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,Q�WKLV�ZRUN��FDYLWDWLRQ�SKHQRPHQD�LQVLGH�DQ�DXWRFODYH�WKDW�FRQWDLQV�D�FKHPLFDOO\�DF�
WLYH� EXEEO\�PHGLXP�ZHUH� LQYHVWLJDWHG�� 6XFK�PHGLD� DUH� UHTXLUHG� WR� FRQGXFW� SURFHVVHV��
VXFK� DV� OLTXLG�SKDVH�K\GURFDUERQ�R[LGDWLRQ��7KH� OLTXLG�ZDV�F\FORKH[DQH�DQG�FRQWDLQHG�
H[SORVLYH�JDV�EXEEOHV�RI�F\FORKH[DQH�DQG�R[\JHQ��5DUHIDFWLRQ�ZDYHV�ZHUH�FUHDWHG�LQVLGH�
WKH� PHGLXP� E\� WKH� LPSDFW� RI� D� GHWRQDWLRQ� ZDYH� RQ� LWV� VXUIDFH�� +LJK� VSHHG� RSWLFDO�
���������ISV��DQG�SUHVVXUH����0K]��PHDVXUHPHQWV�ZHUH�DSSOLHG��

7KH�EHKDYLRU�RI� WKH�SUH�H[LVWLQJ�H[SORVLYH�EXEEOHV�DV�ZHOO�DV�RI� WKH�FDYLWDWLRQ�EXE�
EOHV�GXULQJ�WKH�SURSDJDWLRQ�RI�D�SUHVVXUH�ZDYH�ZLWK�SRVLWLYH�DQG�QHJDWLYH�SKDVH�ZDV�RSWL�
FDOO\�UHFRUGHG��7KLV�EHKDYLRU�ZDV�VLPXODWHG�E\�FDOFXODWLRQ��7KH�FDOFXODWHG�UHVXOWV�FRUUH�
ODWH�UHDVRQDEO\�ZHOO�ZLWK�WKH�H[SHULPHQWDO�REVHUYDWLRQV��

$GGLWLRQDOO\��WKH�LQIOXHQFH�RI�WKH�LQWHUQDO�JHRPHWU\�RI�WKH�OLTXLG
V�YHVVHO�RQ�WKH�H[LV�
WHQFH�RI�FDYLWDWLRQ�SKHQRPHQD� LV�H[SHULPHQWDOO\�GHPRQVWUDWHG��,W�ZDV� IRXQG� WKDW�DV\P�
PHWULHV� LQ�WKH�F\OLQGULFDO�YROXPH�RI�WKH�OLTXLG��YHUWLFDO�WR�WKH�SURSDJDWLRQ�GLUHFWLRQ�RI�D�
UDUHIDFWLRQ�ZDYH��GLVWXUE�RU�HOLPLQDWH�WKLV�ZDYH��

�
.H\ZRUGV��%XEEOH��&\FORKH[DQH��'\QDPLFV��'HWRQDWLRQ��6KRFN�ZDYH��5DUHIDFWLRQ�ZDYH��
([SORVLRQ��6KRFN�LQGXFHG�

�
�

���,QWURGXFWLRQ��
�
,I�D� OLTXLG� LV�VXEMHFWHG�WR�D�GHFUHDVLQJ�SUHVVXUH�DW�FRQVWDQW� WHPSHUDWXUH��DQG�WKH�

SUHVVXUH� IDOOV� EHORZ� WKH� VDWXUDWHG� YDSRU� SUHVVXUH�� WKHQ� D� SURFHVV� RI� UXSWXULQJ� WDNHV�
SODFH��7KLV�SURFHVV�LV�RIWHQ�FDOOHG�FDYLWDWLRQ��&DYLWDWLRQ�FDXVHG�E\�D�GHFUHDVH�RI�SUHV�

DUFKLYXP�

FRPEXVWLRQLV�
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VXUH�DSSHDUV�LQ�IOXLG�IORZ��VXFK�DV�ZLWK�VKLS�SURSHOOHUV��K\GURIRLOV��SLSHV�DQG�SXPSV��,W�
FDQ�DOVR�RFFXU�LQ�VRXQG�ILHOGV�LQ�WKH�XQGHUSUHVVXUH�F\FOH�RI� WKH�VRXQG�ZDYH�>�@��7KH�
FDYLWDWLRQ� EXEEOHV� RULJLQ� IURP� PLFUR�LQKRPRJHQHLWLHV� LQVLGH� WKH� OLTXLG�� ZKLFK� DUH�
RIWHQ�FDOOHG�FDYLWDWLRQ�QXFOHL���

7KHUH�DUH� WZR�PDMRU�NLQGV�RI�FDYLWDWLRQ�QXFOHL��7KH�PLFUREXEEOHV�RI�IUHH�JDV� LV�
WKH�ILUVW�RQH��7KH\�PD\�EH�SUHVHQW�LQ�FUHYLFHV�ZLWKLQ�WKH�VROLG�ERXQGDU\�RU�ZLWKLQ�VXV�
SHQGHG� SDUWLFOHV� RU� FRXOG� VLPSO\� EH� IUHHO\� VXVSHQGHG�ZLWKLQ� WKH� OLTXLG�� 7HPSRUDU\��
PLFURVFRSLF�YRLGV�IRUPHG�GXH� WR� WKH� WKHUPDO�PRWLRQV�ZLWKLQ� WKH� OLTXLG� LV� WKH�VHFRQG�
RQH���

)XUWKHU�NLQGV�RI�FDYLWDWLRQ�QXFOHL�H[LVW��)RU�H[DPSOH��QXFOHL�FDQ�EH�IRUPHG�E\�OR�
FDO�HQHUJ\�GHSRVLW�LQ�WKH�IRUP�RI�HLWKHU�KHDW��OLJKW�RU�SDUWLFOHV��7KHVH�NLQGV�RI�FDYLWD�
WLRQ� QXFOHL� DUH� H[SHFWHG� WR� EH� RI�PLQRU� LPSRUWDQFH� IRU� WKH� H[SHULPHQWV� WKDW� DUH� UH�
SRUWHG�LQ�WKLV�SDSHU���

&DYLWDWLRQ�LV�DFFRPSDQLHG�E\�D�QXPEHU�RI�HIIHFWV��&DYLWDWLRQ�EXEEOHV�WHQG�WR�FRO�
ODSVH�H[FHHGLQJO\�IDVW��HPLWWLQJ�VKRFN�ZDYHV�DQG�HYHQ�OLJKW��VRQROXPLQHVFHQFH���3HU�
KDSV� WKH� WZR� PRVW� XELTXLWRXV� VDIHW\� HQJLQHHULQJ� SUREOHPV� FDXVHG� E\� WKH� FROODSVH�
SKDVH�RI�FDYLWDWLRQ�EXEEOHV�DUH�WKH�PDWHULDO�GDPDJH��HURVLRQ��WKDW�FDQ�EH�FDXVHG�ZKHQ�
WKH� FROODSVH� WDNHV�SODFH� LQ� WKH�YLFLQLW\� RI� D� VROLG� VXUIDFH�� DQG� WKH� IDFW� WKDW� FKHPLFDO�
UHDFWLRQV�LQ�WKH�OLTXLG�FDQ�EH�LQGXFHG��

)RU�WKH�FDVH�RI�FDYLWDWLRQ�HURVLRQ��LW�KDV�ORQJ�EHHQ�UHFRJQL]HG�WKDW�WKH�DFWLRQ�RI�Q�
EXEEOHV�LV�JUHDWHU�WKDQ�Q�WLPHV�WKH�DFWLRQ�RI�RQH��1HYHUWKHOHVV�WKH�VLQJOH�EXEEOH�EHKDY�
LRU� UHPDLQV� WKH� EDVLV� RI� WKH� GHVWUXFWLRQ�PHFKDQLVP�� 7KHRUHWLFDO� FDOFXODWLRQV� IRU� WKH�
FROODSVH�RI�FDYLWDWLRQ�EXEEOHV�KDYH�VKRZQ�WKDW�SUHVVXUHV�DV�KLJK�DV�����EDU�FDQ�EH�OR�
FDOO\�SURGXFHG��>�@��>�@���7KH�GDPDJH�SRWHQWLDO�RI�VXFK�SUHVVXUHV�ZDV�H[SHULPHQWDOO\�
GHPRQVWUDWHG� E\� VHYHUDO� DXWKRUV� �H�J�� LQ� >�@�� >�@���7KHVH� SUHVVXUHV�� KRZHYHU�� IDOO� RII�
YHU\�TXLFNO\�ZLWKLQ�D�IHZ�EXEEOH�UDGLL�>�@��

,I� WKH�FROODSVH�SURFHVV�RI� WKH�EXEEOH�WDNHV�SODFH�ZLWKLQ�D�UHDFWLYH�PDWHULDO�� WKHQ�
WKH�SRWHQWLDO�WR�VWDUW�ORFDO�UHDFWLRQ�OHDGLQJ�WR�SDUWLDO�GHFRPSRVLWLRQ�RU�UXQ�WR�IXOO�GHWR�
QDWLRQ�H[LVWV�>�@��7KH�VWLPXOXV�IRU�LJQLWLRQ�LV�ORFDO�KLJK�WHPSHUDWXUHV��L�H��WKH�IRUPDWLRQ�
RI�WKH�VR�FDOOHG�KRW�VSRWV��7KHVH�WHPSHUDWXUHV�DUH�FUHDWHG�E\�WKUHH�GLIIHUHQW�ZD\V�GXU�
LQJ�WKH�EXEEOH�FROODSVH�>�@��7KH�RQH�LV�WKDW�WKH�WHPSHUDWXUH�ULVHV�LQVLGH�WKH�FROODSVLQJ�
EXEEOH�GXH�WR�FRPSUHVVLRQ��7KH�VHFRQG�LV�WKDW�LQ�FDVH�RI�DV\PPHWULF�EXEEOH�FROODSVH�D�
VKRFN�KHDWHG�UHJLRQ�LV�IRUPHG�DW�WKH�SRVLWLRQ�ZKHUH�WKH�OLTXLG�MHW�KLWV�WKH�VXUIDFH�RI�WKH�
EXEEOH� GXULQJ� LWV� SHQHWUDWLRQ�� 7KH� WKLUG�ZD\� GHPRQVWUDWHV� LWVHOI�PRUH� LQWHQVLYHO\� LQ�
YLVFRXV�OLTXLGV��7KH�IULFWLRQ�EHWZHHQ�WKH�JDV�SKDVH�RI�WKH�EXEEOHV�DQG�LWV�KLJK�VSHHG�
VKULQNLQJ�VXUIDFH�KHDWV�WKH�VXUURXQGLQJ�OLTXLG��7KH�KHDWLQJ�HIIHFW�LV�HQKDQFHG�LQ�FDVH�
RI� D� OLTXLG� MHW� SHQHWUDWLRQ� GXULQJ� WKH� EXEEOH� FROODSVH�� WKURXJK� WKH� DGGLWLRQDO� VXUIDFH�
ZKHUH�IULFWLRQ�WDNHV�SODFH��

,Q�WKLV�ZRUN�FDYLWDWLRQ�SKHQRPHQD�LQVLGH�DQ�DXWRFODYH�WKDW�FRQWDLQV�D�FKHPLFDOO\�
DFWLYH� EXEEO\�PHGLXP�ZHUH� LQYHVWLJDWHG�� 6XFK�PHGLD� DUH� UHTXLUHG� WR� FRQGXFW� SURF�
HVVHV�� VXFK� DV� OLTXLG�SKDVH� K\GURFDUERQ� R[LGDWLRQ�� $Q� H[DPSOH� LV� WKH� R[LGDWLRQ� RI�
F\FORKH[DQH�WR�F\FORKH[DQRQH�DQG�F\FORKH[DQRO��ZKLFK�LV�XVHG�DV�UDZ�PDWHULDO�IRU�WKH�
SURGXFWLRQ�RI�Q\ORQ���
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2QH�SDUW�RI�WKH�PRWLYDWLRQ�IRU�WKHVH�LQYHVWLJDWLRQV�ZDV�WR�REVHUYH�WKH�H[SORVLRQ�
EHKDYLRU� RI� WKH�PHGLXP� LQ� WKH� FDVH� WKDW� D� SUHVVXUH�ZDYH�ZLWK� SHULRGLF� SRVLWLYH� DQG�
QHJDWLYH�SKDVH�SURSDJDWHV�LQVLGH�LW��7KH�RWKHU�SDUW�RI�WKH�PRWLYDWLRQ�ZDV�WR�LQYHVWLJDWH�
WKH� UROH�RI� WKH�YHVVHO¶V�JHRPHWU\�RQ� WKH�H[LVWHQFH�RI�FDYLWDWLRQ�SKHQRPHQD� LQVLGH� LW��
7KLV�ZDV�SRVVLEOH�E\�YDULDWLRQ�RI�WKH�LQWHUQDO�VKDSH�RI�WKH�DXWRFODYH��

,Q�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH�REVHUYHG�FDYLWDWLRQ�EHKDYLRU��D�FDOFXODWLRQ�RI�WKH�
EXEEOH� G\QDPLFV� XQGHU� WKH� H[SHULPHQWDO� FRQGLWLRQV� LV� SUHVHQWHG�� %\� FRPSDULVRQ� RI�
WKHVH� UHVXOWV�ZLWK� WKH�RSWLFDO�REVHUYDWLRQV�� WKH�QHJDWLYH�SDUW�RI� WKH�SUHVVXUH�VLJQDO� LQ�
WKH�H[SHULPHQWV�LV�HVWLPDWHG��
�
���([SHULPHQWDO�

�
�����([SHULPHQWDO�VHWXS�

�
7KH�DXWRFODYH�FRQVLVWV�RI�PDLQO\�WKUHH�SDUWV��VHH�)LJ������,Q�WKH�ERWWRP�SDUW��SDUW�

,��WKH�EXEEOH�JHQHUDWRU�LV�LQVWDOOHG��$GGLWLRQDOO\��SDUW�,�FRQWDLQV�IRXU�DGDSWHUV�IRU�SUHV�
VXUH�WUDQVGXFHUV�DQG�ZLQGRZV��7KH�GLDPHWHU�RI�WKH�RSHQLQJV�KRVWLQJ�WKHVH�DGDSWHUV�LV�
����PP��7KH�LQQHU�GLDPHWHU�RI�WKH�ERWWRP�SDUW�FDQ�EH�HLWKHU�����PP�RU�����PP��,Q�
WKH� H[SHULPHQWV� UHSRUWHG� LQ� WKLV�ZRUN�� RQO\� WKH� GLDPHWHU� RI� ����PP�ZDV� XVHG�� 7KH�
PLGGOH�SDUW��SDUW�,,��DQG�WKH�XSSHU�SDUW�RI�WKH�DXWRFODYH��SDUW�,,,��KDYH�DQ�LQQHU�GLDPH�
WHU�RI�����PP��WRR��2Q�WKH�XSSHU�SDUW�WKH�LJQLWLRQ�VRXUFH�LV�LQVWDOOHG��$V�LJQLWLRQ�VRXU�
FH� DQ� H[SORGLQJ�ZLUH�ZDV� XVHG�� 7KH� WRWDO� OHQJWK� RI� WKH� DXWRFODYH� LV� ������PP��7KH�
EXEEOH� JHQHUDWRU� LQ� WKH� ERWWRP�RI� WKH� DXWRFODYH� FRQVLVWV� RI� DQ� RULILFH�ZLWK� WZR� VLGH�
RSHQLQJV�RI������PP�GLDPHWHU�HDFK��7KH�RXWOHW�IRU�WKH�OLTXLG�LV�LQVWDOOHG�LQ�WKH�ERWWRP�
SDUW�RI�WKH�DXWRFODYH�WRR���

7KH�OHQJWK�RI�WKH�DFU\OLF�JODVV�ZLQGRZ�ZDV�HLWKHU����PP������PP��RU�����PP��
0HWDOOLF�VHDOLQJ�JDVNHWV�ZHUH�XVHG�RQ�WKH�WZR�ORQJHU�ZLQGRZV�RQ�WKH�ULJKW��DV�VHHQ�LQ�
)LJ�����$W�����PP�WKH�ZLQGRZV�ILOOHG�DOPRVW�FRPSOHWHO\�WKH�FRUUHVSRQGLQJ�RSHQLQJV�
RI�WKH�DXWRFODYH��VR�WKDW�WKH�YROXPH�RI�WKH�OLTXLG�LQVLGH�KDG�D�F\OLQGULFDO�IRUP���

,Q�WKH�FDVH�ZKHQ�WZR�DFU\OLF�JODVV�ZLQGRZV�ZHUH�XVHG��L�H��WKH�LQWHUQDO�YROXPH�RI�
WKH�DXWRFODYH�ZDV�F\OLQGULFDO���WKH�OLTXLG�SKDVH�DPRXQWHG�WR�������PO�SXUH�F\FORKH[�
DQH��7KH�VXUIDFH�RI�WKH�OLTXLG�ZDV�VLWXDWHG�����PP�IURP�WKH�ERWWRP�RI�WKH�DXWRFODYH��
UHDFKLQJ�WKH�OHYHO�VKRZQ�LQ�)LJ�����LQGHSHQGHQW�RI�WKH�W\SH�RI�ZLQGRZV�WKDW�ZHUH�XVHG��

7KH�PROH� IUDFWLRQ� RI� DFHW\OHQH� DQG� R[\JHQ� LQ� WKH� H[SORVLYH�PL[WXUH� DERYH� WKH�
OLTXLG�SKDVH�ZHUH������DQG������UHVSHFWLYHO\��$OO�H[SHULPHQWV�ZHUH�SHUIRUPHG�DW�URRP�
WHPSHUDWXUH����R&±��R&��DQG�DW�LQLWLDO�SUHVVXUH���EDU��

7KH�ZLQGRZ�W\SH���RIIHUV�DQ�REVHUYDWLRQ�DUHD�RI����FP�LQ�GLDPHWHU��'XH�WR�WKH�
PHWDOOLF�VHDOLQJ�JDVNHWV�WKDW�DUH�LQVWDOOHG��WKH�ZLQGRZV�RI�W\SH���DQG���RIIHU�DQ�REVHU�
YDWLRQ�DUHD�RI���FP�LQ�GLDPHWHU��
�

�
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)LJ����� 7ZR� VFKHPDWLFV� RI� WKH� DXWRFODYH�� 2Q� WKH� ULJKW� RQH� WKH� SRVLWLRQV� RI� WKH� SUHVVXUH� VHQVRUV� DUH�
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�

�
)LJ����� 7KUHH�GLIIHUHQW�DFU\OLF�JODVV�ZLQGRZV���

�
�

�����([SHULPHQWDO�SURFHGXUH�
�

7KH� H[SHULPHQWDO� SURFHGXUH�ZDV� WKH� IROORZLQJ��)LUVW� WKH� DSSURSULDWH� YROXPH�RI�
OLTXLG�LV�LPSRUWHG�LQWR�WKH�DXWRFODYH��7KHQ�DQ�H[SORVLYH�DFHW\OHQH�R[\JHQ�JDV�PL[WXUH�
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��
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LV�IHG�LQ�IURP�WKH�XSSHU�JDV�LQOHW��%XEEOHV�DUH�FUHDWHG�E\�LQMHFWLQJ�JDVHRXV�R[\JHQ�LQWR�
WKH�OLTXLG�SKDVH�WKURXJK�WKH�EXEEOH�JHQHUDWRU�RQ�WKH�ERWWRP��7KH�WLPH�LQWHUYDO�XQWLO�WKH�
EXEEOHV�UHDFKHG�WKH�SRVLWLRQ�RI�WKH�REVHUYDWLRQ�ZLQGRZ�ZDV�HQRXJK�IRU�WKH�YDSRUV�RI�
WKH� VXUURXQGLQJ� F\FORKH[DQH� WR� VDWXUDWH� WKH� R[\JHQ� EXEEOHV� >��@��7KXV�� WKH� EXEEOHV�
VHHQ�LQ�WKH�RSWLFDO�UHFRUGLQJV�RI�WKLV�ZRUN�FRQWDLQHG�DQ�H[SORVLYH��QHDUO\�VWRLFKLRPHW�
ULF��JDVHRXV�PL[WXUH��$�VKRFN�ZDYH� LQ� WKH� OLTXLG� LV�JHQHUDWHG�E\�D�JDV�GHWRQDWLRQ�RI�
WKH�H[SORVLYH�PL[WXUH�DERYH�WKH�OLTXLG��7KH�JDV�GHWRQDWLRQ�LV�LJQLWHG�E\�DQ�H[SORGLQJ�
ZLUH�LQ�WKH�WRS�IODQJH�RI�WKH�DXWRFODYH����
�
�����$SSOLHG�PHDVXUHPHQWV�WHFKQLTXHV�

�

3UHVVXUH�DQG�RSWLFDO�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�GXULQJ�HDFK�H[SHULPHQW��)RU�
WKH�SUHVVXUH�PHDVXUHPHQWV��SLH]RHOHFWULF�SUHVVXUH�WUDQVGXFHUV��.LVWOHU����+��LQ�FRP�
ELQDWLRQ�ZLWK�D�PXOWL�FKDQQHO� WUDQVLHQW� UHFRUGHU�RSHUDWLQJ�DW�D�VDPSOH� UDWH�RI���0+]�
ZHUH�XVHG��7KH�SURGXFHG�VLJQDO�IURP�WKH�SUHVVXUH�WUDQVGXFHUV�ZDV�WKHQ�SDVVHG�WKURXJK�
DQ�HOHFWURQLF�DPSOLILHU�RI�WKH�W\SH�.LVWOHU������61��7KH�VLJQDO�ZDV�LQWHQVLILHG�WKHUH��VR�
WKDW�LW�FRXOG�EH�UHFRJQL]HG�E\�WKH�WUDQVLHQW�UHFRUGHU��7KH�WUDQVLHQW�UHFRUGHU�XVHG�LQ�WKLV�
ZRUN�ZDV�WKH�PRGHO�75$�����IURP�WKH�FRPSDQ\�:���:�,QVWUXPHQWH�$*�%DVHO���

7KH�GHWRQDWLRQ�SUHVVXUH�LQ�WKH�JDV�SKDVH�ZDV�PHDVXUHG�IURP�WKH�SUHVVXUH�VHQVRUV�
DW�WKH�SRVLWLRQV�LQGLFDWHG�E\�����DQG�����LQ�)LJ�����7KH�SUHVVXUH�VLJQDOV�LQVLGH�WKH�OLTXLG�
SKDVH�DW�WKH�OHYHO�RI�WKH�ZLQGRZV��ZKLFK�DUH�SUHVHQWHG�LQ�WKLV�ZRUN��ZHUH�UHFRUGHG�DW�
WKH�SRVLWLRQ�����DQG�DW�WKH�ERWWRP�RI�WKH�DXWRFODYH��)LJ�������

7KH� PHDVXUHG� SUHVVXUH� VLJQDOV� ZHUH� VPRRWKHG� ZLWK� D� UXQQLQJ� DYHUDJH� RI� ���
SRLQWV��L�H������V���7KH�VPRRWKLQJ�ZDV�QHFHVVDU\�IRU�UHGXFLQJ�WKH�LQIOXHQFH�RI�WKH�QD�
WXUDO�RVFLOODWLRQV�RI�WKH�SUHVVXUH�WUDQVGXFHUV��$YHUDJLQJ�RYHU����SRLQWV�FRUUHVSRQGV�WR�
H[DFWO\���RVFLOODWLRQ�SHULRGV�RI�WKH�WUDQVGXFHUV��

7KH�LQWHUDFWLRQ�RI�WKH�EXEEO\�OLTXLG�ZLWK�WKH�VKRFN�ZDYH�ZDV�REVHUYHG�ZLWK�WKH�
KHOS� RI� D� SURWRW\SH� GLJLWDO� KLJKVSHHG� IUDPLQJ� FDPHUD� RI� WKH� FRPSDQ\� 6KLPDG]X�
�PRGHO�,6,6�9����,W�RIIHUV�D�PD[LPXP�IUDPLQJ�UDWH�RI�����������ISV�DW�D�UHVROXWLRQ�RI�
����[�����SL[HOV��7KH�VSDWLDO�UHVROXWLRQ�RI�WKH�RSWLFDO�UHFRUGLQJV�SUHVHQWHG�LQ�WKLV�ZRUN�
ZDV� DERXW� �����PP�SL[HO�� 7KH� H[SRVXUH� WLPH� RI� HDFK� IUDPH� LV� WKH� LQWHUYDO� WLPH� EH�
WZHHQ�WKH�UHFRUGLQJ�RI�WZR�VHTXHQWLDO�IUDPHV��7KH�FDPHUD�RIIHUV�D�WRWDO�RI�����GLJLWDO�
IUDPHV��'XULQJ�WKH�H[SHULPHQWV��GLIIXVHG�OLJKW�ZDV�XVHG�DV�H[WHUQDO�OLJKW�VRXUFH���

�

���5HVXOWV�DQG�'LVFXVVLRQ��

����&DYLWDWLRQ�SKHQRPHQD�LQVLGH�D�EXEEO\�PHGLXP���

�

7KH�VWUXFWXUH�RI�WKH�SUHVVXUH�VLJQDOV�LQVLGH�WKH�OLTXLG�PHGLXP�LV�DQ�LPSRUWDQW�LQ�
IRUPDWLRQ� WKDW� LV� FRQQHFWHG�ZLWK� WKH� H[LVWHQFH� RI� FDYLWDWLRQ� SKHQRPHQD�� ,Q� RUGHU� WR�
XQGHUVWDQG�WKLV�VWUXFWXUH�� LW� LV�QHFHVVDU\�WR�WDNH�LQWR�DFFRXQW�WKDW�WKH�UHVXOW�RI�WKH�UH�
IOHFWLRQ�RI�D�SUHVVXUH�ZDYH�DW�WKH�ERUGHU�EHWZHHQ�WZR�GLIIHUHQW�PHGLD�GHSHQGV�RQ�WKH�
UHODWLRQ�RI�WKH�DFRXVWLFDO�LPSHGDQFH�RI�WKHVH�PHGLD��VHH�>�@�DQG�>��@����
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,Q�)LJ����D�VFKHPDWLF� WKDW�VKRZV�WKH�EHKDYLRU�RI�D�VKRFN�ZDYH�LQVLGH� WKH�OLTXLG�
SKDVH� RI� WKH� DXWRFODYH�� JHQHUDWHG� E\� WKH� LPSDFW� RI� D� SODQDU� GHWRQDWLRQ�ZDYH� RQ� WKH�
VXUIDFH�RI�WKH�OLTXLG��LV�VKRZQ��$IWHU�WKH�LPSDFW�RI�WKH�GHWRQDWLRQ�ZDYH�RQ�WKH�VXUIDFH�
RI�WKH�OLTXLG��D�UHIOHFWHG�VKRFN�ZDYH�LV�FUHDWHG�LQ�WKH�JDV�DQG�DOVR�D�VKRFN�ZDYH�LQVLGH�
WKH�OLTXLG��ZKLFK��SURSDJDWHV�WRZDUGV�WKH�ERWWRP�RI�WKH�DXWRFODYH��,W�LV�WKHQ�UHIOHFWHG�
DV�VKRFN�ZDYH�DW�WKLV�SRVLWLRQ��UHWXUQLQJ�EDFN�WR�WKH�VXUIDFH�RI�WKH�OLTXLG��$W�WKH�VXU�
IDFH� LW� LV� UHIOHFWHG�DV�D� UDUHIDFWLRQ�ZDYH�DQG� UHWXUQV� WR� WKH�ERWWRP�DJDLQ��ZKHUH� LW� LV�
UHIOHFWHG� DV� D� UDUHIDFWLRQ�ZDYH� RQFH�PRUH�� 7KH� QH[W� UHIOHFWLRQ� DW� WKH� VXUIDFH� RI� WKH�
OLTXLG� FUHDWHV� D� QHZ� VKRFN� ZDYH�� (DFK� WLPH� D� SUHVVXUH� ZDYH� �VKRFN� RU� UDUHIDFWLRQ�
ZDYH���SURSDJDWLQJ�LQVLGH�WKH�OLTXLG�PHGLXP��LV�UHIOHFWHG�DW�WKH�VXUIDFH�RI�WKH�OLTXLG��D�
FRUUHVSRQGLQJ�SUHVVXUH�ZDYH�LV�UHIUDFWHG�LQWR�WKH�JDVHRXV�PHGLXP��VHH�)LJ������

*LYHQ�WKDW�WKH�SUHVVXUH�ZDYHV�SURSDJDWH�ZLWK�WKH�VRXQG�YHORFLW\�LQVLGH�WKH�OLTXLG��
L�H�� ������P�V� >��@�� WKHVH� UHIOHFWLRQV� VKRXOG� FUHDWH� D� SHULRGLF� FKDQJH� EHWZHHQ� VKRFN�
ZDYH��SRVLWLYH�SKDVH��DQG�UDUHIDFWLRQ�ZDYH��QHJDWLYH�RU�]HUR�SKDVH��LQVLGH�WKH�OLTXLG�
XQWLO�WKH\�IDGH�RXW��$QG�LQ�GHHG�WKLV�HIIHFW�ZDV�REVHUYHG�LQ�WKH�H[SHULPHQWV��LQGHSHQG�
HQW�RI�WKH�H[LVWHQFH�RI�JDV�EXEEOHV�LQVLGH�WKH�OLTXLG��7KLV�LV�EHFDXVH�DOWKRXJK�DQ�DGH�
TXDWH�QXPEHU�RI�EXEEOHV�LQVLGH�WKH�OLTXLG�FDQ�FKDQJH�WKH�VWUXFWXUH�RI�WKH�SUHVVXUH�VLJ�
QDO��DV�LOOXVWUDWHG�LQ�)LJ�����WKH�H[LVWHQFH�RI�WKH�VXEVHTXHQW�SRVLWLYH�±�QHJDWLYH�SKDVHV�
FDQ�QRW�EH�SURKLELWHG���

$W� WKLV�SRLQW� LW� LV�QHFHVVDU\�DV�EDFNJURXQG� LQIRUPDWLRQ� WR�NQRZ� WKDW� D�SUHVVXUH�
ZDYH�SURSDJDWLQJ�LQ�D�OLTXLG�ZLWK�EXEEOHV�KDV�DQ�RVFLOODWRU\�VWUXFWXUH��7KLV�LV�D�NQRZQ�
FKDUDFWHULVWLF�IHDWXUH�RI�EXEEO\�OLTXLGV��VHH�H�J��>��@���>��@��>��@���7KLV�IHDWXUH�LV�LOOXV�
WUDWHG�LQ�)LJ����IRU�WKUHH�GLIIHUHQW�FDVHV���L��WKH�HYROXWLRQ�RI�D�SUHVVXUH�VWHS�LQWR�LWV�ILQDO�
VWHDG\�IRUP�LV�VNHWFKHG���LL��LQGLFDWHV�WKH�GHYHORSPHQW�RI�WKH�VKRFN�ZDYH�LQWR�D�WUDLQ�
RI�VROLWRQV�DV�D�UHVXOW�RI�WKH�DFWLRQ�RI�D�QHJDWLYH�ZDYH�SDFNHW��DQG��LLL��VKRZV�WKH�HYR�
OXWLRQ�RI� D�QHJDWLYH�ZDYH�SDFNHW��6LQFH� WKH� VSHHG�RI� WKH� VLQJOH�SHDNV� LQFUHDVHV�ZLWK�
DPSOLWXGH��WKH\�PRYH�XS�WKH�VORSH�RI�WKH�UDUHIDFWLRQ�ZDYH���

7KHUH�DUH� VRPH� IXUWKHU�HIIHFWV� WKDW�GXULQJ� WKH�H[SHULPHQWV� LQIOXHQFHG� WKH�VWUXF�
WXUH� RI� WKH� SUHVVXUH� VLJQDO� LQVLGH� WKH� OLTXLG�� 7KH�PRVW� GRPLQDQW� RI� WKHVH� DGGLWLRQDO�
HIIHFWV� DUH� WKUHH�� )LUVW� RI� DOO�� WKH� SUHVVXUH� RI� WKH� GHWRQDWLRQ�ZDYH� WKDW� LPSDFWHG� WKH�
VXUIDFH�RI�WKH�OLTXLG�DW�WKH�EHJLQQLQJ�RI�WKH�SURFHVV��KDG�D�VSDWLDO�JUDGLHQW��L�H��LW�ZDV�
QRW�D�VWHS�ZDYH��6HFRQGO\�LQ�WKH�JDV�SKDVH�RI�WKH�DXWRFODYH��GXH�WR�VKRFN�ZDYH�UHIOHF�
WLRQV�DQG�GXH�WR�WKH�SHULRGLF�DGGLWLRQ�RI�UHIUDFWHG�ZDYHV�FUHDWHG�DW�WKH�OLTXLG¶V�VXUIDFH��
WKH�SUHVVXUH�ZDV�VWURQJO\�WLPH�GHSHQGHQW��)LQDOO\�WKH�VWUXFWXUH�RI�WKH�PHDVXUHG�SUHV�
VXUH� VLJQDOV�ZDV� LQIOXHQFHG� E\� WKH� GDPSLQJ� HIIHFW� GXULQJ� WKH� SURSDJDWLRQ� RI� DOO� WKH�
SUHVVXUH�ZDYHV�LQVLGH�WKH�V\VWHP��

$�W\SLFDO�H[DPSOH�RI� WKH�H[SHULPHQWDOO\�PHDVXUHG�SUHVVXUH�EHKDYLRU� LQ�D�F\OLQ�
GULFDO�DXWRFODYH�LV�SUHVHQWHG�LQ�)LJ�����,Q�)LJ����D�VFKHPDWLF�RI�WKH�DXWRFODYH�VKRZLQJ�
WKH� SRVLWLRQ� RI� WKH� OLTXLG¶V� VXUIDFH� DQG� WKH� SRVLWLRQV� RI� WKH� SUHVVXUH� PHDVXUHPHQWV�
VKRZQ�LQ�)LJ����LV�SUHVHQWHG��
�
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�

)LJ����� 7KH�EHKDYLRU�RI�D�VKRFN�ZDYH�LQVLGH�WKH�OLTXLG�SKDVH�RI�WKH�DXWRFODYH��JHQHUDWHG�E\�WKH�LPSDFW�
RI�D�SODQDU�GHWRQDWLRQ�ZDYH�RQ�WKH�VXUIDFH�RI�WKH�OLTXLG���
':*��GHWRQDWLRQ�ZDYH�ZLWK�LWV�IURQW�SDUDOOHO�WR�WKH�OLTXLG¶V�VXUIDFH��6:*��VKRFN�ZDYH�LQVLGH�WKH�
JDV� SKDVH�� 5:*�� UDUHIDFWLRQ� ZDYH� LQVLGH� WKH� JDV� SKDVH�� 6:/�� VKRFN� ZDYH� LQVLGH� WKH� OLTXLG�
SKDVH��5:/��UDUHIDFWLRQ�ZDYH�LQVLGH�WKH�OLTXLG�SKDVH��

�
�
�
�
�
�
�
�
�
�
�
)LJ����� &RQVWUXFWLRQ�RI�ZDYH�VKDSHV�LQ�D�EXEEO\�PHGLXP��LQHUW�EXEEOHV���
� �L��6WHDG\�SRVLWLYH�VWHS�ZDYH��VKRFN�ZDYH����LL��7KH�SRVLWLYH�ZDYH�SDFNHW�ILQDOO\�GHYHORSV�LQWR�D�

WUDLQ�RI��VWHDG\��VROLWRQV���LLL��1HJDWLYH�ZDYH�SDFNHW��6ROLWRQV�ILQDOO\�FUHHS�XS�WKH�VORSH�RI�WKH�
UDUHIDFWLRQ�ZDYH��7KH�ZDYH�VKDSHV�FRUUHVSRQG�WR�WKH�VXJJHVWLRQ�LQ�>��@��

�
,Q� )LJ�� �� WKH� IROORZLQJ� SDUWV� RI� WKH� VLJQDO� FDQ� EH� UHFRJQL]HG��7KH� VKRFN�ZDYH�

SHDN�SUHVVXUH�WKDW�ZDV�FUHDWHG�IURP�WKH�GHWRQDWLRQ�LPSDFW�RQ�WKH�VXUIDFH�SURSDJDWLQJ�
WRZDUGV�WKH�ERWWRP�RI�WKH�DXWRFODYH��SRV������WKH�UHIOHFWLRQ�RQ�WKH�ERWWRP�SURSDJDWLQJ�
WRZDUGV�WKH�VXUIDFH��SRV�����ILUVW�SDVVLQJ�LQ�IURQW�RI�WKH�REVHUYDWLRQ�ZLQGRZ��SRV������
$IWHU�WKH�VKRFN�ZDYH�LPSDFW�DW�WKH�VXUIDFH��LW�LV�UHIOHFWHG�DV�UDUHIDFWLRQ�ZDYH�SURSDJDW�
LQJ�WRZDUGV�WKH�ERWWRP��7KLV�UDUHIDFWLRQ�ZDYH�LV�UHFRUGHG�ILUVW�E\�WKH�SUHVVXUH�VHQVRU�
DW�WKH�OHYHO�RI�WKH�ZLQGRZV��SRV�����DQG�WKHQ�E\�WKH�VHQVRU�DW�WKH�ERWWRP�RI�WKH�DXWR�
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�LLL��
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FODYH��SRV������7KH�VWUXFWXUH�LV�GLVWRUWHG�DIWHU�D�IHZ�UHIOHFWLRQV�DV�WKH�SUHVVXUH�ZDYH�LQ�
WKH�OLTXLG�EHFRPHV�ZHDNHU�DQG�WKH�LQIOXHQFH�RI�WKH�SUHVVXUH�EHKDYLRU�LQ�WKH�JDV�SKDVH��
PRUH�LPSRUWDQW���

,Q�)LJ����WKH�RSWLFDO�UHFRUGLQJV�WKDW�FRUUHVSRQG�WR�WKH�H[SHULPHQW�VKRZQ�LQ�)LJ����
DUH�SUHVHQWHG��7KH�LQLWLDO�GLDPHWHU�RI�WKH�EXEEOHV�VHHQ�LQ�WKLV�ILJXUH�ZDV�EHWZHHQ���PP�
DQG���PP��7KH�SDVVDJH�RI�WKH�VKRFN�ZDYH�GLG�QRW�LJQLWH�DOO�WKH�EXEEOHV��,Q�)LJ����WKUHH�
RI�WKH�REVHUYHG�EXEEOH�H[SORVLRQV�FDQ�EH�VHHQ��DW�����V������V�DQG�DW�����V���7KH�IDFW�
WKDW� VRPH� RI� WKH� EXEEOHV� GLG� QRW� LJQLWH��PD\� EH� H[SODLQHG� E\� WKH� VKRFN� LQGXFHG� MHW�
SHQHWUDWLRQ� LQVLGH� WKHP�>��@��7KLV� MHW�HQULFKHV� WKH�EXEEOH� LQ�F\FORKH[DQH�YDSRUV�DQG�
SRVVLEO\�DOORZV�LWV�JDV�SKDVH�WR�H[FHHG�YHU\�IDVW�WKH�H[SORVLRQ�OLPLWV���

7KH�UDUHIDFWLRQ�ZDYH�HQWHUHG�WKH�REVHUYDWLRQ�ZLQGRZ�GXULQJ�WKH�IUDPH�UHFRUGHG�
DW������V��$V�WKH�UDUHIDFWLRQ�SURSDJDWHV�WKURXJK�WKH�OLTXLG�D�]RQH�RI�FDYLWDWLRQ�EXEEOHV�
DSSHDUV��7KH�FDYLWDWLRQ�EXEEOHV�DSSHDU�DOPRVW�KRPRJHQHRXVO\� LQ�DOO� WKH�YROXPH�DQG�
UHDFK�D�PD[LPXP�UDGLXV�RI�DERXW���PP��7KH�FDYLWDWLRQ�VWDUWV�WR�GLVDSSHDU�DIWHU�DERXW�
�����V��)LJ����������V����
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�
)LJ����� 3UHVVXUH�VLJQDOV�UHFRUGHG�GXULQJ�DQ�H[SHULPHQW�ZHUH�WKH�EXEEO\�OLTXLG�KDG�F\OLQGULFDO�YROXPH��

�
7KH�SUHVVXUH�FXUYHV��D��DQG��E��ZHUH�PHDVXUHG�DW�WKH�SRVLWLRQV��D��DQG��E��LQ�)LJ��

��UHVSHFWLYHO\��7KH�QXPEHUV�RQ�ERWK�VLJQDOV�LQGLFDWH�WKH�VHTXHQFH�RI�WKH�SUHVVXUH�ZDYH�
SDVVDJH�IURP�WKH�WZR�SUHVVXUH�VHQVRUV��7KH�JHRPHWU\�RI�WKH�DXWRFODYH�ZDV�F\OLQGULFDO�
�ZLQGRZV�OHQJWK������PP��DQG�WKH�KHLJKW�RI�WKH�OLTXLG����FP��'XULQJ�WKH�GXUDWLRQ�RI�
VXFK�UHODWLYHO\�VWURQJ�UDUHIDFWLRQ�ZDYHV��FDYLWDWLRQ�EXEEOHV�FDQ�EH�SURGXFHG�LQVLGH�WKH�
EXEEO\�OLTXLG��6XFK�D�EHKDYLRU�FDQ�EH�VHHQ�LQ�)LJ�����
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)LJ����� &XW�RXW�RI�WKH�DXWRFODYH��

�
7KLV�VFKHPDWLF�VKRZV�WKH�SRVLWLRQ�RI�WKH�SUHVVXUH�VHQVRUV�IRU�WKH�SUHVVXUH�PHDV�

XUHPHQWV�GXULQJ�WKH�H[SHULPHQW�SUHVHQWHG�LQ�)LJ������
7KH� EXEEOH� G\QDPLFV�ZDV� FDOFXODWHG�� )RU� WKH� FDOFXODWLRQ� WKH� SUHVVXUH� VLJQDO� LQ�

)LJ���D�ZDV�VLPXODWHG�DQG�WKH�EXEEOHV�ZHUH�DVVXPHG�WR�EH�VSKHULFDO��7KH�EXEEOH�G\�
QDPLFV�LV�GHVFULEHG�E\�WKH�5D\OHLJK�W\SH�HTXDWLRQ�>��@��
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+HUH�5�LV�WKH�EXEEOH�UDGLXV��E� �5�5��LV�WKH�GLPHQVLRQOHVV�UDGLXV�RI�WKH�EXEEOH��U�
DQG�U/�DUH�WKH�JDV�DQG�OLTXLG�GHQVLW\��3�LV�WKH�SUHVVXUH�RI�WKH�JDV��Q/��&/�DQG�3/�DUH�WKH�
FLQHPDWLF�YLVFRVLW\��YHORFLW\�RI�VRXQG�DQG�SUHVVXUH�RI�WKH�OLTXLG��%�DQG�Q�DUH�WKH�FRQ�
VWDQWV�RI�7DLW�HTXDWLRQ�RI�VWDWH�RI�WKH�OLTXLG��W�LV�WKH�WLPH��,QGH[�³�´�FRUUHVSRQGV�WR�WKH�
LQLWLDO�VWDJH��WKH�WLPH�PRPHQW�W� ���FRUUHVSRQGV�WR�WKH�VWDUW�RI�EXEEOH�G\QDPLFV��

1RWH�� WKDW� FRPSDUHG�ZLWK� WKH� FODVVLFDO�5D\OHLJK� HTXDWLRQ� IRU� EXEEOH� G\QDPLFV��
HTXDWLRQ�����WDNHV�LQWR�DFFRXQW�WKH�FRPSUHVVLELOLW\�RI�WKH�OLTXLG�DQG�WKH�HQHUJ\�ORVVHV�
RZLQJ�WR�WKH�YLVFRVLW\�DQG�WKH�DFRXVWLF�UDGLDWLRQ�IURP�WKH�EXEEOH��

7KH�JDV�LV�DVVXPHG�WR�EH�LGHDO��
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+HUH�7�DQG�P�DUH�WKH�WHPSHUDWXUH�DQG�PRODU�PDVV�RI� WKH�JDV���� LV� WKH�XQLYHUVDO�
JDV�FRQVWDQW��
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� � �
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�
)LJ����� *DV�EXEEOHV�LQ�F\FORKH[DQH�XQGHU�VKRFN�ZDYH�DQG�VXEVHTXHQW�UDUHIDFWLRQ�ZDYH�LPSDFW��

�
7KH�ZKLWH�FLUFOHV�LQGLFDWH�H[SORGLQJ�EXEEOHV��7KH�REVHUYDWLRQ�DUHD�KDG�D�GLDPH�

WHU�RI����PP��:LQGRZV�RI� W\SH���ZHUH�XVHG� �ZLQGRZV� OHQJWK������PP�� VHH�)LJ������
7LPH�]HUR�FRUUHVSRQGV�WR�WKH�PRPHQW�WKH�VKRFN�ZDYH�HQWHUHG�WKH�REVHUYDWLRQ�ZLQGRZ��
7KH�SUHVVXUH�LQ�WKH�OLTXLG�LV�WKH�FXUYH��D��LQ�)LJ�����

7KH� EXEEOH� FRPSUHVVLRQ� DQG� H[SDQVLRQ� DUH� DVVXPHG� WR� EH� DGLDEDWLF��7KH� DGLD�
EDWLF�FXUYH�DQG�WKH�DGLDEDWLF�LQGH[�J�RI�WKH�JDV�DUH�GHVFULEHG�DFFRUGLQJ�WR�>��@��
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+HUH�87�LV�WKH�WHPSHUDWXUH�GHULYDWLYH�RI�WKH�VSHFLILF�LQWHUQDO�HQHUJ\�8�RI�WKH�JDV��
7KLV�HQHUJ\�LV�FDOFXODWHG�E\�WKH�IRUPXOD��
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��������
787878 +&+&22 DD � � ����

+HUH�
�2

D ��
���+&D �DQG�

�2
8 �DQG�

���+&8 �DUH�WKH�PDVV�IUDFWLRQV�DQG�WKH�VSHFLILF�LQ�

WHUQDO�HQHUJLHV�RI�R[\JHQ�DQG�F\FORKH[DQH�UHVSHFWLYHO\��7KH�YDOXHV�
�2

8 �DQG�
���+&8 �

FDQ�EH�IRXQG�LQ��>��@���>��@���'HULYDWLYH�87�FDQ�EH�REWDLQHG�IURP�IRUPXOD�����DQG�FRU�
UHVSRQGLQJ�GDWD�RI��>��@���>��@���1RWH��WKDW�IRUPXOD�����DOORZV�XV�WR�WDNH�LQWR�DFFRXQW��
WKDW�DGLDEDWLF�LQGH[�RI�WKH�JDV�GHSHQGV�RQ�WKH�WHPSHUDWXUH��

7KH�FRQVWDQWV�&/� ������P�V��U/� �������
��NJ�P���Q/� ��������

����P��V�FDQ�EH�IR�
XQG�LQ�>��@��7KH�IROORZ�H[SRQHQW�RI�WKH�7DLW�HTXDWLRQ�RI�VWDWH�RI�OLTXLG�F\FORKH[DQH�LV�
XVHG��Q� ����7KXV��%� �U/&/

��Q� ������EDU��
7KH�FDOFXODWLRQ�KDV�EHHQ�SHUIRUPHG�IRU�WKH�IROORZLQJ�LQLWLDO�FRQGLWLRQV��SUHVVXUH�

RI���EDU�DQG�WHPSHUDWXUH�RI�����.��7KH�LQLWLDO�TXDQWLW\�RI�F\FORKH[DQH�LQVLGH�WKH�EXE�
EOH�FRUUHVSRQGV�WR�WKH�YDSRU�SUHVVXUH�RI� WKH�OLTXLG�DW� WKH�LQLWLDO�FRQGLWLRQV��$V�LQLWLDO�
GLDPHWHU�RI�WKH�FDYLWDWLRQ�QXFOHL�����PP��DQG�����PP�ZDV�FKRVHQ��7KHVH�VL]HV�FRUUH�
VSRQG�WR�SUDFWLFDOO\�LQYLVLEOH�EXEEOHV�IRU�WKH�UHFRUGLQJ�VKRZQ�LQ�)LJ�����)RU�WKH�EXE�
EOHV� WKDW�ZHUH� FUHDWHG� EHIRUH� WKH� GHWRQDWLRQ� LPSDFW� RQ� WKH� OLTXLG�� WKH� LQLWLDO� EXEEOH�
GLDPHWHUV�RI���PP����PP�DQG���PP�ZKHUH�FKRVHQ��DV�W\SLFDO�VL]HV�IRU�WKH�H[SHULPHQ�
WDO�FRQGLWLRQV���

6LQFH� WKH� LQVWDOOHG� SUHVVXUH� VHQVRUV� LQ� WKH� DXWRFODYH� FDQ� QRW�PHDVXUH� QHJDWLYH�
SUHVVXUHV�� WKHUH� LV� QR� DGHTXDWH� H[SHULPHQWDO� LQIRUPDWLRQ� DERXW� LWV� DPSOLWXGH� DQG� LWV�
GXUDWLRQ��%HFDXVH�RI�WKLV�UHDVRQ�WKH�QHJDWLYH�SDUW�RI�WKH�VLJQDO�KDV�WR�EH�DVVXPHG��

,Q�WKH�LGHDO�VLWXDWLRQ�ZKHQ�WKH�OLTXLG�ZRXOG�QRW�FRQWDLQ�DQ\�JDV�EXEEOHV�DQG�WKH�
SUHVVXUH�ZDYH�SURSDJDWLQJ�LQVLGH�LW�ZRXOG�EH�D�VWHS�ZDYH��WKH�DPSOLWXGH�RI�WKH�QHJD�
WLYH�SDUW�RI�WKH�SUHVVXUH�VLJQDO�VKRXOG�FRUUHVSRQG�WR�WKH�FKDUDFWHULVWLF�DPSOLWXGH�RI�WKH�
SRVLWLYH�SDUW�EHIRUH�LW�>��@��,Q�WKH�SHUIRUPHG�H[SHULPHQWV�WKH�DPSOLWXGH�RI�WKH�QHJDWLYH�
VLJQDO� LV�H[SHFWHG� WR�EH� OHVV� WKDQ� LQ� WKH� MXVW�GHVFULEHG� LGHDO�VLWXDWLRQ��7KLV� LV�VR��EH�
FDXVH�LQ�WKH�H[SHULPHQWV�WKH�SUHVVXUH�ZDYH�KDV�D�FRPSOLFDWHG�VWUXFWXUH��DV�VHHQ�LQ�)LJ��
�D��DQG�EHFDXVH�RI�WKH�IDFW�WKDW�WKH�H[LVWHQFH�RI�WKH�EXEEOHV�LQ�WKH�V\VWHP�LQIOXHQFH�WKH�
SUHVVXUH�EHKDYLRU�LQVLGH�LW��7KH�WRWDO�GXUDWLRQ�RI�WKH�QHJDWLYH�SDUW�RI�WKH�VLJQDO�VKRXOG�
FRUUHODWH�ZLWK�WKH�H[SHULPHQWDOO\�PHDVXUHG�]HUR�OHYHO�RI�WKH�SUHVVXUH��7DNLQJ�LQWR�DF�
FRXQW�WKLV�LQIRUPDWLRQ��WKH�SUHVVXUH�SURILOH�VKRZQ�LQ�)LJ����ZDV�XVHG�IRU�WKH�FDOFXOD�
WLRQ� RI� WKH� EXEEOH� G\QDPLFV�� 7KLV� SUHVVXUH� ILHOG� VLPXODWHV� WKH� SUHVVXUH� VLJQDO�� SUH�
VHQWHG� LQ�)LJ���D�)LJ���D��7KH�GXUDWLRQ�RI� WKH�QHJDWLYH�SDUW�RI� WKH�SUHVVXUH� LQ�)LJ����
HTXDOV�WR�WKH�GXUDWLRQ�RI�WKH�]HUR�VLJQDO�RI�)LJ���D��,W�LV�DVVXPHG��WKDW�WKH�DPSOLWXGH�RI�
WKH�QHJDWLYH�SUHVVXUH�UHDFKHG�OLQHDUO\�WKH�YDOXH�RI�����EDU��VHH�)LJ������
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�
)LJ������ 7KH�SURILOH�RI� WKH�SUHVVXUH��ZKLFK�ZDV�XVHG�IRU� WKH�FDOFXODWLRQV��7KH�GDVKHG�OLQH�LQGLFDWHV�WKH�

]HUR�OHYHO�RI�WKH�SUHVVXUH��7LPH�]HUR�FRUUHVSRQGV�WR�WKH�VDPH�SRLQW�LQ�)LJ���D��

�
7KH�FDOFXODWHG�GLDPHWHU�RI�WKH�SUH�H[LVWLQJ�JDV�EXEEOHV�DQG�RI�WKH�FDYLWDWLRQ�EXE�

EOHV� LV�SUHVHQWHG� LQ�)LJ����DQG�)LJ����� UHVSHFWLYHO\��'XULQJ� WKH�FDYLWDWLRQ�FRQGLWLRQV�
WKH�GLDPHWHU�RI�WKH�SUH�H[LVWLQJ�DQG�FDYLWDWLRQ�EXEEOHV�VLJQLILFDQWO\�LQFUHDVHV�DQG�WKHQ�
YLROHQWO\�FROODSVHV��)LJ����DQG�)LJ�������$V�DQ�H[DPSOH��LQ�)LJ����LW�FDQ�EH�VHHQ�WKDW�D�
JDV�EXEEOH�ZLWK�LQLWLDO�GLDPHWHU�RI���PP�LV�UHGXFHG�WR�OHVV�WKDQ���PP�EHFDXVH�RI�WKH�
VKRFN�ZDYH�LPSDFW�DQG�H[SDQGHG�WR�XS�WR������PP��DW�����PV��DV�D�UHVXOW�RI�WKH�UDUH�
IDFWLRQ�ZDYH�SDVVDJH��$FFRUGLQJ�WR�WKH�FDOFXODWLRQ�WKH�VL]H�RI�WKH�SUH�H[LVWLQJ�EXEEOHV�
GXH� WR�YLROHQW�FROODSVH� UHDFKHV� WKH�PLQLPXP�YDOXH�DW������PV��$Q�H[SDQGLQJ�QXFOHL��
�
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)LJ������ &DOFXODWHG�UDGLXV�RI�FDYLWDWLRQ�EXEEOHV�LQ�WKH�SUHVVXUH�ILHOG��SUHVHQWHG�LQ�)LJ�����

�
EHFRPHV�YLVLEOH�ZKHQ� LWV�VL]H�FRUUHVSRQGV� WR�DW� OHDVW�D�IHZ���±���SL[HOV��7DNLQJ�LQWR�
DFFRXQW�WKH�VSDWLDO�VHQVLWLYLW\�RI�WKH�IUDPHV�SUHVHQWHG�LQ�)LJ�����RQH�FDQ�HVWLPDWH�ZLWK�
WKH�KHOS�RI�)LJ�����WKH�WLPH�IURP�ZKLFK�WKH�FDYLWDWLRQ�EXEEOHV�VKRXOG�EHFRPH�YLVLEOH��
7KLV� WLPH� LV������V� WR�����PV� IRU�D�QXFOHL�ZLWK� LQLWLDO�GLDPHWHU�EHWZHHQ�����PP�DQG�
����PP��7KHVH�QXFOHL�UHDFK�WKHLU�PD[LPXP�VL]H�RI�DERXW���PP�DW�����PV�DQG�EHFRPH�
LQYLVLEOH�DJDLQ�DIWHU������PV��$OO�WKH�FDOFXODWHG�UHVXOWV�SUHVHQWHG�DERYH�FRUUHODWH�UHD�
VRQDEO\�ZHOO�ZLWK�WKH�H[SHULPHQWDO�REVHUYDWLRQV�LQ�)LJ�����

$V�QXFOHL��PLFUREXEEOHV�RI�����PP�DQG�����PP�LQ�LQLWLDO�GLDPHWHU�ZHUH�DVVXPHG��
1RWH� WKDW� D� GLIIHUHQW� DVVXPSWLRQ� DERXW� WKH� PD[LPXP� DPSOLWXGH� RI� UDUHIDFWLRQ�

ZDYH�ZRXOG� FUHDWH� D� TXDQWLWDWLYH� GHYLDWLRQ� IURP� WKH� DERYH� FDOFXODWHG� YDOXHV�� EXW� LW�
ZRXOG�QRW�LQIOXHQFH�WKH�TXDOLWDWLYH�UHVXOWV��)RU�H[DPSOH��LI� WKH�DPSOLWXGH�RI�WKH�UDUH�
IDFWLRQ�ZDYH�LQ�WKH�SUHVVXUH�SURILOH�VKRZQ�LQ�)LJ����ZRXOG�UHDFK�WKH�YDOXH�RI�±���EDU�
LQVWHDG�RI�±��EDU��WKHQ�WKH�FDOFXODWLRQ�RI�WKH�EXEEOH�G\QDPLFV�ZRXOG�JLYH�WKH�IROORZ�
LQJ�UHVXOWV��7KH�PD[LPXP�VL]H�RI�D�SUH�H[LVWLQJ�EXEEOH���PP�LQ�LQLWLDO�GLDPHWHU�ZRXOG�
EH������PP��DW�����PV��$�QXFOHL�����PP�LQ�LQLWLDO�GLDPHWHU��VWDUWV�WR�EHFRPH�YLVLEOH�DW�
D�WLPH�EHWZHHQ������V�WR�����PV��LQVWHDG�RI������V�WR������V�IRU�±��EDU�DV�PD[LPXP�
DPSOLWXGH�RI�WKH�UDUHIDFWLRQ�ZDYH���,W�WKHQ�UHDFKHV�D�PD[LPXP�VL]H�RI�DERXW������PP�
DW�����PV�DQG�EHFRPHV�LQYLVLEOH�DJDLQ�DIWHU������PV��

�
�����,QIOXHQFH�RI�WKH�JHRPHWU\�RI�WKH�DXWRFODYH�

�
7KH� SUHVVXUH� VWUXFWXUH� LQ� WKH� OLTXLG� ZDV� GLVFXVVHG� DERYH� RQO\� IRU� WKH� FDVH� LQ�

ZKLFK� WKH� LQWHUQDO�YROXPH�RI� WKH�DXWRFODYH� WKDW�FRQWDLQHG� WKH� OLTXLG�ZDV�F\OLQGULFDO��
L�H��WKH�ZLQGRZV�WKDW�ZHUH�XVHG�ZHUH�RI�WKH�W\SH����OHQJWK������PP���DV�GHQRWHG�LQ�)LJ��
����
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,Q�)LJ�����WKH�SUHVVXUH�VLJQDOV�PHDVXUHG�LQ�DQ�H[SHULPHQW� LQ�ZKLFK�ZLQGRZV�RI�
W\SH�������PP�OHQJWK��ZHUH�XVHG��LV�SUHVHQWHG��7KH�V\VWHP�FRQVLVWHG�RI�OLTXLG�F\FOR�
KH[DQH�FRQWDLQLQJ�R[\JHQ�EXEEOHV��,Q�WKLV�ILJXUH�LW�LV�QRW�SRVVLEOH�WR�FOHDUO\�UHFRJQL]H�
SDUWV�RI�WKH�VLJQDO�WKDW�ZRXOG�FRUUHVSRQG�WR�WKH�SDUWV�GHVFULEHG�IRU�WKH�SUHVVXUH�VLJQDOV�
LQ�)LJ�����7KH�SUHVVXUH�VLJQDOV�LQ�)LJ�����DSSHDU�WR�EH�ZLWKRXW�D�FOHDU�VWUXFWXUH�SDWWHUQ��
L�H�� VXEVHTXHQW� SRVLWLYH� DQG� QHJDWLYH� �RU� ]HUR�� SUHVVXUH� SKDVHV� ZHUH� QRW� UHJLVWHUHG��
$IWHU� WKH�SDVVDJH�RI� WKH� VKRFN�ZDYH�� WKH�SUHVVXUH� LQVLGH� WKH� OLTXLG� WHQGV� WR�RVFLOODWH�
DURXQG� �DQG� ILQDOO\� UHDFK�� D� YDOXH�� ZKLFK� LV� WKH� SUHVVXUH� RI� WKH� JDV� SKDVH� DIWHU� WKH�
GHWRQDWLRQ��,Q�WKH�H[SHULPHQWV�WKLV�YDOXH�ZDV�DERXW����EDU�WR����EDU�DW�DERXW���PV�DIWHU�
WKH�VKRFN�ZDYH�SDVVDJH���
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)LJ������ 3UHVVXUH�VLJQDOV�UHFRUGHG�GXULQJ�DQ�H[SHULPHQW�GXULQJ�ZKLFK�WKH�OLTXLG�KDG�QR�F\OLQGULFDO�YRO�
XPH��

�
7KH�RSWLFDOO\�UHFRUGHG�EHKDYLRU�RI�WKH�V\VWHP�LV�SUHVHQWHG�LQ�)LJ������,Q�WKLV�ILJ�

XUH�WKH�ZKLWH�FLUFOHV�LQGLFDWH�EXEEOH�H[SORVLRQV�DIWHU�WKH�SDVVDJH�RI�WKH�VKRFN�ZDYH��,Q�
FRQWUDVW� WR�ZKDW�ZDV�REVHUYHG� LQ�)LJ�����QR�FDYLWDWLRQ�EXEEOHV�ZHUH� UHFRUGHG� LQ� WKLV�
H[SHULPHQW�� 7KLV� REVHUYDWLRQ� LV� LQ� DJUHHPHQW�ZLWK� WKH� DEVHQFH� RI� ORQJ� QHJDWLYH� �RU�
]HUR��SUHVVXUH� OHYHOV� WKDW�ZDV�REVHUYHG�LQ� WKH�SUHVVXUH�VLJQDOV�RI� WKH�H[SHULPHQWV��DV�
GHVFULEHG�DERYH��

6LPLODU�REVHUYDWLRQV�ZHUH�PDGH�LQ�DOO�WKH�H[SHULPHQWV�ZKHUH�WKH�LQWHUQDO�YROXPH�
RI�WKH�DXWRFODYH�FRQWDLQLQJ�WKH�OLTXLG�ZDV�QRW�F\OLQGULFDO��,W�LV�H[SHFWHG�WKDW�WKH�GLIIHU�
HQFH� LQ� WKH� EHKDYLRU� LV� FDXVHG� E\� WKH� FKDQJH� RI� WKH� JHRPHWU\�� 7KLV� FUHDWHV� D�PRUH�
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FRPSOLFDWHG�SUHVVXUH�VLJQDO� LQ� WKH� OLTXLG�GXH� WR�PRUH�FRPSOH[�SUHVVXUH�ZDYH�UHIOHF�
WLRQV�LQ�WKH�YROXPH��

7KH�SUHVVXUH�FXUYHV�D��DQG�E��ZHUH�PHDVXUHG�DW�WKH�SRVLWLRQV�D��DQG�E��LQ�)LJ����
UHVSHFWLYHO\�� 7KH� JHRPHWU\� RI� WKH� DXWRFODYH� ZDV� QRW� F\OLQGULFDO� �ZLQGRZV� OHQJWK��
���PP��DQG� WKH�KHLJKW�RI� WKH� OLTXLG�ZDV����FP��)RU�FRPSDULVRQ�UHDVRQV�ZLWK�)LJ�����
WKH�WLPHV������V�DQG������V�ODWHU�KDYH�EHHQ�SRLQWHG���
�

� � � �

����������������������V������������������������������������V��� ������������������������V�����������������������������������V��

� � � �

�������������������V�� �������������������V���������� � �����������V���������������������������������V��

� � � �

�������������������V�������� ���������������������V������� � ����������V�������� ������������������������V��
�

)LJ������ 2[\JHQ�EXEEOHV�LQ�F\FORKH[DQH�XQGHU�VKRFN�ZDYH�ZLWKRXW�VXEVHTXHQW�UDUHIDFWLRQ�ZDYH�LPSDFW��

�
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7KH�ZKLWH�FLUFOHV�LQGLFDWH�H[SORGLQJ�EXEEOHV��7KH�EXEEOHV�KDG�DQ�LQLWLDO�GLDPHWHU�
EHWZHHQ���PP�DQG�����PP��:LQGRZV�RI� W\SH���ZHUH�XVHG� �ZLQGRZV� OHQJWK�����PP�
VHH�)LJ������7KH�IUDPLQJ�UDWH�ZDV���������ISV��7LPH�]HUR�FRUUHVSRQGV�WR�WKH�PRPHQW�
WKH�VKRFN�ZDYH�HQWHUHG�WKH�REVHUYDWLRQ�ZLQGRZ��7KH�SUHVVXUH�LQ�WKH�OLTXLG�LV�SUHVHQWHG�
E\�WKH�FXUYH��D��LQ�)LJ������

�
���&RQFOXVLRQV�

�
5DUHIDFWLRQ�ZDYHV�ZHUH�FUHDWHG� LQVLGH�D�EXEEO\� OLTXLG��7KH� IRUP�RI� WKH� OLTXLG
V�

YHVVHO� LV� GHFLVLYH� IRU� WKH� H[LVWHQFH�RI� WKHVH� UDUHIDFWLRQ�ZDYHV� WKURXJK� LWV� HQWLUH�YRO�
XPH��$V\PPHWULHV�LQ�WKH�YROXPH��YHUWLFDO�WR�WKH�SURSDJDWLRQ�GLUHFWLRQ�RI�WKH�UDUHIDF�
WLRQ�ZDYH��GLVWXUE�RU�GHVWUR\�WKH�ODWWHU��&RQWURO�RI�WKH�SURSHUWLHV�RI�D�UDUHIDFWLRQ�ZDYH�
E\�DGMXVWLQJ� WKH�JHRPHWU\�� LV� D�GLUHFWLRQ�FRQQHFWHG�ZLWK� WKH� VDIHW\� LQ�PDQ\�DSSOLFD�
WLRQV�DQG�QHHG�WR�EH�IXUWKHU�LQYHVWLJDWHG��

'XULQJ�FDYLWDWLRQ�FRQGLWLRQV�WKH�GLDPHWHU�RI�DOUHDG\�H[LVWLQJ�JDV�EXEEOHV�LV�VLJ�
QLILFDQWO\�DOWHUHG��$V�D�UHVXOW�WKHLU�LQQHU�WHPSHUDWXUH�DQG�SUHVVXUH�FKDQJHV��7KLV�PDNHV�
D�EXEEOH�H[SORVLRQ�LPSRVVLEOH�GXULQJ�FDYLWDWLRQ��HYHQ�LI�WKHVH�EXEEOHV�FRQWDLQ�DQ�H[�
SORVLYH� PL[WXUH� LQVLGH� WKHP�� %XW� PRUH� LQYHVWLJDWLRQV� DUH� QHFHVVDU\� WR� SURYH� LI� WKLV�
EHKDYLRU�FRXOG�DOORZ�WKH�IRUPDWLRQ�RI�H[SORVLYH�EXEEOHV�DQG�WKHLU�VXEVHTXHQW�LJQLWLRQ�
GXULQJ�WKH�FROODSVH�SKDVH��LQVLGH�FKHPLFDOO\�DFWLYH�EXEEO\�OLTXLGV��

7KH� VWUXFWXUH� RI� WKH� SUHVVXUH� LQVLGH� WKH� OLTXLG� GXULQJ� DQG� DIWHU� WKH� SUHVVXUH�
ZDYH¶V�SDVVDJH�ZDV� DOVR�GLVFXVVHG�� ,WV� RVFLOODWRU\� VWUXFWXUH� LV� LQ� DJUHHPHQW�ZLWK� WKH�
FRUUHVSRQGLQJ�REVHUYDWLRQV�GHVFULEHG�LQ�WKH�OLWHUDWXUH��$SDUW�IURP�WKH�RVFLOODWLRQV��WKH�
SRVLWLYH� WR� ]HUR� SUHVVXUH� OHYHO� FKDQJHV�� L�H�� WKH� VKRFN� ZDYH� WR� UDUHIDFWLRQ� ZDYH�
FKDQJHV��DQG�WKHLU�GXUDWLRQ�DUH�H[SODLQHG�DFFRUGLQJ�WR�WKH�VRXUFHV�RI�VKRFN�ZDYH�UH�
IOHFWLRQV�LQVLGH�WKH�DXWRFODYH���

7KH�H[SHULPHQWDOO\�REVHUYHG�EHKDYLRU�RI� WKH�SUH�H[LVWLQJ�EXEEOHV��DV�ZHOO�DV�RI�
WKH�FDYLWDWLRQ�EXEEOHV�ZDV�WKHRUHWLFDOO\�GHVFULEHG��7KH�UHVXOWV�RI�WKH�FDOFXODWLRQ�FRUUH�
VSRQG�WR�WKH�H[SHULPHQWDO�REVHUYDWLRQV��$FFRUGLQJ�WR�WKH�FDOFXODWHG�UHVXOWV�WKH�QHJD�
WLYH�SDUW�RI�WKH�SUHVVXUH�VLJQDO�LQ�WKH�H[SHULPHQWV�KDG�DQ�DPSOLWXGH�RI�DERXW�±��EDU��

�
$FNQRZOHGJHPHQWV�

�
7KLV� UHVHDUFK� SURMHFW� LV� ILQDQFLDOO\� VXSSRUWHG� E\� WKH� 'HXWVFKH� )RUVFKXQJ�

VJHPHLQVFKDIW��')*����
�
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�
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