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$EVWUDFW

$JULFXOWXUH� KDV� WKH� SRWHQWLDO� WR� GHOLYHU� VXEVWDQWLDO� DPRXQWV� RI� YHULILHG� FDUERQ� UHPRYDOV�� EXW�
VPDOOKROGHUV�UDUHO\�SDUWLFLSDWH��FRVWV�RI�FHUWLILFDWLRQ�DUH�IL[HG�SHU�SURMHFW��HYLGHQFH�RI�VRLO�FDUERQ�LV�
FKDOOHQJLQJ�WR�HOLFLW�DQG�YHULI\��DQG�WRNHQL]HG�FUHGLW�PDUNHWV�WR�GDWH�DUH�WKLQ�DQG�IUDJPHQWHG��7KLV�
SDSHU� GHVFULEHV� D� EORFNFKDLQ�EDVHG� PDUNHWSODFH� ZKHUH� DJULFXOWXUDO� FUHGLWV� DUH� ERWK� LVVXHG� DQG�
H[FKDQJHG�ZLWKLQ�D�XQLILHG�SODWIRUP�WR�HQVXUH�VXSSO\�FKDLQ�LQWHJULW\��7KH�GHVLJQ�LQYROYHV�IDUPHU�
VLGH� HYLGHQFH� FDSWXUH�� GLJLWDOL]DWLRQ�ZLWK� FRQVHUYDWLYH� XQFHUWDLQW\� GLVFRXQWV�� D� N�RI�Q TXRUXP� RI�
DFFUHGLWHG�YHULILHUV��EDWFK�PLQWHG�WRNHQV�WKDW�HQFRGH�TXDOLW\�LQIRUPDWLRQ��D�EXIIHU�SRRO�IRU�UHYHUVDOV��
DQG�DQ�HVFURZHG�RUGHU�ERRN�PDUNHW� WKDW� VHWWOHV�RQ�FKDLQ�DQG�GHOLVWV� LQ�D�QDWLRQDO� UHJLVWU\��$V� WKH�
LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�KDV�\HW�WR�KDSSHQ��WKH�DWWULEXWHV�RI�WKH�V\VWHP�DUH�DVVHVVHG�LQ�WHUPV�RI�
PDWKHPDWLFDO�PRGHOV� LQ�ZKLFK� SDUDPHWHUV� DUH� GHWHUPLQHG�EHIRUHKDQG��7KURXJK�0HUNOH� EDWFKLQJ��
WUDQVDFWLRQ�FRVWV�GHFUHDVH�IURP��������WR����JDV�XQLWV�IRU�HYHU\�UHFRUG�DW�WKH�EDWFK�VL]H�RI��������$�
TXRUXP�FRQVLVWLQJ�RI���RXW�RI���PHPEHUV�UHVXOWV�LQ�D�UHGXFWLRQ�RI�WKH�ULVN�RI�DFFHSWLQJ�D�IDOVH�SURRI�
E\�����WLPHV�WR�������LI�����RI�WKH�YDOLGDWRUV�DUH�FRPSURPLVHG��'HWHFWLRQ�RI�VSDWLDO�RYHUODSV�DOORZV�
IRU� WKH� LGHQWLILFDWLRQ� RI� SDUFHOV� WKDW� DUH� EHLQJ� HQUROOHG� PXOWLSOH� WLPHV� ZLWK� UHVSHFW� WR� WKH� *36�
GLVFUHSDQFLHV�EHORZ���PHWHUV�ZLWK�UHFDOO�ZRUWK�DW�OHDVW��������7KH�DJJUHJDWHG�SURMHFW�ZRXOG UHTXLUH�
����KD�XQGHU�WKH�DVVXPSWLRQ�RI�EDVHOLQH�FRQGLWLRQV�LQVWHDG�RI�������KD�WR�DFKLHYH�FRVW�HIIHFWLYHQHVV��
ZKLOH�WKH�EXIIHU�FRVW�SHUFHQWDJHV�RI����WR�����FRXOG�EH�UHTXLUHG�GHSHQGLQJ�RQ�WKH�OHYHO�RI�ULVNV��7KH�
UHVXOWV�DUH�HQWLUHO\�K\SRWKHWLFDO�DQG�VKRXOG�EH�LQWHUSUHWHG�DV�VFHQDULRV�UDWKHU�WKDQ�PHDVXUHPHQWV�LQ�
DQ\�GHSOR\HG�V\VWHP�

.H\ZRUGV� $JULFXOWXUDO� FDUERQ� FUHGLWV�� EORFNFKDLQ�� GLJLWDO� 059�� VPDUW� FRQWUDFWV�� VPDOOKROGHU�
IDUPHUV��WRNHQL]DWLRQ�
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,��,QWURGXFWLRQ

$JULFXOWXUH�� IRUHVWU\�� DQG� RWKHU� ODQG� XVH� �$)2/8�� DFFRXQWV� IRU� URXJKO\� ��±���� RI� JOREDO�
DQWKURSRJHQLF�JUHHQKRXVH�JDV��*+*��HPLVVLRQV�RQ�DYHUDJH�RYHU�����±������DQG�DERXW�����LQ�������
DFFRUGLQJ�WR�WKH�,3&&¶V�VL[WK�DVVHVVPHQW�>�@��6DPH�ODQG�EDVH�FDQ�DOVR�UHPRYH�FDUERQ��YLD�SUDFWLFHV�
OLNH� DJURIRUHVWU\�� UHVLGXH� PDQDJHPHQW�� DQG� LPSURYHG� VRLO� PDQDJHPHQW�� &DUERQ� FUHGLWV� VHHN� WR�
FKDQQHO�WKDW�UHPRYDO�SRWHQWLDO�LQWR�LQFRPH��EXW�WKH�IDUPHUV�ZKR�PDQDJH�PRVW�RI�WKH�ZRUOG¶V�FURSODQG�
DUH�QRW�WKH�RQHV�ZKR�FDSWXUH�LW�

,QGLD� SURYLGHV� DQ� H[DPSOH�� LQ� WKH� ����±��� $JULFXOWXUH� &HQVXV�� VPDOO� DQG� PDUJLQDO� KROGLQJV�
DFFRXQWHG�IRU�DERXW�����RI�DOO�RSHUDWLRQDO�KROGLQJV��EXW�RSHUDWHG�RQO\�DERXW�����RI�WKH�FURSSHG�
DUHD�� DQG� WKH� DYHUDJH� KROGLQJ�ZDV� DERXW� ����� KD� >�@�� )LJ�� ��F�� VXPPDUL]HV� WKLV� VWUXFWXUH�� 6LQJOH�
KHFWDUH�VFDOH�IDUPV�FDQQRW�FDUU\�WKH�IL[HG�FRVW�RI�YDOLGDWLQJ�DQG�YHULI\LQJ�D�FDUERQ�SURMHFW��VR�DQ\�
FUHGLEOH�URXWH�WR�PDUNHW�DJJUHJDWHV�PDQ\�KROGLQJV�XQGHU�RQH�SURMHFW��DQG�DJJUHJDWLRQ�LWVHOI�KDV�WUXVW�
LPSOLFDWLRQV��ZKR�RZQV�WKH�ODQG��FRQVHQWHG��LV�SDLG��DQG�ZKHWKHU�WKH�VDPH�ILHOG�ZDV�HQUROOHG�WZLFH�

5HYLHZV� UHSRUW� JDLQV� LQ� WUDQVSDUHQF\� DQG� IUDXG� UHVLVWDQFH�� EXW� XQUHVROYHG� LQWHURSHUDELOLW\� DQG�
JRYHUQDQFH� SUREOHPV� >�@�� (PSLULFDO� UHFRUG� RI� WRNHQL]HG� WUDGLQJ� LV� PRGHVW�� RQ� WKH� $LU&DUERQ�
([FKDQJH�� DERXW� ���� 0W&2�H� ZHUH� WRNHQL]HG� RYHU ����±���� DERXW� ���� 0W� ZHUH� UHWLUHG�� DQG�
VHFRQGDU\�PDUNHW�WXUQRYHU�ZDV�RQO\�������PLOOLRQ��ZLWK����PLQWLQJ�ZDOOHWV�DQG����WUDGLQJ�ZDOOHWV�
>�@��.OLPD'$2¶V�WUHDVXU\�ZDV�GRPLQDWHG�E\�D�VLQJOH�SRROHG�WRNHQ���������RI�LWV�YDOXH�LQ�0D\��������
DQG�UHSRUWHG�WKDW�LWV�RQ�FKDLQ�DFWLYLW\�KDV�EHHQ�UHSRUWHG�WR�IDGH�RYHU�WLPH�>�@��3ORWWHG�LQ�)LJ����D�±
�E���WKHVH�ILJXUHV�VXJJHVW�WKDW�UHFRUGLQJ�FUHGLWV�RQ�D�OHGJHU�LV�WKH�HDV\�SDUW��WKH�KDUG�SDUWV�DUH�ZKDW�
JHWV�PLQWHG��KRZ�LWV�TXDOLW\�LV�GHVFULEHG��DQG�KRZ�D�IDUPHU¶V�HYLGHQFH�LV�WUXVWHG�

)LJ���� 3XEOLVKHG�VWDWLVWLFV�WKDW�PRWLYDWH�WKH�GHVLJQ���D����E��$FWLYLW\�RQ�WKH�$LU&DUERQ ([FKDQJH�WRNHQ�
PDUNHW������±���>�@���F��6WUXFWXUH�RI�,QGLDQ�ODQGKROGLQJV��VPDOO�DQG�PDUJLQDO�IDUPV�KROG�DERXW�����
RI�KROGLQJV�EXW�RSHUDWH�DERXW�����RI�WKH�DUHD��URXQGHG�YDOXHV�IURP�WKH�����±���$JULFXOWXUH�&HQVXV�
>�@��

5HVHDUFK�JDS� 0RVW�SURSRVDOV�LQ�WKH�OLWHUDWXUH�WKDW�FRQVLGHU�SODFLQJ�FDUERQ�FUHGLWV�RQ�D�EORFNFKDLQ�
UHODWH� WR� LQGXVWULDO� RU� FRUSRUDWH� FDUERQ� H[FKDQJHV�� 7KH� IHZ� DJULFXOWXUDO� SURSRVDOV� HLWKHU� UHSRUW�
PDUNHWLQJ�RU�SURYHQDQFH�SLORW�VFKHPHV�RU�WR\�LPSOHPHQWDWLRQV�RI�RQH�RU�PRUH�RI�WKH�PHFKDQLVPV�
GHVFULEHG�LQ�WKLV�SDSHU��,Q�WKH�VXUYH\�RI�UHODWHG�ZRUN��6HFWLRQ�,,���ZH�ILQG�QR�SULRU�ZRUN�WKDW�MRLQWO\�
FRQVLGHUV� VPDOOKROGHU�FHQWULF� PHDVXUHPHQW�� YHULILHU�DWWHVWHG� LVVXDQFH�� UHYHUVDO� EXIIHULQJ�� DQG�
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GLIIHUHQWLDO� WUDGLQJ� RI� FDUERQ� FUHGLWV� DV� D� V\VWHP�� QRU� DQ\ DQDO\VLV� RI� WKH� FRVWV� DQG� VHFXULW\�
LPSOLFDWLRQV�RI�VXFK�D�SLSHOLQH��:H�PDNH�QR�FODLP�DERXW�WKH�DEVHQFH�RI�VXFK�ZRUN�HOVHZKHUH��WKLV�LV�
D�ILQGLQJ�RQO\�DERXW�WKH�VXUYH\HG�VHW�

&RQWULEXWLRQV� 7KLV�SDSHU�PDNHV�ILYH�FRQWULEXWLRQV�

�� $Q� DUFKLWHFWXUH� LQ�ZKLFK� FUHGLWV� DUH� LVVXHG� DQG� H[FKDQJHG�RQ� D� SODWIRUP�� EXW�PD\�RQO\� EH�
PLQWHG� DIWHU� LQGHSHQGHQW� DWWHVWDWLRQ� DQG� D� UHJLVWU\� UHIHUHQFH�� WKHUHE\� UHVLVWLQJ� XQLODWHUDOO\�
LVVXHG�FUHGLWV�RQ�WKH�SODWIRUP�

�� (YLGHQFH�LQWHJULW\�PHFKDQLVPV�DGDSWHG�WR�VPDOOKROGHUV��LQFOXGLQJ�EDWFKHG�KDVK�DQFKRULQJ�RI�
ILHOG�HYLGHQFH��VSDWLDO�RYHUODS�VFUHHQLQJ�RI�UHJLVWHUHG�SORWV��DQG�DQ�LVVXDQFH�UXOH�WKDW�DFFRXQWV�
IRU�PHDVXUHPHQW�XQFHUWDLQW\�

�� 5HYRFDWLRQ�DQG�YDOXDWLRQ� PRGHO� WKDW� LQFOXGHV� D� SRRO� RI� WRNHQV� DPHQDEOH� WR� WHPSRUDU\�
UHWLUHPHQW�SOXV�WRNHQV�WKDW�NHHS�LQIRUPDWLRQ�UHJDUGLQJ�YDOLGLW\��VHFWRU�RI�DSSOLFDWLRQ��DUHD�RI�
XVH��DQG�LQGLUHFW�FRVW��LQVWHDG�RI�DFFXPXODWLQJ�ZLWKLQ�WKH�VDPH�SRRO�

�� 7KLV�UHIHUV�WR�D�GDQJHU�PRGHO�WKDW�FRQWDLQV�WKH�PDSSLQJ�RI�WKUHDWV�WR�WKH�HOHPHQWV�RI�WKH�V\VWHP�

�� 7KH�ODVW�LWHP�LV GHYRWHG�WR�D�UHSOLFDWLRQ�LQYHVWLJDWLRQ�HQFRPSDVVLQJ�FRVWV�RI�VPDUW�FRQWUDFWV��
DSSURYDO�RI�WKH�TXRUXP��GHWHFWLRQ�RI�GRXEOH�VSHQGLQJ�FDVHV��HFRQRPLFV�RI�VPDOO�RZQHUV��DQG�
FDOFXODWLRQ�RI�EXIIHU�VL]HV��DQG�PDGH�DYDLODEOH�WKURXJK�IL[HG�UDQGRP�QXPEHU�JHQHUDWRUV�

7KH� UHVW�RI� WKH�SDSHU� LV� RUJDQL]HG�DV� IROORZV��6HFWLRQ� ,,� UHYLHZV� UHODWHG�ZRUN�DQG�VWDWHV� WKH�JDS��
6HFWLRQ�,,,�JLYHV�UHTXLUHPHQWV�DQG�WKH�WKUHDW�PRGHO��6HFWLRQ�,9�SUHVHQWV�WKH�V\VWHP��6HFWLRQ�9�UHSRUWV�
WKH�HYDOXDWLRQ��6HFWLRQ�9,�GLVFXVVHV�OLPLWDWLRQV��DQG�6HFWLRQ�9,,�FRQFOXGHV�

,,��%DFNJURXQG�DQG�5HODWHG�:RUN

$��$JULFXOWXUDO�&DUERQ�&UHGLWV�DQG�7KHLU�0HDVXUHPHQW�3UREOHP

$�FDUERQ�FUHGLW�LV�RQH�PHWULF�WRQ�RI�&2� HTXLYDOHQW�WKDW�KDV�EHHQ�DYRLGHG��UHGXFHG��RU�HOLPLQDWHG��,Q�
DJULFXOWXUH��WKH�SUREOHP�OLHV�LQ�WKH�SURRI�RI�WKH�DFWXDO�WRQ��7KLV�LV�EHFDXVH�VRLO�FDUERQ�FKDQJHV�VORZO\�
DQG�PD\�GLIIHU�TXLWH�FRQVLGHUDEO\�HYHQ�RYHU�VKRUW�GLVWDQFHV��FDUERQ�UHPRYDO�FDQ�EH�XQGRQH�E\�WLOODJH��
ILUH�RU�FKDQJHV�LQ�ODQG�XVH��DQG�WKH�UHVXOWLQJ�HQYLURQPHQWDO�EHQHILW�PXVW�EH�DGGLWLRQDO�WR�ZKDW�ZRXOG�
KDYH�KDSSHQHG�DQ\ZD\��$�UHFHQW�DQDO\VLV�RI�WKH�DJULFXOWXUH�VHFWRU�LQ�,QGLD�UHFRJQL]HG�PHDVXUHPHQW�
DQG�YHULILFDWLRQ�RI�WKH�SURFHVV�DV�D�PDMRU�LVVXH�IDFLQJ�VPDOOKROGHUV��6RPH�RI�WKH�EDUULHUV�LGHQWLILHG�
LQFOXGH�FORXG�FRYHU�EHLQJ�DQ�REVWDFOH� WR�RSWLFDO�VDWHOOLWH�PRQLWRULQJ� LQ�KXPLG�UHJLRQV��FRPPXQDO�
ODQG�WHQXUH�PDNLQJ�LW�KDUG�WR�FRPPLW��DQG�WUDQVDFWLRQ�FRVWV�DEVRUELQJ�PRVW�RI�WKH�SRWHQWLDO�JDLQV�>�@��
$�VWXG\�FDUULHG�RXW�RQ�WKH�FDUERQ�FUHGLW�VFKHPHV�LQ�&DQDGD�UHLQIRUFHG�WKH�VDPH�LGHD�EXW�IURP�WKH�
HFRQRPLF�VWDQGSRLQW��DV�WKH�SDUWLFLSDWLRQ�RI�IDUPHUV�LQ�FDUERQ�RIIVHW�SURJUDPV�UHPDLQHG�ORZ�GXH�WR�
WKH�RIIVHW�SULFHV�QRW�EHLQJ�DEOH� WR�FRYHU� WKH�FRVWV� >�@��(DUO\� ,QGLDQ�GLVFXVVLRQV�RI�FDUERQ� WUDGLQJ�
IRFXVHG�RQ�FOHDQ�GHYHORSPHQW�SURMHFWV�LQ WKH�HQHUJ\�VHFWRU��ZLWK�IDUPHUV�RQO\�DV�D�SURVSHFW�IRU�VHOOLQJ�
FUHGLWV�>�@�

%��%ORFNFKDLQ�'HVLJQV�DQG�(YLGHQFH�IRU�&DUERQ�0DUNHWV

3ULRU�UHVHDUFK�RQ�EORFNFKDLQ�IRU�FDUERQ�PDUNHWV�IDOOV�LQWR�IRXU�FDWHJRULHV��$�OLWHUDWXUH�UHYLHZ�FRYHULQJ�
����� WR� HDUO\� ����� ILQGV� WKDW� VPDUW� FRQWUDFWV� FDQ� DXWRPDWH� YHULILFDWLRQ� DQG� VHWWOHPHQW�� DQG� WKDW�
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SODWIRUP� LQWHURSHUDELOLW\� DQG� JRYHUQDQFH� UHPDLQ� RSHQ� >�@�� $� WHFKQLFDO� VXUYH\� RI� WRNHQL]DWLRQ�
FRPSDUHV� WKH� PHFKDQLVPV� XVHG� E\� 7RXFDQ�� )ORZFDUERQ�� 0266�� 1RUL�� DQG� RWKHUV�� VKRZV� WKDW
WRNHQL]HG� FUHGLWV� DUH� D� KHWHURJHQHRXV� IDPLO\� WKDW� KLQGHUV� LQWHURSHUDELOLW\�� DQG� QRWHV� WKDW� SRROLQJ�
FUHGLWV�HUDVHV�TXDOLW\�GLIIHUHQFHV��,W�DOVR�GHVFULEHV�1RUL��WKH�RQH�DJULFXOWXUDO�SUHFHGHQW��ZKLFK�LVVXHV�
FUHGLWV�IURP�FURSODQG�XQGHU�D�PXOWL�\HDU�VWRUDJH�FRPPLWPHQW�EDFNHG�E\�DQ�LQVXUDQFH�UHVHUYH�>�@�

7KH�VHFRQG�FDWHJRU\�LV�HPSLULFDO��6ZLQNHOV�GRFXPHQWV�WKLQ�WUDGLQJ�DQG�FRQFHQWUDWHG�SDUWLFLSDWLRQ�RQ�
D�EORFNFKDLQ�H[FKDQJH�>�@��DQG�%DOOHVWHURV�5RGUtJXH]�HW�DO� DQDO\VH�RQ�FKDLQ�GDWD�IRU�.OLPD'$2¶V�
WRNHQL]HG�FUHGLWV�>�@�

7KH�WKLUG�FDWHJRU\�SURSRVHV�DUFKLWHFWXUHV��*ROVKDQL�DQG�0DQNDU�GHVFULEH�D�WUDGLQJ�SODWIRUP�LQ�ZKLFK�
HDFK�FUHGLW� LV�D�QRQ�IXQJLEOH�WRNHQ��FHUWLILHUV�DUH� UHJLVWHUHG�RQ�FKDLQ��DQG�DQ�RII�FKDLQ�RUGHU�ERRN�
PDWFKHV�RUGHUV�WKDW�VHWWOH�RQ�FKDLQ�>��@��.LP�DQG�+XK�FRPELQH�D�EORFNFKDLQ�ZLWK�ELJ�GDWD�DQG�$,�
EDVHG�DQRPDO\�FKHFNV�DQG�D�JRYHUQDQFH�OD\HU�IRU�FDUERQ�HPLVVLRQ�ULJKWV�>��@��:DQJ�DQG�3HQJ�ORJ�
FRUSRUDWH� FDUERQ�WUDGLQJ�GDWD�RQ�D�EORFNFKDLQ� DQG� WXQH�FRQWUDFW� SDUDPHWHUV�ZLWK� DQ�RSWLPL]DWLRQ�
DOJRULWKP��HYDOXDWHG�E\�VLPXODWLRQ�RQ�D�SXEOLF�GDWDVHW�>��@��3DGPDYDWKL�HW�DO� VNHWFK�D�EORFNFKDLQ�
ZLWK� DXJPHQWHG�UHDOLW\� SURGXFW� YLVXDOL]DWLRQ� IRU� DJULFXOWXUDO� PDUNHWLQJ�� LWV� FUHGLW� FRXQWV� DUH�
VLPXODWHG�YDOXHV�>��@�

7KH�IRXUWK�FDWHJRU\�FRQFHUQV�GLJLWDO�059��$�TXDOLWDWLYH�UHYLHZ�DUJXHV� WKDW�VDWHOOLWH�DQDO\WLFV�DQG�
PDFKLQH�OHDUQLQJ�FDQ�VWUHQJWKHQ�YHULILFDWLRQ�DQG�GLVFXVVHV�RYHU�FUHGLWLQJ�FRQFHUQV�LQ�ULFH�IDUPLQJ�
SURMHFWV� >��@�� 1RQH� RI� WKHVH� ZRUNV� EXLOGV� DQG� HYDOXDWHV� DQ� HQG�WR�HQG� LVVXDQFH� SLSHOLQH� IRU�
VPDOOKROGHUV�

&��3ROLF\�&RQWH[W�LQ�,QGLD

,QGLD¶V�&DUERQ�&UHGLW�7UDGLQJ�6FKHPH��&&76��KDV�D�FRPSOLDQFH�PHFKDQLVP�IRU�REOLJDWHG�HQWLWLHV�
DQG�D�YROXQWDU\�RIIVHW�PHFKDQLVP��$FFRUGLQJ�WR�WUDGH�SXEOLFDWLRQV�DQG�PDUNHW�H[SHUWV��DJULFXOWXUH�
ZLOO�EH�RQH�RI�WKH�ILUVW�VHFWRUV�WR�XVH�WKH PHFKDQLVP��DV�WKH�PHWKRGV�IRU�REWDLQLQJ�LW�ZLOO�EH�EDVHG�RQ�
WKRVH�XVHG�E\�RWKHU�FRXQWULHV�E\������>��@��>��@��7KH�UHJLVWU\�LV�UHSRUWHGO\�LPSOHPHQWHG�E\�WKH�*ULG�
&RQWUROOHU�RI�,QGLD�DQG�WKH�VSHFLILF�WDUJHWV�WKDW�FDQ�EH�DFKLHYHG�E\�WKH�DJULFXOWXUH�VHFWRU�KDYH�EHHQ�
SXEOLVKHG�E\�WKH�HQG�RI������>��@��7KH�ULVN�RI�GRXEOH�FRXQWLQJ�RI�FDUERQ�FUHGLWV�LV�DOVR�PHQWLRQHG�
E\�H[SHUWV�DV�LW�LV�SRVVLEOH�WR�UHFHLYH�FUHGLWV�DFFRUGLQJ�WR�PRUH�WKDQ�RQH�VFKHPH�>��@��$V�WKH�V\VWHP�
LV�VWLOO�EHLQJ�GHYHORSHG��WKH�SODWIRUP�LV�QRW�LQWHQGHG�WR�UHSODFH�WKH�UHJLVWU\�EXW�UDWKHU�FRQQHFWV�WR�LW��
6WDWHPHQWV�UHJDUGLQJ�WKH�UHJLVWU\�LQ�WKLV�WH[W�VKRXOG�EH�YHULILHG�DJDLQVW�YDOLG�GRFXPHQWV�

'��&RPSDULVRQ�DQG�*DS

7DEOH�,�DVVHVVHV� WKH�ZRUNV�DQDO\]HG LQ� WHUPV�RI� WKH�FKDUDFWHULVWLFV�HVVHQWLDO� IRU�DJULFXOWXUDO�FUHGLW�
SURGXFLQJ�DQG�WUDGLQJ��,W�LV�EDVHG�RQ�WKH�DXWKRUV¶�XQGHUVWDQGLQJ�RI�HDFK�ZRUN�LQ�TXHVWLRQ

7DEOH�,� &RPSDULVRQ�RI�5HODWHG�:RUN��<� �DGGUHVVHG��3� �SDUWLDO�RU�FRQFHSWXDO��1� �QRW�DGGUHVVHG�

:RUN )RFXV $JUL�
'LJLWDO�
059

5HYHUV
DO

7UDGLQ
J

(YDOXDWLRQ

>��@
$JULFXOWXUDO�PDUNHWLQJ�
ZLWK�RIIVHWV

< 1 1 3 'HPRQVWUDWLRQ�RXWSXW

>��@
(PLVVLRQ�ULJKWV�
YHULILFDWLRQ�DQG�G$SS

1 3 1 3 7HVWEHG�SHUIRUPDQFH
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:RUN )RFXV $JUL�
'LJLWDO�
059

5HYHUV
DO

7UDGLQ
J

(YDOXDWLRQ

>��@
&RUSRUDWH�WUDGLQJ�GDWD�
ORJJLQJ

1 1 1 3 6LPXODWLRQ��SXEOLF�GDWD

>��@ +\EULG�WUDGLQJ�SODWIRUP 3 1 1 < 1RQH

>�@
7RNHQL]DWLRQ�VXUYH\��LQFO��
1RUL�

3 3 3 < 6XUYH\

>�@
%ORFNFKDLQ�LQ�FDUERQ�
PDUNHWV

3 3 1 3 /LWHUDWXUH�UHYLHZ

>��@ $,�HQDEOHG�GLJLWDO�059 3 3 1 3 4XDOLWDWLYH
>�@ 7RNHQ�H[FKDQJH�DFWLYLW\ 1 1 1 < (PSLULFDO������±��
>�@ .OLPD'$2�WRNHQV 1 1 1 < (PSLULFDO��RQ�FKDLQ

>�@��>�@
$JULFXOWXUDO�FDUERQ�
UHYLHZV

< 3 3 1 5HYLHZV

7KLV�
ZRUN

*HQHUDWLRQ�DQG�WUDGLQJ�
RQ�RQH�SODWIRUP

< < < <
6LPXODWLRQ�DQG�
DQDO\VLV

7KH�JDS�WKDW�IROORZV�LV�QXDQFHG��7RNHQL]DWLRQ�DQG�WRNHQL]HG�WUDGLQJ�H[LVW�DV�D�WHFKQLFDO�UHDOLW\�>�@��
>��@�EXW�DUH�QRW�DFFRXQWHG�LQ�WKH�UHYLHZHG�SDSHUV�LQ�WHUPV�RI�WKH�GHVLJQ�DQG�HYDOXDWLRQ�LQFRUSRUDWLQJ�
WKH�HYLGHQFH�RI�VPDOOKROGHUV��YHULILHU�DWWHVWDWLRQ��UHYHUVDO�EXIIHULQJ��DQG�TXDOLW\�GLIIHUHQWLDWHG�WUDGLQJ�

,,,��5HTXLUHPHQWV�DQG�7KUHDW�0RGHO

$��'HVLJQ�*RDOV

7KH� V\VWHP� LV� GHVLJQHG� DJDLQVW� VHYHQ� JRDOV��*��� DFFHVVLELOLW\�� VPDOOKROGHU� IDUPHUV�PXVW� UHJLVWHU�
WKURXJK�D�FRRSHUDWLYH�RU�RUJDQLVDWLRQ�ZLWK�WKH�XVH�RI�D�SKRQH��LUUHVSHFWLYH�RI�WKH�IDFW�LI�WKH\�SRVVHVV�
LW� RU� QRW�� *��� HYLGHQFH� LQWHJULW\�� HQVXUH� WKDW� DQ\�PRGLILFDWLRQ�PDGH� DIWHUZDUGV� WR� WKH� HYLGHQFH�
VXEPLWWHG�FDQ�EH�GHWHFWHG��*���OHJLWLPDWH�LVVXDQFH��DIULFDQ�FRXQWULHV�PXVW�QRW�LVVXH�FDUERQ�FUHGLWV�
ZLWKRXW�EHLQJ�LQGHSHQGHQWO\�YHULILHG��*���QRQ�SHUPDQHQFH��UHYHUVDOV�ZLOO�EH�FRYHUHG�IURP�D�UHVHUYH�
IXQG�� *��� TXDOLW\� SUHVHUYDWLRQ�� WUDGLQJ�PXVW� QRW� HUDVH� WKH� GLIIHUHQFHV� EHWZHHQ� YLQWDJH�� SUDFWLFH��
UHJLRQ��RU�WKH�SHUPDQHQFH��*���FRVW�HIILFLHQF\��WKH�FRVWV�LQFXUUHG�E\�HDFK�IDUPHU�RQ�WKH�EORFNFKDLQ�
VKRXOG�EH�OHVV�WKDQ�WKHLU�UHYHQXH��*���UHJXODWRU\�ILW��WKH�SODWIRUP�PXVW�FRQQHFW�WR�D�QDWLRQDO�UHJLVWU\�
DQG�VWRUH�SHUVRQDO�GDWD�RII�WKH�EORFNFKDLQ�

%��7KUHDW�0RGHO

,W�LV�SUHVXPHG�WKDW�WKH�IDUPHUV��DJJUHJDWRUV��EX\HUV�DQG�LQGLYLGXDO�YHULILHUV�PD\�DFW�XQWUXVWZRUWK\�
ZKLFK�LQ�WXUQ�DOORZV�WKH�FKDLQ�WR�SURYLGH�LQWHJULW\�DQG�H[LVWHQFH�RI�LQIRUPDWLRQ�WKDW�LV�FDSWXUHG�DQG�
WKH�WUXVWZRUWKLQHVV�RI�WKH�SODWIRUP�RSHUDWRU�IRU�OLYHQHVV�EXW�QRW�IRU�WKH�FRUUHFWQHVV�RI�WKH�UHFRUGV��
'HWDLOV�LQ�7DEOH�,,�SURYLGH�LQVLJKW�LQWR�WKH�ULVNV�WDNHQ�LQWR�DFFRXQW�DQG�ZKLFK�SDUW�LV�UHVSRQVLEOH�IRU�
WKHP��7KH�EORFNFKDLQ�SURYLGHV�VHFXULW\�RI�GDWD�DIWHU�LW� LV�ZULWWHQ�EXW� LW�GRHV�QRW�SURYH�WKDW� LW�ZDV�
KRQHVW�DW�WKH�PRPHQW�RI�ZULWLQJ��7KDW�LV�ZK\�WKH�WKUHDW�PRGHO�FRQVLGHUV�WKH�ERUGHU�EHWZHHQ�HYLGHQFH�
DQG�EORFNFKDLQ��RUDFOH�SUREOHP�GLVFXVVHG�E\�>�@��DV�WKH�PDLQ�ZHDNQHVV�
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7DEOH�,,� 7KUHDWV�DQG�0LWLJDWLRQV
,' 7KUHDW 0LWLJDWLRQ��FRPSRQHQW�

7�
'XSOLFDF\�RU�RYHUODSSLQJ�LQ�
WKH�HQUROOPHQW�RI�SORWV

6SDWLDO�RYHUODS�YHULILFDWLRQ�WKURXJK�,R8�WKUHVKROG��GXUDWLRQ�
DQG�FRQVHQW�YHULILFDWLRQ�XVLQJ�XQLTXH�LGHQWLILHUV�
�3URMHFW5HJLVWU\�

7� )DNH�RU�PRGLILHG�ILHOG�SURRI
&DSWXULQJ�SURRI�XVLQJ�VLJQHG��WLPH�VWDPSHG�DQG�JHR�WDJJHG�
PHWKRG��KDVKLQJ�PHWKRG��VDWHOOLWH�YHULILFDWLRQ��UDQGRP�ILHOG�
FKHFNV��(YLGHQFH$QFKRU�

7� 9HULILHU¶V�GHFHLW�RU�FROOXVLRQ
N�RI�Q V\VWHP��UDQGRP�DVVLJQPHQW��SXEOLF�WHVWLPRQ\�DQG�
UHPRYDO�RI�DFFUHGLWDWLRQ��$WWHVWDWLRQ4XRUXP�

7� 'XSOLFDWLRQ�RI�FODLPV
8QLTXH�EDWFKHV��VWRSV�RQ�H[SRUW�WR UHJLVWU\��UHWLUHPHQW�HYHQWV�
UHSHDWHG�LQ�UHJLVWU\��&UHGLW7RNHQ��5HWLUHPHQW�

7�
:DVK�WUDGLQJ�DQG�PDUNHW�
PDQLSXODWLRQ

9HULILHG�DFFRXQWV��HVFURZ��FURVVFKHFN�RI�VHOI�GHDOLQJ��ZDWFK�
RYHU�DXFWLRQ�VL]H�DQG�SULFH�EDQGV��0DUNHWSODFH�

7�
3UREOHPV�LQ�VPDUW�FRQWUDFWV�
�DFFHVV�FRQWURO��UH�HQWUDQF\�

6PDOO�DXGLWHG�FRQWUDFWV��UROH�VHSDUDWLRQ��SDXVH�NH\��WLPH�
ORFNHG�XSJUDGH��*RYHUQDQFH�

7� 5ROOEDFN�DIWHU�LVVXDQFH
%XIIHU�SRRO��FRQWLQXRXV�VXSHUYLVLRQ��UHSODFHPHQW�XVLQJ�
EXIIHU��%XIIHU3RRO��5ROOEDFN�KDQGOHU�

7�
([SRVXUH�RI�IDUPHU¶V�QDPH�
DQG�SORW�ORFDWLRQ

2QO\�KDVKHV�DQG�FRDUVH�FHOO�LGHQWLILHUV�RQ�FKDLQ��SRO\JRQV�
HQFU\SWHG�RII�FKDLQ��XVHG�RI�UROH�EDVHG�DFFHVV

,9��3URSRVHG�6\VWHP

$��2YHUYLHZ�DQG�5ROHV

,Q�)LJXUH���� WKH� IRXU�OD\HU�DUFKLWHFWXUH� LV� LOOXVWUDWHG��(QWLWLHV� LQYROYHG� LQ� WKLV�DUFKLWHFWXUH� LQFOXGH�
IDUPHUV� RU� IDUPHU�SURGXFHU� RUJDQL]DWLRQV�� DJJUHJDWRUV�� UHJLVWHUHG� YHULILHUV�� EX\HUV�� DQG� D� UHJLVWU\�
DGPLQLVWUDWRU�� 2II�FKDLQ� VHUYLFHV� LQYROYH� EXON� GDWD� FROOHFWLRQ� DQG� FDOFXODWLRQV�� DQ� HYLGHQFH�
UHSRVLWRU\��D�GLJLWDO�059�HQJLQH��D�VSDWLDO�RYHUODS�LQGH[��DQ�RUGHU�ERRN��DQG�D�SD\PHQW�SURFHVVRU��$�
SULYDWH�RU�SURRI�RI�VWDNH�QHWZRUN�KRVWV�WKH�FRQWUDFWV�ZKLFK�HQVXUH�VWRULQJ�WKH�WUXVW�GHSHQGHQW�VWDWH��
([WHUQDO�V\VWHPV�SURYLGH�QDWLRQDO�UHJLVWU\��VDWHOOLWH�DQG�FOLPDWH�LQIRUPDWLRQ��DQG�WKH�EDQNLQJ�V\VWHP��
7KH�VHSDUDWLRQ�IROORZV�WKH�K\EULG�GHVLJQ�RI�NHHSLQJ�RUGHU�IXOILOOPHQW�DQG�ODUJH�ILOHV�RII�FKDLQ�DQG�
OLQNLQJ�FRPPLWPHQWV�DQG�VHWWOHPHQWV�RQ�FKDLQ�>��@��>��@�
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)LJ�� �� 7KH� SURSRVHG� PDUNHWSODFH� KDV� IRXU�OD\HU� FRQVWUXFWLRQ�� ZKHUH� DOO� KHDY\� LQIRUPDWLRQ� DQG�
PDWFKPDNLQJ� UHPDLQ� ZLWKLQ� RII�FKDLQ� DUFKLWHFWXUH� ZKLOH� DOO� FRPPLWPHQWV�� DWWHVWDWLRQV�� LVVXLQJ��
EXIIHULQJ��VHWWOLQJ��DQG�UHWLULQJ�KDSSHQ�RQ�WKH�FKDLQ

%��&UHGLW�8QLW�DQG�'DWD�0RGHO

&UHGLWV�DUH�SURGXFHG�LQ�JURXSV�LQVWHDG�RI�LQ�RQH�XQLW�SHU�PHWULF�WRQ��$�XQLTXH�LGHQWLILHU�LV�WKH�KDVK�RI�
WKH� SURMHFW� LG�� YLQWDJH�� PHWKRGRORJ\� LG� DQG� SHUPDQHQFH� GLPHQVLRQ�� (DFK� JURXS� FRQWDLQV� PHWD�
LQIRUPDWLRQ�VXFK�DV�D�WHFKQLTXH��IRU�H[DPSOH�DJURIRUHVWU\�RU�FURS�UHVLGXH�PDQDJHPHQW���UHJLRQ FHOO��
YLQWDJH�\HDU��PHWKRGRORJ\��YHULILHU�VHW��EXIIHU�VKDUH�DQG� UHJLVWU\� OLQN��$OO�XQLWV� LQVLGH�D�EDWFK�DUH�
LQWHUFKDQJHDEOH�DQG�FDQ�EH�GLYLGHG�LQWR�D�VHW�QXPEHU�RI�GHFLPDO�SRLQWV��WKHUHIRUH�RQH�XQLW�ZLOO�HTXDO�
WR�RQH�WRQ�&2�H�DQG�WKH�EX\HU�FDQ�EX\�SDUW�RI D�EDWFK��'LIIHUHQW�EDWFKHV�FDQQRW�EH�FRPELQHG�LQWR�D�
EOHQGHG�SRRO��7KLV�VWUXFWXUH�SUHVHUYHV�WKH�IHDWXUHV�RI�TXDOLW\�WKDW�SRROHG�V\VWHPV�ORVH�DQG�DOORZV�WR�
KDYH�GLIIHUHQW�SULFHV�SHU�TXDOLW\�OHYHO���6HFWLRQ�9��

&��&UHGLW�/LIHF\FOH

)LJ����DW� WKH�RQVHW�RI�WKH WHQ�VWHS�SURFHVV� LQYROYLQJ�HQUROOPHQW� WR�UHYHUVDO�PDQDJHPHQW�� WKH�VWHSV�
PRVWO\�EHDU�WKH�ORDG�RI�LQWHJULW\��DQG�WZR�VWHSV�DUH�UHSUHVHQWHG�E\�DOJRULWKPV
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)LJ���� &UHGLW�OLIHF\FOH��$�FODLP�WKDW�LV�UHMHFWHG�DW�DWWHVWDWLRQ�UHWXUQV�EDFN�WR�WKH�HYLGHQFHV�VXEPLVVLRQ�

(QUROOPHQW�LQFOXGLQJ�RYHUODS�VFUHHQLQJ� 3ULRU�WR�WKH�FUHDWLRQ�RI�FUHGLWV��WKH�SRO\JRQ�RI�WKH�SDUFHO�
KDV�WR�EH�VLPSOLILHG��VSDWLDOO\�LQGH[HG��DQG�FRPSDUHG�WR�DOO�WKH�DSSUR[LPDWLQJ�SRO\JRQV��$OJRULWKP���
UHFRJQL]HV�WKH�QHZ�SDUFHO�LI�LW�VKDUHV�WKH�LQWHUVHFWLRQ�RYHU�XQLRQ��,R8��RI�LWV�DUHD�ZLWK�RWKHU�DUHDV�
DERYH�WKH�WKUHVKROG�Ĳ��>�@�

$OJRULWKP�� 3ORW�HQUROPHQW�ZLWK�RYHUODS�VFUHHQLQJ
5HTXLUH� SRO\JRQ�3��RZQHU�X��FRQVHQW�SURRI�F��WKUHVKROG�Ĳ
���3ĸ�1250$/,=(�3�
���&ĸ�63$7,$/,1'(;�48(5<�%%2;�3��
���IRU�HDFK 4 א & GR

���LI ,28�3��4����Ĳ WKHQ
���UHWXUQ 5(9,(:5(48,5('

���HQG�LI
���HQG�IRU
���LI 9(5,)<7(185(�X��3��F��IDLOV�WKHQ

���UHWXUQ 5(-(&7('
����HQG�LI
����VWRUH�HQFU\SWHG�3 RII�FKDLQ��DQFKRU�K  �+�3 צ X צ QRQFH��LQ�3URMHFW5HJLVWU\
����LQVHUW�3 LQWR�WKH�VSDWLDO�LQGH[
����UHWXUQ (152//('

$WWHVWHG�LVVXDQFH� ,W�LV�GHPRQVWUDWHG�LQ�DOJRULWKP���WKDW�IRU�PLQWLQJ�RQH�UHTXLUHV�N YDOLG�VLJQDWXUHV�
RI�UDQGRPO\�FKRVHQ�Q DFFUHGLWHG�YHULILHUV�DQG�UHJLVWU\�UHIHUHQFH��%\�XVLQJ�D�FRPPLW�UHYHDO�VHHG�WR�
GUDZ�WKH�YHULILHU�VHW��WKH�RSHUDWRU�FDQQRW�FKRRVH�IDYRUDEOH�YHULILHUV�
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$OJRULWKP��$WWHVWHG�PLQWLQJ
5HTXLUH� SURMHFW�M��SHULRG�W��HYLGHQFH�URRW�U��HVWLPDWH��ǻࡂ��ıը���WLHU
���FRPSXWH�& E\�(T���""���VHW�Eĸ�E�WLHU�
���Gĸ�+�M צ W צ U צ & צ PHWKRGRORJ\�
���9ĸ�6(/(&79(5,),(56�Q��VHHG���FROOHFW�VLJQDWXUHV�6 RQ�G
���LI _9$/,'�6��9�_���N RU UHJLVWU\�UHIHUHQFH�DEVHQW�WKHQ

���UHWXUQ 5(-(&7('
���HQG�LI
���PLQW�EDWFK�ZLWK����í�E�& XQLWV�WR�SURMHFW�HVFURZ
���WUDQVIHU�E& XQLWV�WR�%XIIHU3RRO
���HPLW�0,17('�EDWFK,G��G��UHIHUHQFH�
����UHWXUQ0,17('

'��(YLGHQFH�$QFKRULQJ�DQG�3ULYDF\

)LHOG�ORJV��SLFWXUHV��DQG�VHQVRU�UHDGLQJV�DUH�VDYHG�RII�FKDLQ��(DFK�EDWFK�RI�HYLGHQFH�LV�KDVKHG�LQWR�
0HUNOH�WUHH�ZLWK�RQO\�WKH�URRW�ZULWWHQ�RQ�FKDLQ��VR�DOO�LQIRUPDWLRQ�FDQ�EH�ODWHU�YHULILHG�DJDLQVW�WKDW�
URRW��,QIRUPDWLRQ�RQ�FKDLQ�ZLOO�FRQWDLQ�KDVKHV�DQG�RQO\�DSSUR[LPDWH�FHOO�LGHQWLILHUV��H[DFW�SRO\JRQV�
DQG� LGHQWLW\� ZLOO� UHPDLQ� HQFU\SWHG� RII�FKDLQ�� 5ROH�VSHFLILF� DFFHVV� LV� DSSOLHG� �7���� 7KHUH� LV� D�
SRVVLELOLW\� RI� FUHDWLQJ� ]HUR�NQRZOHGJH� SURRI� DERXW� D� QRQ�RYHUODS�� EXW� WKLV� LV� QRW� LQFOXGHG� LQ� WKH�
SUHVHQW�SURMHFW�

(��0DUNHWSODFH��6HWWOHPHQW��DQG�5HYHQXH�6SOLW

6HOOHUV�RIIHU�EDWFK XQLWV�IRU�VDOH�DW�D�VHW�SULFH��7UDQVDFWLRQV�DUH�IDFLOLWDWHG�LQ�DQ�RII�FKDLQ�ERRN��ZKLOH�
VHWWOHPHQW�RFFXUV� WKURXJK�RQ�FKDLQ�HVFURZ��7KHUHIRUH��HVFURZ�DQG�SD\PHQWV�DUH�EXQGOHG� WRJHWKHU�
>��@��)DUPHUV�UHFHLYH�WKHLU�SD\PHQW�LQ�UXSHHV��WKHUHIRUH�WKH�SD\PHQW�JDWHZD\�KDQGOHV�83,�SD\PHQWV��
7KLV�HVFURZ�IRU�WKH�EDWFK�LV�GRFXPHQWHG�LQ�WKH�DJUHHG�SD\RXW�FRQWUDFWV��II ��ID ��IS  ����7KH�DELOLW\�WR�
PDNH�SD\PHQWV�LQ�FRPSOLDQFH�ZLWK�,QGLDQ�UHJXODWLRQV��ZKHWKHU�RQ�D�SXEOLF�RU�SULYDWH�EORFNFKDLQ��LV�
GHSHQGHQW�RQ�FXUUHQW�SHUPLVVLRQV�UHJDUGLQJ�WKH�UHOHYDQW�WHFKQRORJ\�

)��5HYHUVDO�+DQGOLQJ�DQG�5HWLUHPHQW

7KH�EXIIHU�SRRO�FRQWDLQV�XQLWV� WKDW�DUH� UHWDLQHG�IURP�DOO�SURMHFWV��$IWHU�PRQLWRULQJ�RU�YHULILFDWLRQ�
KDSSHQV�� WKH� UHYHUVDO�KDQGOHU�FDQFHOV�HTXLYDOHQW�DPRXQWV�RI�XQLWV� LQ� WKH�EXIIHU�SRRO�DOORZLQJ� WKH�
EX\HUV¶�FODLP�WR�UHPDLQ�YDOLG��6LPLODU�SUDFWLFHV�RI�PDLQWDLQLQJ�LQVXUDQFH�UHVHUYHV�DUH�GRFXPHQWHG�LQ�
DJUR�WRNHQL]HG�FUHGLWV�>�@��5HWLUHPHQW�LPSOLHV�D�EXUQ�RI�XQLWV�RQ�FKDLQ��VSHFLILHV�WKH�EHQHILFLDU\�DQG�
LWV�FDXVH��DQG�UHSOLFDWHV�WKH�SURFHVV�LQ�WKH�QDWLRQDO�UHJLVWU\��XQLWV�HQWHUHG�IRU�UHJLVWU\�FDQQRW�EH�XVHG�
DJDLQ�RQ�FKDLQ��7���

9��(YDOXDWLRQ

$��6FRSH�DQG�0HWKRG

1HLWKHU�ILHOG�WHVWLQJ�QRU�FKDLQ�GHSOR\PHQW�KDV�EHHQ�FRQGXFWHG��WKHUHIRUH�WKLV�SDUW�GRHV�QRW�SUHVHQW�
WKH� YDOXHV� RI� DQ\� SHUIRUPDQFH� PHDVXUHG�� ,W� DVVHVVHV� GHVLJQ� FKDUDFWHULVWLFV� WKURXJK� QXPEHU� RI�
DQDO\WLFDO�PRGHOV�DQG�0RQWH�&DUOR�VLPXODWLRQV��$OO�H[SHULPHQW�UXQV�DQG�WHVWV�DUH�EDVHG�RQ�D�VHHG��
WKH�UHOHYDQW�SDUDPHWHUV�DUH�VWDWHG�LQ�7DEOH�,,,�DQG�WKH�VRXUFH�DXWKRUV�KDYH�SURYLGHG�FRGHV�DQG�UDZ�
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RXWSXWV�RI�WKH�H[SHULPHQWV�IRU�UHSHWLWLRQ�DQG�PRGLILFDWLRQ�E\�RWKHU�SDUWLHV��6RPH�RI�WKH�SDUDPHWHUV�
ODEHOHG�³DVVXPHG´�LQGLFDWH�WKH�QHHG�IRU�FDOLEUDWLRQ�LQ�UHDO�SLORW�H[SHULHQFH��ZKDW�LV�PRUH�HVVHQWLDO�LV�
WKH�RYHUDOO�SLFWXUH�UDWKHU�WKDQ�WKH�GHILQLWH�QXPHULFDO�YDOXHV�RI�REWDLQHG�UHVXOWV�

7KH� FRQYHQWLRQDO� VKDUH�P  � ���� LV� WKH� XSSHU� HQG� RI� WKH� ��±���� LQWHUPHGLDWLRQ� UDQJH� UHSRUWHG�
DQHFGRWDOO\�IRU�FDUERQ�FUHGLW�WUDQVDFWLRQV�>�@��7KH�SURSRVHG�URXWH�YDOXHV�IRU�P��)��DQG�F DUH�GHVLJQ�
WDUJHWV�� QRW� PHDVXUHPHQWV�� DQG� WKH� UHVXOWV� EHORZ� VKRXOG� EH� UHDG� DV� ³ZKDW� IROORZV� LI� WKH� GHVLJQ�
DFKLHYHV�WKHVH�WDUJHWV´�

7DEOH�,,,� 3DUDPHWHUV�RI�WKH�(FRQRPLF�DQG�%XIIHU�0RGHOV
6\PERO 0HDQLQJ 9DOXH��VZHHS�
V 1HW�UHPRYDO��W&2�H�KD�\U ��������±������DVVXPHG
S &UHGLW�SULFH��86'�W&2�H �����±�����DVVXPHG
G 8QFHUWDLQW\�GLVFRXQW ������±������DVVXPHG
E %XIIHU�ZLWKKROG ������±������DVVXPHG
P ,QWHUPHGLDU\�RU�SODWIRUP�VKDUH ����FRQY�������SURS����±����

)
)L[HG�YDOLGDWLRQ�DQG�YHULILFDWLRQ�FRVW�SHU�
F\FOH

86'���N�FRQY������N�SURS�����N±��N���
DVVXPHG

7 &\FOH�OHQJWK ��\HDUV
F )LHOG�059�FRVW��86'�KD�\U ��FRQY������SURS���DVVXPHG
Ɨ $YHUDJH�KROGLQJ �����KD�>�@

%��(���2Q�&KDLQ�&RVW�RI�(YLGHQFH�$QFKRULQJ

:ULWLQJ�RQH�KDVK�SHU�UHFRUG�WR�FRQWUDFW�VWRUDJH�FRVWV�D�VWRUDJH�VORW�SHU�UHFRUG��:ULWLQJ�RQH�0HUNOH�
URRW�SHU�EDWFK�DPRUWL]HV�D�IL[HG�WUDQVDFWLRQ�FRVW�RYHU�1 UHFRUGV��8VLQJ�(WKHUHXP�VW\OH�SURWRFRO�JDV�
FRQVWDQWV���������EDVH���������SOXV�������IRU�D�QHZ�FROG�VWRUDJH�VORW�����SHU�QRQ�]HUR�FDOOGDWD�E\WH��
DQG�HYHQW�ORJ�FRVWV���D�SHU�UHFRUG�ZULWH�FRVWV��������JDV��ZKHUHDV�D�EDWFK�URRW�FRVWV��������JDV�SHU�
WUDQVDFWLRQ�

݃ሺܰሻ ൌ
ீౘ౗౪ౙ౞

ே
ǡ ୠୟ୲ୡ୦ܩ ൌ Ͷͷǡͺʹͷ ���Ǥ ���

)LJ����DQG�7DEOH�,9�VKRZ�WKH�UHVXOW��$W�1  �������WKH�FRVW�IDOOV�WR�DERXW����JDV�SHU�UHFRUG��D�UHGXFWLRQ�
RI� URXJKO\� ���� WLPHV��$W� DQ� LOOXVWUDWLYH� ��� JZHL� DQG� 86'� ������ SHU� (7+�� ZKLFK� DUH� H[DPSOH�
SDUDPHWHUV DQG�QRW�PDUNHW�GDWD��WKDW�LV�DERXW�86'������SHU�UHFRUG�DJDLQVW�86'��������5HFRUGV�FDQ�
VWLOO�EH�SURYHQ�LQGLYLGXDOO\�DJDLQVW�WKH�URRW�RII�FKDLQ�
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)LJ���� *DV�SHU�UHFRUG�IRU�SHU�UHFRUG�KDVKLQJ�YHUVXV�0HUNOH�URRW�EDWFK�DQFKRULQJ��DQDO\WLFDO�PRGHO��
7DEOH�,9� *DV�SHU�5HFRUG��3HU�5HFRUG�+DVK�YV��0HUNOH�%DWFK

1 3HU�UHFRUG 0HUNOH�EDWFK 5HGXFWLRQ
�� ������ ����� �î
��� ������ ��� ��î
����� ������ �� ���î
������ ������ ��� �����î

$�VHFRQG�FRPSDULVRQ�FRQFHUQV�WRNHQL]HG�IDUPHU�HQWLWOHPHQWV��3XVKLQJ�D�EDODQFH�WR�HDFK�IDUPHU�FRVWV�
DERXW��������JDV�SHU�IDUPHU�LQ�WKLV�PRGHO��ZKHUHDV�OHWWLQJ�IDUPHUV�FODLP�DJDLQVW�D�0HUNOH�URRW�FRVWV�
DERXW��������JDV�SHU�FODLP��3XVKLQJ�LV�FKHDSHU�ZKHQ�PRVW IDUPHUV�FODLP��FODLPLQJ�ZLQV�RQO\�LI�IHZHU�
WKDQ� DERXW� ���� FODLP� SURPSWO\�� RU� LI� FODLPV� DUH� VSRQVRUHG� RQ� D� ORZ�IHH� QHWZRUN�� 6LQFH� IDUPHU�
SD\RXWV�LQ�WKLV�GHVLJQ�DUH�PDGH�LQ�UXSHHV�WKURXJK�WKH�SD\PHQW�JDWHZD\��RQ�FKDLQ�FODLPLQJ�LV�RSWLRQDO��
7KHVH� ILJXUHV� FRPH� IURP� SURWRFRO� FRQVWDQWV� DQG� QRW� IURP� D� GHSOR\HG� FRQWUDFW�� DQG� IHHV� RQ� D�
SHUPLVVLRQHG�RU�OD\HU���QHWZRUN�GLIIHU�

&��(���6HFXULW\�RI�WKH�9HULILHU�4XRUXP

6XSSRVH�HDFK�RI�WKH�Q VHOHFWHG�YHULILHUV�LV�FRUUXSW�LQGHSHQGHQWO\�ZLWK�SUREDELOLW\�S��DQG�D�IDOVH�FODLP�
LV�DWWHVWHG�RQO\�LI�DW�OHDVW�N RI�WKHP�DUH�FRUUXSW�

୤ܲୟ୧୪ሺ݊ǡ ݇ǡ ሻ݌ ൌ σ ൫௡
௜
൯݌௜ሺͳ െ ሻ௡݌ ି ௜௡

௜ ୀ ௞ Ǥ ���

)LJ����SORWV�WKLV�IRU�ILYH�FRQILJXUDWLRQV��$W�S  ������D�VLQJOH�YHULILHU�IDLOV�ZLWK�SUREDELOLW\��������D���
RI���TXRUXP�ZLWK����������RI���ZLWK�����������RI���ZLWK���������DQG���RI���ZLWK���������$W�S  ������
WKH�YDOXHV�DUH�����������������������������DQG��������$�0RQWH�&DUOR�FKHFN�ZLWK���î���� WULDOV�JDYH�
��������IRU�WKH���RI���FDVH�DW�S  �������DJDLQVW�WKH�H[DFW����������7KH�PRGHO�DVVXPHV�LQGHSHQGHQW�
FRUUXSWLRQ��VR�FROOXVLRQ�DPRQJ�YHULILHUV�ZKR�VKDUH�DQ�RZQHU�RU�FOLHQW�LV�QRW�FDSWXUHG��DQG�UDQGRP�
DVVLJQPHQW IURP�D�ODUJH�DFFUHGLWHG�SRRO�LV�ZKDW�PDNHV�WKH�LQGHSHQGHQFH�DVVXPSWLRQ�SODXVLEOH�
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)LJ���� 3UREDELOLW\� WKDW�D� IDOVH�FODLP�LV�DWWHVWHG��E\�TXRUXP�VL]H� �Q��N��DQG�SHU�YHULILHU�FRUUXSWLRQ�
SUREDELOLW\�S �DQDO\WLFDO��

'��(���'XSOLFDWH�3ORW�'HWHFWLRQ

:H�VLPXODWHG�HQUROPHQW�RQ�D���î���WLOLQJ�RI�����P�VTXDUHV��������RQH�KHFWDUH�SORWV��FORVH�WR�WKH�
����� KD� DYHUDJH� KROGLQJ��ZLWK� VKDUHG� ERXQGDULHV��(YHU\� UHJLVWHUHG� SRO\JRQ� UHFHLYHV� LQGHSHQGHQW�
*DXVVLDQ�QRLVH�RI�VWDQGDUG�GHYLDWLRQ�ı RQ�HDFK�YHUWH[�WR�PLPLF�*36�HUURU� $�IUDFWLRQ�RI�����RI�SORWV�
������LV�WKHQ�UH�HQUROOHG�E\�DQ�DWWDFNHU��VKLIWHG�E\�XS�WR�����RI�WKH�VLGH�OHQJWK�DQG�SHUWXUEHG�E\�QHZ�
QRLVH��$OJRULWKP� �� VFUHHQV� HDFK� UH�HQUROOHG� SRO\JRQ� DJDLQVW� LWV� QHLJKERXUV�� )DOVH� SRVLWLYHV� DUH�
PHDVXUHG�RQ�����VDPSOHG�OHJLWLPDWH�SORWV�DJDLQVW�WKHLU�DGMDFHQW�SORWV��7KH�VHHG�LV�IL[HG�

)LJ����VKRZV�UHFDOO�DQG�IDOVH�SRVLWLYH�UDWH��:LWK�Ĳ  ������UHFDOO�LV������IRU�QRLVH�XS�WR���P��������DW���
P�������DW����P��DQG�WKHQ�IDOOV�WR������DW����P�DQG������DW����P��ZLWK�QR�IDOVH�SRVLWLYHV��:LWK�Ĳ  ������
UHFDOO�LV������XS�WR����P��������DW����P��DQG������DW����P��EXW�IDOVH�SRVLWLYHV�DSSHDU�DW�ODUJH�QRLVH�
������DW����P�DQG�����DW����P���EHFDXVH�DGMDFHQW�OHJLWLPDWH�SORWV�EHJLQ�WR�RYHUODS��7KH�PHGLDQ�,R8
RI�DQ�DWWDFN�SORW�DJDLQVW� WKH�RULJLQDO�GHFUHDVHV�IURP������ZLWK�ORZ�QRLVH�WR������ZLWK����P�QRLVH��
ZKHUHDV�WKH���WK�SHUFHQWLOH�RI�OHJLWLPDWH�QHLJKERU�,R8�LQFUHDVHV�IURP�������ZLWK�����P�QRLVH�WR������
ZLWK����P�QRLVH��$�SUDFWLFDO�WDNHDZD\�IURP�WKLV�LV�WKDW WKH�YDOXH�RI�Ĳ PXVW�EH�VHW�EDVHG�RQ�WKH�*36�
DFFXUDF\�RI�WKH�HTXLSPHQW�XVHG�WR�PDNH�WKH�FDSWXUH��D�ORZHU�WKUHVKROG�LV�EHQHILFLDO�ZKHQ�QRLVH�LV�
ORZ�EXW�GDQJHURXV�ZKHQ�QRLVH�LV�WRR�KLJK��ZKLOH�DPELJXRXV�FDVHV�VKRXOG�EH�VHQW�WR�DQ�DFWXDO�SHUVRQ�
UDWKHU�WKDQ�EH GHFOLQH�DXWRPDWLFDOO\��5HDO�SDUFHOV�DUH�LUUHJXODU�DQG�QRLVH�LV�VSDWLDOO\�FRUUHODWHG��VR�
WKLV�H[SHULPHQW�LV�D�VDQLW\�FKHFN�DQG�QRW�D�YDOLGDWLRQ�
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)LJ���� 'XSOLFDWH�SORW�GHWHFWLRQ��UHFDOO�DW�,R8�WKUHVKROGV�Ĳ  �����DQG������DQG�IDOVH�SRVLWLYH�UDWH�DW�Ĳ  �
�����YHUVXV�*36�YHUWH[�QRLVH��VLPXODWLRQ��

(��(���6PDOOKROGHU�(FRQRPLFV

1HW�DQQXDO�IDUPHU�LQFRPH�SHU�KHFWDUH�IRU�D�SURMHFW�FRYHULQJ�$ KHFWDUHV�LV�PRGHOOHG�DV

ሻܣሺݕ ൌ ݏ ݌ ሺͳ െ ݀ሻሺͳ െ ܾሻሺͳ െ ݉ሻ െ
ி

஺ ்
െ ܿǡ ���

DQG�WKH�EUHDN�HYHQ�DUHD�DW�ZKLFK�\�$�� ���LV

כܣ ൌ
ி

் ሾ௦ ௣ ሺଵ ି ௗሻሺଵ ି ௕ሻሺଵ ି௠ሻ ି ௖ሿ
Ǥ ���

)LJ����D��SORWV�(T������IRU�WKH�FRQYHQWLRQDO�DQG�SURSRVHG�SDUDPHWHU�VHWV�RI�7DEOH�,,,��7KH�FRQYHQWLRQDO�
URXWH�EUHDNV�HYHQ�DW�DERXW�������KD��HTXLYDOHQW�WR�URXJKO\�������IDUPV�RI�DYHUDJH�VL]H��ZKHUHDV�WKH�
SURSRVHG�VFHQDULR�EUHDNV�HYHQ�DW�DERXW�����KD��RU�DERXW�����IDUPV��$W�����KD�WKH�FRQYHQWLRQDO�URXWH�
ORVHV�DERXW�86'������SHU�KHFWDUH�SHU�\HDU�ZKLOH�WKH�SURSRVHG�VFHQDULR�HDUQV�DERXW�86'������$W�������
KD�WKH�ILJXUHV�DUH�86'�����DQG�86'������DQG�IRU�YHU\�ODUJH�SURMHFWV�WKH�SURSRVHG�VFHQDULR�SODWHDXV�
DW�DERXW�86'�����SHU�KHFWDUH�SHU�\HDU�

7KH�RQH�DW�D�WLPH�VHQVLWLYLW\�LQ�)LJ����E��VKRZV�WKDW�WKH�IL[HG�FRVW�) GRPLQDWHV��9DU\LQJ�) IURP�86'�
�������WR��������PRYHV�WKH�EUHDN�HYHQ�DUHD�IURP�DERXW�����KD�WR�������KD��7KH�UHPRYDO�UDWH�V LV�
FKDQJHG�IURP�����WR������ZKLFK�LV�IURP�����KD�WR�����KD��DQG�WKH�SULFH�S LV�PRGLILHG�IURP�86'���WR�
����DQG�LW�FKDQJHV�IURP�����KD�WR�����KD��7KH�UROH�RI�WKH�LQWHUPHGLDU\�VKDUH��EXIIHU��DQG�XQFHUWDLQW\�
GLVFRXQW�LV�QRW�DV�VHULRXV�LQ�FRPSDULVRQ�ZLWK�RWKHUV��DV�WKHLU�UDQJH�LV�EHWZHHQ�����KD�DQG�����KD��7KH�
VREHULQJ�UHVXOW�IROORZV��ZKHQ�WDNLQJ�LQWR�DFFRXQW�WKH�EDVLF�SDUDPHWHUV�WKH�IDUP�PHDVXULQJ������KD�LV�
DEOH�WR�HDUQ�86'������SHU�\HDU�DV�FUHGLWV�DW�WKH�SODWHDX�DQG�86'����SHU�\HDU�DW�WKH�FRUQHU��V  ����S  �
�����7KH�LQFRPH�JDLQHG�IURP�FDUERQ�LV�QRW�SURPLVLQJ�HQRXJK�WR�LPSURYH�WKH�OLIH�RI�VPDOO�IDUPHUV�
ZKLFK�LV�LQ�OLQH�ZLWK�WKH�SUHYLRXVO\�PHQWLRQHG�REVWDFOHV�WR�SDUWLFLSDWLRQ�LQ�>�@��>�@��7KH�SODWIRUP�FDQ�
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SURYLGH�YDOXH�LQ�WHUPV�RI�HQDEOLQJ�DJJUHJDWLRQ�DQG�FXWWLQJ�GRZQ�RQ�IL[HG�FRVWV��OHDNDJH�RI�UHYHQXHV�
WR�LQWHUPHGLDULHV��DQG�FDOFXODWLQJ�FR�EHQHILWV�YLD�SULFLQJ�WKURXJK�TXDOLW\�WLHUV�RI�WKH�VHUYLFH�

)LJ���� �D��1HW�IDUPHU�LQFRPH�SHU�KHFWDUH�DJDLQVW�WRWDO�SURMHFW�VL]H�IRU�FRQYHQWLRQDO�DQG�UHFRPPHQGHG�
YDULDEOHV�� �E��2QH�DW�D�WLPH�VHQVLWLYLW\�RI� WKH�EUHDN�HYHQ�DUHD� LQ� WKH�UHFRPPHQGHG�FDVH��VFHQDULR�
PRGHO�DQG�QRW�DFWXDO�GDWD��

)��(���6L]LQJ�WKH�%XIIHU�3RRO

)RU�D�SHULRG�RI����\HDUV��ZH�FDUULHG�RXW�D�VLPXODWLRQ�ZLWK�D�SRUWIROLR�FRPSULVLQJ�RI������SORWV��7KH�
FUHGLW�LVVXHG�SHU�SORW�HDFK�\HDU�IROORZV�D�ORJ�QRUPDO�GLVWULEXWLRQ�ZLWK�PHGLDQ� �����DQG�ORJ�67'� �
�����ZLWK�D�SHUFHQWDJH�E RI�WKH�DPRXQW�UHPDLQLQJ�LQ�UHVHUYH��6XSSRVHGO\��HYHU\�\HDU�DOO�WKH�H[LVWLQJ�
SORWV�KDYH�D�FKDQFH�T RI�EHLQJ�UHYHUVHG�DQG�LQ�WKLV�FDVH��WKH�SORW�WKDW�KDV�EHHQ�UHYHUVHG�ZLOO�QR�PRUH�
EH�HOLJLEOH�IRU�WKH�SRRO��$V�D�UHVXOW��LQ�FDVH�RI�UHYHUVLQJ�DQ\�SORW��DOO�FUHGLWV�LVVXHG�ZLOO�EH�FDQFHOHG��
,W�LV�VDLG�WKDW�D�SRRO�LV�LQVROYHQW�ZKHQ�WKH�FODLPV�IRU�WKH�\HDU�H[FHHG�EXIIHU�EDODQFH��,Q�WKH�FRUUHODWHG�
YDULDWLRQ��WKHUH�RFFXUV�D�UHJLRQDO�VKRFN�ZLWK�����SUREDELOLW\�SHU�\HDU��DQG�WKH�T WKHQ�PXOWLSOLHV�E\�ILYH�
GXULQJ�WKDW�\HDU��(DFK�RI�WKH�SRLQWV�LQYROYHV �����WULDOV��VR�WKH�VWDQGDUG�HUURU�RI�WKH�0RQWH�&DUOR�LV�
DERXW�����SHUFHQWDJH�SRLQWV�DW�PD[LPXP�

)LJ����6KRZV�XS�WKH�SUREDELOLW\�RI�LQVROYHQF\�DJDLQVW�E��$W�T  �����JLYHQ�LQGHSHQGHQW�UHYHUVDOV��WKHUH�
LV�FHUWDLQW\�RI�LQVROYHQF\�DW�E ������$W�E  �����WKH�SUREDELOLW\�RI�LQVROYHQF\�LV������DQG�]HUR�DW������
)RU�WKH�FDVH�RI�T  ����LW�LV�VKRZQ�WR�EH������DW�����DQG�]HUR�DW������7KH�LQFOXVLRQ�RI�FRUUHODWHG�
VKRFNV�LQFUHDVHV�WKH�UHTXLUHPHQW��$W�T  �����WKH�LQVROYHQF\�SUREDELOLW\�LV������DW�����������DW������
������DW �����DQG�]HUR�DW������$W�T  �����WKH�LQVROYHQF\�LV������DW�����������DW�����������DW������
DQG�������DW������,Q�WKLV�FDVH��FRUUHODWHG�KD]DUGV�UHTXLUH�DERXW��±����KLJKHU�OLDELOLW\�ZKLOH�D�SRRO�
VSUHDG�LQ�XQFRUUHODWHG�FRQGLWLRQV�ZRXOG�UHGXFH�WKH�UHTXLUHPHQW�EXW�ZRQ¶W�HOLPLQDWH�LW��7KH�UHYHUVDO�
SHUFHQWDJHV�FDQ�EH�FRQVLGHUHG�DV�QXPEHUV�IRU�SODFHKROGHUV��DQG� WKH�DSSOLFDWLRQ�RI� WKH�EXIIHU�UXOH�
UHTXLUHV�FDOLEUDWLRQ�RI�WKH�REVHUYHG�UHYHUVDOV�EHIRUH�XVH�
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)LJ���� 3UREDELOLW\�RI�EXIIHU�LQVROYHQF\�ZLWKLQ����\HDUV�YHUVXV�EXIIHU�ZLWKKROG��IRU�LQGHSHQGHQW�DQG�
FRUUHODWHG�UHYHUVDO�ULVN�DW�T  ����DQG�����0RQWH�&DUOR��������WULDOV�SHU�SRLQW��

9,��'LVFXVVLRQ

:KDW� WKH� ILQGLQJV� LQGLFDWH� 7KH� K\SRWKHVHV� HQGRUVH� IRXU� GHVLJQ� VWUDWHJLHV�� %DWFKLQJ� HYLGHQFH�
FRPPLWPHQWV�PLQLPL]HV�WKH�FRVW�LQFXUUHG�E\�WKH�EORFNFKDLQ�IRU�HYHU\�UHFRUG��8VLQJ�D�VPDOO�UDQGRPO\�
VHOHFWHG�TXRUXP�GLOXWHV�WKH�LPSDFW�RI�FRUUXSW�YHULILHUV�E\�VHYHUDO�WLPHV��6SDWLDO�VFUHHQLQJ�FDQ�LGHQWLI\�
WKH�UH�HQUROOHG�SORWV�JLYHQ�WKDW�LQWHUIHUHQFH�LV�XQGHU�FRQWURO��0RUHRYHU��WKH�XSIURQW�FRVWV�RI�WKH�SURMHFW�
UDWKHU�WKDQ�WKH�EORFNFKDLQ�FRVW�GHFLGH�DERXW�SDUWLFLSDWLRQ�RI�WKH�VPDOOKROGHUV��WXUQLQJ�DJJUHJDWLRQ�
LQWR�D�PXVW�KDYH�UDWKHU�WKDQ�DQ�RSWLRQ�

(YLGHQFH�IURP�RSHUDWLQJ�PDUNHWV� 7KH�ORZ�OHYHO�RI�WUDQVDFWLRQV�UHJLVWHUHG�RQ�WRNHQL]HG�H[FKDQJHV�
VXJJHVWV� WKDW� WKH� QHZ� SODWIRUP� VKRXOG� QRW� EH� EDVHG� RQO\� RQ� WKH� RSHQ� PDUNHW� >�@�� >�@�� +DYLQJ�
³FRQWUDFWHG�IRUZDUG�RIIWDNH´�LQ�SODFH�ZLWK�WKH�EX\HUV�ZKR�DSSUHFLDWH�TXDOLW\�JUDGHV�JLYHV�WKH�QHZ�
SURMHFWV�SURWHFWLRQ�DJDLQVW�SULFH�GURSV��EHVLGHV��FKRLFH�RI�TXDOLW\�JUDGHG�EDWFKHV�DYRLGV�ORVV�RI�XVHIXO�
LQIRUPDWLRQ�EHFDXVH�RI�DPDOJDPDWLRQ�>�@�

/LPLWDWLRQV� 7KHUH�DUH�PXOWLSOH�UHVWULFWLRQV�LQYROYHG��7R�EHJLQ��WKHUH�LV�QR�GHSOR\PHQW��DQG�WKXV�WKH�
JDV�ILJXUHV�FRPH�IURP�FRQVWDQWV�RI�WKH�SURWRFRO�DQG�FDQ�GLIIHU�DFFRUGLQJ�WR�WKH�QHWZRUN�XVHG��7KH�
LGHD�LQ�WKH�TXRUXP�PRGHO�UHOLHV�RQ�WKH�DVVXPSWLRQ�RI�WKH�FRUUXSWLRQ�RI�LQGHSHQGHQW�YHULILHUV��7KLV�
RYHUODS�H[SHULPHQW�XWLOL]HV�V\QWKHWLF�VTXDUH�SORWV�DQG�LQGHSHQGHQW�QRLVH��(FRQRPLF�DVVXPSWLRQV�DQG�
EXIIHU�SDUDPHWHUV�DUH�DVVXPHG�ZLWKRXW�EHLQJ�YDOLGDWHG��%ORFNFKDLQ�LQWHJULW\�FRPPHQFHV�WKH�PRPHQW�
LW�LV�ZULWWHQ��7KH�SURFHVV�RI HVWLPDWLQJ�WKH�DPRXQW�RI�FDUERQ�SUHVHQW�LQ�WKH�VRLO�GRHV�QRW�LPSURYH�WKH�
UHDGLQJ�WKDW�KDV�DOUHDG\�EHHQ�PDGH��7KXV��WKH�TXDOLW\�RI�059�HQJLQH�DQG�VDPSOLQJ�RI�YHULILHUV�LV�WKH�
KLJKHVW�ULVN�DV�HYLGHQFHG�E\�WKH�UHYLHZ�RI�059�IRU�,QGLDQ�ODQGRZQHUV��)XUWKHUPRUH��WKH�OHJDO�VWDWXV�
RI� WRNHQL]HG� FUHGLWV�� UXSHH� VHWWOHPHQW�� DQG� UHJLVWU\� OLQNDJH� LQ� ,QGLD� DUH� \HW� WR� EH� GHYHORSHG�� DQG�
FRQVHTXHQWO\��WKH�GHVLJQ�UHWDLQV�WKH�UHJLVWU\�DV�WKH�DXWKRULW\�DQG�WKH�WRNHQ�DV�D�UHIOHFWLRQ��0RUHRYHU��
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WRNHQL]DWLRQ�FDQ�DOVR�FUHDWH�QHZ�ULVNV�VLQFH�LW� LV�SURQH�WR�TXDOLW\�GLOXWLRQ�DV� WKH�HIIHFW�RI�SRROLQJ�
FRPHV�LQWR�SOD\��>�@��>�@�

7KUHDWV� WR� YDOLGLW\� 7KH� DERYH� VLPSOLILFDWLRQV� UHVWULFW� LQWHUQDO� YDOLGLW\�ZKLOH� H[WHUQDO� YDOLGLW\� LV�
FRQVWUDLQHG�VLQFH�SDUDPHWHUV�DUH�QRW� VHOHFWHG� IURP�D�SDUWLFXODU�JHRJUDSKLF�DUHD�� W\SH�RI�FURSV��RU�
IDUPLQJ�SUDFWLFHV��0RUHRYHU��FRQVWUXFW�YDOLGLW\�LV�UHGXFHG�EHFDXVH�WKH�WHUP�³EUHDN�HYHQ�DUHD´�PHUHO\�
VXPPDULVHV�WKH�ZLGHU�VHW�RI�OHJDO�DQG�VRFLDO�FKDOOHQJHV��QDPHO\�ODQG�RZQHUVKLS�DQG�DSSURYDO�>�@�

)XWXUH�ZRUN� 6RPH�RI�WKH�IXWXUH�VWHSV�LQYROYH�UXQQLQJ�D�SLORW�SURJUDP�ZLWK�WKH�ORFDO�IDUPHU�DQG�
SURGXFHU�RUJDQLVDWLRQV�WR�XQGHUVWDQG�WKH�UDWHV�RI�UHPRYDO�DQG�UHYHUVDO�LQFOXGLQJ�WKH�PLVWDNH�UDWHV��
EXLOGLQJ�D�WHVWQHW�ZLWK�DQ�LQGHSHQGHQW�DXGLW�FRQWUDFW��PHDVXULQJ�UHDO�WLPH�HPLVVLRQ�DQG�ODJ��]HUR�
NQRZOHGJH�SURRIV��DQG�PDNLQJ�D�OHJDO�DQDO\VLV�RI�5DM�

9,,��&RQFOXVLRQ

$�EORFNFKDLQ�EDVHG�PDUNHW�LQ�ZKLFK�DJULFXOWXUDO�FDUERQ�FUHGLWV�DUH�FUHDWHG�DQG�WUDGHG�LV�SURYLGHG�E\�
WKLV� UHVHDUFK��+RZHYHU�� GXULQJ� WKH� LVVXDQFH�SURFHVV�� XVHUV�PXVW� HVWDEOLVK� D�QXPEHU�RI� DFFUHGLWHG�
YDOLGDWRUV�ZLWKRXW�DQ\�FRQWULEXWLRQ�IURP�WKH�SODWIRUP��(YLGHQFH�RI�DJULFXOWXUDO�LQIOXHQFH�LV�KDQGOHG�
LQ� EDWFKHV�� GXSOLFDWH� ILHOGV� DUH� GHWHFWHG� WKURXJK� VSDWLDO� DQDO\VLV�� XQFHUWDLQW\� LV� UHPRYHG� SULRU� WR�
LVVXLQJ�WKH�FUHGLWV��DQG UHYHUVDOV�UHO\�RQ�D�UHVHUYH��6LPXODWLRQ�DVVHVVPHQWV�GHPRQVWUDWH�VLJQLILFDQW�
H[SHQGLWXUHV�RQ�WKH�EORFNFKDLQ�IRU�EDWFK�SURFHVVLQJ��VWDEOH�VHFXULW\�DJDLQVW�YLRODWLRQV��DQG�HIILFLHQW�
GXSOLFDWH�GHWHFWLRQ�XVLQJ�ORZ�SUHFLVLRQ�*36�GDWD��$�FRYHUHG�SURMHFW�VL]H�LV�GLFWDWHG�E\�D�QRQ�YDULDEOH�
FKHFN�XS�FRVW��0RUHRYHU��DW�UHDVRQDEOH�SULFHV��LQFRPH�IURP�FDUERQ�FUHGLWV�LV�QRW�KLJK��WKXV�SDYLQJ�
WKH�ZD\�WR�D�KLJKHU�YDOXH�RI�WKH�SURFHVV�RI�FRPELQLQJ�GXH�WR�WKH�ORZHU�OHYHO�RI�OHDNDJH�DQG�WKH�TXDOLW\�
RI�LVVXHG�FUHGLWV��6LQFH�VLPXODWLRQV�ZHUH�PDGH��D�UHDO�OLIH�SLORW�H[SHULPHQW�LV�QHHGHG�WR�FRPSOHWH�WKLV�
VROXWLRQ�
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