFH�WR�WKH�FRXUVH�RI�

VXUJLFDO�SURFHGXUHV�LQ�WKH�KHDOWK�VHFWRU��$,�DSSOLFDWLRQ�LQ�VXUJLFDO�URERWLFV�LV�UHODWLYHO\�VWLOO�LQ�LWV�HDUO\�

DJH�� WKRXJK� DV� URERWLF� V\VWHPV� DUH� EHFRPLQJ�ZLVHU�� VLPSOHU� DQG� FDSDEOH� RI� VXSSRUWLQJ� VXUJHRQV�

WKURXJKRXW�IURP�SUH�RSHUDWLYH�VWDJH�WR�SRVW�VXUJHU\��6XFK�V\VWHPV�FDQ�SHUIRUP�DSSOLFDWLRQV�WKDW�DUH�

FORVHU�RU�HYHQ�PRUH�SUHFLVH�WKDQ�EDUH�KDQGV��RU�SHUIRUP�DSSOLFDWLRQV�WKDW�DUH�YLUWXDOO\� LPSRVVLEOH�

ZLWK�KDQG�DQG�ILQJHUV�DORQH�>�@��$,�ZRUNLQJ�V\VWHPV�XVHG�LQ�URERWLF�V\VWHPV�ZRUN�ZLWK�ODUJH�DPRXQWV�

RI� GDWD� UHODWLQJ� WR� SDWLHQWV�� VXFK� DV� OLYH� YLWDO� VWDWLVWLFV�� GLDJQRVWLF� LPDJLQJ� DQG� PHGLFDO� KLVWRU\�

LQIRUPDWLRQ�� IRU� OLYH�SV\FKR�PRWRU�YHUEDO� LQWHUDFWLRQV�DQG� WR�KHOS� LQ�GHFLVLRQ�PDNLQJ�GXULQJ� OLYH�

VXUJHULHV�>�@�� 

7KH�H[WHQW�RI�ZRUNLQJ�WKURXJK�WKH�GDWD�DW�VXFK�D�JUHDW�VSHHG�LV�ZKDW�PDNHV�WKH�$,�V\VWHPV�TXLWH�

XVHIXO� LQ� JLYLQJ� VXSSRUW� LQ� WKH� IRUPXODWLRQ� RI� YDOXDEOH� GHFLVLRQV� WKDW�ZRXOG� DVVLVW� WKH� SDWLHQW� LQ�

TXHVWLRQ��7KH�RWKHU�DGYDQWDJH�WKURXJK�LQFRUSRUDWLRQ�RI�$,�LQ�VXUJLFDO�URERWV�LV�WKH�SUHFLVLRQ�LW�EULQJV�

WR�VXUJHULHV�>�@��7KH\�FDQ�EH�YHU\�PXFK�GHWDLOHG�VXFK�PRYHV�FDQ�SLQFK�KXPDQ�VXUJHRQV�RU�VXUJHULHV�

LQ�VHQVLWLYH�DUHDV�RI�WKH�ERG\��7KDW�LV�ZK\�WKH�EHVW�RI�WKH�EHVW�FDQ�PDNH�PLVWDNHV�VLPSO\�GXH�WR�D�

WHFKQLFDO�KLWFK��SRRU�YLVLELOLW\�RU�UHDFK�>�@��6XUJLFDO�URERWV��QRZ�RSHUDWHG�E\�DUWLILFLDO�LQWHOOLJHQFH�

KROG� KLJK� SUHFLVLRQ� LQ� FDVH� RSHUDWLRQV� DUH� GRQH� LQ� D� PDQQHU� WKDW� LV� OHDVW� VXVFHSWLEOH� WR� KXPDQ�

LQWHUIHUHQFHV��:LWK�UHDO�WLPH�GDWD�DQDO\VLV�DQG�PDFKLQH�OHDUQLQJ�WHFKQRORJLHV�LQFRUSRUDWHG�LQ�WKH�$,�

WKH\� FDQ� HQVXUH� WKDW� LQVWUXPHQW� LV� WDNHQ� WR� WKH� H[DFW� ORFDWLRQ� ZKLFK� GHFUHDVHV� FKDQFHV� RI�

FRPSOLFDWLRQV�DQG�LQFUHDVHV�VXFFHVV�UDWH�>�@��,W�DOVR�LQ�XVH�VXUJLFDO�URERWLFV�WR�KHOS�VKRUWHQ�SDWLHQWV¶�

UHFRYHU\�WLPH�ZKLFK�PHDQV�WKDW�UHFRYHU\�SHULRG�LV�VKRUW�� 

,Q�LWV�FRQYHQWLRQDO�RSHUDWLRQ��WKHUH�PLJKW�EH�KXJH�ORVV�RI�WLVVXH�LQ�WKH�SDWHQW��DQG�ODUJH�Z�DUHD�DQG�

ORQJ�UHFRYHU\�WLPH�>�@��+RZHYHU��SURFHVVHV�SHUIRUPHG�E\�VXUJLFDO�URERWV�DUH�QRW�DV�FRPSOH[�DV�DFWXDO�

VXUJLFDO�SURFHGXUHV��PRVW�RI�WKH�WLPH�WKH\�DUH�OHVV�FRPSOH[�DQG�WKHUHIRUH�LW�LV�HDVLHU�IRU�VXUJHRQV�WR�
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PDNH�PLQRU�FXWV�WKDW�GR�QHJOLJLEOH�KDUP�WR�WKH�ERG\��1RW�RQO\�LV�LW�OHVV�LQYDVLYH�EXW�DOVR�OHVV�WLPH�

FRQVXPLQJ��QRW�PXFK�RI�D�FKDQFH�RI�EHLQJ�LQIHFWHG�RU�VFDUUHG�RQFH�DJDLQ�DQG�PDQ\�PRUH�ULVNV�>�@��

.QRZOHGJH�RI�PHWKRGV�WKDW�FDQ�LQFUHDVH�WKH�HIILFLHQF\�RI�WKH�UHVXOW�LPSOLHV�WKDW�PDQ\�RSHUDWLRQV��DQG�

WKHUHIRUH�PDQ\� SDWLHQWV�� FDQ� EH� OHVV� WUDXPDWLF�� UHTXLUH� OHVV� DQHVWKHVLD� RU� UHKDELOLWDWLRQ� DQG� KHUH�

PHDQV��OHVV�H[SHQVLYH�KRVSLWDOL]DWLRQV�LQ�WKH�RYHU�WLPH��7KHUH�LV�DQRWKHU�SURV�RI�DSSOLFDWLRQ�RI�WKH�$,�

LQ�VXUJLFDO�URERWLFV��LW�KDV�SRWHQWLDO�WR�UHPRYH�IXQGDPHQWDO�YDULDELOLW\�LQ�VXUJHULHV�>��@�� 

7KLV� SDSHU�� KRZHYHU��ZLOO�PDLQO\� GZHOO� RQ� WKH� DVSHFWV� RI� KXPDQ� HUURU� WKDW� RFFXU� LQ� WKH� VXUJLFDO�

SURFHVVHV��IURP�VPDOO�VLPSOH�PLVWDNHV�WR�WKH�ELJJHVW�IDWDO�PLVWDNHV��6WLOO��VXFK�D�VXUJHRQ�PLJKW�KDYH�

D�GLIILFXOW�WLPH�XQGHUWDNLQJ�WKLV�RU�WKDW�VXUJHU\�RSHUDWLRQ�RU�PD\�HQFRXQWHU�D�QXPEHU�RI�TXHVWLRQV�

WKDW�PLJKW�KDYH�D�QHJDWLYH�LPSDFW�RQ�WKH�UHVXOW�RI�VXUJHU\�LQ�RQH�RU�DQRWKHU�PDQQHU��2Q�WKH�RWKHU�

KDQG��WKH�$,�V\VWHPV�SHUIRUP�D�FDOFXODWLYH�DFFXUDWH�RXWSXW�WKURXJKRXW�WKH�ZRUN�DQG�LV�QRW�DW�DOO�KHDY\�

WR�WKH�SURFHVVRU�HYHQ�LI�LW�LV�ZRUNLQJ�IRU�ORQJ�WLPH�DQG�IRU�D�ODUJH�QXPEHU�RI�SUREOHPV�>��@��,W�LV�D�

ZHOO�NQRZQ�IDFW�WKDW�JUHDWHU�DXWRPDWLRQ�WHQGV�WR�HTXDWH�WR�KLJKHU�TXDOLW\��DQG�WKLV�LV�HVSHFLDOO\�VR�

ZKHUH�VXFK�DXWRPDWLRQ� LQYROYHV� WKH�UHVXOWV�RI� WKH�VXUJLFDO�RSHUDWLRQV� WKDW�DUH�XQGHUWDNHQ��7KLV� LV�

HVSHFLDOO\�WUXH�LQ�RSHUDWLYH�SURFHGXUHV�WKDW�DUH�VHQVLWLYH�DQG�ZKLFK�QHHG�FRQVLGHUDEOH�SUHFLVLRQ�VXFK�

DV�LQ�FULWLFDO�VXUJHU\��%HVLGHV�KLJKHU�SUHFLVLRQ�DQG�OHVVHU�SHUFHQWDJH�RI�HUURU��DGGLWLRQ�RI�$,�HVSHFLDOO\�

LQ�VXUJHULHV�LV�QRW�RQO\�IRU�WKH�DERYH�PHQWLRQHG�UHDVRQV�>��@�� 

7KLV�SDSHU�DOVR�UHYHDOV�WKDW�WKHUH�DUH�PDQ\�EHQHILWV�DVVRFLDWHG�ZLWK�$,��EHQHILWV�WKDW�ZLOO�IDYRU�WKH�

SDWLHQW¶V�VLGH�DQG�WKH�KHDOWKFDUH�SURIHVVLRQDOV��)RU�SDWLHQWV��LW�KDV�EHHQ�SHUFHLYHG�WKDW�VXUJHULHV�ZLWK�

LQFRUSRUDWLRQ�RI�$,�PHDQV�WKDW�LW�LV�OHVV�SDLQIXO��VDIHU�ZLWK�VKRUWHU�SHULRG�RI�KHDOLQJ�WLPH�DQG�OHVV�

FORVH�ERG\�GUDPD�RSHUDWLRQ�>��@��7R�WKH�VWDNHKROGHUV�SDUWLFXODUO\�WKH�KHDOWKFDUH�SURYLGHUV��WKH�$,�DQG�

URERWLFV�FRQFHSW�LV�DQ�LQGLFDWLRQ�WKDW�KHDOWKFDUH�SURYLGHUV�FDQ�SHUIRUP�PRUH�DQG�GLIIHUHQW�WDVNV�WKDQ�

WKH\� XVHG� WR�� RU� HYHQ� EHWWHU�� SHUIRUP� WKH� WDVN� PRUH� HIILFLHQWO\�� 0RUHRYHU�� VLQFH�$,� V\VWHPV� DUH�

DFTXLULQJ�GDWD�LQ�5HDO�WLPH��WKLV�KDV�WKH�HIIHFW�WKDW�VXUJHRQV�DUH�DEOH�WR�PDNH�WKH�ULJKW�GHFLVLRQV�ZLWK�

UHVSHFW� WR� WKH� WUHDWPHQW� RI� D� SDWLHQW� GXULQJ� VXUJHU\�� ZKLFK� UHGXFHV� WKH� SODFH� RI� LQWXLWLRQ� DQG�RU�

JXHVVZRUN�DW� WKH�RSHUDWLRQ� WKHDWUH� WR�D�YHU\�VPDOO�H[WHQW�>��@��1HYHUWKHOHVV�� LQFRUSRUDWLQJ� WKH�$,�

FDSDELOLW\�LQ�WKH�VXUJLFDO�URERW�LV�QRW�GHYRLG�RI�FKDOOHQJHV�DQG��LQ�VRPH�FDVHV��HWKLFDO�TXHVWLRQV�DW�DQ\�

LQVWDQFH�>��@�� 

2WKHU�FRQFHUQV�ZKLFK�DUH�UHODWHG�WR�WKH�WRSLF�DUH�PDLQO\�OLQNHG�WR�SDWLHQW�DFFHSWDWLRQ�DQG�WUXVW�LQ�WKH�

XVH�RI�$,�LQ�SHUIRUPLQJ�VXUJHULHV��$V�PHQWLRQHG�HDUOLHU��ZLWK�WKH�KHOS�RI�$,�ERWK�WKH�TXDOLW\�DV�ZHOO�

DV�WKH�DFFXUDF\�RI�VXUJHU\�LV�OLNHO\�WR�ILQG�D�GUDVWLF�ERRVW�DQG�\HW�WKH�SDWLHQW�LV�OLNHO\�WR�IHHO�HGJ\�LI�

LQIRUPHG�WKDW�WKHUH�LV�D�URERW�LQYROYHG�LQ�DWWHQGLQJ�KLP�RU�KHU�>��@��7KH�SRVVLELOLW\�WR�ORVH�FRQWURO�
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RYHU� D� SDUWLFXODU� SURFHVV�� RU� WKH� SRVVLELOLW\� WKDW� WKLV� SDUWLFXODU� W\SH� RI� URERW�PLJKW� IDLO� EHFRPHV�

LPSRUWDQW�FRQVWUDLQWV�WKDW�FDQ�JUHDWO\�LPSDFW�WKH�LQWHJUDWLRQ�RI�WKLV�WHFKQRORJ\�>��@��7KXV��DQG�VR��

0XUUD\�DVVHUWHG�WKDW�WKH�DGYLFH�JLYHQ�WR�RQH¶V�SDWLHQW�PD\�EH�WR�LQIRUP�WKHP�RI�WKH�EHQHILWV�RI�KDYLQJ�

DQ�$,�RQ�VXUJLFDO�URERWLFDOO\��EXW�DW�WKH�VDPH�WLPH�WR�OHW�WKHP�NQRZ�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�

WKH�PHWKRG�� 

$QRWKHU�SDLU�RI�SLOODUV��ZKLFK�DUH�HTXDOO\�DV�LPSRUWDQW�DV�EXLOGLQJ�SDWLHQW�DQG�GRFWRU�UHODWLRQV�DUH�WKH�

SULYDF\� RI� SDWLHQWV� >��@�� +RZHYHU�� RWKHU� LVVXHV� UHODWLQJ� WR� VRYHUHLJQW\� DQG� GHFLVLRQ� PDNLQJ�

WKURXJKRXW� WKH� SURFHVVHV� WKDW�$,� DOORZV� DULVH�� :KR� RU� ZKDW� LV� DFFRXQWDEOH� LI� DQ�$,� 5RERW� LV�

G\VIXQFWLRQDO�RU�GRHV�QRW�UHVXOW�LQ�WKH�H[SHFWHG�RXWSXW"�:KR�LV�WR�EH�KHOG�UHVSRQVLEOH�LI�WKH�HUURU�ZDV�

FRPPLWWHG�RQ�WKH�VLGH�RI�WKH�VXUJHRQ�WKDW�VXSHUYLVHG�WKH�RSHUDWLRQ��URERWLF�V\VWHP�PDQXIDFWXUHU��RU�

WKH� DXWKRUV�RI�$,� DOJRULWKPV"�7KHVH� HWKLFDO� DQG� OHJDO� TXHVWLRQV� DUH�ZRUWK�GLVFXVVLQJ�EHFDXVH� WKH�

WHQGHQF\� WRZDUGV� XVLQJ�$,� LV� ULVLQJ� LQ� WKH� VSKHUH� RI� VXUJHU\� >��@�� 7KH� PDLQ� LGHD� RI� HIIHFWLYH�

PDQDJHPHQW�RI� WKH�XVH�RI�DUWLILFLDO� LQWHOOLJHQFH� LQ�VXUJHU\�ZLOO�EH� WKH� LGHQWLILFDWLRQ�RI� WKH�FOHDUO\�

GHILQHG�VXSHUYLVRU\�DQG�UHSRUWLQJ�UHTXLUHPHQWV��2I�WKHVH�DUHDV��WKHUH�LV�RQH�H[LVWLQJ�DOUHDG\�RQ�DQ�

HQKDQFLQJ�WUHQG�ZKLFK�LV�WKH�$,�WHFKQRORJ\�DQG�LW�TXLFNO\�PHDQV�WKDW�WKLV�VDPH�WHFKQRORJ\�LI�DSSOLHG�

LQ�HQKDQFLQJ�VXUJLFDO�SUDFWLFHV�DQG�WKH�UHVXOW�WKDW�SDWLHQWV�FDQ�JHW�ZLOO�RQH�GD\�EHFRPH�HYHQ�EHWWHU��

7KH�OLNHO\�WUHQGV�WR�RFFXU�ZLWKLQ�WKH�QHDU�IXWXUH�LQFOXGH�LPSURYHG�DQG�HQKDQFHG�DOJRULWKPV�IRU�WKH�

$,�� LPSURYHG�PHWKRGV�RI�GDWD�KDQGOLQJ�DV�ZHOO�DV�HQKDQFHG�PHFKDQLFDO�GHVLJQV�WKDW�DUH�OLNHO\�WR�

PDNH�VXUJHULHV�PRUH�SUHFLVH�DQG�IDLUO\�PLQLPDOO\�LQYDVLYH�>��@�� 

$GGLWLRQDOO\��LQWHJUDWLRQ�RI�$,�ZLWK�RWKHU�H[LVWLQJ�VRSKLVWLFDWHG�WHFKQRORJLHV�OLNH�DXJPHQWHG�UHDOLW\�

�$5��RU�YLUWXDO�UHDOLW\��95��FRXOG�DOVR�HQKDQFH�WKH�UHDO�RSHUDWLYH�WKHDWUH�HQYLURQPHQW�YLVLELOLW\�HYHQ�

DFWLRQ� DELOLW\� E\� WKH�6XUJHRQ� >��@��7KHVH� WHFKQRORJLHV� DUH� H[SHFWHG� WR� IXUWKHU� UDLVH� HIILFLHQF\� LQ�

VXUJHULHV�DQG�RIIHU�PRUH�PHDQV�RI�GLVWLQFW�W\SHV�DQG�VRUWV�RI�WUDLQLQJ�DQG�VLPXODWLRQ�IRU�WKH�VXUJHRQV��

ZKLFK�ZLOO�DOORZ�WKHP�WR�µSUDFWLFH¶�VRPH�RI�WKH�VXUJHULHV�RQ�SDWLHQWV�EHIRUH�LPSOHPHQWDWLRQ�LQ�UHDO�

OLIH��/DVW�EXW�QRW�WKH�OHDVW��LQWHJUDWLRQ�RI�$UWLILFLDO�,QWHOOLJHQFH�LQ�VXUJLFDO�URERWLFV�DV�GHPRQVWUDWHG�

LQ�WKLV�SDSHU�HQKDQFHV�WKH�ZD\�RSHUDWLRQV�DUH�FRQGXFWHG�E\�HQYLVDJLQJ�SUHFLVLRQ��VHFXULW\�DQG�VKRUW�

UHFRYHU\�WLPH��5RERWLF�VXUJLFDO�SODWIRUPV�ZLWK�DUWLILFLDO�LQWHOOLJHQFH�PHDQV�WKDW�WKH�VXUJHRQV�FDQ�OLPLW�

VXUJLFDO�WUHDWPHQW�WR�WKH�H[WHQW�WKH\�QHYHU�SRVVHVVHG�DOORZLQJ�SDWLHQWV�WR�EHFRPH�KHDOWKLHU�>��@��$V�

WKLV�DGYDQFHPHQW�SDVVHG�WKURXJK�WKH�SURFHVV�RI�HYROXWLRQ��WKLV�WHFKQRORJ\�FDQ�KDYH�WKH�SRVVLELOLWLHV�

WR� IOLS� WKH� FRPSOHWH� IDFHW� RI� VXUJLFDO� RSHUDWLRQV� IRU� WKH� JLYHQ� SDWLHQW� FDUH� DQG� UHGXFWLRQ� LQ� WKH�

DVVRFLDWHG�VXUJHU\�ULVNV�>��@��%XW�LW�EHFRPHV�UDWKHU�UHOHYDQW�WR�GLVFXVV�WKH�HWKLFDO�LPSOLFDWLRQV�DQG�

WKH�FRQFHUQV��RU�RSSRUWXQLWLHV��WKDW�PRGHUQ�VXUJHU\�HQWDLOV�RU�VXSSRUWV�WKURXJK�$,�DQG�IRU�WKHVH�WR�
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HQVXUH�WKDW�RQH�ZDVKHV�RII�ZKHQ�DGDSWLQJ�$,�LQ�VXUJHU\�DQG�KHQFH�WKH�QHHG�WR�SUHSDUH�WKH�SDWLHQWV�

DQG�WKH�KHDOWK�FDUH�SURYLGHUV�RQ�WKH�QHZ�IDFH�RI�VXUJHU\� 

5(6($5&+�),1',1*6 

�7KH�(YROXWLRQ�RI�6XUJLFDO�5RERWLFV�DQG�$,�,QWHJUDWLRQ��&RPSXWHU�DVVLVWHG�VXUJHU\�V\VWHPV�KDYH�

EHHQ�LQ�SUDFWLFH�IRU�VHYHUDO�\HDUV�IRU�H[DPSOH�WKH�GD�9LQFL�6XUJLFDO�6\VWHPV�ZKLFK�DVVLVW�VXUJHRQV�

FDUU\�RXW�PLQLPDO�LQYDVLYH�VXUJHU\�ZLWK�KLJK�OHYHOV�RI�DFFXUDF\��7KH�LQWHJUDWLRQ�RI�$,�LQWR�WKLV�GRPDLQ�

LV��KRZHYHU��UHYROXWLRQDU\�DV�LW�LPSURYHV�WKHVH�URERWV¶�SHUIRUPDQFH�E\�IHHGLQJ�WKHP�ZLWK�FRQWH[WXDO�

GDWD�DQDO\VLV��SUHGLFWLYH�PRGHO�DQG�GHFLVLRQ�DLG�GXULQJ�VXUJHULHV�>��@� 

(DUO\� 'HYHORSPHQWV� LQ� 6XUJLFDO� 5RERWLFV��7KH� PDLQ� LQLWLDO� GLUHFWLRQ� RI� VXUJLFDO� URERWLFV� ZDV�

UHODWHG�WR�WKH�PHFKDQLFDO�RSHUDWLQJ�URRP��ZKLFK�SURYLGHG�D�EHWWHU�DELOLW\�WR�FRQWURO�GXULQJ�WKH�VXUJHU\��

7KHVH�URERWV�ZHUH�PRUH�RU�OHVV�WHOHSRUWHG��WKDW�LV��WKH�VXUJHRQ�FRQWUROOHG�WKH�PRWLRQ�RI�WKH�URERW�IURP�

D� GLVWDQFH�� (YHQ� WKHVH� HDUO\� URERWV� KRZHYHU� ZHUH� VXSHULRU� WR� KXPDQ� KDQGV� LQ� WHUPV� DW� OHDVW� RI�

UHSOLFDWLQJ�D�FHUWDLQ�W\SH�RI�RSHUDWLRQV��WKH\�GLG�QRW�SRVVHVV�IHDWXUHV�VXFK�DV�G\QDPLF�IHHGEDFN�DQG�

OHDUQLQJ�IURP�WKH�DFTXLUHG�VXUJLFDO�GDWD�>��@� 

,QWHJUDWLRQ�RI�$,�LQWR�6XUJLFDO�5RERWLFV��7KH�QH[W�JURXQGEUHDNLQJ�DGYDQFHPHQW�ZDV�HPEHGGLQJ�

RI�DUWLILFLDO�LQWHOOLJHQFH�IRU�GHFLVLRQ�PDNLQJ�RQ�YROXPHV�RI�GDWD�EHVLGHV�WKH�SUHFLVH�PRYHPHQW�WKDW�

KDV� FKDUDFWHUL]HG� VXUJLFDO� URERWV�� 7KH� V\VWHP� XVHV� PDFKLQH� OHDUQLQJ� DQG� SDWWHUQ� UHFRJQLWLRQ� WR�

FRPSXWDWLRQDO� SURFHVVLQJ� RI� SUH�RSHUDWLYH� UDGLRJUDSKLF� LPDJHV�� UHDO�WLPH� LQWUD�RSHUDWLYH� VHQVRU�

LQSXW�� DQG�SRVW�RSHUDWLYH�&7�VFDQ� UHVXOWV� WR� LQIRUP� WKH�DFWLRQV�RI� WKH� URERW��ZKLOH�SUHVHQWLQJ� WKH�

VXUJHRQ�ZLWK�QDYLJDWLRQDO�LQVWUXFWLRQV��3UHVHQWO\��WKH�LPSOHPHQWDWLRQV�RI�$,�DUH�DEOH�WR�EH�XVHG�LQ�WKH�

YDULRXV�VXUJLFDO�VHWWLQJV�LQ�D�ZD\�WKDW�PDNHV�WKHP�OHDUQ�IURP�RQH�SURFHGXUH�WR�WKH�QH[W�>��@� 

(1+$1&,1*�35(&,6,21�,1�685*(5<�7+528*+�$,�32:(5('�52%27,&6 

$,�ZKHQ�LQFRUSRUDWHG�LQWR�VXUJLFDO�URERWV�KDV�PDGH�SURFHGXUHV�HYHQ�PRUH�DFFXUDWH�HVSHFLDOO\��LQ�WKH�

GHOLFDWH� VXUJHULHV��$,� LV� XVHIXO�QRW�RQO\� IRU� LQFUHDVLQJ� WKH� DFFXUDF\�RI�RQH¶V� OLJKWLQJ�EXW� DOVR� IRU�

UHGXFLQJ� SRWHQWLDO� KXPDQ�PLVWDNHV� DQG� NHHSLQJ� EHWWHU� WUDFN� RI� WKH� JHQHUDO� VWUDWHJLHV� DW� KDQG� IRU�

VXUJHU\�>��@��8VLQJ�URERWV�LQ�VXUJLFDO�SURFHGXUHV�LV�RQH�DUHD�ZKHUH�WKH�SUHFLVH�QDWXUH�RI�DQ�$,�V\VWHP�

OHQGV�LW�WR�WKH�WDVN�VLQFH�WKH�NLQG�RI�PRYHPHQWV�LQ�GHOLFDWH�RSHUDWLRQV�GLIIHU�JUHDWO\�IURP�WKH�QRUP��

$,�IXVHG�ZLWK�WKH�FDSDELOLWLHV�RI�UHDO�WLPH�GDWD�DQDO\VLV�DYDLOV�DQ�DGGHG�IXQFWLRQDOLW\�RI�SUHGLFWLRQ�WR�

JXDUDQWHH�WKDW�HDFK�VXUJHU\�SHUIRUPHG�ZLOO�EH�GRQH�SHUIHFWO\�WR�DQ�H[WHQW�WKDW�FRXOG�EH�GLIILFXOW�IRU�

HYHQ�WKH�VXUHVW�VXUJHRQ¶V�KDQGV�>��@� 

5HGXFLQJ�9DULDELOLW\�LQ�6XUJLFDO�2XWFRPHV��+XPDQ�PLVWDNHV�FRQWLQXH�EHLQJ�WKH�PDMRU�FDXVH�RI�

UK\WKP�DQG�LQFRQVLVWHQF\�LQ�VXUJLFDO�RSHUDWLRQV��(YHQ�DIWHU�PDQ\�\HDUV�RI�SUDFWLFH��LW�EHFRPHV�YHU\�
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KDUG�WR�SHUIRUP�DQ�RSHUDWLRQ�ZLWKRXW�PDNLQJ�D�PLVWDNH�GXH�WR�VWUHVV��WLUHGQHVV��RU�GLVWUDFWLRQ��LQ�WKH�

FDVH�RI�OHQJWK\�DQG�FRPSOLFDWHG�VXUJHU\��7KH�LQWHJUDWLRQ�RI�URERWLF�V\VWHPV�ZLWK�DUWLILFLDO�LQWHOOLJHQFH�

ORZHUV�WKH�GHJUHH�RI�YDULDELOLW\�RI�WKHVH�PRYHPHQWV�GXH�WR�V\VWHPDWLF�DFFXUDF\�RI�DFWLRQV�SURSHOOHG�

E\� GDWD� DQDO\WLFV� >��@�� %\� UHGXFLQJ� ODUJH� HOHPHQWV� RI� LQVWLQFW��$,� V\VWHPV� FXW� RXW� PXFK� RI� WKH�

LQFRQVLVWHQF\�E\�DSSO\LQJ�WKH�VDPH�GHFLVLRQV�DQG�FDOFXODWLRQV�LQ�D�EXV\�PDQQHU�DQG�ZLWKRXW�KRXU�

IOXFWXDWLRQ�VXFK�DV�IDWLJXH�D�VXUJHRQ�PLJKW�EH�H[SHULHQFLQJ��7KHVH�V\VWHPV�DUH�SDUWLFXODUO\�WDLORUHG�

WR�GR�H[WHQVLYH�ZRUN�ZLWK�PLQLPDO�HUURUV�DV�ZRXOG�EH�REVHUYHG�LQ�UHJXODU�VXUJHULHV�>��@�� 

)RU�H[DPSOH��LW�EHFRPHV�YHU\�HDV\�IRU�DQ�DUWLILFLDO�LQWHOOLJHQFH�WR�PDVWHU�WHFKQLTXHV�VXFK�DV�WLVVXH�

PDQLSXODWLRQ�RU�HYHQ�VXWXULQJ�ZKHUH�WKH�FRPSOH[LW\�RI�WKH�WDVN�RU�VL]H�RI�WKH�VXUJLFDO�WRROV�PDNHV�LW�

QHDUO\� LPSRVVLEOH� IRU� KXPDQ� KDQGV� WR� SHUIRUP� WKH� VXUJHU\�� ,Q� DGGLWLRQ�� WKH� XVH� RI�$,� V\VWHPV� LV�

FKDUDFWHUL]HG�E\�OHDUQLQJ��DQG�WKH�VXUJLFDO�URERW�LQ�SDUWLFXODU�HQKDQFHV�LWV�FDSDELOLWLHV�>��@��2QH�RI�

WKHP�LV�WKDW�DQDO\]LQJ�D�ELJ�DPRXQW�RI�GDWD�IURP�SUHYLRXV�RSHUDWLRQV�DQG�WKHLU�UHVXOWV��VXFK�V\VWHPV�

FDQ�LPSURYH�WKH�DOJRULWKPV�IRU�WKH�DSSURSULDWH�VXUJLFDO�LQWHUYHQWLRQV��7KLV�OHDUQLQJ�SURFHGXUH�KHOSV�

WR�PDNH�SURFHGXUHV�LQ�IXWXUH�EHWWHU�DQG�DVVLVWV�LQ�GHYHORSPHQW�RI�VXUJLFDO�VNLOOV�>��@� 

0,1,0,=,1*�+80$1�(5525�,1�685*(5< 

6XUJHU\�KDV�UHPDLQHG�D�VHQVLWLYH�DUHD�WKDW�LV�KLJKO\�OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�HUURUV�GHVSLWH�WKH�

H[SHULHQFH�OHYHO�RI�WKH�VXUJHRQV��:RUNLQJ�ZLWK�D�YLEUDWLQJ�WRRO��SHUIRUPLQJ�GLIILFXOW�RSHUDWLRQV��DQG�

KDQGOLQJ�WLVVXHV�DQG�EORRG�YHVVHOV�LQFUHDVH�WKH�OLNHOLKRRG�RI�PLVWDNHV�WKDW�KDUP�SDWLHQW�RXWFRPHV�DQG�

MHRSDUGL]HV�WKHLU�VDIHW\��$,�WHFKQRORJ\�LQWHUYHQHV�LQ�WKHVH�HUURUV�LQ�D�ELJ�ZD\��WR�LPSURYH�WKH�VDIHW\�

RI�VXUJHULHV�DQG�WKH�TXDOLW\�RI�WKH�RIIHUHG�KHDOWKFDUH�>��@� 

5HDO�7LPH�(UURU�'HWHFWLRQ�DQG�&RUUHFWLRQ��6XUJLFDO�URERWV�XQGHU�WKH�$,�IUDPHZRUN�KDYH�VXSHULRU�

LQWHJUDWHG�HUURU�FKHFNHU�DQG�DUH�DEOH�WR�FKHFN�IRU�HUURUV�WKDW�KDYH�RFFXUUHG��,Q�D�VXUJHU\�URRP��WKH�

V\VWHP�NHHSV�REVHUYLQJ�WKH�PRYHPHQWV�RI�D�VXUJHRQ�DQG�FRPSDUHV�WKHP�WR�D�QXPEHU�RI�PRGHOV�RI�

WKH�PRVW� HIILFLHQW� VXUJLFDO� DFWLYLWLHV��$Q\�YDULDWLRQV� IURP� WKH� SODQQHG�SURFHGXUH� DUH� LPPHGLDWHO\�

LGHQWLILHG�E\�WKH�$,�V\VWHP�±�IRU�H[DPSOH��LI�D�VXUJHRQ�PLVSODFHG�DQ�LQVWUXPHQW�RU�PDGH�D�PLVWDNH�LQ�

LQFLVLRQ�GLPHQVLRQV��WKH�V\VWHP�LQIRUPV�WKH�FOLQLFLDQ�DERXW�WKH�SUREOHP��7KLV�SURWHFWLYH�DSSURDFK�

SURYHG�YHU\�XVHIXO�LQ�WKH�FDVH�RI�NHHSLQJ�VLPSOH�HUURUV�IURP�HVFDODWLQJ�WR�VLJQLILFDQW�FRPSOLFDWLRQV�

>��@� 

�)RU� LQVWDQFH��ZKHQ�SHUIRUPLQJ�D� VXUJLFDO�SURFHGXUH�VXFK�DV� ODSDURVFRSLF� VXUJHU\�ZKHUH�ZRUNLQJ�

VSDFH�LV�VPDOO�DQG�DFFXUDF\�LV�FUXFLDO�$,�FDQ�DVVLVW�LQ�QDYLJDWLQJ�WKH�VXUJHRQ¶V�KDQGV�WKHUHE\�DYRLGLQJ�

KDUP�WR�DGMDFHQW�WLVVXHV��7KH�V\VWHP�FDQ�DOVR�NHHS�WUDFN�RI�WKH�SDWLHQW¶V�RYHUDOO�FRQGLWLRQ��LQFOXGLQJ�

WKH�IDFW�RI�SRVVLEOH�LQVWDELOLW\�RI�YLWDO�VLJQV��DQG�LQIRUP�WKH�VXUJHRQ�DERXW�GHYLDWLRQV��IRU�H[DPSOH��LQ�

KHDUW� UDWH� RU� R[\JHQ� VDWXUDWLRQ��7KLV� LV� EHFDXVH� WKH�$,� V\VWHP� HQDEOHV� WKH� VXUJHRQ� IL[�PLVWDNHV�
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LQHYLWDEO\�PDGH�GXULQJ�WKH�VXUJLFDO�SURFHVV�WKXV�HQKDQFLQJ�VDIHU�VXUJHU\�ZLWK�PLQLPDO�FRPSOLFDWLRQV�

>��@� 

3UHGLFWLYH�$QDO\WLFV� IRU�5LVN�$VVHVVPHQW��6XUJLFDO� URERWLFV� LV� DOVR� GHSOR\DEOH� ZLWK� SUHGLFWLRQ�

DQDO\VLV� WHFKQRORJLHV� WKDW� DOORZ� WKH� V\VWHP� WR� XQGHUVWDQG� WKH� FRQVHTXHQWLDO� ULVNV� RI� VXUJLFDO�

SURFHGXUHV�EHIRUH�DQG�HYHQ�GXULQJ�RSHUDWLRQ��$,�FDQ�NQRZ�LI�D�SDWLHQW�LV�SUHGLVSRVHG�WR�GHYHORSLQJ�

LVVXHV�GXULQJ�VXUJHU\�OLNH�EOHHGLQJ��DGYHUVH�UHDFWLRQ�WR�DQHVWKHWLFV��RU�RUJDQ�LQMXU\�E\�DSSO\LQJ�GDWD�

LQFOXGLQJ�SDWLHQW� KLVWRU\��SLFWXUHV�EHIRUH� VXUJHU\�� DQG� LQ�RSHUDWLRQ� LQIRUPDWLRQ��$PRQJ� WKHVH�� WKH�

SUHGLFWLYH�WDOHQW�LQ�KHDOWK�FDUH�LV�IRUPLGDEOH�HVSHFLDOO\�ZKHQ�GHWHUPLQLQJ�ULVN�RU�FRPSOLFDWLRQ�SURQH�

VXUJHULHV� >��@��)RU�H[DPSOH�� LI�D�SDWLHQW�KDV�D�YDVFXODU�GLVHDVH� WKH�$,�ZLOO�EH�DEOH� WR�SUHGLFW� WKDW�

SDWLHQW¶V�OLNHOLKRRG�RI�H[SHULHQFLQJ�KHPRUUKDJLF�FRPSOLFDWLRQV��6KDULQJ�VXFK�GHWDLOV�ZLWK�$,�HDUOLHU�

KHOSV�VXUJHRQV�DFKLHYH�HDUO\�SODQQLQJ�DQG�HYHQ�HQJDJLQJ�LQ�KDQGOLQJ�RI�FRPSOLFDWLRQV�HYHQ�EHIRUH�

WKH\�RFFXU�VLQFH�WKLV�UHGXFHV�WKH�UDWH�RI�PLVKDSV� 

%(1(),76�2)�$,�,1�685*,&$/�52%27,&6 

7KH�XVH�RI�$,�LQ�VXUJLFDO�URERWLF�SURFHGXUHV�KDV�QXPHURXV�EHQHILWV�RYHU�RWKHU�FRQYHQWLRQDO�SUDFWLFHV�

DSDUW�IURP�LQFUHDVLQJ�DFFXUDF\�DQG�PLQLPL]LQJ�PLVWDNHV��6RPH�RI�WKH�EHQHILWV�RI�KRXUO\�URXQGLQJ�

LQFOXGH��VKRUWHQHG�OHQJWK�RI�VWD\��UHGXFHG�FRVWV�RI�KHDOWK�FDUH�DQG�EHWWHU�SDWLHQW�VDWLVIDFWLRQ��$,�LQ�

VXUJHU\�KDV�EHQHILWV�EH\RQG�ULVN�UHGXFWLRQ��LQFOXGLQJ�LPSURYLQJ�D�SDWLHQW¶V�TXDOLW\�RI�WKHLU�H[SHULHQFH�

ZLWK�KHDOWKFDUH�VHUYLFHV�DQG�RSWLPL]LQJ�WKH�GHOLYHU\�RI�FDUH�>��@� 

5HGXFHG�5HFRYHU\�7LPHV��$QRWKHU�PDMRU�EHQHILW�RI�SHUIRUPLQJ�URERWLF�VXUJHU\�WKURXJK�$UWLILFLDO�

,QWHOOLJHQFH�LV�WKH�VKRUW�SHULRG�DQ�LQGLYLGXDO�WDNHV�WR�UHFRYHU�IURP�WKH�VXUJHU\��5RERWLF�RSHUDWLRQV�LQ�

PRVW� FDVHV� SURYLGH� PLQLPXP� LQYDVLYH� WHFKQLTXHV� KHQFH� WKH\� UHTXLUH� VPDOO� LQFLVLRQV�� OHVV�

PDQLSXODWLRQ�RI�WLVVXHV�DQG�OHVV�SURQH�WR�LQIHFWLRQV�FRPSDUHG�WR�RSHQ�RSHUDWLRQV��7KXV��SDWLHQWV�VXIIHU�

IURP�PRGHUDWH� RU�PLOG� DPRXQWV� RI� SRVWRSHUDWLYH� SDLQ�� IHZHU� FRPSOLFDWLRQV� DQG� VKRUWHU� UHFRYHU\�

SHULRGV��$,� URERWLF� VXUJHULHV� ZKLFK� DUH� OHVV� LQYDVLYH� HQDEOH� VXUJHRQV� WR� XQGHUWDNH� FRPSOLFDWHG�

RSHUDWLRQV�ZLWKRXW�EHLQJ�RYHUO\�LQYDVLYH�>��@��7KRVH�SDWLHQWV�EHQHILW�IURP�WKHVH�SURFHGXUHV�LQ�WKDW�

WKH\� LQYROYH� OHVV�EORRG� ORVV��VFDUULQJ��DQG� WLPH�VSHQW�RXW�RI� WKHLU�QRUPDO�DFWLYLWLHV��7KH�DVSHFW�RI�

SUHFLVLRQ�DV�ZHOO�DV�UHGXFHG�LQWHUQDO�LQWHUYHQWLRQ�PDNHV�LW�TXLWH�KHOSIXO�WR�HOGHUO\�SDWLHQWV�RU�WKRVH�

ZLWK�RWKHU�GLVRUGHUV�WKDW�PLJKW�FRPSURPLVH�RQ�VXUJHU\�LQWHQVLILHG�UHSHUFXVVLRQV� 

(QKDQFHG�3DWLHQW�2XWFRPHV��7KHUH�VHHPV� WR�EH�DQ� LPSURYHPHQW�RQ� WKH�SHUIRUPDQFH�RI�SDWLHQW�

SURJQRVLV�ZKHUH�$,�LV�DSSOLHG�LQ�VXUJLFDO�URERWLFV��7KH�LPSOHPHQWDWLRQ�RI�$,�UHGXFHV�WKH�PDUJLQ�RI�

HUURU�� WKH�XVH�RI� URERWLF� V\VWHPV�VXSSO\��FRQWLQXRXV�JXLGDQFH�GXULQJ� WKH�VXUJHU\�KHQFH� LW� LV�PRUH�

HIILFLHQW��7KLV� WKHQ� OHDGV� WR� OHVV� FRPSOLFDWLRQV� GXULQJ� VXUJHU\�� TXLFNHU� UHFRYHU\� WLPH� DQG�RYHUDOO�

EHWWHU�KHDOWK�PRUH�GRZQ�WKH�OLIH�>��@��)XUWKHU��GXH�WR�$,�V\VWHPV¶�IOH[LELOLW\�WR�LQFRUSRUDWH�UDZ��UHDO�
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WLPH�SDWLHQW�GDWD�DQG�FRQVHTXHQW�WUHDWPHQW�SODQV��FRQVWDQW�DQG�XQLTXH�FDUH�FDQ�EH�SURYLGHG��6XUJHU\�

FDQ�EH�GRQH�LQ�GLIIHUHQW�ZD\V�GHSHQGLQJ�RQ�WKH�VWUXFWXUH�RI�WKH�SDWLHQW�DV�ZHOO�DV�WKH�SDWLHQW¶V�KLVWRU\�

RI�LOOQHVVHV��$V�D�UHVXOW��WKH�DSSOLFDWLRQ�RI�DUWLILFLDO�LQWHOOLJHQFH�LQ�D�URERWLF�VXUJHU\�FRQWULEXWHV�WR�

SDWLHQW�VDIHW\�DQG�LQFUHDVHG�VDWLVIDFWLRQ�ZLWK�WKH�KHDOWK�FDUH�SURFHVV�>��@ 

&RVW� (IILFLHQF\��:KDW� LV� PRUH� LPSRUWDQW� LV� WKDW� ZKLOH� LPSOHPHQWLQJ� VXFK� DQ�$,�EDVHG� VXUJLFDO�

V\VWHP�UHTXLUHV�D�KXJH�ILUVW�WLPH�LQYHVWPHQW�� LW�JLYHV�EDFN� LQ� WHUPV�RI�FRVWV� LQ� WKH� ORQJHU�UXQ��$,�

URERWLFV�DVVLVW�LQ�FXWWLQJ�GRZQ�KRVSLWDOL]DWLRQ�FRVWV�VLQFH�WKH�WLPH�VSHQW�RSHUDWLQJ�LV�VKRUWHQHG��WKH�

FRPSOLFDWLRQ� UDWH� LV� ORZHUHG�� DQG� VLPSOH� VXUJLFDO� RSHUDWLRQV� DUH� PDGH� PXFK� PRUH� HIILFLHQW��

0LQLPDOO\�LQYDVLYH�VXUJHULHV�DV�D�ZD\�WHQG�WR�OHDG�WR�VKRUW�UHFRYHU\�SHULRGV�DQG�WKHUHIRUH�FRVWV�RI�

SRVW�RSHUDWLYH� SHULRGV� DUH� JUHDWO\� UHGXFHG� >��@�� )XUWKHU��$,� HOLPLQDWHV� FRQVHTXHQWLDO� SLWIDOOV� E\�

KXPDQV�VXFK�DV�JHWWLQJ�LQIHFWHG��XQOXFN\�VXUJHULHV��RU�D�VORZ�UDWH�RI�KHDOLQJ��7KH�URERWV�DOVR�DVVLVW�

LQ�PDNLQJ�VHYHUDO�SURFHGXUHV�HIILFLHQW�DQG�FXWWLQJ�GRZQ�WKH�JHQHUDO�FRVW�RI�WUHDWPHQW�ZKLFK�H[SDQGV�

DFFHVV�WR�H[SHQVLYH�VXUJHULHV�IRU�PRUH�FRPPRQ�SRSXODFH� 

(7+,&$/�&216,'(5$7,216�$1'�&+$//(1*(6 

(YHQ�WKRXJK�IXWXUH�VXUJLFDO�URERWLFV�LV�$,�HQDEOHG��D�QXPEHU�RI�HWKLFDO�LVVXHV�FDQ�EH�ZLWQHVVHG��7KHVH�

LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��SDWLHQW�WUXVW�LQ�$,��ULVN�RI�$,�V\VWHPV�GHYHORSLQJ�LWV�LQGHSHQGHQFH�WR�

IXQFWLRQ�ZLWKRXW�VXSHUYLVLRQ�DQG�WKH�TXHVWLRQ�RI�ZKR�LV� WR�EODPH�RQFH�WKH�V\VWHP�PDNHV�VXUJLFDO�

PLVWDNHV��$OO�WKHVH�FKDOOHQJHV�QHHG�WR�EH�VROYHG�LI�ZH�DUH�WR�ZDQW�WR�XVH�$,�LQ�VXUJHU\�UHVSRQVLEO\��

HWKLFDOO\��DQG�ZLWK�PD[LPXP�EHQHILWV�>��@� 

3DWLHQW�7UXVW�DQG�$FFHSWDQFH��7KH�ODFN�RI�WUXVW�EHWZHHQ�SDWLHQWV�DQG�VXUJHRQV�LV�DPRQJ�WKH�ELJJHVW�

KXUGOHV�WR�WKH�XVH�RI�$,�LQ�VXUJHU\��6RPH�RI�WKH�SDWLHQWV�PD\�KDYH�D�IHZ�LVVXHV�ZLWK�D�PDFKLQH�FDUU\LQJ�

RXW�SDUW�RI�D�VXUJHU\�HYHQ�WKRXJK�WKH�URERW¶V�IXQFWLRQDOLW\�LV�VXSHUYLVHG�E\�D�TXDOLILHG�VXUJHRQ��7KH�

FRQFHUQ�RI�ORVLQJ�FRQWURO�RU�D�IDLOXUH�LQ�URERWLF�V\VWHP�FDQ�DOVR�ORZHU�SDWLHQW�H[SHFWDWLRQV�WR�WKH�$,�

DLGHG� VXUJHULHV� >��@��&RQFHUQLQJ� WKLV�� KHDOWKFDUH�SURYLGHUV�QHHG� WR�XQGHUWDNH� FDPSDLJQV� WR�PDNH�

SDWLHQWV� XQGHUVWDQG� WKDW� WKH�XVH�RI� DUWLILFLDO� LQWHOOLJHQFH� LV� DGYDQWDJHRXV� HVSHFLDOO\� LQ� VXUJHU\� E\�

LQFUHDVLQJ�DFFXUDF\�WR�D�OHYHO�RI�UHGXFLQJ�WKH�ULVN��6WURQJ�SXEOLF�UHJXODWLRQ�RI�PHUJLQJ�LQIRUPDWLRQ�

WHFKQRORJLHV��LQFOXGLQJ�WKH�XVH�RI�,7�LQ�VXUJLFDO�DFWLYLWLHV��FRXSOHG�ZLWK�PHWD�FRPPXQLFDWLRQ�DERXW�

WKH�XVH�RI�URERWV�LQ�RSHUDWLRQV�LV�YHU\�LPSRUWDQW�LQ�UHGXFWLRQ�RI�SXEOLF�PLVWUXVW�>��@� 

$XWRQRP\�DQG�$FFRXQWDELOLW\�� ,Q� WKH�IXWXUH�ZKHQ�$,�V\VWHPV�UHSODFH�KXPDQ�VXUJHRQV�ZKR�FDQ�

SHUIRUP�DQ�HQWLUH�VXUJHU\�XVLQJ�WKHLU�VXUJLFDO�URERWV��WKHQ�WKH�LVVXH�RI�UHVSRQVLELOLW\�FRPHV�LQWR�SOD\��

7R�ZKRP�LV�LW�DWWULEXWDEOH�LI�DQ�$,�V\VWHP�DUULYHV�DW�D�GHFLVLRQ�DQG�WKH�RXWFRPH�LV�QHJDWLYH"�7R�ZKRP�

GRHV� WKH�UHVSRQVLELOLW\�EHORQJ�±� WR� WKH�VXUJHRQ�ZKR�RYHUVDZ�WKH�RSHUDWLRQ�� WKH�FUHDWRUV�RI� WKH�$,�

DOJRULWKPV�XVHG��RU�WKH�SURGXFHU�RI�WKH�URERWLF�DSSDUDWXV"�7KHVH�TXHVWLRQV�SRVH�VHYHUDO�HWKLFDO�DQG�
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OHJDO�TXHVWLRQV�RQ�WKH�DFFRXQWV�WKDW�$,�V\VWHPV�KROG�IRU�KHDOWKFDUH�V\VWHPV�>��@��,W�ZLOO�UHTXLUH�FOHDU�

JXLGHOLQHV�DQG�UHJXODWLRQV�DV�WR�KROG�WKRVH�WKDW�ZLOO�EH�GLVSHQVLQJ�WKLV�VHUYLFHV�DFFRXQWDEOH�ZKLOH�DW�

WKH�VDPH�WLPH�RIIHULQJ�SURWHFWLRQ� WR� WKH�SDWLHQW�DV�ZHOO�DV� WKH�KHDOWK�FDUH�SURYLGHUV��$V�ZH�PRYH�

IRUZDUG�LQ�WHDFKLQJ�$,�GHFLVLRQ�PDNLQJ�DQG�XVLQJ�LW�PRUH�DQG�PRUH�LQ�RSHUDWLRQ�WKHDWUHV��ZH�ZLOO�

DOVR�KDYH�WR�GHYHORS�PRUH�FOHDUHU�OLQHV�RI�ZKR�ZLOO�EH�UHVSRQVLEOH�ZKHUH�DQG�ZKHQ�>��@� 

)8785(�35263(&76�2)�$,�,1�685*,&$/�52%27,&6 

7KH� IXWXUH� IRU�$,� LQ� VXUJLFDO� URERWLFV� LV� HYHQ� PRUH� SURPLVLQJ� HVSHFLDOO\� ZLWK� WKH� H[WHQVLRQ� RI�

WHFKQRORJ\�LQ�WKH�V\VWHP¶V�DSSOLFDWLRQ�DUHD�WKDW�FRQWLQXRXVO\�GHYHORSV��:LWK�HYHQ�PRUH�GHYHORSPHQW�

LQ�WKH�$,��WKH�UXPRU�LV�WKDW�URERWLF�V\VWHPV�ZLOO�EH�KLJKO\�DGYDQFHG��SUHFLVH�DQG�OHVV�GHSHQGLQJ�RQ�

KXPDQ�LQSXW�DQG�DUH�FDSDEOH�RI�GHOLYHULQJ�PRUH�GHJUHH�RI�VROR�SDWLHQW�FDUH�>��@� 

'DWD�$YDLODELOLW\�DQG�7UDQVSDUHQF\�,VVXHV��7KH�YLVLRQ�IRU�WKH�XVH�RI�$,�LQ�VXUJHU\�LV�WKH�DELOLW\�WR�

KDYH�WHOHSRUWHG�RU�DXWRQRPRXV�URERWLF�V\VWHPV�SHUIRUP�VXUJHULHV�ZLWK�PLQLPDO�WR�QR�KXPDQ�FRQWURO��

+RZHYHU� FXUUHQW� V\VWHPV� VWLOO� QHHG� D� VXUJHRQ� WR�PRQLWRU� WKH� SURFHVV� EXW�ZLWK� LPSURYHG�$,� DQG�

PDFKLQH�OHDUQLQJ�URERW�VXUJHRQV�ZLOO�EH�IXOO\�DXWRQRPRXV�>��@��7KHVH�IXOO\�DXWRPDWHG�V\VWHPV�ZRXOG�

HOLPLQDWH�KXPDQ�IDFWRUV�DQG�LQFUHDVH�RUGHUV�RI�PDJQLWXGH�WKH�HIILFLHQF\�LQ�DUHDV�ZKHUH�VXUJHRQV�DUH�

VFDUFH� 

$,�(QKDQFHG�7UDLQLQJ�DQG�6LPXODWLRQ��$,�LV�DOVR�YHU\�LPSRUWDQW�LQ�VXUJLFDO�HGXFDWLRQ�DQG�WUDLQLQJ��

$V�D�UHVXOW�RI�SUDFWLFH�LQ�YLUWXDO�UHDOLW\��SURVSHFWLYH�VXUJHRQV�FDQ�PDNH�WKH�QHFHVVDU\�SUHSDUDWLRQV�IRU�

FRPSOH[� VXUJHULHV� WKDW� FDQQRW� EH� SHUIRUPHG� RQ� UHDO� SDWLHQWV�� ,W� FDQ� JLYH� WUDLQHHV� DQ� LQVWDQW��

PHDQLQJIXO� UHVXOW� VLQFH� WKH\� WUDLQ� WR� HQKDQFH� DQG� DSSO\� FHUWDLQ� WHFKQLTXHV� ZLWK� QR� UHDO� SDWLHQWV�

DURXQG�� ,W�ZLOO�DOVR�EH�DQ� LPSRUWDQW�YHQXH� LQ� LPSDUWLQJ� WKH� WUDLQLQJ� WR�JHQHUDWLRQV�RI�VXUJHRQV� WR�

HQDEOH�WKHP�WR�FRPSHWHQWO\�SHUIRUP�VXUJHULHV�DVVLVWHG�E\�$,�>��@� 

&21&/86,21 

7KH�XVH�RI�$,�LQ�VXUJLFDO�URERWLFV�LV�WDNLQJ�WKH�VXUJLFDO�SUDFWLFH�WR�DQRWKHU�OHYHO��UHGXFLQJ�WKH�PLVWDNHV�

RI�PDQ�DQG�JLYLQJ�EHWWHU�UHVXOWV�WR�WKH�SDWLHQW��7HFKQRORJLFDO�HQKDQFHPHQW�LQ�VXUJHU\�XVLQJ�DUWLILFLDO�

LQWHOOLJHQFH�PDNHV�VXUJHULHV�PRUH�DFFXUDWH��OHVV�LQYDVLYH��DQG�WLPH�HIIHFWLYH�DQG�UHVXOWV�LQ�UHGXFHG�

UHFRYHU\�WLPH�DQG�WKHUHIRUH�HQKDQFHG�SDWLHQWV¶�VDWLVIDFWLRQ��%XW�WKH�LVVXHV�RI�SDWLHQW�WUXVW��SDWLHQW¶V�

ULJKW��DQG�MXVWLFH�PDQGDWH�WKH�QHHG�WR�DGGUHVV�WKH�HWKLFDO�LVVXH�LQ�WKH�XVH�RI�WKHVH�WHFKQRORJLHV��7KH�

IXWXUH�GHYHORSPHQW�RI�$,�LV�SURPLVLQJ��ZLWK�WKH�IXOO�DXWRPDWHG�VXUJHU\�DQG�LPSURYHG�ZD\V�RI�WUDLQLQJ�

VXUJHRQV��WKH�IXWXUH�RI�VXUJHU\�LV�H[SHFWHG�WR�LPSURYH�KHDOWK�FDUH�SURYLVLRQ�JOREDOO\� 
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