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&RPSXWDWLRQDO�)ORZ�'\QDPLFV�$QDO\VLV�RI�3HOYLF�DQG�$EGRPLQDO
9HLQV�8VLQJ�&7��9HQRJUDSK\��DQG�'XSOH[�,PDJLQJ

$EVWUDFW
8VLQJ�PRGHOLQJ�DQG�FRPSXWDWLRQDO�IORZ�G\QDPLFV��D�PHWKRGRORJ\�KDV�EHHQ�IRUPXODWHG

ZKLFK�FRXOG�SRWHQWLDOO\�EH�XVHG�WR�DVVHVV�WKH�ULVN�RI�UH�WKURPERVLV�LQ�'97�SDWLHQWV��8VLQJ
SDWLHQW�LPDJLQJ�GDWD�LQ�WKH�IRUP�RI�FRPSXWDWLRQDO�WRPRJUDSK\��&7���9HQRJUDSK\��DQG�'XSOH[
,PDJLQJ�LQ�FRQMXQFWLRQ�ZLWK�FRPSXWDWLRQDO�IORZ�G\QDPLFV��&)'���WKH�UHODWLRQVKLS�ZDV
LQYHVWLJDWHG�EHWZHHQ�EORRG�IORZ�SURSHUWLHV�DQG�WKH�OLNHOLKRRG�RI�VWHQW�VWHQRVLV��%\�FRQVWUXFWLQJ
D��'�PRGHO�RI�SDWLHQW�YHQRXV�DQDWRP\�DQG�SHUIRUPLQJ�&)'�DQDO\VLV��SUHVVXUH��ZDOO�VKHDU
IRUFH��YHORFLW\��DQG�IORZ�GDWD�ZHUH�REWDLQHG�RQ�LQGLYLGXDO�YHLQV�WR�SHUIRUP�D�FRPSDUDWLYH�VWXG\
RI�SDWLHQWV�ZKR�GHYHORSHG�WKURPEXV�IROORZLQJ�VWHQW�SODFHPHQW�DQG�SDWLHQWV�ZKR�GLG�QRW�
&RPSDULQJ�SDWLHQW�LPDJLQJ�GDWD�WKURXJK�PRGHOLQJ�KHOSHG�WR�GHWHUPLQH�ZKLFK�EORRG�IORZ
SDUDPHWHUV�ZHUH�VLJQLILFDQW�WR�UHWKURPERVLV��$�QXPEHU�RI�VWDWLVWLFDO�WHVWV�ZHUH�SHUIRUPHG�RQ�WKH
YHORFLW\��SUHVVXUH�DQG�VKHDU�VWUHVV�RXWSXWV�IURP�WKH�&)'�PRGHOV��DQG�IRXQG�ERWK�SUHVVXUH�DQG
YHORFLW\�GDWD�WR�EH�PDUNHGO\�YDULHG�EHWZHHQ�SDWLHQWV�ZKR�ZRXOG�GHYHORS�VWHQRVLV�DQG�WKRVH
ZKR�ZRXOG�QRW��$GGLWLRQDOO\��WKH�DUHDV�RI�JUHDWHVW�FXUYDWXUH�ZHUH�LGHQWLILHG�DORQJ�WKH�LOLDF�YHLQ�
DQG�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�WKH�EORRG�IORZ�RQ�WKH�LQWHULRU�DQG�H[WHULRU
SRUWLRQV�RI�WKH�YHLQ��7KHVH�PHWKRGV�FDQ�EH�DSSOLHG�WR�ODUJHU�SDWLHQW�GDWD�VHWV�LQ�WKH�IXWXUH�
KRSHIXOO\�SURYLGLQJ�LQVLJKW�WRZDUGV�WKH�RSWLPDO�FRXUVH�RI�WUHDWPHQW�IRU�'97�SDWLHQWV�

.H\ZRUGV��GHHS�YHLQ�WKURPERVLV��FRPSXWDWLRQDO�IORZ G\QDPLFV��FRPSXWDWLRQDO�PRGHOLQJ�
UH�WKURPERVLV

,QWURGXFWLRQ
'HHS�YHLQ�WKURPERVLV��'97��LV�D�VHULRXV�PHGLFDO�FRQGLWLRQ��ZKLFK�LI�OHIW�XQWUHDWHG�FDQ

UHVXOW�LQ�VHYHUH�SDLQ��FOLQLFDO�FRPSOLFDWLRQ��DQG�LQ�VRPH�FDVHV��GHDWK��'97��WKRXJK�SUHYHQWDEOH
DQG�WUHDWDEOH�LI�GLDJQRVHG�HDUO\��FDQ�EH�FKDOOHQJLQJ�WR�DGGUHVV��7UHDWPHQW�PHWKRGV�LQFOXGH
DQWLFRDJXODQWV�DV�ZHOO�DV�YHQRXV�VWHQWLQJ�SURFHGXUHV�LQ�FKURQLF�'97�SDWLHQWV��&OLQLFDO
HVWLPDWHV�RI�UH�WKURPERVLV�RI�VWHQWV�LV�EHWZHHQ��������IRU�WKH������PRQWK�SHULRG�IROORZLQJ
SODFHPHQWV >�@��7KH�DQDWRPLFDO�IHDWXUHV�DQG�EORRG IORZ�SDUDPHWHUV�ZKLFK�FRQWULEXWH�PRVW�WR
UH�WKURPERVLV��RU�VWHQRVLV��DUH�QRW�\HW�FOHDU��,Q�WKH�,OLDF�YHLQ�VSHFLILFDOO\��ZKLFK�LV�UHVSRQVLEOH�IRU
GUDLQLQJ�D�ODUJH�SRUWLRQ�RI�EORRG�IURP�WKH�OHJ�DQG�SHOYLF�UHJLRQ��VWHQRVLV�KDV�EHHQ�REVHUYHG�WR
IRUP�SUHIHUHQWLDOO\�RQ�WKH�LQWHULRU��RU�OHVVHU��SRUWLRQ�RI�WKH�FXUYHG�VHFWLRQ�RI�WKH�YHLQ��7KXV�
GHJUHH�RI�FXUYDWXUH�KDV�EHHQ�QRWHG�WR�EH�D�SRWHQWLDOO\�LQIOXHQWLDO�IHDWXUH�ZKHQ�DVVHVVLQJ
OLNHOLKRRG�RI�VWHQRVLV��7R�EHWWHU�XQGHUVWDQG�WKLV�SKHQRPHQRQ�DQG�LPSURYH�WKH�SURJQRVLV�RI
VWHQWLQJ�SURFHGXUHV��D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�IDFWRUV�ZKLFK�FRQWULEXWH�WR�UHWKURPERVLV�DUH
QHHGHG��&RPSXWDWLRQDO�PRGHOLQJ�PHWKRGV��VXFK�DV�FRPSXWDWLRQDO�IORZ�G\QDPLFV��&)'��FDQ�EH
XVHG�WR�DQDO\]H�SDWLHQW�LPDJLQJ�GDWD�DQG�H[DPLQH�EORRG�IORZ�LQ�PRUH�GHWDLO�

&)'�KDV�D�ZLGH�DUUD\�RI�XVDJHV�LQ�PHFKDQLFDO�DQG�IOXLGLFV�HQJLQHHULQJ��DQG�FDQ�EH�D
SRZHUIXO�WRRO�IRU�FOLQLFDO�UHVHDUFK��%\�FROOHFWLQJ�URXWLQH�LPDJLQJ�VFDQV��VXFK�DV�&7��LPDJH
DQQRWDWLQJ�WRROV�FDQ�EH�XVHG�WR�UHFRQVWUXFW�WKH�SHOYLF�YHQRXV�DQDWRP\�DV�D��'�PRGHO��&)'�KDV
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EHHQ�XVHG�LQ�UHFHQW�\HDUV�IRU�PRGHOLQJ�RI�LQGLYLGXDO�SDWLHQW�YHQRXV�DQG�DUWHULDO�DQDWRP\��DQG�LV
EHLQJ�H[SORUHG�DV�D�PHWKRG�RI�DLGLQJ�LQWHUYHQWLRQDO�WUHDWPHQW��0RGHOV�FDQ�EH�GHULYHG�XVLQJ
SDWLHQW�VSHFLILF�SDUDPHWHUV��DQG�KDYH�WKH�EHQHILW�RI�DOORZLQJ�PDQ\�VLPXODWHG�WHVWV�ZLWKRXW
IXUWKHU�SDWLHQW�LQYROYHPHQW��7KH�PHWKRGV�XVHG�WR�VLPXODWH�VSHFLILF�WLVVXHV�KDYH�EHHQ�LPSURYLQJ
DV�PDQ\�PRGHOV�KDYH�LQFOXGHG�WKH�QRQ�XQLIRUP�SURSHUWLHV�RI�YDULRXV�WLVVXHV�DV�ZHOO�DV�WKH
XQLTXH�YLVFRHODVWLF�EHKDYLRUV�H[KLELWHG�LQ�WKH�ERG\��0RGHOLQJ�RSHQV�RSSRUWXQLWLHV�LQ�FOLQLFDO
VSDFHV�WR�VWXG\�SKHQRPHQD�ZKLFK�PD\�KDYH�SUHYLRXVO\�UHTXLUHG�H[WHQVLYH�DQG�LQYDVLYH
SURFHGXUHV�

7R�DVVHVV�WKH�ULVN�RI�GHYHORSLQJ�VWHQRVLV��ELRFKHPLFDO�IDFWRUV�IURP�KHPDWRORJLFDO
SURILOHV�KDYH�EHHQ�XVHG��KRZHYHU�WKH�DQDWRP\�DQG�EORRG�IORZ�RI�WKH�YHQRXV�DQDWRP\�KDV�QRW
EHHQ�H[SORUHG�H[WHQVLYHO\��:KLOH�PDQ\�SK\VLRORJLFDO�IDFWRUV�DQG�EHKDYLRUV�OLNHO\�LQIOXHQFH�ULVN
RI�GHYHORSLQJ�WKURPEXV��H[DPLQLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�EORRG�IORZ�DQG�VWHQRVLV�PD\
SURYLGH�D�PRUH�SUHFLVH�DQG�IRFXVHG�PHWKRG�RI�DVVHVVLQJ�ULVN��:KLOH�WKH�UHODWLRQVKLS�EHWZHHQ
WKH�SK\VLRORJLFDO�DQG�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�YHLQV�DQG�WKH�GHYHORSPHQW�RI�'97�KDV�EHHQ
H[SORUHG�WKURXJK�&)'��WKLV�UHVHDUFK�DLPV�WR�H[SDQG�RQ�WKH�VSHFLILF�EORRG�IORZ�SURSHUWLHV�ZKLFK
PD\�EH�PRVW�LQIOXHQWLDO�ZKHQ�FKDUDFWHUL]LQJ�ULVN >�@� 7KH�PHWKRGV�XVHG�DOVR�DLP�WR�DGGUHVV�WKH
LQIOXHQFH�RI�FXUYDWXUH�RQ�EORRG�IORZ�SURSHUWLHV�DQG�ULVN�

0DWHULDOV�DQG�0HWKRGV

3UHSDUDWLRQ�RI��'�0RGHO�IRU�&)'�$QDO\VLV
7R�FRQVWUXFW��'�PRGHOV�RI�WKH�VWHQWHG�SRUWLRQV�ZLWKLQ�SDWLHQW�YHLQV��LPDJLQJ�GDWD�LQ�WKH

IRUP�RI�&7�ZDV�SULPDULO\�XVHG��7KH�&7�GDWD�ZDV�DEOH�WR�EH�YLHZHG�LQ�DQ�LPDJH�DQDO\VLV
VRIWZDUH�FDOOHG��'6OLFHU��ZKLFK�LV�XVHG�WR�YLVXDOL]H�DQG�DQQRWDWH�FOLQLFDO�GDWD��8VLQJ�D
VOLFH�E\�VOLFH�PHWKRG��WKH�VWHQWHG�UHJLRQ�RI�WKH�LOLDF�YHLQ�ZDV�KDQG�VHOHFWHG��XVLQJ�D�ILQH�SRLQW
SDLQW�WRRO��WR�HQVXUH�OLNHQHVV�WR�WKH�SDWLHQW�DQDWRP\�DV�VHHQ�LQ�)LJXUH��$��7KH�YHLQ�FRXOG�WKHQ
EH�YLHZHG�DV�D��'�YROXPH��DQG�HGLWHG�WR�FRUUHFW�DQ\�VHOHFWLRQ�HUURUV��DV�VHHQ�LQ�)LJXUH��%��7KH
�'�PRGHO�FRQVWUXFWHG�LQ�6OLFHU�ZDV�WKHQ�H[SRUWHG�DV�DQ�2%-�ILOH�IRU�IXUWKHU�SURFHVVLQJ�LQ
$XWRGHVN�0D\D��0D\D�ZDV�XVHG�WR�HGLW�WKH�LQLWLDO�YROXPH�E\�UHPRYLQJ�WKH�LQOHWV�DQG�RXWOHWV�
ZKLFK�ZDV�QHFHVVDU\�WR�SHUIRUP�&)'��7KH�HQGV�RI�WKH�YHLQ�ZHUH�IODWWHQHG�E\�ILUVW�UHWRSRORJL]LQJ
WKH�PHVV�WR�JHQHUDWH�SRO\JRQDO�UHJLRQV�WKDW�ZHUH�DEOH�WR�EH�VHOHFWHG�DQG�UHPRYHG�IURP�WKH
HQG�VXUIDFH�RI�WKH�YHLQ��2QFH�WKHVH�VHFWLRQV�KDG�EHHQ�UHPRYHG�WKH�KROH�SUHVHQW�DW�WKH�HQG�RI
WKH�YHLQ�ZDV�ILOOHG�ZLWK�D�OHYHO�SODQH��ZKLFK�FDQ�EH�VHHQ�LQ�)LJXUH��&��8VLQJ�WKH�PXOWL�FXW�WRRO�LQ
0D\D��ERWK�WKH�LQOHW�DQG�RXWOHW�RI�WKH�YHLQ�ZHUH�VHOHFWHG�ZLWKLQ�WKH�PHVK�DQG�UHPRYHG�IURP�WKH
YROXPH��7KH�HGLWHG�YROXPH�ZDV�WKHQ�H[SRUWHG�IURP�0D\D�DV�DQ�67/�ILOH�DQG�ORDGHG�LQWR�,&(0
&)'�IRU�PHVKLQJ��7KH�IDFHV�RI�WKH�PRGHO�KDG�WR�EH�PDQXDOO\�VHOHFWHG�DQG�GHILQHG�IURP�WKH
JHQHUDWHG�PHVK�

,&(0�&)'�ZDV�XVHG�WR�GHILQH�WKH�VHJPHQWV�RI�WKH�YROXPH�ZKLFK�ZRXOG�UHSUHVHQW�WKH
LQOHW��RXWOHW��DQG�ZDOO�RI�WKH�YHLQ�ZKHQ�SHUIRUPLQJ�&)'���6HJPHQWV�ZHUH�VHOHFWHG�DQG�UHQDPHG
DV�WKH�DSSURSULDWH�IDFHV�RI�WKH�YHLQ��&XUYHV�ZHUH�JHQHUDWHG�DURXQG�ERWK�WKH�LQOHW�DQG�RXWOHW�RI
WKH�YHLQ�DQG�WKH�IOXLG�ERG\�ZDV�GHILQHG�ZLWKLQ�WKH�YROXPH��$Q�H[DPSOH�RI�D�ERXQGHG�DQG�UHJLRQ
VSHFLILHG�PHVK�PRGHO�FDQ�EH�VHHQ�LQ�)LJXUH��'�
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&XUYDWXUH�&DOFXODWLRQ
7KH�FXUYDWXUH�RI�HDFK�YHLQ�ZDV�FDOFXODWHG�E\�ILUVW�LGHQWLI\LQJ�WKH�FRRUGLQDWHV��[�\�]��RI

WKH�FHQWHUSRLQW�LQ�HDFK�VOLFH�RI�WKH�YHLQ��IURP�LQOHW�WR�RXWOHW��7KH�PDWUL[�JHQHUDWHG�E\�WKLV�GDWD
ZDV�WKHQ�LPSRUWHG�LQWR�0$7/$%�DQG�XVHG�LQ�D�FXVWRP�IXQFWLRQ�FXUYDWXUH�P��ZKLFK�ZDV
SURYLGHG�E\�RXU�DGYLVLQJ�WHDP��7KH�IXQFWLRQ�SURYLGHG�RXWSXW�YHFWRUV�IRU�WKUHH�YDULDEOHV�
FXPXODWLYH�DUF�OHQJWK��&���UDGLXV�RI�FXUYDWXUH��5���DQG�FXUYDWXUH�YHFWRU��N���7KH�ORFDO�RU�VFDODU
FXUYDWXUH�ZDV�WKHQ�GHWHUPLQHG�WR�EH���5�

'DWD�9LVXDOL]DWLRQ
'DWD�YLVXDOL]DWLRQ�ZDV�SHUIRUPHG�LQ�7HF3ORW����R� 7KH�VROXWLRQ�GDWD�ZDV�H[SRUWHG�IURP

$16<6�)OXHQW�DIWHU�WKH�VLPXODWLRQ�ZDV�FRPSOHWH�DV�D��FJQV�ILOH��&RQWRXU�SORWV�IRU�HDFK�RI�WKH
WKUHH�SDUDPHWHUV�EHLQJ�VWXGLHG��YHORFLW\��SUHVVXUH�DQG�ZDOO�VKHDU�VWUHVV��ZHUH�JHQHUDWHG�XVLQJ
D�VPDOO�UDLQERZ�FRORU�VFDOH��ZKLFK�FDQ�EH�VHHQ�LQ�)LJXUH��(��'DWD�DQDO\VLV�ZDV�SHUIRUPHG�RQ
HDFK�VOLFH�E\�H[WUDFWLQJ�WKH�GDWD�IURP�YDULRXV�]�D[HV�IRU�HDFK�RI�WKH�WKUHH�SDUDPHWHUV��ZKLFK
FDQ�EH�VHHQ�LQ�)LJXUH��)��$�SUREH�WRRO�ZDV�XVHG�WR�GHWHUPLQH�WKH�H[DFW�YDOXHV�IRU�WKH�GDWD�DW
VSHFLILF�SRLQWV�WKURXJKRXW�WKH�VOLFHV�

/LPLWDWLRQV�DQG�$VVXPSWLRQV
7KH�DFFXUDF\�RI�WKH�PRGHO�GHSHQGV�KHDYLO\�RQ�WKH�DVVXPSWLRQV�PDGH��7KH�VWHQWHG�YHLQ

ZDV�DVVXPHG�WR�EH�ULJLG�EHFDXVH�LW�ZDV�XQNQRZQ�ZKLFK�VWHQW�EUDQGV�DQG�W\SHV�ZHUH�XVHG
ZKLFK�PLJKW�DIIHFW�WKH�PHFKDQLFDO�SURSHUWLHV�RI�HDFK�SDWLHQW¶V�VWHQW��$�IL[HG�YHORFLW\�LQSXW�ZDV
XVHG�LQ�WKH�&)'�DW�WKH�LQOHW�RI�WKH�YHLQ�EDVHG�RQ�PHDVXUHPHQWV�WDNHQ�E\�GXSOH[�XOWUDVRXQG�DW
WKH�IHPRUDO�KHDG�DW�WKH�HQG�RI�WKH�VWHQWLQJ�SURFHGXUH��7KH�IL[HG�LQOHW�YHORFLW\�ZDV�UHTXLUHG�DV

�



WKH�EORRG�YHORFLW\�SURILOH�FKDQJHV�WKURXJKRXW�WKH�FDUGLDF�F\FOH�VR�DQ�DYHUDJH�RI�WKH�SDWLHQW¶V
LQWUDYDVFXODU�EORRG�YHORFLW\�ZDV�XVHG >�@��$GGLWLRQDOO\� LW�ZDV�DVVXPHG�WKDW�WKHUH�ZDV�FRQVWDQW
EORRG�YLVFRVLW\�DQG�GHQVLW\��7KH�YDOXHV�XVHG�IRU�YLVFRVLW\�DQG�GHQVLW\�ZHUH���������NJ�PV�DQG
�����NJ�P� EDVHG�RQ�WKH�OLWHUDWXUH��UHVSHFWLYHO\ >�@� >�@��)LQDOO\�D�.�RPHJD�WXUEXOHQFH�PRGHO
ZDV�XVHG�LQ�WKH�&)'�WR�PLPLF�WKH�QRUPDO�IORZ�RI�EORRG�WKURXJK�WKH�FDUGLRYDVFXODU�V\VWHP�
7KHVH�IRXU�PDLQ�DVVXPSWLRQV�LPSRVH�OLPLWV�RQ�WKH�YDOLGLW\�RI�WKH�PRGHO��&RPSRXQGLQJ�HUURUV�RI
WKHVH�FDQ�OHDG�WR�D�PRGHO�WKDW�LV�QRW�UHSUHVHQWDWLYH�RI�ZKDW�LV�KDSSHQLQJ�SK\VLRORJLFDOO\�LQ�WKH
LOLDF�YHLQ�

5HVXOWV

&)'�0RGHO�2XWSXW�±�,Q�6WHQW�5H�7KURPERVLV
7KH�ILUVW�JURXS�RI�SDWLHQWV�VWXGLHG�ZHUH�WKRVH�WKDW�GHYHORSHG�WKURPEXV�LQVLGH�WKH

VWHQWHG�UHJLRQ��GHWHFWHG�LQ�D�IROORZ�XS�&7�VFDQ��,PPHGLDWHO\�DIWHU�DQ�DQJLRSODVW\�VWHQWLQJ
SURFHGXUH�KDG�EHHQ�SHUIRUPHG�D�SUHOLPLQDU\�&7�VFDQ�ZDV�SHUIRUPHG�LQ�RUGHU�WR�FRQILUP
DSSURSULDWH�IORZ�LQVLGH�WKH�VWHQW�DV�ZHOO�DV�WR�FRQILUP�WKH�ODFN�RI�WKURPEXV�LQVLGH�WKH�VWHQW�
,GHDOO\��WKH�IORZ�LQVLGH�WKH�VWHQWHG�UHJLRQ�LQ�WKH�SUHOLPLQDU\�VFDQ�VKRXOG�UHSUHVHQW�QRUPDO
SK\VLRORJLFDO�YHQRXV�IORZ��DV�WKH�YHLQ�LV�QR�ORQJHU�RFFOXGHG��,Q�RUGHU�WR�XQGHUVWDQG�ZKLFK
IDFWRUV�PRVW�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�WKURPERVLV��WKUHH�SDUDPHWHUV�ZHUH�DQDO\]HG�
YHQRXV�YHORFLW\��SUHVVXUH��DQG�ZDOO�VKHDU�VWUHVV��%\�H[WUDFWLQJ�GDWD�IURP�HDFK�VOLFH�RI�WKH�YHLQ�
WUHQGV�IRU�HDFK�RI�WKH�WKUHH�SDUDPHWHUV�FDQ�EH�VHHQ�LQ�)LJXUH���EHORZ��)URP�WKH�LQOHW�DW�VOLFH��
WR�WKH�RXWOHW�DW�VOLGH�����WKHUH�LV�D�OLQHDU�GHFUHDVH�LQ�WKH�PD[LPXP�YHORFLW\�DQG�YHQRXV
SUHVVXUH��,Q�DGGLWLRQ��WKH�PD[LPXP�ZDOO�VKHDU�VWUHVV�UHPDLQV�FRQVWDQW�DQG�YHU\�PLQLPDO�IURP
LQOHW�WR�RXWOHW�

,Q�D�URXWLQH�IROORZ�XS�&7�VFDQ��WKH�SDWLHQW�KDG�GHYHORSHG�WKURPEXV�LQVLGH�WKH�VWHQWHG
UHJLRQ��VR�WKH�LPSDFW�RI�WKLV�RFFOXVLRQ�RQ�WKH�IORZ�G\QDPLFV�ZDV�DQDO\]HG��7KH�VDPH�WKUHH
SDUDPHWHUV�ZHUH�VWXGLHG�DQG�WKH�UHVXOWV�IRU�PD[LPXP�YHORFLW\��SUHVVXUH�DQG�ZDOO�VKHDU�VWUHVV
FDQ�EH�VHHQ�LQ�)LJXUH����$V�VKRZQ�E\�WKH�FOHDU�LUUHJXODULWLHV�LQ�HDFK�RI�WKH�WKUHH�SDUDPHWHUV�
WKLV�VXJJHVWV�WKDW�WKH�VWHQW�LV�IXOO\�RU�SDUWLDOO\�RFFOXGHG�E\�VOLFH����
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,Q�RUGHU�WR�GHWHUPLQH�LI�RQH�RU�PRUH�RI�WKH�SDUDPHWHUV�EHLQJ�VWXGLHG�FRXOG�EH�XVHG�DV�D
SUHGLFWLYH�PHDVXUH�RI�WKURPEXV�IRUPDWLRQ�LQVLGH�RI�WKH�VWHQWHG�UHJLRQ��FRPSDULVRQV�EHWZHHQ
WKHVH�GDWD�VHWV�IURP�WKH�SUHOLPLQDU\�VFDQ�WR�IROORZ�XS�&7�VFDQ�ZHUH�PDGH��8VLQJ�D�SDLUHG�W�WHVW
ZLWK�D�VLJQLILFDQFH�OHYHO�RI�������LW�ZDV�IRXQG�WKDW�WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH
PD[LPXP�YHORFLW\
PDJQLWXGH�EHWZHHQ�WKH
SUHOLPLQDU\�DQG�IROORZ�XS
&7�VFDQ�ZLWK�WKURPEXV
IRUPDWLRQ��6SHFLILFDOO\��WKH
YHORFLW\�PDJQLWXGH�IRXQG
IURP�WKH�IROORZ�XS�VFDQ
ZDV�PXFK�JUHDWHU�LQ
PDJQLWXGH�DQG�QRQOLQHDU
FRPSDUHG�WR�WKH
SUHOLPLQDU\�VFDQ�ZKHUH
WKH�YHORFLW\�ZDV�OLQHDUO\
GHFUHDVLQJ��7KH
FRPSDULVRQ�EHWZHHQ
WKHVH�WZR�GDWD�VHWV�FDQ
EH�VHHQ�LQ�)LJXUH���

,Q�FRPSDULQJ�WKH
PD[LPXP�SUHVVXUH
PDJQLWXGH�WKURXJK�HDFK
VOLFH�RI�WKH�YHLQ��WKHUH
ZDV�D�VWDWLVWLFDOO\
VLJQLILFDQW�GLIIHUHQFH
EHWZHHQ�WKH�SUHOLPLQDU\
DQG�IROORZ�XS�&7�VFDQV�
$V�VKRZQ�LQ�)LJXUH����WKH
PD[LPXP�SUHVVXUH�IRXQG
LQ�WKH�IROORZ�XS�VFDQ�LV
PXFK�OHVVHU�LQ�PDJQLWXGH
DQG�QRQOLQHDU�

�



)LQDOO\��ZKHQ�WKH�PD[LPXP�ZDOO�VKHDU�VWUHVV�ZDV�FRPSDUHG�EHWZHHQ�WKH�SUHOLPLQDU\
DQG�IROORZ�XS�&7�VFDQV��LW�ZDV
IRXQG�WKDW�WKHUH�LV�D�VLJQLILFDQW
GLIIHUHQFH�EHWZHHQ�WKH�WZR�GDWD
VHWV��ZLWK�WKH�PDJQLWXGH�RI�WKH
IROORZ�XS�EHLQJ�JUHDWHU�LQ
PDJQLWXGH�DQG�QRQOLQHDU��7KH
VKDUS�VSLNH�LQ�ZDOO�VKHDU�VWUHVV
VXJJHVWV�WKDW�WKH�VWHQWHG�UHJLRQ�LV
IXOO\�RFFOXGHG�E\�WKDW�SRLQW��DGGLQJ
DGGLWLRQDO�VWUHVV�WR�WKH�ZDOO�RI�WKH
YHLQ�

&)'�0RGHO�2XWSXW�±�/DFN�RI�,Q�6WHQW�5H�7KURPERVLV
7KH�VHFRQG�JURXS�RI�SDWLHQWV�DQDO\]HG�ZHUH�WKRVH�WKDW�GLG�QRW�GHYHORS�WKURPEXV�LQVLGH

RI�WKH�VWHQWHG�UHJLRQ�DIWHU�VRPH�IROORZ�XS�WLPH��DV�GHWHFWHG�E\�D�&7�VFDQ��7KH�VDPH�WKUHH
SDUDPHWHUV�ZHUH�DQDO\]HG��YHORFLW\�PDJQLWXGH��SUHVVXUH�PDJQLWXGH��DQG�PD[LPXP�ZDOO�VKHDU
VWUHVV��$V�FDQ�EH�VHHQ�LQ�)LJXUH����WKH�PD[LPXP�YHORFLW\�UHPDLQV�UHODWLYHO\�FRQVWDQW�IURP�LQOHW
WR�RXWOHW�DV�GRHV�WKH�PD[LPXP�ZDOO�VKHDU�VWUHVV��DQG�D�VWHDG\�GHFUHDVH�LQ�YHQRXV�SUHVVXUH
ZDV�REVHUYHG�LQ�WKLV�FDVH�

*LYHQ�WKDW�LW�ZRXOG�EH
H[SHFWHG�WKDW�WKH�IORZ
G\QDPLFV�RI�WKLV�FDVH
WR�EH�PRVW�VLPLODU�WR
WKRVH�IRXQG�LQ�WKH
SUHOLPLQDU\�VFDQ�IURP
WKH�SDWLHQW�WKDW�GLG
GHYHORS�WKURPEXV�
FRPSDULVRQV�ZHUH
PDGH�EHWZHHQ�WKLV
IROORZ�XS�&7�VFDQ
ZLWKRXW�WKURPEXV

�



IRUPDWLRQ�WR�WKH�SUHOLPLQDU\�VFDQ�IURP�D�SDWLHQW�WKDW�GLG�GHYHORS�WKURPEXV��,Q�FRPSDULQJ�WKH
PD[LPXP�YHORFLW\�EHWZHHQ�WKH�WZR�VFDQV��XVLQJ�DQ�XQSDLUHG�W�WHVW�ZLWK�D�VLJQLILFDQFH�OHYHO�RI
������WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�IRXQG�EHWZHHQ�WKH�WZR�GDWD�VHWV��7KLV�FRPSDULVRQ�FDQ
EH�VHHQ�LQ�)LJXUH���

:KHQ�FRPSDULQJ�WKH�PD[LPXP�SUHVVXUH�WKURXJK�HDFK�VOLFH�IURP�WKH�LQOHW�WR�RXWOHW��LW
ZDV�GHWHUPLQHG�WKDW
WKHUH�ZDV�D�VLJQLILFDQW
GLIIHUHQFH�EHWZHHQ�WKH
WZR�GDWD�VHWV�
DOWKRXJK�WKH�WUHQGV
VHHQ�LQ�HDFK�GDWD�VHW
DUH�FRQVLVWHQW��ZLWK�D
VWHDG\�GHFUHDVH�LQ
SUHVVXUH��7KH
FRPSDULVRQ�EHWZHHQ
WKH�PD[LPXP
SUHVVXUH�EHWZHHQ
SUHOLPLQDU\�DQG
IROORZ�XS�VFDQV�FDQ
EH�VHHQ�LQ�)LJXUH���

)LQDOO\��ZKHQ
FRPSDULQJ�WKH
PD[LPXP�ZDOO
VKHDU�VWUHVV
EHWZHHQ�WKHVH
WZR�GDWD�VHWV��LW
ZDV�REVHUYHG�WKDW
WKHUH�ZDV�D
QRQVLJQLILFDQW
GLIIHUHQFH��DV�WKH
ZDOO�VKHDU�VWUHVV
IURP�ERWK�FDVHV
ZDV�FRQVWDQW�DQG
FORVH�WR�]HUR��DV
H[SHFWHG��7KLV
FRPSDULVRQ�FDQ

EH�VHHQ�LQ�)LJXUH����

&XUYDWXUH�$QDO\VLV
7KH�RULJLQDO�K\SRWKHVLV�IRU�WKLV�SURMHFW�ZDV�WKDW�WKH�GHYHORSPHQW�RI�WKURPEXV�LQVLGH�WKH

VWHQWHG�UHJLRQ�ZDV�HLWKHU�DWWULEXWHG�WR�FKDQJHV�LQ�RQH�RI�WKH�WKUHH�SDUDPHWHUV�VWXGLHG��RU�WKDW�LW
FRXOG�EH�DWWULEXWHG�WR�VRPH�IHDWXUH�RI�WKH�YHQRXV�DQDWRP\��6SHFLILFDOO\��LW�ZDV�K\SRWKHVL]HG�WKDW
WKH�WKURPEXV�ZDV�PRUH�OLNHO\�WR�RFFXU�RQ�WKH�LQWHULRU�RU�OHVVHU�FXUYH�DV�RSSRVHG�WR�WKH�JUHDWHU
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FXUYH��LQ�WKH�UHJLRQ�RI�JUHDWHVW�FXUYDWXUH��$Q�LPDJH�WKDW�VKRZV�WKH�GLIIHUHQFH�EHWZHHQ�WKH
LQWHULRU�DQG�H[WHULRU�UHJLRQV�RI�WKH�FXUYH�FDQ�EH�VHHQ�LQ�)LJXUH����

%\�LGHQWLI\LQJ�WKH�FHQWHU�SRLQW�RI�HDFK�VOLFH
DQG�XVLQJ�D�0$7/$%�IXQFWLRQ�WR�FDOFXODWH�WKH�ORFDO
FXUYDWXUH�IRU�HDFK�YHLQ��WKH�UHJLRQ�RI�JUHDWHVW
FXUYDWXUH�ZDV�LGHQWLILHG��7KH�UHJLRQ�RI�JUHDWHVW
FXUYDWXUH�IRU�HDFK�RI�WKH�WKUHH�FDVHV�SUHYLRXVO\
VWXGLHG��D�SUHOLPLQDU\�DQG�IROORZ�XS�VFDQ�IRU�D
SDWLHQW�WKDW�GLG�GHYHORS�WKURPEXV�DV�ZHOO�DV�D
IROORZ�XS�VFDQ�IURP�D�SDWLHQW�WKDW�GLG�QRW�GHYHORS
WKURPEXV��FDQ�EH�VHHQ�EHORZ�LQ�)LJXUH�����7KH
UHJLRQ�RI�JUHDWHVW�FXUYDWXUH�LV�LGHQWLILHG�RQ�WKH
JUDSK�E\�WKH�VOLFHV�LQ�EHWZHHQ�WKH�EODFN�YHUWLFDO
OLQHV�DQG�WKHQ�FDQ�EH�VHHQ�RQ�WKH�SK\VLFDO�PRGHO
E\�WKH�EODFN�ULQJV�DURXQG�WKH��'�PRGHO�

,Q�RUGHU�WR�GHWHUPLQH�LI�WKH�WHQGHQF\�RI�WKURPEXV�WR�RFFXU�RQ�WKH�OHVVHU�FXUYH�RI�WKH�YHLQ
ZDV�LQ�IDFW�DFFXUDWH��HDFK�VOLFH�ZLWKLQ�WKH�UHJLRQ�RI�JUHDWHVW�FXUYDWXUH�ZDV�DQDO\]HG�E\
H[WUDFWLQJ�YDOXHV�IRU�PD[LPXP�YHORFLW\�DQG�SUHVVXUH�RQ�WKH�LQWHULRU�DQG�H[WHULRU�UHJLRQ�RI�WKH
FXUYH��:KHQ�DQDO\]LQJ�WKH�PD[LPXP�YHORFLW\�RQ�WKH�LQWHULRU�DQG�H[WHULRU�UHJLRQV�RI�WKH�FXUYH
IURP�GDWD�WDNHQ�GLUHFWO\�DIWHU�VWHQWLQJ��D�VLJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKHVH�WZR
UHJLRQV��ZKHUH�WKH�YHORFLW\�RQ�WKH�H[WHULRU�ZDV�JUHDWHU�LQ�PDJQLWXGH��*LYHQ�WKDW�WKH�JURXS�NQHZ
WKLV�SDWLHQW�ZRXOG�GHYHORS�WKURPERVLV�LQVLGH�RI�WKH�VWHQWHG�UHJLRQ�LQ�D�IROORZ�XS��WKH�YHORFLW\
PDJQLWXGH�RQ�WKH�LQWHULRU�RI�WKH�FXUYH�ZDV�H[SHFWHG�WR�EH�OHVV��ZKLFK�ZDV�REVHUYHG��,Q�DGGLWLRQ�
WKH�VDPH�SKHQRPHQD�ZHUH�REVHUYHG�IRU�WKH�PD[LPXP�SUHVVXUH�WKURXJK�WKH�YHLQ��ZKHUH�WKH
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SUHVVXUH�ZDV�IRXQG�WR�EH�JUHDWHU�RQ�WKH�H[WHULRU�FXUYH�DV�RSSRVHG�WR�WKH�LQWHULRU��7KH�FXUYDWXUH
DQDO\VLV�IRU�GDWD�FROOHFWHG�GLUHFWO\�DIWHU�DQJLRSODVW\�VWHQWLQJ�FDQ�EH�VHHQ�LQ�)LJXUH����

7KH�VDPH�DQDO\VLV�ZDV�SHUIRUPHG�IRU�WKH�FDVH�ZKHUH�WKURPEXV�KDG�RFFXUUHG��DV
GHWHUPLQHG�E\�D�URXWLQH�IROORZ�XS�&7�VFDQ��%RWK�VLJQLILFDQW�DQG�QRQVLJQLILFDQW�GLIIHUHQFHV�ZHUH
REVHUYHG�IRU�WKH�YHORFLW\�PDJQLWXGH�EHWZHHQ�WKH�LQWHULRU�DQG�H[WHULRU�FXUYHV��$V�WKH�VXJJHVWHG
UHJLRQ�RI�IXOO�RFFOXVLRQ�LV�DSSURDFKHG��ZKLFK�RFFXUV�DW�VOLFH�����WKH�VLJQLILFDQFH�LV�PLQLPDO�DV
ZRXOG�EH�H[SHFWHG�EHFDXVH�WKH�IORZ�LV�GLVUXSWHG�DQG�WKH�VSDFH�IRU�EORRG�WR�IORZ�WKURXJK�LV
QDUURZHU��,Q�DGGLWLRQ��ZKHQ�DQDO\]LQJ�WKH�PD[LPXP�SUHVVXUH�WKURXJK�HDFK�VOLGH�ZLWKLQ�WKH
UHJLRQ�RI�JUHDWHVW�FXUYDWXUH��VLJQLILFDQFH�GLIIHUHQFHV�ZHUH�REVHUYHG�EHWZHHQ�WKH�LQWHULRU�DQG
H[WHULRU�UHJLRQV��ZLWK�WKDW�VLJQLILFDQFH�GZLQGOLQJ�DV�WKH�UHJLRQ�RI�IXOO�RFFOXVLRQ�DSSURDFKHG��7KH
FXUYDWXUH�DQDO\VLV�IRU�GDWD�FROOHFWHG�IURP�D�IROORZ�XS�&7�VFDQ�DIWHU�WKH�SDWLHQW�GHYHORSHG
UH�WKURPERVLV�FDQ�EH�VHHQ�LQ�)LJXUH����

��



7KH�DQDO\VLV�ZDV�H[WHQGHG�WR�WKH�FDVH�ZKHUH�WKURPEXV�GLG�QRW�RFFXU��DV�GHWHUPLQHG�E\
D�IROORZ�XS�&7�VFDQ��%RWK�VLJQLILFDQW�DQG�QRQVLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�LQWHULRU�DQG
H[WHULRU�UHJLRQV�RI�WKH�FXUYH��DOWKRXJK�WKH�VLJQLILFDQFH�ZDV�PLQLPDO��,Q�DGGLWLRQ��H[WUHPHO\
VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�VHHQ�EHWZHHQ�WKH�SUHVVXUH�PDJQLWXGH�RQ�WKH�LQWHULRU
DQG�H[WHULRU�FXUYHV�RI�WKH�YHLQ��7KH�FXUYDWXUH�DQDO\VLV�IRU�GDWD�FROOHFWHG�IURP�D�IROORZ�XS�VFDQ
ZKHQ�WKH�SDWLHQW�KDG�QRW�GHYHORSHG�UH�WKURPERVLV�FDQ�EH�VHHQ�LQ�)LJXUH����

'LVFXVVLRQ

,QWHUSUHWDWLRQ�RI�5HVXOWV
$IWHU�DQDO\]LQJ�WKH�SUHVVXUH��YHORFLW\��DQG�ZDOO�VKHDU�VWUHVV�RI�SDWLHQWV�ZKR�GHYHORSHG

WKURPEXV�DQG�WKRVH�ZKR�GLG�QRW��DV�ZHOO�DV�SHUIRUPLQJ�FXUYDWXUH�DQDO\VLV��WKH�YHORFLW\�DQG
SUHVVXUH�DUH�OLNHO\�LPSRUWDQW�LQGLFDWRUV�RI�WKH�ULVN�RI�UHWKURPERVLV��,W�KDV�DOVR�EHHQ�GHWHUPLQHG
WKDW�WKH�GLIIHUHQFH�LQ�IOXLG�IORZ�EHWZHHQ�WKH�LQWHULRU�DQG�H[WHULRU�SRUWLRQV�RI�WKH�FXUYHG�UHJLRQ�RI
WKH�,OLDF�LV�OLNHO\�UHVSRQVLEOH�IRU�WKH�SUHIHUHQWLDO�WKURPEXV�IRUPDWLRQ�RQ�WKH�LQWHULRU�FXUYH��,Q
FRPSDULQJ�WKH�SUHVVXUH�DQG�YHORFLW\�&)'�UHVXOWV�IURP�FDVH���SULRU�WR�WKURPEXV�IRUPDWLRQ�DQG
FDVH�%��ZKLFK�GLG�QRW�GHYHORS�WKURPEXV��WKHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�REVHUYHG�LQ�WKH
PD[LPXP�SUHVVXUH�WKURXJKRXW�WKH�YHLQ��7KLV�LQGLFDWHV�WKDW�SUHVVXUH�PD\�EH�D�GHWHUPLQDQW�RI
WKH�EORRG�IORZ�SDWWHUQV�ZKLFK�FRQWULEXWH�WR�WKURPEXV�IRUPDWLRQ��+RZ�WKHVH�GLIIHUHQFHV�LQ
PD[LPXP�SUHVVXUH�DUH�VSHFLILFDOO\�LQIOXHQFHG�E\�DQDWRP\�LV�VWLOO�XQFOHDU��KRZHYHU��HIIRUWV�WR
UHJXODWH�PD[LPXP�YHQRXV�SUHVVXUH�PD\�EH�H[SORUHG�IRU�OLPLWLQJ�WKURPEXV�IRUPDWLRQ�

7KH�FXUYDWXUH�DQDO\VLV�ZLWKLQ�HDFK�VOLFH�SURGXFHG�ERWK�VLJQLILFDQW�DQG�QRQVLJQLILFDQW
UHVXOWV��KRZHYHU��LQ�JHQHUDO�DV�WKH�DSSUR[LPDWH�UHJLRQ�RI�RFFOXVLRQ�ZDV�UHDFKHG�LQ�HDFK�YHLQ�
WKH�GLIIHUHQFHV�LQ�PD[LPXP�SUHVVXUH�DQG�YHORFLW\�PDJQLWXGH�ZHUH�VLJQLILFDQW�LQ�PRVW�FDVHV�
7KLV�LQGLFDWHV�WKDW�FXUYDWXUH�LPSDFWV�WKH�EORRG�IORZ�SDWWHUQV�H[SHULHQFHG�WKURXJKRXW�WKH�YHLQ�
:KLOH�FXUYDWXUH�PD\�QRW�GHILQLWLYHO\�LQFUHDVH�ULVN�RI�WKURPERVLV��LW�ZDV�REVHUYHG�WKDW�EHWZHHQ
WKH�FDVH�WKDW�GLG�QRW�GHYHORS�VWHQRVLV�DQG�WKH�FDVH�WKDW�GLG��GLIIHUHQFHV�LQ�YHORFLW\�PDJQLWXGH
ZHUH�PXFK�PRUH�VLJQLILFDQW�EHWZHHQ�WKH�LQWHULRU�DQ�H[WHULRU�FXUYHV�LQ�WKH�VWHQWHG�YHLQ�ZKLFK
ZRXOG�HYHQWXDOO\�WKURPERVH��:LWK�D�ODUJHU�VDPSOH�VL]H�RI�FDVHV��DGGLWLRQDO�FRQVLVWHQF\�RI�WKHVH
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WUHQGV�GLVSOD\HG�ZRXOG�DOORZ�IRU�D�PRUH�IXOO�XQGHUVWDQGLQJ�RI�WKH�LPSDFW�FXUYDWXUH�DQG�EORRG
IORZ�KDYH�RQ�WKURPEXV�IRUPDWLRQ�

)XWXUH�'LUHFWLRQV
7KH�PHWKRGV�DQG�DQDO\VLV�SHUIRUPHG�FRXOG�EH�DSSOLHG�WR�D�ODUJHU�VDPSOH�RI�SDWLHQW�GDWD

VHWV�WR�FRQILUP�RU�HODERUDWH�RQ�WKH�REVHUYDWLRQV�IRXQG�LQ�RXU�ZRUN��$GGLWLRQDOO\��WKH�FRPSOH[LW\
RI�WKH�PRGHO�FRXOG�EH�LPSURYHG�XSRQ�WR�PRUH�DFFXUDWHO\�UHSUHVHQW�WKH�FRQGLWLRQV�LQ�ZKLFK
WKURPEXV�IRUPV��7KH�WKURPEXV�IRUPDWLRQ�LWVHOI�ZDV�QRW�PRGHOHG��DV�LW�ZDV�EH\RQG�WKH�VFRSH�RI
WKH�SURMHFW��8VLQJ�&)'�WR�PRGHO�WKH�WKURPEXV�IRUPDWLRQ�DORQJ�ZLWK�WKH�EORRG�IORZ�FRXOG�LPSURYH
WKH�DFFXUDF\�RI�WKH�VLPXODWLRQ�UHVXOWV��2WKHU�SDUDPHWHUV�RXWVLGH�RI�PD[LPXP�SUHVVXUH��YHORFLW\
PDJQLWXGH��DQG�ZDOO�VKHDU�VWUHVV�ZLOO�EH�QHHGHG�WR�EH�FRPSXWHG�LQ�IXWXUH�ZRUN�WR�IXOO\
XQGHUVWDQG�WKH�FKDQJHV�LQ�EORRG�IORZ�WKURXJKRXW�VWHQRVLV��7KH�PHFKDQLFDO�SURSHUWLHV�RI�WKH
VWHQWHG�YHLQ�LWVHOI�FRXOG�EH�PRGLILHG�WR�PRUH�DFFXUDWHO\�UHSUHVHQW�YHQRXV�WLVVXH�ZKLFK�KDV�EHHQ
UHLQIRUFHG�ZLWK�D�VWHQW��'LIIHUHQW�VWHQW�PDWHULDOV�FRXOG�EH�H[DPLQHG�IRU�YDULDWLRQV�LQ�PHFKDQLFDO
EHKDYLRU�ZKLFK�FRXOG�LPSDFW�EORRG�IORZ�

:KHQ�FRQVLGHULQJ�VWHQRVLV��WKHUH�DUH�PDQ\�ELRFKHPLFDO�DQG�KRUPRQDO�VLJQDOV�ZKLFK
LPSDFW�WKURPEXV�IRUPDWLRQ��:KLOH�EORRG�IORZ�LV�VLJQLILFDQW�WR�WKURPERVLV��WKH�DGGLWLRQ�RI�VWXG\LQJ
WKH�VLJQDOV�ZKLFK�LQIOXHQFH�WKH�FRDJXODWLRQ�FDVFDGH�ZRXOG�FUHDWH�D�PRUH�FRPSOHWH
XQGHUVWDQGLQJ�RI�WKH�SK\VLRORJLFDO�HQYLURQPHQW�LQ�ZKLFK�WKURPEXV�IRUPV���1DQR�VFDOH
HQJLQHHULQJ�FRXOG�EH�XWLOL]HG�WR�GHWHU�WKURPEXV�IRUPDWLRQ�RQ�WKH�VWHQW�LWVHOI�WKURXJK�YDULRXV
DFWLYH�PDWHULDO�FRDWLQJV�

,Q�DGGLWLRQ�WR�WKH�FDVHV�ZKLFK�&)'�ZDV�SHUIRUPHG�DQG�DQDO\]HG�RQ��D�QXPEHU�RI�RWKHU
SDWLHQW�YHQRXV�PRGHOV�KDYH�EHHQ�FRQVWUXFWHG�ZKLFK�FRXOG�EH�VLPXODWHG�LQ�IXWXUH�ZRUN��:LWK�D
ODUJHU�SRRO�RI�FDVHV��WKH�UHVXOWV�RI�&)'�FRXOG�EH�XVHG�WR�VROLGLI\�RXU�REVHUYDWLRQV�DQG�LQIRUP
IXWXUH�UHVHDUFK�HIIRUWV��:KLOH�WKH�PHWKRGV�ZHUH�ODUJHO\�IRU�H[SORUDWRU\�UHVHDUFK��WKH�UHVXOWV�RI�D
ODUJH�HQRXJK�VDPSOH�VL]H�FRXOG�SRWHQWLDOO\�LQIRUP�FOLQLFDO�SURFHGXUH��6WHQWLQJ�SODFHPHQW�DQG
VWHQW�GLPHQVLRQV�FRXOG�EH�WDLORUHG�WR�LQGLYLGXDO�SDWLHQW�QHHGV��SDUWLFXODUO\�WKRVH�ZKR�DUH�DW�D
KLJK�ULVN��LPSURYLQJ�WKH�ORQJ�WHUP�SURJQRVLV�RI�'97��$GGLWLRQDOO\��EHLQJ�DEOH�WR�GHWHUPLQH�LI�DQ
LQGLYLGXDO�LV�DW�KLJK�ULVN�IRU�UH�WKURPERVLV�FRXOG�KHOS�SDWLHQWV�DQG�FOLQLFLDQV�SUHSDUH�IRU�IXUWKHU
WUHDWPHQW�DV�ZHOO�DV�VWUHDPOLQH�WKH�XVDJH�RI�GLDJQRVWLF�LPDJLQJ�

&RQFOXVLRQ
7KH�LPSRUWDQFH�RI�EORRG�IORZ�LQ�WKURPEXV�IRUPDWLRQ�ZDV�GHPRQVWUDWHG�WKURXJK�WKH

FRPSXWDWLRQDO�IOXLG�G\QDPLF�PRGHO�DQG�VOLFH�E\�VOLFH�DQDO\VLV��6WDWLVWLFDO�DQDO\VLV�ZDV
SHUIRUPHG�WR�GHWHUPLQH�WKH�SUHVVXUH�DQG�YHORFLW\�GDWD�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW�EHWZHHQ
SDWLHQWV�ZKR�ZRXOG�GHYHORS�VWHQRVLV�DQG�WKRVH�ZKR�ZRXOG�QRW�DW�D�IROORZ�XS�FRPSXWHG
WRPRJUDSK\�VFDQ��7KH�UHJLRQV�RI�JUHDWHVW�FXUYDWXUH�ZHUH�LGHQWLILHG�LQ�WKH�LOLDF�YHLQV�DQG�IRXQG
VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�LQWHULRU�DQG�H[WHULRU�RI�WKH�YHLQ�IRU�WKH�EORRG�IORZ��,Q�IXWXUH
ZRUN��WKLV�PHWKRG�FDQ�EH�DSSOLHG�WR�D�ODUJHU�QXPEHU�RI�SDWLHQWV�WR�SURYLGH�LQVLJKW�RQ�VWHQWLQJ
SURFHGXUHV�WR�UHGXFH�ULVN�RI�VWHQRVLV�
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