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�DQ�LGHDO�FDVH�RI�WKH�VLPXODWLRQ�ZLWK�D�IODW��KRPRJHQHRXV�WHUUDLQ�HWF��0RUHRYHU��WKH�YHUWLFDO�UDQJH�RI�WKH�
�:LQGFXEH�LV�SRUWUD\HG�LQ�)LJXUH���EXW�LW�LV�QRW�PHQWLRQHG�LQ�WKH�WH[W�DQG�HYHQ�LQ�7DEOH���LW�LV�QRW�GLUHFWO\�
�VKRZQ��7KLV�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG�DORQJ�ZLWK�DQ�H[SODQDWLRQ�RI�WKLV�VHOHFWLRQ��7KH�YDOXH�LV�KLJKHU�
�WKDQ�WKH�$%/�KHLJKW�XQGHU�VWDEOH�FRQGLWLRQV������P���:RXOGQ¶W�WKLV�DIIHFW�WKH�FRPSDULVRQ"�6HH�DOVR�P\�
�FRPPHQW�UHJDUGLQJ�)LJXUH����

�5HJDUGLQJ�WKH�³ZHDN´�FRQYHFWLYH�ERXQGDU\�OD\HU��7KH�FRQYHFWLYH�FDVHV�GUDZQ�IURP�5\EFKXN��������DUH�
�HPXODWH�FRQGLWLRQV�RI�WKH�3URMHFW�3UDLULH�*UDVV�FDPSDLJQ��%DUDG��������ZKLFK�ORRNHG�DW�GLIIXVLRQ�RI�WUDFHU�
�JDVVHV��7KH�$%/�KHLJKW�LQ�WKH�ZHDN�&%/�FDVH�FDQ�DQG�GLG�RFFXU�LQ�UHDO�FRQGLWLRQV��7KH�GHSWK�LV�D�IXQFWLRQ�
�QRW�MXVW�RI�WKH�VXUIDFH�IRUFLQJ�EXW�DOVR�RI�WKH�VWUHQJWK�RI�WKH�LQYHUVLRQ�DORIW�ZKLFK�DOORZV�IRU�WKH����P�$%/�
�WR�RFFXU�LQ�D�ZHOO�GHYHORSHG�ERXQGDU\�OD\HU��:H�KDYH�QRWHG�LQ�WKH�WH[W�WKDW�WKHVH�FDVHV�UHIOHFW�UHDO��
�REVHUYHG�FRQGLWLRQV�DQG�DGGHG�D�UHIHUHQFH�WR�WKH�FDPSDLJQ�DORQJ�ZLWK�WKH�H[LVWLQJ�UHIHUHQFH�WR�5\EFKXN�
���������

�5HJDUGLQJ�WKH�YHUWLFDO�UDQJH�RI�WKH�:LQGFXEH��:H�KDYH�DGGHG�D�OLQH�WR�7DEOH����QRZ�7DEOH����WR�PDNH�WKH�
�UDQJH�H[SOLFLW��������P�$*/���7KH�UDQJH�DULVHV�IURP�YDOXHV�IL[HG�E\�WKH�LQVWUXPHQW�DQG�W\SLFDO�RSHUDWLQJ�
�SDUDPHWHUV��L�H��WKH�QXPEHU�DQG�YHUWLFDO�VSDFLQJ�RI�WKH�UDQJH�JDWHV��:H�KDYH�DGGHG�WKLV�H[SODQDWLRQ�WR�WKH�
�WH[W��//����������7KH�IDFW�WKDW�WKH�UDQJH�H[FHHGV�WKH�$%/�KHLJKW�XQGHU�VWDEOH�FRQGLWLRQV�GRHV�DIIHFW�WKH�
�FRPSDULVRQ��:H�UHIHU�WR�WKH�ERXQGDU\�OD\HU�VWUXFWXUH�DV�SDUW�RI�WKH�GLVFXVVLRQ�RI�WKH�HUURU�EHKDYLRU��H�J��
�WKH�SHDNLQJ�LQ�WKH�SHUWXUEDWLRQ�YDULDQFHV�PLG�ERXQGDU\�OD\HU�DQG�WDSHULQJ�DORIW�LQ�WKH�VWDEOH�%/�ZKLOH�WKH�



�JURZLQJ�YDULDQFHV�LQ�WKH�FRQYHFWLYH�%/V�RQO\�UHDFK�PLG�ERXQGDU\�OD\HU�DW�WKH�WRS�RI�WKH�UDQJH��EXW�GLG�QRW�
�VHH�ILW�WR�QRUPDOL]H�E\�WKH�ERXQGDU\�OD\HU�KHLJKW�VLQFH�WKH�JHRPHWU\�RI�WKH�LQVWUXPHQW�LV�IL[HG��

�3���/���������7KH�DXWKRUV�PHQWLRQ�WKH�OLPLWDWLRQ�RI�WKH�OLGDU�UDQJH�WR�LQFOXGH�WKH�HQWUDLQPHQW�]RQH��)RU�
�WKH�LQVWUXPHQW��LW�LV�SUDFWLFDOO\�GLIILFXOW�WR�PHDVXUH�DW�WKLV�KHLJKW�GXH�WR�WKH�VFDUFLW\�RI�DHURVRO�LQ�WKH�]RQH��
�'R�WKH�DXWKRUV�UHIHU�WR�WKH�LQVWUXPHQW�RU�WKH�VLPXODWLRQV"�:KDW�DUH�WKH�OLPLWDWLRQV�IRU�D�VLPXODWLRQ"�

�3UDFWLFDO�FRQVLGHUDWLRQV�OLNH�VXIILFLHQW�DHURVROV�ZHUH�RXWVLGH�WKH�VFRSH�RI�RXU�DQDO\VLV��WKRXJK�LPSRUWDQW�WR�
�DFWXDO�RSHUDWLRQV��7KHUH�LV�QR�UHDVRQ�WKH�VLPXODWLRQ���YLUWXDO�OLGDU�PRGHO�FRXOGQ¶W�EH�H[WHQGHG�WR�KLJKHU�
�UDQJHV�DQG�WKH�UDQJH�OLPLWDWLRQ�LV�LQWURGXFHG�EDVHG�RQ�JHQHUDO�:LQGFXEH�LQVWUXPHQW�SDUDPHWHUV��ZKLFK�GR�
�GHSHQG�RQ�FRQVLGHUDWLRQV�RI�DHURVROV�DQG�REWDLQLQJ�D�XVDEOH�VLJQDO��RI�WKH�QXPEHU�DQG�VSDFLQJ�RI�WKH�UDQJH�
�JDWHV��6LQFH�WKH�LQVWUXPHQW�JHRPHWU\�LV�PRUH�RU�OHVV�IL[HG�IRU�GHSOR\PHQWV�DFURVV�FRQGLWLRQV��ZH�KDYH�
�PLPLFNHG�WKDW�JHRPHWU\�DQG�UDQJH�WKURXJKRXW�WKH�WHVW�FDVHV��ZKLOH�LJQRULQJ��H�J��WKH�SRVVLELOLW\�WKDW�D�UHDO�
�LQVWUXPHQW�ZRXOG�KDYH�LQVXIILFLHQW�DHURVRO�VFDWWHULQJ�WR�UHWXUQ�D�XVDEOH�VLJQDO�ZLWKLQ�WKDW�UDQJH���

�3����,Q�)LJXUH���SDQHO��F���IRU�WKH�ORZHU�DOWLWXGHV�WKH�PHGLDQ�RI�WKH�FXUYH�LV�QRW�DW�]HUR�DV�LW�DOVR�VWDWHG�E\�
�WKH�DXWKRUV�LQ�3���/�����7KH�DXWKRUV�VKRXOG�H[SODLQ�DW�WKLV�SRLQW�RI�WKH�PDQXVFULSW�ZK\�WKLV�RFFXU�RQO\�DW�
�WKHVH�SDUWLFXODU�OHYHOV�RI�WKH�6%/��,W�LV�DOVR�DSSDUHQW�IURP�SDQHO��F��WKDW�IRU�WKH�OHYHOV�DERYH�WKH�$%/�KHLJKW�
������P��WKH�GLVWULEXWLRQ�EHFRPHV�VLPLODU�WR�WKH�RQH�QHDU�WKH�VXUIDFH��$Q\�FRPPHQWV�UHJDUGLQJ�WKLV"�:DV�
�WKLV�VRPHWKLQJ�WKH�DXWKRUV�H[SHFWHG"�

�3���/�����:KDW�FRXOG�EH�WKH�FDXVH�IRU�RYHUHVWLPDWLRQ�GXULQJ�FRQYHFWLYH�FRQGLWLRQV"�

�)RU�ERWK�WKHVH�SRLQWV��XVLQJ�WKH�VXJJHVWHG�UH�RUGHULQJ�RI�WKH�PDWHULDO�WR�LQWURGXFH�WKH�DQDO\WLF�HUURU�PRGHO�
�LQ�6HFWLRQ���DOORZV�WKH�PHFKDQLVPV�EHKLQG�WKHVH�EHKDYLRUV��5:)�DFWLQJ�RQ�WKH�VKHDU���YHUWLFDO�ZLQG�SURILOH�
�DQG�WKH�V\VWHPDWLF�SRVLWLYH�ELDV�WHUP�LQ�WKH�ZLQG�VSHHG�HUURU��WR�EH�DGGUHVVHG�DV�VRRQ�DV�WKH\�DUH�VKRZQ��

�7KH��PRYHG�XS��GLDJQRVLV�RI�WKH�FDXVHV�RI�ELDV�DQG�YDULDQFH�LQ�WKH�HUURU�H[SODLQV�ZK\�WKH�HUURU�DERYH�WKH�
�VWDEOH�$%/�UHVHPEOHV�WKDW�DW�WKH�VXUIDFH��7KH�ILOWHUHG�WXUEXOHQFH�XQGHU�WKH�VFDQ�YROXPH�VFDOH�LV�VLPLODUO\�
�VPDOOHU�DW�WKH�VXUIDFH�DQG�DERYH�WKH�$%/��SDUWLFXODUO\�WKH�YHUWLFDO�YHORFLW\�YDULDQFHV��ZKLFK�UHGXFHV�WKH�
�ZLGWK�RI�WKH�GLVWULEXWLRQ��6LPLODU�FXUYDWXUH�LQ�WKH�EDFNJURXQG�X�YHORFLW\�SURILOH�LQGXFHV�WKH�QHJDWLYH�ELDVHV�
�LQ�WKH�VKHDU�OD\HU�LQ�WKH�VXUIDFH�EXW�DOVR�DORIW�WKURXJK�WKH�5:)��

�$�SRVLWLYH�ELDV�WHUP��SURSRUWLRQDO�WKH�X�Y�YDULDQFHV���LQYHUVHO\�SURSRUWLRQDO�WR�WKH�PHDQ�ZLQG�VSHHG��JLYHV�
�ULVH�WR�WKH�RYHUHVWLPDWLRQ�LQ�FRQYHFWLYH�FRQGLWLRQV�ZKHQ�YHUWLFDO�YHORFLW\�YDULDQFHV�GULYH�ODUJHU�HUURUV��

�,Q�WKH�WH[W��WKH�GLVFXVVLRQ�RI�WKHVH�SRLQWV�DQG�WKH�FRQQHFWLRQ�RI�WKH�HUURU�EHKDYLRU�WR�WKH�YHUWLFDO�VWUXFWXUH�
�RI�WKH�ERXQGDU\�OD\HU�WXUEXOHQFH��ZKLFK�ZHUH�VSOLW�EHWZHHQ�6HFWLRQV���DQG���LQ�WKH�RULJLQDO�PDQXVFULSW��
�KDYH�EHHQ�PHUJHG�LQWR�D�VLQJOH��VWUHDPOLQHG�UHVXOWV�VHFWLRQ��6HFWLRQ�����

�3���/���������7KH�WHUPV�VWURQJ�ZLQGV�DQG�VWURQJ�VKHDU�DUH�YDJXH��&DQ�\RX�TXDQWLI\�WKHVH�SDUDPHWHUV"�,V�
�WKH�XQGHUHVWLPDWLRQ�H[SHFWHG�DERYH�D�VSHFLILF�WKUHVKROG"�$GGLWLRQDOO\��WKH�DUJXPHQW�WKDW�VXUIDFH�VKHDU�LV�
�RQH�RI�WKH�FDXVH�RI�WKH�XQGHUHVWLPDWLRQ�VKRXOG�EH�VXSSRUWHG�E\�VRPH�UHVXOWV�LQ�WKH�IRUP�RI�)LJXUHV��0D\EH�
�WKH�DXWKRUV�FRXOG�DGG�D�VHFRQGDU\�\�D[LV�ZLWK�WKH�ZLQG�VSHHG�DQG�ZLQG�VKHDU�YDOXHV�DW�WKH�GLIIHUHQW�JLYHQ�
�KHLJKWV�LQ�)LJXUHV������������7KH�HVWLPDWLRQ�RI�WKH�ZLQG�VKHDU�FDQ�EH�WULFN\�EXW�WKLV�FODLP�VKRXOG�EH�
�VXSSRUWHG�E\�UHVXOWV��

�³7KH�PRVW�SURPLQHQW�LQIOXHQFH�RI�WKH�5:)�LV�QHDU�WKH�VXUIDFH�OD\HU��GXH�WR�VWURQJ�VKHDU��DQG�PDQLIHVWV�DV�D�
�QHJDWLYH�VKLIW�LQ�WKH�PHDQ�HUURU�LQ�WKH�KRUL]RQWDO�YHORFLWLHV��7KH�ZHDN�&%/�DQG�VWDEOH�%/��ZLWK�VWURQJ�ZLQGV�
�DQG�VXUIDFH�VKHDU��H[KLELW�WKH�HIIHFW�PRVW�VWURQJO\��³�

��7KLV�PDWHULDO�KDV�EHHQ�PRYHG�WR�6HFWLRQ�����GLVFXVVLQJ�WKH�VRXUFH�RI�ELDVHV�LQ�WKH�UHVXOWV��//���������

�7KH�FRQQHFWLRQ�WR�WKH�VKHDU�LV�PHFKDQLVWLFDOO\�VXSSRUWHG�E\�RXU�GHULYDWLRQ�RI�WKH�ERXQG��(T�����LQ�WKH�
�HGLWHG�PDQXVFULSW��DV�ZHOO�DV�SUHYLRXV�VWXGLHV��&OLYH��������&RXUWQH\�HW�DO���������WKDW�KDYH�GHULYHG�WKH�
�DFWLRQ�RI�DQ�5:)�RQ�LGHDOL]HG�VKHDU�SURILOHV���7KHVH�KDYH�EHHQ�LQFOXGHG�LQ�WKH�GLVFXVVLRQ���



�7KH�XQGHUHVWLPDWLRQ�ZLOO�RFFXU�IRU�DQ\�FRQFDYH�IXQFWLRQ��OLNH�WKH�VHPL�HPSLULFDO�ORJ�VKHDU�SURILOH�IRU�8�]����
�WKHUH�LV�QR�WKUHVKROG�H[FHSW�ZKDW�GHJUHH�RI�ELDV�LV�FRQVLGHUHG�WROHUDEOH��7KH�VWURQJ�&%/��IRU�H[DPSOH��GRHV�
�VWLOO�KDYH�VRPH�VKHDU�QHDU�WKH�VXUIDFH�EXW�WKH�UHVXOWLQJ�QHJDWLYH�ELDV�LV�������P�V��VR�ZRXOG�OLNHO\�EH�
�FRQVLGHUHG�QHJOLJLEOH��

�:H�KDYH�DGGHG�)LJ�����WR�KHOS�VXSSRUW�WKH�FRQFOXVLRQ�LQ�WKH�FDVH�VWXG\�UHVXOWV��)LJ����GHPRQVWUDWHV�WKDW�WKH�
�ELDV�GXH�WR�WKH�5:)�LQ�WKH�IXOO�PRGHO�DQG�WKH�ELDV�UHVXOWLQJ�IURP�DSSO\LQJ�WKH�5:)�WR�MXVW�WKH�PHDQ�/(6�
�SURILOH�DQG�VKRZV�WKH�ODUJHVW�PDJQLWXGHV�LQ�WKH�ELDV�LQ�X��E��DQG�Y��G��RFFXU�LQ�UHJLRQV�ZLWK�WKH�ODUJHVW�
��QRQOLQHDU��VKHDU��

�3���/����	����������6LPLODUO\�WR�P\�SUHYLRXV�FRPPHQW��WKH�WHUP�³ODUJH�FRKHUHQW�VWUXFWXUHV´�LV�YDJXH��,W�LV�
�HYLGHQW�IURP�)LJXUH���D�WKDW�WKHUH�DUH�VWUXFWXUHV��XSZDUG�PRWLRQV�IROORZHG�E\�GRZQZDUG�PRWLRQV��RI�
�DSSUR[LPDWHO\���NP�VL]H��2Q�WKH�FRQWUDU\��IRU�WKH�VWDEOH�ERXQGDU\�OD\HU��)LJXUH���E��WKH�VL]H�RI�WKH�
�VWUXFWXUHV�VHHPV�WR�EH�HTXDO�WR�IHZ�KXQGUHG�PHWHUV��7KH�OLIHF\FOH�RI�VXFK�VWUXFWXUHV�VKRXOG�EH�GLIIHUHQW��'R�
�WKH�DXWKRUV�FDWHJRUL]H�ERWK�VWUXFWXUHV¶�VL]HV�DV�ODUJH"�7KH�DXWKRUV�DOVR�PHQWLRQ�ODUJHU�VFDOH�VWUXFWXUHV�
�DERYH�WKH�ERXQGDU\�OD\HU�LQ�WKH�6%/��'R�WKH\�PHDQ�IURP�����P�XS�WR�����P�WKDW�LV�VKRZQ�LQ�)LJXUH���E�RU�
�LQ�KLJKHU�DOWLWXGHV"�(LWKHU�ZD\�LW�VKRXOG�EH�FOHDU�WR�WKH�UHDGHU�ZKDW�DUH�WKH�VL]HV�RI�WKH�VWUXFWXUHV�DQG�WKHVH�
�VKRXOG�FRUUHVSRQG�WR�WKH�ILJXUHV�SUHVHQWHG�LQ�WKH�PDQXVFULSW��

�³:LWKRXW�GLVVHFWLQJ�WKH�PHFKDQLFV�PRUH�FORVHO\��ZH�VLPSO\�QRWH�WKDW�ODUJH�FRKHUHQW�VWUXFWXUH�OLNH�WXUEXOHQW�
�SOXPHV�FKDUDFWHULVWLF�RI�WKH�FRQYHFWLYH�ERXQGDU\�OD\HU�FDQ�LQGXFH�UHSHDWHG��QRQ�V\PPHWULF�SDWWHUQV�LQ�WKH�
�UHODWLYH�SHUWXUEDWLRQV�RI�WKH�EHDPV��OHDGLQJ�WR�QRQ�]HUR�PHDQV�³�

��7KLV�PDWHULDO�KDV�EHHQ�PRYHG�WR�6HFWLRQ������//���������

�7KLV�LV�DQ�LPSRUWDQW�SRLQW�DERXW�WKH�VL]H�RI�WKH�VWUXFWXUHV��ZKLFK�)LJ�����QRZ�)LJ�����ZDV�PHDQW�WR�KHOS�
�FRQYH\��7KH�FULWLFDO�VFDOH�KHUH�LV�WKH�VL]H�RI�WKH�VFDQ�YROXPH��ZKLFK�IRU�WKH�:LQGFXEH9��LV�a��P�DFURVV�DW�
�WKH�ERWWRP�UDQJH�JDWH�DQG�a���P�DFURVV�DW�WKH�WRS��VKRZQ�E\�WKH�EODFN�OLQHV�LQ�)LJ�������³/DUJH´�FRKHUHQW�
�VWUXFWXUHV�DUH�PHDQW�WR�UHIHU�WR�IHDWXUHV�RQ�WKH�RUGHU�RI�WKH�VFDQ�YROXPH�RU�ELJJHU�VR�WKDW�WKHLU�LQWHUQDO�
�VWUXFWXUH�LQIOXHQFHV�WKH�VDPSOLQJ�E\�RSSRVLQJ�EHDPV��ZKLFK�ZRXOG�LQFOXGH�WKH��NP�VWUXFWXUHV�EXW�
�SRWHQWLDOO\�H[FOXGH�VRPH�RI�WKH�IHDWXUHV�LQ�WKH�ORZHU�VWDEOH�%/��

�:H�KDYH�H[SOLFLWO\�FDOOHG�RXW�³FRKHUHQW�VWUXFWXUHV�ODUJH�HQRXJK�WR�VSDQ�WKH�VFDQ�YROXPH´�DQG�GHQRWHG�WKH�
�VFDQ�UDGLXV�LQ�WKH�WH[W�WR�KHOS�FODULI\�WKLV�SRLQW��

�7HFKQLFDO�FRPPHQWV��

�3��/���/LGDUV�LQVWHDG�RI�OLGDU���)L[HG��

�3���7KH�IXOO�QDPH�IRU�WKH�DEEUHYLDWLRQ�'%6�VKRXOG�QRW�EH�LQFOXGHG�LQ�WKH�FDSWLRQ�RI�)LJXUH����EXW�UDWKHU�LQ�
�3��/����

�7KH�GHILQLWLRQ�RI�WKH�IXOO�QDPH�IRU�WKH�'%6�DEEUHYLDWLRQ�KDV�EHHQ�PRYHG��DORQJ�ZLWK�FKHFNLQJ�WKH�RUGHU�DQG�
�XVH�RI�RWKHU�DEEUHYLDWLRQV�LQ�WKH�WH[W��

�,Q�WKH�ILUVW�WKUHH�LQVWDQFHV�)LJXUH���LV�ZULWWHQ�ZLWK�D�FDSLWDO�)�LQ�WKH�WH[W��ZKHUHDV�LQ�DOO�WKH�RWKHU�LQVWDQFHV�
�ILJXUHV�LQ�WKH�WH[W�DUH�ZULWWHQ�LQ�SDUHQWKHVLV�ZLWK�D�PLQRU�I��7KH�FLWDWLRQ�RI�WKH�ILJXUHV�VKRXOG�EH�FRQVLVWHQW�
�WKURXJKRXW�WKH�WH[W��

�7KDQNV�IRU�SRLQWLQJ�WKLV�RXW��7KHVH�LQVWDQFHV�DORQJ�ZLWK�DOO�IXUWKHU�UHIHUHQFHV�WR�ILJXUHV�DQG�HTXDWLRQV�ZHUH�
�FKDQJHG�WR�³)LJ�́ ��³)LJXUHV �́�DQG�³(T�́ �WR�EULQJ�WKH�WH[W�LQ�OLQH�ZLWK�MRXUQDO�VW\OH�JXLGHOLQHV��

�3��/����7KH�IXOO�QDPH�IRU�WKH�DEEUHYLDWLRQ�62:)$�VKRXOG�EH�JLYHQ�KHUH���)L[HG��

�3��/����7KH�IXOO�QDPH�IRU�WKH�DEEUHYLDWLRQ�:5)�/(6�VKRXOG�EH�JLYHQ�KHUH���)L[HG��

�3��/�����7KH�SDUDPHWHU�³F´�LV�GHILQHG�DIWHU�WKH�HTXDWLRQ����DOWKRXJK�LW�LV�DOVR�SDUW�RI�WKH�HTXDWLRQV���DQG����
�,Q�RUGHU�WR�DYRLG�FRQIXVLRQ��,�VXJJHVW�WR�PRYH�WKH�GHILQLWLRQ�EHIRUH�RU�DIWHU�WKH�HTXDWLRQ����



�*RRG�FDWFK��:H�KDYH�PRYHG�WKH�GHILQLWLRQ�LQ�WKH�WH[W�XS�WR�WKH�ILUVW�UHIHUHQFH�WR�WKH�XVH�RI�WKH�VSHHG�RI�
�OLJKW�EHIRUH�(T����

�3��/�����7KH�VHQWHQFH�³8VLQJ�SDUDPHWHUV������FDQ�EH�PDGH�FRQFUHWH´�QHHGV�UHSKUDVLQJ��,W�LV�FRQIXVLQJ�LQ�LWV¶�
�FXUUHQW�VWDWH��

�³8VLQJ�SDUDPHWHUV�IURP�WKH�:LQGFXEH9���7DEOH�����WKH�VKDSH�DQG�H[WHQW�RI�WKH�5:)��(T�����FDQ�EH�PDGH�
�FRQFUHWH��)LJ���D��́ �

�UHZRUGHG�WR�

��/�����³7KH�5:)�IRU�WKH�PRGHOHG�:LQGFXEH9���)LJ����D���UHVXOWV�IURP�VXEVWLWXWLQJ�WKH�UDQJH�JDWH�DQG�SXOVH�
�SDUDPHWHUV��7DEOH����LQWR�WKH�JHQHUDO��SXOVHG�OLGDU�HTXDWLRQ��(T������7KH�VKDSH�RI�WKH�5:)�SHDNV�DW�WKH�
�FHQWHU�DQG�WDSHUV�V\PPHWULFDOO\�WRZDUG�]HUR�WR�HLWKHU�VLGH�́ �

�3��/���������7KH�SDUDJUDSK�³7KH�IRUP�RI�WKH�SXOVHG�OLGDU������IXUWKHU�GLVWDQFHV�E\�D�SXOVHG�OLGDU´�LV�PRUH�
�VXLWDEOH�IRU�WKH�LQWURGXFWRU\�VHFWLRQ��7KH�FRPSDULVRQ�RI�WKH�5:)�EHWZHHQ�SXOVHG�DQG�FRQWLQXRXV�OLGDU�VHHPV�
�RXW�RI�SODFH�LQ�WKH�PHWKRGRORJ\�DV�RQO\�WKH�SXOVHG�OLGDU�ZDV�XVHG�IRU�WKLV�VWXG\��

�:H�DJUHH�WKDW�WKH�GLVFXVVLRQ�KHUH�EHFDPH�PRUH�JHQHUDO�WKDQ�QHHGHG�WR�VHUYH�WKH�SULPDU\�IRFXV�RI�WKH�
�VWXG\��:H¶YH�GURSSHG�WKH�SDUDJUDSK�IURP�WKH�WH[W��

�3��/�����5HPRYH�WKH�ZRUG�³IRXQG �́�

�:H�KDYH�UHZRUGHG�WKH�HQG�RI�WKLV�VHQWHQFH�IURP�

�³«DQG�WKH�SURMHFWLRQ�RQWR�WKH�EHDP�GLUHFWLRQ�IRXQG´�

�WR�

��/�����³«DQG�WKHQ�SURMHFWHG�RQWR�WKH�EHDP�GLUHFWLRQ �́�

�+RSHIXOO\�WKLV�PDNHV�LW�VFDQ�PRUH�FOHDQO\�IRU�WKH�UHDGHU��

�3��/�����7KH�³6SH´�LQ�WKH�SDUHQWKHVLV�LV�D�PLVVLQJ�UHIHUHQFH"�

�<HV��D�UHIHUHQFH�XVHG�WR�VSOLW�WKH�VFLS\�IXQFWLRQ��LQWR�WULDQJXODWLRQ�DQG�DSSOLFDWLRQ�RI�WKH�LQWHUSRODWLRQ�
�ZHLJKWV�WR�RSWLPL]H�UHSHDWHG�FDOOV�RQ�WKH�VDPH�JULG��GRHV�QRW�KDYH�D�FRPSOHWH�UHIHUHQFH�DQG�WKHUHIRUH�ZDV�
�PDQJOHG��:H�KDYH�PRYHG�WKDW�UHIHUHQFH�WR�WKH�FRGH�DQG�UHWDLQHG�WKH�FRPSOHWH�WHFKQLFDO�VFLS\�FLWDWLRQ�KHUH��

�3��/���������7KH�SDUDJUDSK�³,QWHUSRODWLRQ�GRPLQDWHV�����VXEVHTXHQW�GHYHORSPHQWV´�FRPPHQWV�RQ�WKH�
�LQWHUSRODWLRQ�PHWKRG�DQG�SRVVLEOH�LPSURYHPHQWV�LQ�WKH�GDWD�DQG�PHWKRGRORJ\�VHFWLRQ��7KLV�SDUDJUDSK�LV�
�PRUH�VXLWDEOH�IRU�D�VHFWLRQ�OLNH�&RQFOXVLRQV�'LVFXVVLRQ��

�:H�KDYH�UHPRYHG�WKLV�SDUDJUDSK�DQG�PDGH�D�EULHI�UHIHUHQFH�WR�WKH�RSWLPL]DWLRQ�RI�WKH�LQWHUSRODWLRQ�DV�D�
�WDUJHW�IRU�IXWXUH�LPSURYHPHQWV�LQ�WKH�FRQFOXVLRQ��/�����

�3��/���������,Q�WKH�ILUVW�SDUDJUDSK�RI�6HFWLRQ�������WKH�DXWKRUV�SURYLGH�VRPH�JHQHUDO�LQIRUPDWLRQ�UHJDUGLQJ�
�WKH�OLGDU�DQG�WKH�GLIIHUHQW�VFDQQLQJ�PHWKRGV�VXFK�DV�5+,�DQG�33,��$V�WKHVH�PHWKRGV�DUH�QRW�XVHG�LQ�WKH�
�SDUWLFXODU�VWXG\��WKH\�VKRXOG�QRW�EH�PHQWLRQHG�LQ�WKH�GDWD�DQG�PHWKRG�VHFWLRQ��,Q�P\�RSLQLRQ��WKLV�
�SDUDJUDSK�VKRXOG�EH�UHPRYHG�HQWLUHO\�IURP�WKH�PDQXVFULSW�DV�LW�GRHV�QRW�SURYLGH�DQ\�YDOXDEOH�LQIRUPDWLRQ�
�IRU�WKH�VWXG\��

�:H�KDG�LQFOXGHG�WKLV�LQ�D�JHQHUDO�DSSURDFK�WR�WKH�YLUWXDO�OLGDU�PRGHO��EXW�DJUHH�WKDW�WKH�DGGLWLRQDO�
�LQIRUPDWLRQ�LQ�WKLV�SDUDJUDSK�LV�D�GLVWUDFWLRQ�WKDW�GRHVQ¶W�VHUYH�WKH�FXUUHQW�VWXG\��:H¶YH�FXW�RXW�WKLV�SRUWLRQ�
�RI�WKH�SDUDJUDSK�DQG�FRQGHQVHG�LW�WR�VLPSO\�UHIHU�WKH�UHDGHU�WR�&OLIWRQ���������



�3����,Q�)LJXUH���WKH�H[SODQDWLRQ�IRU�WKH�GLIIHUHQW�OLQHV��VROLG��GDVKHG�HWF��UHSUHVHQWLQJ�WKH�SDUDPHWHUV�LV�
�RQO\�LQFOXGHG�LQ�WKH�FDSWLRQV�DQG�QRW�LQ�WKH�ILJXUHV��KHQFH�LW�LV�QRW�SUDFWLFDO�IRU�WKH�UHDGHU�WR�VWXG\�WKHVH�
�ILJXUHV��VLPLODUO\�IRU�)LJXUHV������HWF��

�:H�KDYH�UHYLHZHG�HDFK�RI�WKH�ILJXUHV�LQ�WKH�PDQXVFULSW�ZLWK�WKLV�LQ�PLQG�DQG�KDYH�LQFOXGHG�IXOO�OHJHQGV�
�UHIOHFWLQJ�HDFK�RI�WKH�SDUDPHWHUV�XVHG��

�3���/�����7KH�FODLP�WKDW�WKH�FRPSRQHQWV�RI�HTXDWLRQ����DUH�FRPPRQO\�XVHG�VKRXOG�EH�VXSSRUWHG�E\�VRPH�
�H[DPSOHV�UHIHUHQFHV��

�:H�KDYH�LQFOXGHG�D�UHIHUHQFH�WR�&DULRX�DQG�%RTXHW���������WKH�LQVWUXPHQW�LWVHOI�UHWXUQV�WKH�KRUL]RQWDO�ZLQG�
�VSHHG�DQG�GLUHFWLRQ�DQG�ZH�EHOLHYH�WKH\�DUH�IDLUO\�XELTXLWRXV���/�����

�3���/���������$�ILJXUH�VKRZFDVLQJ�WKH�VLJQ�FRQYHQWLRQ�FRXOG�EH�XVHIXO�IRU�WKH�UHDGHU��

�:H¶YH�FUHDWHG�D�GLDJUDP��)LJ�����WR�VKRZ�WKH�FRQYHQWLRQV�XVHG�IRU�WKH�ZLQG�GLUHFWLRQ�DQG�VLJQ�RI�WKH�
�GLUHFWLRQ�HUURU��

�3����7KH�DXWKRUV�KDYH�LQWURGXFHG�VHYHUDO�SDUDPHWHUV�IRU�WKH�ZLQG�VSHHG�VXFK�DV�XOLGDU�RU�KRUL]RQWDO�ZLQG�
�VSHHG��WKHUHIRUH�LW�VKRXOG�EH�FOHDU�LQ�)LJXUH���ZKLFK�RQH�LV�VKRZQ�LQFOXGLQJ�LWV¶�QDPH�DV�GHILQHG�E\�WKH�
�DXWKRUV��

�:H�KDYH�UH�ODEHOHG�WKH�ILJXUH�D[HV�ZLWK�ERWK�WKH�QDPH�DQG�V\PEROLF�UHIHUHQFH��_8BK_BHUU��ZKLFK�UHIHUV�WR�
�WKH�HUURU�LQ�WKH�PDJQLWXGH�RI�WKH�KRUL]RQWDO�ZLQGV��L�H��µZLQG�VSHHG�HUURU¶���+RSHIXOO\�WKLV�DGGUHVVHV�DQ\�
�SRVVLEOH�FRQIXVLRQ�DERXW�WKH�SORWWHG�TXDQWLW\��

�3���/�����5HPRYH�³WKH �́��)L[HG��

�3���3����7KH�FDSWLRQ�RI�WKH�)LJXUHV���DQG���PHQWLRQ�GDVKHG�DQG�GRWWHG�OLQHV�EXW�RQO\�GDVKHG�DQG�VROLG�
�OLQHV�DUH�GHSLFWHG��7KH�ILJXUHV�VKRXOG�EH�FRUUHFWHG�DQG�DGGLWLRQDOO\�WKHUH�VKRXOG�EH�D�OHJHQG�LQ�WKH�ILJXUH�
�ZLWK�WKLV�LQIRUPDWLRQ��

�7KDQNV�IRU�FDWFKLQJ�WKLV�DQG�ZH�DSRORJL]H�IRU�DQ\�FRQIXVLRQ�LW�PD\�KDYH�FDXVHG�LQ�UHYLHZLQJ�WKH�DUWLFOH��7KH�
�FDSWLRQ�KDV�EHHQ�DPHQGHG�DQG�WKH�ILJXUH�UHYLVHG�WR�LQFOXGH�WKH�OLQH�VW\OH�GLVWLQFWLRQ�LQ�WKH�OHJHQG�DV�ZHOO��

�3����)LJXUHV�VKRXOG�EH�HDVLO\�UHDGDEOH�HYHQ�ZKHQ�VHSDUDWHG�IURP�WKH�UHVW�RI�WKH�WH[W��,Q�)LJXUH����WKH�
�FDSWLRQ�LV�OLQNHG�WR�WKH�SDUDPHWHUV�RI�)LJXUH���ZKLFK�VKRXOG�EH�FRUUHFWHG��7KH�SDUDPHWHUV�VKRXOG�EH�
�LQFOXGHG�LQ�WKH�FDSWLRQ�DQG�WKH�OHJHQG�RI�)LJXUH���LQGHSHQGHQWO\�IURP�)LJXUH����

�:H�KDYH�UHJHQHUDWHG�WKH�ILJXUHV�WR�LQFOXGH�FRPSUHKHQVLYH�DQG�FRQVLVWHQW�OHJHQGV�DFURVV�WKHVH�ILJXUHV��

�3���/�����&RQYHUJH�LQVWHDG�RI�FRQYHUJHV���)L[HG��

�3���/�����7KH�SKUDVH�³WKHLU�UHVSHFWLYH�KHLJKW�WUHQGV�DUH�VLPLODU�WR�WKH�SUHYLRXV�VHFWLRQ´�VKRXOG�EH�
�DFFRPSDQLHG�E\�WKH�UHVSHFWLYH�YDOXHV�DV�D�UHPLQGHU�IRU�WKH�UHDGHU���1RW�LQ�WKH�UHDUUDQJHG�PDQXVFULSW���:H�
�KDYH�WULHG�WR�PDNH�VXUH�WR�FDOO�RXW�YDOXHV�DQG�UHLWHUDWH�WKH�UHFXUULQJ�WUHQGV�ZKHQ�ZH�UHIHU�WR�WKHP�LQ�WKH�
�XSGDWHG�WH[W��

�3���3����,Q�&KDSWHU���WKH�DXWKRUV�LQWURGXFH�VHYHUDO�QHZ�HTXDWLRQV��,Q�P\�RSLQLRQ��D�PDQXVFULSW�IORZV�
�EHWWHU�ZKHQ�DOO�WKH�HTXDWLRQV�DQG�WRROV�DUH�SUHVHQWHG�LQ�WKH�GDWD�DQG�PHWKRGV�FKDSWHU�DQG�VXEVHTXHQWO\�
�WKH�UHVXOWV�DUH�SUHVHQWHG�DQG�GLVFXVVHG��6R�LQVWHDG�RI�SUHVHQWLQJ�WKH�ILJXUHV�LQ�&KDSWHU���DQG�WKHQ�XVLQJ�
�WKH�HTXDWLRQV�WR�GHVFULEH�WKH�UHVXOWV�LQ�&KDSWHU����,�EHOLHYH�LW�ZRXOG�EH�EHWWHU�LI�DOO�WKH�HTXDWLRQV�DUH�DOUHDG\�
�SUHVHQWHG�LQ�&KDSWHU���DQG�WKH�GLVFXVVLRQ�RI�WKH�UHVXOWV�LV�PRYHG�WR�WKH�FRUUHVSRQGLQJ�ILJXUHV��)RU�H[DPSOH�
�WKH�H[SODQDWLRQ�RI�WKH�XQGHUHVWLPDWLRQ�RI�WKH�ZLQG�HUURU�DOWKRXJK�PHQWLRQHG�LQ�&KDSWHU���LV�H[SODLQHG�PXFK�
�ODWHU�LQ�&KDSWHU����%\�PRYLQJ�WKH�HTXDWLRQV�WR�&KDSWHU����WKH�DXWKRUV�ZLOO�DOVR�DYRLG�UHSHDWLQJ�WKHPVHOYHV��

�7KDQN�\RX�IRU�\RXU�WKRXJKWV�RQ�KRZ�EHVW�WR�RUJDQL]H�WKH�PDWHULDO��:H�KDG�GHYHORSHG�WKH�DQDO\WLF�PRGHO�IRU�
�WKH�HUURU�DV�D�WRRO�IRU�XQGHUVWDQGLQJ�WKH�RXWSXW�RI�WKH�YLUWXDO�WRRO�DQG�KDG�WKRXJKW�LW�FRXOG�EH�WUHDWHG�



�FRQFXUUHQWO\�ZLWK�WKH�UHVXOWV�LQ�WKH�SDSHU��6HHLQJ�WKH�GHJUHH�WR�ZKLFK�WKH�DQDO\WLF�GHYHORSPHQW�JUHZ�DQG�
�KRZ�PXFK�ZH�UHO\�RQ�LW�LQ�H[SODLQLQJ�WKH�UHVXOWV��ZH�DJUHH�WKDW�WKH�IORZ�RI�WKH�DUWLFOH�LV�LPSURYHG�E\�
�UH�RUGHULQJ�WKH�SUHVHQWDWLRQ��

�:H�KDYH�PRYHG�WKH�GHYHORSPHQW�RI�WKH�DQDO\WLF�PRGHO�IRU�WKH�OLGDU�HUURU�LQWR�D�QHZ�VXEVHFWLRQ�RI�WKH�'DWD�
�DQG�0HWKRGV��6HFWLRQ�����7KH�UHVXOWV�XVLQJ�WKH�YLUWXDO�LQVWUXPHQW�KDYH�EHHQ�FRQGHQVHG�LQWR�D�VLQJOH�VHFWLRQ�
��6HFWLRQ����DQG�VWUHDPOLQHG��UHIHUHQFLQJ�EDFN�WR�WKH�DQDO\WLF�PRGHO�LQ�6HFWLRQ���ZKHQ�QHHGHG�IRU�WKH�
�GLVFXVVLRQ��:H�KRSH�WKLV�UHPRYHV�DPELJXLW\�DQG�UHSHWLWLRQ�DQG�PDNHV�WKH�SDSHU�VWURQJHU�DQG�PRUH�FOHDU�WR�
�WKH�UHDGHU��

�3����7KH�FDSWLRQ�RI�)LJXUH���VHHPV�PRUH�OLNH�D�SDUW�RI�WKH�PDQXVFULSW�WKDQ�D�FDSWLRQ��,W�VKRXOG�EH�
�UHSKUDVHG�LQ�D�ZD\�WR�UHVHPEOH�D�FDSWLRQ��

�3�������,W�ZRXOG�EH�HDVLHU�WR�LQWHUSUHW�WKH�UHVXOWV�IURP�)LJXUHV�����������LI�WKHVH�ILJXUH�ZHUH�PHUJHG�LQ�
�PXOWLSOH�SDQHOV�DQG�WKXV�LW�ZRXOG�EH�SRVVLEOH�WR�XVH�WKH�VDPH�FDSWLRQ�IRU�DOO�LQVWHDG�RI�OLQNLQJ�WR�WKH�FDSWLRQ�
�RI�)LJXUH���ZKLFK�PDNHV�WKH�)LJXUHV�XQUHDGDEOH�LQGHSHQGHQWO\��

�7R�ERWK�WKHVH�SRLQWV��

�:H�KDYH�UHYLVHG�WKLV�VHW�RI�ILJXUHV�LQWR�D�VLQJOH��FRPELQHG�GHFRPSRVLWLRQ�ILJXUH��)LJ�����ZKLFK�XVHV�WKH�
�VDPH�FDSWLRQ��7KH�UHYLVHG�ILJXUH�VKRZV�WKH�FRYDULDQFHV�DQG�REYLDWHV�WKH�QHHG�IRU�VRPH�RI�WKH�H[SODQDWRU\�
�WH[W�LQ�WKH�FDSWLRQ��7KH�VSHFLILFDWLRQ�WKDW�RQO\�WKH�QRQ�RIIVHW�OLGDU�DUH�XVHG�ZDV�PRYHG�WR�WKH�PDLQ�WH[W��

�3���/�����7KH�ZRUG�³WHUP´�LV�XVHG�WZR�WLPHV���)L[HG��

�3����7KH�KHLJKW�RI�WKH�ZLQG�VSHHG�LV�QRW�PHQWLRQHG�LQ�)LJXUH�����,W�VKRXOG�EH�LQFOXGHG�DV�SDUW�RI�WKH�[D[LV�
�WLWOH���)LJXUH�����QRZ�)LJ������DJJUHJDWHV�GDWD�IURP��DOO�KHLJKWV��6LQFH�WKH�RULJLQDO�PDQXVFULSW�OHIW�URRP�IRU�
�XQFHUWDLQW\��ZH�KDYH�DGGHG�DQ�H[SOLFLW�VWDWHPHQW�WR�WKH�FDSWLRQ�WR�FODULI\�WKH�SRLQW��

�3����7KH�OHJHQG�VKRZFDVLQJ�WKH�SDUDPHWHUV�WKDW�FRUUHVSRQG�WR�WKH�FRORXU�OLQHV�LV�PLVVLQJ�LQ�)LJXUH�����

�:H�KDYH�UHSODFHG�WKLV�ILJXUH�WR�EHWWHU�LOOXVWUDWH�WKH�WUHQGV�RYHU�WKH�WLPH�DYHUDJLQJ�ZLQGRZ��7KH�QHZ�YHUVLRQ�
��)LJ������GRHV�LQFOXGH�WKH�FRORU�FRGHG�OHJHQG��

�3����7KH�SDQHOV�LQ�)LJXUH����DUH�QRW�QXPEHUHG�ZLWK��D����E����F��HWF�DQG�WKH�DXWKRUV�UHIHU�WR�WKH�GLIIHUHQW�
�SORWV�DV�OHIW�DQG�ULJKW�SDQHOV��,�EHOLHYH�LW�ZLOO�EH�HDVLHU�WR�XVH�WKH�QXPEHULQJ��6LPLODUO\�WKH�)LJXUHV�������������
��������������������DQG�WKH�RQHV�SUHVHQWHG�LQ�$SSHQGLFHV�$��'��(�DOVR�PLVV�WKH�QXPEHULQJ��

�7KDQN�\RX�IRU�SRLQWLQJ�RXW�WKH�LQFRQVLVWHQF\�DQG�FRQIXVLRQ�LQ��QRW��ODEHOLQJ�WKH�SDQHOV�LQ�WKHVH�ILJXUHV��
�:H¶YH�ZRUNHG�WKURXJK�HDFK�RI�WKH�ILJXUHV�WR�FOHDQ�WKHP�XS�DQG�DGG�ODEHOV�LQ�D�FRQVLVWHQW�VW\OH�ZKHUH�WKH\�
�ZHUH�PLVVLQJ�DQG�KDYH�XSGDWHG�WKH�FDSWLRQV�WR�UHIOHFW�WKH�FKDQJHV��

�3�������7KH�FRPSDULVRQ�RI�WKH�DXWKRUV¶�UHVXOWV�ZLWK�SUHYLRXV�VWXGLHV�VKRXOG�EH�LQFOXGHG�LQ�WKH�VHFWLRQV�RI�
�WKH�UHVXOWV�DQG�QRW�LQ�WKH�FRQFOXVLRQV��7KH�DXWKRUV�VKRXOG�VXPPDUL]H�WKH�NH\�SRLQWV�RI�WKHLU�VWXG\�DQG�QRW�
�LQFOXGH�QHZ�LQIRUPDWLRQ�LQ�WKLV�FKDSWHU��$OWKRXJK�LW�LV�SRVVLEOH�WR�LQFOXGH�VRPH�SUHYLRXVO\�PHQWLRQHG�
�UHIHUHQFHV�LQ�WKH�FRQFOXVLRQV��LW�LV�QRW�UHFRPPHQGHG�WR�LQWURGXFH�QHZ�UHIHUHQFHV�VXFK�DV�.ODDV�DQG�(PHLV��
������DQG�7HVFKNH�DQG�/HKPDQQ�������7KHVH�UHIHUHQFHV�VKRXOG�EH�LQWURGXFHG�HDUOLHU�LQ�WKH�PDQXVFULSW��

�7KH�FRPSDULVRQV�RI�KRZ�RXU�ILQGLQJV�UHODWH�WR�SUHYLRXV�VWXGLHV�KDYH�EHHQ�PHQWLRQHG�DV�SDUW�RI�WKH�UHVXOWV�
�ZKHUH�DSSURSULDWH���QRZ�6HFWLRQ����DQG�PRYHG�LQWR�D�GLVFXVVLRQ�VHFWLRQ��6HFWLRQ�����:H�KDYH�
�FRUUHVSRQGLQJO\�VKRUWHQHG�WKH�FRQFOXVLRQ�WR�VXPPDUL]H�RXU�NH\�SRLQWV��

�3���/�����$GG�WKH�ZRUG�RI���³7KH�IRUP�RI�RXU�HUURU����́ ��)L[HG��

�3���/������5HPRYH�W\SR�³	WKLQVS� �́� �)L[HG��

�3���/������5HPRYH�W\SR�³	QGDVK �́��)L[HG��



�5HVSRQVH�WR�$QRQ\PRXV�5HIHUHH����
�5HYLHZ�RI�WKH�PDQXVFULSW�$07����������HQWLWOHG�³%HKDYLRU�DQG�0HFKDQLVPV�RI�'RSSOHU�:LQG�
�/LGDU�(UURU�LQ�9DU\LQJ�6WDELOLW\�5HJLPHV´��E\�5��5REH\�DQG�-��/XQGTXLVW�

�7KLV�VWXG\�IRFXVHV�RQ�WKH�HUURUV�DVVRFLDWHG�ZLWK�WKH�PHDVXUHPHQWV�SHUIRUPHG�ZLWK�D�SXOVHG�SURILOLQJ�/LGDU�
�ZKHQ�HVWLPDWLQJ�PHDQ�ZLQG�GLUHFWLRQ�DQG�VSHHG�IRU�WKH�DWPRVSKHULF�ERXQGDU\�OD\HU�XQGHU�GLIIHUHQW�
�DWPRVSKHULF�VWDELOLW\�UHJLPHV��7KH�SUREOHP�LV�WDFNOHG�IURP�D�QXPHULFDO�VWDQGSRLQW�WKURXJK�WKH�YLUWXDO�OLGDU�
�WHFKQLTXH��QDPHO\�E\�VDPSOLQJ�WKH�ZLQG�ILHOG�VLPXODWHG�ZLWK�WKH�:5)��/(6�PRGHO�WKURXJK�D�'RSSOHU�%HDP�
�6ZLQJ��'%6��VFDQ��7ZR�PDLQ�VRXUFHV�RI�HUURU�DUH�LGHQWLILHG��QDPHO\�WKH�KRUL]RQWDO�KHWHURJHQHLW\�DQG�
�UDQJH�ZHLJKWLQJ�IXQFWLRQ��5:)���7KHVH�HUURUV�DUH�LQYHVWLJDWHG�WKURXJK�WKH�UDQGRP�YDULDEOH�WKHRU\�DQG�
�FRQYROXWLRQ�LQWHJUDOV��UHVSHFWLYHO\��

�7KH�WRSLF�LV�GHILQLWHO\�RI�LQWHUHVW�DQG�WKRURXJKO\�H[DPLQHG�LQ�WKH�PDQXVFULSW��+RZHYHU��D�PDMRU�SRLQW�WKDW�
�FRXOG�EH�LPSURYHG�LV�WKH�FODULW\�RI�WKH�ODQJXDJH�WKURXJKRXW�WKH�PDQXVFULSW��6RPH�VWDWHPHQWV�PD\�UHVXOW�D�
�ELW�FXPEHUVRPH�DQG�QHHG�WR�EH�UHDG�VHYHUDO�WLPHV�IRU�D�WKRURXJK�XQGHUVWDQGLQJ��PRUH�GHWDLOV�LQ�WKH�
�IROORZLQJ���)XUWKHUPRUH��PRWLYDWLRQV�DQG�GLVFXVVLRQV�DUH�TXDOLWDWLYHO\�UHSRUWHG�ZLWKRXW�LQFOXGLQJ�GHWDLOV�DQG�
�UHIHUHQFHV��SDUWLFXODUO\�LQ�6HFWLRQV���DQG����7KH�TXDOLW\�RI�WKH�ILJXUHV��LQ�WHUPV�RI�ODEHOV�DQG�SDQHO�VL]H��
�FRXOG�EH�LPSURYHG��)LQDOO\��IURP�D�WHFKQLFDO�VWDQGSRLQW��,�KDYH�QRWLFHG�VRPH�FRQIXVLRQ�LQ�GHILQLQJ�WKH�
�WHPSRUDO�IXOO�ZLGWK�KDOI��PD[LPXP��):+0��RI�WKH�OLGDU�SXOVH��UDQJH�JDWH��DQG�DFFXPXODWLRQ�WLPH��ZKLFK�DUH�
�LQGHSHQGHQW�SDUDPHWHUV��PRUH�GHWDLOV�UHSRUWHG�LQ�WKH�IROORZLQJ���*LYHQ�WKHLU�LPSRUWDQFH�IRU�WKLV�ZRUN��,�
�UHFRPPHQG�GHILQLQJ�WKHP�PRUH�FOHDUO\��

�:H�ZRXOG�OLNH�WR�WKDQN�WKH�UHYLHZHU�IRU�WKHLU�WKRURXJK�UHDGLQJ�DQG�FRQVWUXFWLYH�FRPPHQWV��7KH�IHHGEDFN�
�KDV�EHHQ�KHOSIXO�LQ�HQVXULQJ�WKH�WHFKQLFDO�GHWDLOV�DUH�FRUUHFW�DQG�DFFXUDWHO\�FRQYH\HG��

�6SHFLILF�FRPPHQWV�

�/�������(DUOLHU�\RX�UHIHUUHG�WR� �DV�³WHPSRUDO�UDQJH��JDWH´��SOHDVH�DYRLG�WKH�LQWURGXFWLRQ�RI�QHZ�WHUPLQRORJ\�
�XQOHVV�VWULFWO\�QHFHVVDU\��$OVR��WKH�DFFXPXODWLRQ�WLPH�LV�WKH�WLPH�LQWHUYDO�ZKHQ�WKH�EDFN�VFDWWHUHG�VLJQDOV�
�DUH�FROOHFWHG�IURP�D�FHUWDLQ�GLVWDQFH�DQG�HQVHPEOH�DYHUDJHG�LQ�WKH�)RXULHU�VSDFH�WR�VLQJOH�RXW�WKH�'RSSOHU�
�VKLIW��7KXV��LW�LV�LQGHSHQGHQW�RI�ZKDW�KHUH�KDV�EHHQ�FDOOHG�³WHPSRUDO�UDQJH�JDWH´��ZKLFK�LV�WKH�VSDWLDO�UDQJH�
�JDWH�GLYLGHG�E\�WKH�VSHHG�RI�OLJKW���DOVR��UHIHUULQJ�WR�7DEOH���� � ����QV�LV�WRR�VPDOO�WR�EH�DQ�DFFXPXODWLRQ�
�WLPH��W\SLFDOO\�UDQJLQJ�IURP�����V�WR�IHZ�VHFRQGV���3OHDVH�DGGUHVV�WKLV�SRLQW��

�7KDQN�\RX�IRU�FDWFKLQJ�WKLV��:H�PDGH�DQ�XQIRUWXQDWH�RYHUORDG�RI�WKH�WHUP�µDFFXPXODWLRQ�WLPH¶��ZKLFK�
�VKRXOG��DV�\RX�VD\��UHIHU�WR�WLPH�XVHG�WR�FROOHFW�DQ�HQVHPEOH�RI�VDPSOHV�WKH�DYHUDJH�RI�ZKLFK�LV�XVHG�WR�
�GLDJQRVH�WKH�'RSSOHU�VKLIW��7KH�GLVFXVVLRQ�RI�WKH�³DFFXPXODWLRQ�WLPH´�ZDV�PLV�XVHG�KHUH�WR�UHIHU�WR�WKH�
�WHPSRUDO�UDQJH�JDWH��:H�DSRORJL]H�IRU�WKH�FRQIXVLRQ�WKH�RYHUVLJKW�FDXVHG�DQG�KDYH�IL[HG�WKH�ZRUGLQJ�WR�
�UHPRYH�WKH�PLV�XVHG�ODQJXDJH�DQG�FODULI\�RXU�PHDQLQJ��

�³7KH�FKRLFHV�RI�SXOVH�DQG�UDQJH�JDWH�SDUDPHWHUV�LQ�D�FRKHUHQW�OLGDU�V\VWHP�PXVW�EDODQFH�WKH�GHVLUH�
�IRU�VSDWLDO�ORFDOLW\��UHGXFLQJ�WKH�ZLGWK�RI�WKH�5:)��DQG�WKH�QHHG�IRU�DGHTXDWH�DFFXPXODWLRQ�WLPH��Ĳ��P�����WR�
�DFFXUDWHO\�UHVROYH�IUHTXHQFLHV�XVHG�IRU�WKH�UDGLDO�YHORFLW\�PHDVXUHPHQW�́ �

�ZDV�FKDQJHG�WR�

�³7KH�UDQJH�JDWH�SDUDPHWHU�LQ�D�FRKHUHQW�OLGDU�V\VWHP�PXVW�EDODQFH�WKH�GHVLUH�IRU�VSDWLDO�ORFDOLW\�DQG�
�WKH�QHHG�IRU�DFFXUDWH�IUHTXHQFLHV�XVHG�LQ�PHDVXULQJ�WKH�UDGLDO�YHORFLW\��7KH�PRUH�VLJQDO�SRLQWV�IURP�
�WKH�WUDYHOLQJ�SXOVH�XVHG��L�H��WKH�ORQJHU�WKH�UDQJH�JDWH��WKH�PRUH�DFFXUDWH�WKH�GLDJQRVLV�RI�WKH�
�IUHTXHQFLHV�EXW�WKH�ORQJHU�WKH�DYHUDJLQJ�YROXPH�DORQJ�WKH�EHDP�́ ��//���������

�,Q�WKLV�VHFWLRQ��ZH�ZDQWHG�WR�PDNH�WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�UDQJH�JDWH�SDUDPHWHU�LQ�WLPH��WKH�µWHPSRUDO�
�UDQJH�JDWH¶��Ĳ��P����DQG�WKH�FRUUHVSRQGLQJ�VSDWLDO�GLVWDQFH��LQ�D�UDQJH�JDWH��WKH�µVSDWLDO�UDQJH�JDWH¶��ƩS���7KH�
�SDUW�PLV�XVLQJ�WKH�³DFFXPXODWLRQ�WLPH´�ZDV�LQWHQGHG�WR�PDNH�QRWH�RI�KRZ�WKH�FKRLFH�RI�Ĳ��P��LV�VXEMHFW�WR��D�
�WUDGH�RII��PRUH�SRLQWV�XVHG�LQ�WKH�))7��L�H��D�ORQJHU�UDQJH�JDWH��JLYHV�PRUH�DFFXUDWH�IUHTXHQFLHV�EXW�



�UHTXLUHV�D�ODUJHU�SUREH�YROXPH���DYHUDJLQJ�RYHU�D�ORQJHU�VSDWLDO�UDQJH�JDWH�DORQJ�WKH�EHDP�ZKLFK�ORVHV�
�ORFDOLW\�RI�WKH�PHDVXUHPHQW��

�/�������7R�P\�XQGHUVWDQGLQJ��)LJ���E��F�DQG�G�UHIHU��WR�WLPH�DYHUDJHG�YHORFLW\�SURILOHV��ZKLFK�PLJKW�EH�
�PDUJLQDOO\�DIIHFWHG�E\�WKH�VKDSH�RI�WKH�5:)��7KH�SURILOHV�RI�WKH�5H\QROGV�VWUHVVHV�PD\�EH�PRUH�UHOHYDQW�IRU�
�WKLV�GLVFXVVLRQ�

�7KH�SDQHOV�LQ�)LJ����E��F��G��DUH�³LQVWDQWDQHRXV´�OLQH�RI�VLJKW�YHORFLW\�SURILOHV��LPSOLFLWO\�DYHUDJHG�RYHU�WKH�
�JULG�WLPH�VWHS�RI�WKH�/(6�PRGHO��WR�ZKLFK�ZH�KDYH�DSSOLHG�WKH�5:)��:H�KDYH�HGLWHG�WKH�FDSWLRQ�WR�PDNH�
�WKLV�H[SOLFLW��

�%HFDXVH�RI�OLPLWDWLRQV�LQ�WKH�FXUUHQW�YLUWXDO�OLGDU�PRGHO��ZH�GR�QRW�WUHDW�WKH�HIIHFWV�RI�DFFXPXODWLRQ�WLPH���
�WLPH�DYHUDJLQJ�LQ�WKH�EHDP�VDPSOLQJ��WKH�PHDVXUHG�OLQH�RI�VLJKW�YHORFLW\�LV�WDNHQ�GLUHFWO\�IURP�WKH�5:)�
�DFWLQJ�RQ�D�VQDSVKRW�RI�WKH�/(6�ZLQG��)XWXUH�LPSURYHG�YHUVLRQV�RI�WKH�PRGHO�ZRXOG�KDYH�WR�WUHDW�WKLV�SRLQW�
�PRUH�FDUHIXOO\�ZLWK�WKH�WXUEXOHQW�VWUHVVHV�DV�UHSUHVHQWHG�E\�WKH�/(6��EXW�IRU�WKLV�LWHUDWLRQ�RI�WKH�PRGHO�WKH�
�UDZ�OLQH�RI�VLJKW�YHORFLW\�SURILOH�LV�DSSURSULDWH�WR�WKH�XQGHUO\LQJ�EHKDYLRU��

�//������������8VLQJ�WHPSRUDO�):+0�RI�����QV��DV�UHSRUWHG��LQ�WDEOH�����,�REWDLQ�D�UDQJH�JDWH�RI��)UHKOLFK�	�
�&RUQPDQ���������
�,I�\RX�XVHG�WKLV�UHODWLRQVKLS��SOHDVH�VWDWH�LW�LQ�WKH�WH[W�ZLWK�UHIHUHQFH��$OVR��WKH�HIIHFWLYH�UDQJH�JDWH�RI�WKH�
�SXOVHG�/L'$5�V\VWHP�LV�GHILQHG�DV�WKH�WHPSRUDO�):+0��PXOWLSOLHG�E\�WKH�VSHHG�RI�OLJKW��SOXV�WKH�UDQJH�JDWH�
��)UHKOLFK�	�&RUQPDQ������������QV�IURP�WDEOH����FRUUHVSRQGLQJ�WR�����P���3OHDVH�FODULI\�WKLV�DVSHFW��

�)RU�WKH�HIIHFWLYH�UDQJH�JDWH���UDQJH�UHVROXWLRQ�DORQJ�WKH�EHDP�GXH�WR�WKH�5:)�ZH�GLUHFWO\�VROYHG�IRU�WKH�
�):+0�RI�WKH�5:)�SUHVHQWHG�LQ�WKH�SDSHU��(T����ZLWK�WKH�SDUDPHWHUV�\RX�JLYH�DERYH��UHVXOWLQJ�LQ�a���P���,W�
�LV�RXU�XQGHUVWDQGLQJ�WKDW��DV�VXPPDUL]HG�LQ�&DULRX�DQG�%RTXHW��������S������D�ODWHU�HVWLPDWH�RI�WKH�
�HIIHFWLYH�UDQJH�UHVROXWLRQ�E\�%DQDNK�DQG�6PDOLNKR��������LV�LQGHHG�DERXW�RQH�DQG�D�KDOI�WLPHV�VKRUWHU�WKDQ�
�WKDW�IRXQG�XVLQJ�WKH�VXP�RI�WKH�):+0�DQG�UDQJH�JDWH�DV�LQ�)UHKOLFK�	�&RUQPDQ���������7KLV�HVWLPDWH�LV�LQ�
�OLQH�ZLWK�WKH�):+0�RI�WKH�5:)�DULVLQJ�IURP�WKH�FRQYROXWLRQ��+RSHIXOO\�WKLV�DFFRXQWV�IRU�WKH�GLVSDULW\�LQ�RXU�
�QXPEHUV��

�:H�GRQ¶W�H[SHFW�PXFK�VHQVLWLYLW\�IRU�UDQJH�UHVROXWLRQ�YDOXHV�FORVH�WR���P��&RPSDULQJ�WR�SUHOLPLQDU\�UXQV�
�XVLQJ���P�KLJK�F\OLQGHUV�IRU�WKH�YROXPH�DYHUDJH�WUXWK��XVLQJ�WKH�SURMHFWHG�a��P�KHLJKW�GLGQ¶W�KDYH�DQ�
�DSSUHFLDEOH�HIIHFW�RQ�WKH�UHVXOWV��

�/�������,Q�P\�RSLQLRQ��DQ�LPSRUWDQW�SRLQW�PLVVLQJ�LQ��WKLV�DQDO\VLV��ZLWK�UHVSHFW�WR�D�UHDO��VFDOH�H[SHULPHQW��LV�
�WKH�GHFUHDVLQJ�RI�WKH�EDFNVFDWWHU�FRHIILFLHQW�PRYLQJ�DZD\�IURP�WKH�OLGDU��DQG��WKXV��WKH�FDUULHU�WR�QRLVH�UDWLR�
��&15���,Q�RWKHU�ZRUGV��WKH�SUHVHQFH�RI�QRLVH�LQ�WKH�EDFNVFDWWHUHG�VLJQDO�FDQ�VHYHUHO\�LPSDLU�WKH�RXWFRPH�
�IURP�WKH�OLGDU��DQG��WKXV��WKH�YHORFLW\�VWDWLVWLFV��,�XQGHUVWDQG�WKDW�WKLV�HIIHFW�LV�RXW�RI�WKH�VFRSH�RI�WKLV�
�DQDO\VLV��EXW�LW�FRXOG�EH�PHQWLRQHG�ZKHQ�WKH�HUURU�DQDO\VLV�LV�FDUULHG�RXW��

�7KH�&15�LV�RXW�RI�VFRSH��EXW�FDQ�EH�VLJQLILFDQW�WR�UHDO�PHDVXUHPHQWV��:H�KDYH�QRWHG�LWV�UROH�DQG�RPLVVLRQ�
�DORQJ�ZLWK�RXU�GLVFODLPHU�DERXW�WKH�LJQRUHG�IDFWRUV�LQ�WKH�TXDOLW\�RI�WKH�UDGLDO�YHORFLW\�UHWULHYDO���

�$GGHG�WR�/������³:H�VLPLODUO\�RPLW�LPSDFWV�RI�WKH�FDUULHU�WR�QRLVH�UDWLR�ZKLFK�FDQ�LQWURGXFH�DGGLWLRQDO�
�XQFHUWDLQW\�LQWR�WKH�GLDJQRVLV�RI�WKH�UDGLDO�YHORFLW\��&DULRX�DQG�%RTXHW��������$LWNHQ�HW�DO���́ �

�/�����������7KLV�SDUW�ZRXOG�EH�FOHDUHU�ZLWK�D�ILJXUH��UHSRUWLQJ�YHUWLFDO�SURILOHV�RI�VWDWLVWLFDO�HVWLPDWRUV�RI�WKH�
�HUURU��3OHDVH�UHPRYH�$SSHQGL[�$�DQG�SXW�WKH�UHODWLYH�ILJXUH�KHUH��

��6HFWLRQ���SUHVHQWLQJ�WKH�UHVXOWV�KDV�FKDQJHG�LQ�UHDUUDQJLQJ�WKH�RUGHU�RI�WKH�SDSHU����

�$IWHU�GXH�FRQVLGHUDWLRQ��ZH�KDYH�GHFLGHG�WR�OHDYH�WKH�IXOO�VHW�RI�PRPHQWV�ZLWK�WKH�RULHQWDWLRQ�
�GLVDJJUHJDWLRQ�LQ�$SSHQGL[�$��7KH�UHVXOWV�VHFWLRQ�LV�DOUHDG\�TXLWH�ILJXUH�KHDY\�DQG�ZH�GLG�QRW�IHHO�WKDW�LW�
�ZDV�WKH�EHVW�XVH�RI�VSDFH�WR�VKRZ�WKH�VNHZQHVV�DQG�NXUWRVLV�LQ�WKH�PDLQ�WH[W�ZKHQ�WKH\�IHDWXUH�RQO\�EULHIO\�
�LQ�WKH�GLVFXVVLRQ��



�//�����������)URP�ILJXUH����OHIWPRVW�SDQHO���,�H[SHFWHG�WKH�PHDQ�HUURU�IRU�WKH�YROXPH��DYHUDJHG�FDVH�WR�EH�
�ORZHU�WKDQ�WKDW�IRU�WKH�µWRZHU¶�FDVH�FRQVLGHULQJ�WKH�ORZHU�VWDQGDUG�GHYLDWLRQ��&DQ�\RX�SOHDVH�DGG�VRPH�
�FRPPHQWV�RQ�WKLV�IHDWXUH"�

�7KLV�EHKDYLRU�LV�UHODWHG�WR�WKH�PHFKDQLFV�RI�WKH�DGGLWLRQDO�DQDO\VLV�ZH�KDYH�DGGHG�FRPSDULQJ�WKH�
�VFDODU�DYHUDJHG�ZLQG�VSHHGV�RI�OLGDU�DQG�SRLQWZLVH��FXS�DQHPRPHWHU��PHDVXUHPHQWV��

�,Q�H[SDQGLQJ�WKH�ZLQG�VSHHG�HUURU�IURP�ZKLFK�ZH�REWDLQ�WKDW�WKH�ELDV�LV�SURSRUWLRQDO�WR�WKH�X�Y�HUURU�
�YDULDQFH��WKH�OLGDU�GHULYHG�ZLQGV�ZHUH�H[SDQGHG�DERXW�WKH�YROXPH�DYHUDJHG�UHIHUHQFH�ZLQG��7KLV�SURFHVV�
�GRHVQ¶W�UHDOO\�PDNH�VHQVH�WR�GR�LQ�WKH�VDPH�ZD\�ZLWK�D�SRLQW�UHIHUHQFH�ZKLFK�LV�ZK\�WKH�ELDVHV�XVLQJ�WKH�
�WZR�UHIHUHQFHV�GRQ¶W�GLUHFWO\�WUDFN�IURP�WKH�HUURU�VWDQGDUG�GHYLDWLRQV�LQ�ERWK�FDVHV���QRZ�QRWHG�LQ�/�����

�,I�ZH�WKLQN�DERXW�H[SDQGLQJ�WKH�SRLQWZLVH�PHDVXUHPHQW�DERXW�WKH�YROXPH�DYHUDJH�DV�ZHOO��RU�D�5H\QROGV�
�DYHUDJH��DV�H[SORUHG�LQ�WKH�DGGHG�DQDO\VLV��6HFWLRQ���������WKHQ�WKH�SRLQWZLVH�ZLQG�VSHHG�ZLOO�DOVR�KDYH�D�
�SRVLWLYH�ELDV���LQIODWLRQ�UHODWLYH�WR�WKDW�RI�WKH�YROXPH�DYHUDJHG�ZLQG�VSHHG��7KH�ELDVHV�DUH�SURSRUWLRQDO�WR�
�WKH�YDULDQFH�RI�WKH�IOXFWXDWLRQV�LQ�WKH�X�DQG�Y�PHDVXUHPHQWV�E\�WKH�OLGDU�RU�DW�WKH�SRLQW��6R�SDUW�RI�WKH�ELDV�
�EHWZHHQ�WKH�OLGDU�DQG�YROXPH�DYHUDJH�LV�FDQFHOHG�E\�WKH�DGGLWLRQDO�YDULDELOLW\�LQ�WKH�SRLQW�PHDVXUHPHQW��
�UDWKHU�WKDQ�LW�EHLQJ�DGGLWLYH�WR�WKH�ELDV��JLYLQJ�OHVV�WRWDO�ELDV�FRPSDUHG�WR�WKH�SRLQW�PHDVXUHPHQW��

�/�����������,V�WKLV�YHORFLW\�VWLOO�D�IXQFWLRQ�RI�WLPH"��,I�VR��SOHDVH�DGG�WKLV�GHWDLO��

�<HV��ZH�ZLOO�FODULI\�KHUH��:H�DUH�OHWWLQJ�WKH�YHORFLW\�YDU\�LQ�WLPH�EXW�DVVXPLQJ�WKH�YROXPH�DYHUDJH�LV�DERXW�
�FRQVWDQW�RYHU�WKH��V�GXUDWLRQ�RI�WKH�VFDQ��

�//�����������,Q�JHQHUDO��WKH�KRPRJHQHLW\�LV�QRW�YLRODWHG��GXH�WR�WKH�SUHVHQFH�RI�WXUEXOHQFH��$�IORZ�FDQ�EH�
�KRPRJHQHRXV�LQ�D�FHUWDLQ�GLUHFWLRQ��L�H��KDYLQJ�WKH�VDPH�S�G�I��IRU�DOO�WKH�VDPSOHG�SRLQWV��HYHQ�LQ�SUHVHQFH�
�RI�WXUEXOHQFH��7KH�ODFN�RI�KRPRJHQHLW\�LV�JLYHQ�E\�ORFDO�VSDWLR�WHPSRUDO�YDULDWLRQV�RI�WKH�PHDQ�IORZ�DQG�
�WXUEXOHQFH�VWDWLVWLFV��3OHDVH�UHSKUDVH�WKLV�VHQWHQFH�DFFRUGLQJO\��LI�\RX�DJUHH��

�7KLV�LV�DQ�LPSRUWDQW�SRLQW�WKDW�ZH�ZDQW�WR�PDNH�VXUH�LV�FOHDU�LQ�WKH�WH[W��

�:H�KDYH�XVHG�µKRPRJHQHLW\¶�LQ�WKH�VHQVH�RI�WKH�µKRUL]RQWDO�KRPRJHQHLW\�DVVXPSWLRQ¶��PHDQLQJ�WKH�
�DVVXPSWLRQ�WKDW�ZLQGV�DUH�XQLIRUP�FRQVWDQW�DFURVV�WKH�VFDQ�YROXPH�VR�WKDW�WKH�UHFRQVWUXFWLRQ�LV�H[DFW��7KLV�
�SKUDVLQJ�LV�FRPPRQ�LQ�WKH�OLWHUDWXUH�ZKHQ�UHIHUULQJ�WR�WKH�UHFRQVWUXFWLRQ�RI�WKH��'�ZLQGV��VHH�EHORZ���:H�
�UHFRJQL]H�WKDW�RXU�XVDJH�PD\�FDXVH�FRQIXVLRQ��HVSHFLDOO\�LI�WKH�UHDGHU�WKLQNV�WKDW�ZH�DUH�WDONLQJ�DERXW�
�KRPRJHQHRXV�WXUEXOHQFH��

�:H�KDYH�DGMXVWHG�RXU�ZRUGLQJ�KHUH��/���������WR�EH�H[SOLFLW�WKDW�ZH�DUH�UHIHUULQJ�WR�WKH�KRUL]RQWDO�
�KRPRJHQHLW\�DVVXPSWLRQ�DQG�FODULILHG�XVDJH�RI�WKH�SKUDVH�ZKHQ�LW�LV�LQWURGXFHG��7KH�/(6�WHVW�FDVHV�ZHUH�
�GHVLJQHG�WR�EH�TXDVL�VWDWLRQDU\�DQG�TXDVL�KRPRJHQHRXV��LQ�WKH�WXUEXOHQFH�VHQVH��VR�WKDW�WKH�DVVXPSWLRQ�RI�
�D��FRQVWDQW�����XQLIRUP��ZLQG�DFURVV�WKH�KRUL]RQWDO�VFDQ��YROXPH�LV�YLRODWHG�HYHQ�LQ�WKH�KRPRJHQHRXV�IORZ�GXH�WR�
�WKH�PRPHQWDU\�UHDOL]DWLRQ�RI�WKH�WXUEXOHQFH��

�4XDQWLI\LQJ�HUURU�RI�OLGDU�DQG�VRGDU�'RSSOHU�EHDP�VZLQJLQJ�PHDVXUHPHQWV�RI�ZLQG�WXUELQH�ZDNHV�XVLQJ�
�FRPSXWDWLRQDO�IOXLG�G\QDPLFV�

�5HPRWH�6HQVLQJ�RI�&RPSOH[�)ORZV�E\�'RSSOHU�:LQG�/LGDU��,VVXHV�DQG�3UHOLPLQDU\�5HFRPPHQGDWLRQV�

�7XUEXOHQW�NLQHWLF�HQHUJ\�HVWLPDWHV�IURP�SURILOLQJ�ZLQG�/L'$5�PHDVXUHPHQWV�DQG�WKHLU�SRWHQWLDO�IRU�ZLQG�
�HQHUJ\�DSSOLFDWLRQV���6FLHQFH'LUHFW�

�/�����������,�DP�QRW�VXUH�ZK\�WKH�5:)�VKRXOG�LPSDFW��WKH�WLPH���VWUHDPZLVH��DQG�VSDQZLVH��DYHUDJHG�
�YHORFLW\�FRPSRQHQWV�IRU�D�KRPRJHQHRXV�IORZ�VLQFH�WKH�WLPH�DQG�OHQJWK�VFDOH�RI�WKH�IORZ�DUH�PXFK�JUHDWHU�
�WKDQ�WKH�SUREH�YROXPH��3OHDVH�FODULI\��

�,Q�RXU�PRGHO��WKH�VDPSOLQJ�RI�WKH�OLQH�RI�VLJKW�YHORFLW\�XVLQJ�WKH�5:)�DFWV�RQ�D�VQDSVKRW�RI�/(6�IORZ�ILHOG�
��ZKLFK�FRQWDLQV�VRPH�LPSOLFLW�VSDWLDO�DQG�WHPSRUDO�DYHUDJLQJ�LQ�WKH�/(6�GLVFUHWL]HG�UHSUHVHQWDWLRQ�RI�WKH�
�IORZ���%XW�WKH�NH\�SRLQW�ZLWK�WKH�5:)�ELDV�LV�QRW�WKH�YDULDELOLW\�LW�LQWURGXFHV��LW¶V�VPDOO��)LJ�����EXW�WKH�



�UHSHDWHG�DFWLRQ�RQ�WKH�XQGHUO\LQJ��EDFNJURXQG�ZLQG�SURILOH��7KH�YROXPH�DYHUDJH�RQ�D�UDGLDO�YHORFLW\�SURILOH�
�ZLWK�FXUYDWXUH�LV�LQGXFLQJ�D�ELDV��

�7KH�PHDQ�ELDV�HIIHFW�SHUVLVWV�HYHQ�ZKHQ�DFWLQJ�RQ�WKH�WLPH���VWUHDPZLVH���DQG�VSDQ�ZLVH�DYHUDJHG�YHORFLW\�
�EHFDXVH�RI�WKH�DFWLRQ�RI�WKH�5:)�RQ�FXUYDWXUH�LQ�WKH�YHUWLFDO�SURILOH�RI�WKH�YHORFLW\��,Q��6KHDU�DQG��7XUEXOHQFH�
�HIIHFWV�RQ�/LGDU�0HDVXUHPHQWV���&RXUWQH\��������DQ��DQDO\VLV�RI�WKLV�EHKDYLRU�RQ�DQDO\WLF�UHSUHVHQWDWLRQ�RI�
�VKHDU�SURILOHV�LV�GRQH��VKRZLQJ�WKH�LQGXFWLRQ�RI�WKH�ELDV�DQG�ZKLFK�RXU�ILQGLQJV�VXSSRUW��6RPH�RI�RXU�
�DQDO\VLV�JHQHUDOL]HV�WKH�EHKDYLRU�WR�DQ\�5:)�ILWWLQJ�FHUWDLQ�V\PPHWU\���XQLW�LQWHJUDO�SURSHUWLHV��

�:H�KDYH�SODFHG�DQ�DGGLWLRQDO�UHIHUHQFH�WR��&RXUWQH\��������DQG�WR��&OLYH��������LQ�WKH�GLVFXVVLRQ�RI�WKH�
�5:)�UHVXOWV��QRZ�6HFWLRQ������//���������DQG�DGGHG�)LJ����ZKLFK�VKRZV�WKH�ELDV�GXH�WR�WKH�5:)�ELDV�LQ�WKH�
�IXOO�PRGHO�FRLQFLGHV�ZLWK�WKH�DFWLRQ�RI�WKH�5:)�RQ�MXVW�WKH�PHDQ�/(6�SURILOHV��

�)LJXUH�������,I�WKH�DLP�LV�WR�KLJKOLJKW�WKH�IORZ�KHWHURJHQHLW\���WKHQ�LQVWDQWDQHRXV�IORZ�YLVXDOL]DWLRQV�FDQQRW�
�SURYLGH�WKLV�LQIRUPDWLRQ��)ORZ�YLVXDOL]DWLRQV�ZRXOG�ZRUN�EHWWHU��2Q�WKH�RWKHU�KDQG��LI�\RX�MXVW�ZDQW�WR�VKRZ�
�WKH�SRVLWLRQLQJ�RI�WKH�:LQGFXEH�9��ZLWKLQ�WKH�GRPDLQ��WKLV�ILJXUH�ZRUNV�ILQH��

�5HIHUULQJ�EDFN�WR�RXU�UHVSRQVH�WR�WKH�FRPPHQW�RQ�WKH�XVH�RI�³KRPRJHQHLW\´����//������������)LJ������QRZ�
�)LJ������LV�PHDQW�WR�YLVXDOL]H�W\SLFDO�WXUEXOHQW�VWUXFWXUHV�DORQJVLGH�WKH�OLGDU�VFDQ�JHRPHWU\��7KHUH�VKRXOGQ¶W�
�EH�PHDQLQJIXO��WXUEXOHQW��KHWHURJHQHLWLHV�LQ�WKH�WHVW��FDVH�IORZ�ILHOGV��WKH\�DUH�GHVLJQHG�WR�EH�
�TXDVL�KRPRJHQHRXV���EXW�WKH�FKDUDFWHU�DQG�VFDOHV�RI�WKH�WXUEXOHQFH�LQWHUDFW�ZLWK�WKH�OLGDU�VFDQ�JHRPHWU\�WR�
�SURGXFH�HUURU��:KLOH�)LJ����GRHV�QRW�WHOO�XV�H[KDXVWLYHO\�DERXW�WKH�HUURU��ZH�WKLQN�LW�KHOSV�WR�EXLOG�LQWXLWLRQ�
�DERXW�WKH�W\SLFDO�VFDOHV�ZLWK�UHVSHFW�WR�WKH�OLGDU�DQG�WKH�UHVXOWLQJ�LQWHUDFWLRQ��ZKLFK�LV�WKHQ�WUHDWHG�PRUH�
�V\VWHPDWLFDOO\�YLD�WKH�PRGHO�GLVWULEXWLRQ�UHVXOWV��

�/�������3OHDVH�SURYLGH�PRUH�GHWDLOV�DERXW�WKH�WUHQG��OLQH��

�7KH�WUHQG�OLQH�LV�WKH�UHVXOW�RI�SORWWLQJ�WKH�DYHUDJH�RI�WKH�HUURUV�RI�GDWD�ELQQHG�E\�ZLQG�VSHHG��ELQV�RI�����
�P�V���:LWK�FORVHU�VFUXWLQ\�RI�WKLV�SORW�ZH�KDYH�DGMXVWHG�RXU�VWDWHPHQW�DERXW�WKH�GHFD\�RI�WKH�ELDV�
��//���������DQG�UHPRYHG�SRWHQWLDOO\�QRLV\�SRLQWV�LQ�WKH�WUHQG�OLQH�IRU�ELQV�ZLWK�IHZHU�WKDQ������SRLQWV��$OO�
�RWKHU�WKLQJV�HTXDO��WKH�HUURU�H[SUHVVLRQ�IRU�WKH�ZLQG�VSHHG�VXJJHVWV�WKDW�D�KLJKHU�ZLQG�VSHHG�VKRXOG�
�UHSUHVV�WKH�SRVLWLYH�ELDV����_8BK_��EXW�VHSDUDWLQJ�WKH�WUHQG�E\�VWDELOLW\��DQG�KHLJKW��QRW�VKRZQ���ZH�GR�QRW�
�IHHO�ZH�FDQ�GLVFHUQ�WKH�H[SHFWHG�WUHQG�IURP�WKH�RWKHU�IDFWRUV�FKDQJLQJ�LPSOLFLWO\�ZLWK�ZLQG�VSHHG��

�//������������7KLV�LPSURYHPHQW�LV�QRW�VR�HYLGHQW�LQ��)LJXUH�����,I�\RX�ZDQW�WR�KLJKOLJKW�LW��IRU�LQVWDQFH��\RX�
�FDQ�SORW�WKH�PHGLDQ�1RUPDOL]HG�:LQG�6SHHG�(UURU��SOXV�PLQXV���WK�SHUFHQWLOH��DV�D�IXQFWLRQ�RI�WKH�
�PLVDOLJQPHQW��

�7KDQNV�IRU�WKH�IHHGEDFN�RQ�WKLV��2XU�NH\�SRLQW�LV�WKDW�ZH�GRQ¶W�EHOLHYH�WKH�RULHQWDWLRQ�KDV�D�PHDQLQJIXO�
�HIIHFW��:H�KDYH�DGGHG�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�PDUNLQJV�WR�WKH�SORW�DQG�DPHQGHG�WKH�VWDWHPHQW�WR�
�FRQVLGHU�WKH�FKDQJHV�LQ�WKH�ZLQG�VSHHG�DQG�GLUHFWLRQ�HUURU�QHJOLJLEOH�ZLWK�D�VPDOO�YLVLEOH�FKDQJH�LQ�WKH�
��ZLQG�GLUHFWLRQ�ZHLJKWHG��YHUWLFDO�YHORFLW\�UHFRQVWUXFWLRQ��

�/�������7KH�WHUP�³QRLVH´�KHUH�LV�PLVOHDGLQJ��,W�FDQ��EH�UHSODFHG��IRU�H[DPSOH��ZLWK�³VFDWWHULQJ´�RU�³YDULDELOLW\ �́�

�:H�UHSODFHG�WKH�XVH�RI�³QRLVH´�ZLWK�³YDULDELOLW\´�KHUH���1RZ�LQ�VHFWLRQ��������

�//������������7KLV�VHQWHQFH�LV�XQFOHDU��,W�PLJKW�QRW��EH�FRUUHFW�WR�PHQWLRQ�³PHDQ�HUURU´�UHIHUUHG�WR�LQGLYLGXDO�
�PHDVXUHPHQWV��)XUWKHU��LW�LV�XQFOHDU�ZKDW�WKH�DXWKRUV�PHDQ�E\�VD\LQJ�³WKH�WLPH�DYHUDJH�DSSURDFKHV�WKH�
�SRWHQWLDOO\�OHVV�ELDVHG�
HQVHPEOH
�HUURU�IURP�WKH�VHOHFWLYH�VXE��VDPSOH �́�3OHDVH�FODULI\�RU�UHSKUDVH�LW��

�³7KH�PHDQ�HUURU�LQ�DQ�LQGLYLGXDO�PHDVXUHPHQW�PD\�EHQHILW�IURP�WLPH�DYHUDJLQJ��KRZHYHU��GXH�WR�WKH�WLPH�
�DYHUDJH�DSSURDFKHV�WKH�SRWHQWLDOO\�OHVV�ELDVHG�HQVHPEOH�HUURU�IURP�WKH�VHOHFWLYH�VXE�VDPSOH��H�J��)LJ�����́ �

�7KDQNV�IRU�SRLQWLQJ�WKLV�RXW��:H�DJUHH�DERXW�WKH�³PHDQ�HUURU´�EHLQJ�D�SRRU�LQFRUUHFW�ZD\�RI�UHIHUULQJ�WR�WKH�
�HUURU�LQ�WKLV�FDVH��:H�ZDQWHG�WR�PDNH�WKH�GLVWLQFWLRQ�WKDW�WKH�³PHDQ´�RI�PHDVXUHPHQWV�LQ�WKH�WLPH�VHULHV�
�IURP�D�VLQJOH�LQVWUXPHQW��L�H��WKH�WLPH�DYHUDJHG�PHDVXUHPHQW��FDQ�KDYH�DQ��XQV\VWHPDWLF��ELDV�DQG�WKDW�



�WKLV�³PHDQ´�LPSURYHV�ZLWK�ORQJHU�WLPH�DYHUDJLQJ��7KLV�EHKDYLRU�UHDOO\�UHIOHFWHG�E\�WKH�YDULDQFH�RI�WKH�
�WLPH�DYHUDJHG�PHDVXUHPHQW�HUURU�DQG�WKLV�VHQWHQFH�RQO\�FRQIXVHV�WKH�LVVXH�DQG�ZH�KDYH�GURSSHG�LW��

�/�������7R�P\�XQGHUVWDQGLQJ��KHUH�\RX�UHIHU�WR�WKH�YDULDQFH���L�H��WKH�XQFHUWDLQW\��DVVRFLDWHG�ZLWK�WKH�PHDQ�
�RI�WKH�UDQGRP�SURFHVV��ZKLFK�LV�D�IXQFWLRQ�ERWK�RI�WKH�YDULDELOLW\�RI�WKH�SURFHVV�DQG�WKH�QXPEHU�RI�VDPSOHV��
�3OHDVH�FODULI\�WKLV�DVSHFW��

��1RZ�LQ�6HFWLRQ�������GLVFXVVLQJ�WKH�DQDO\VLV�RI�WLPH�DYHUDJLQJ�HIIHFW��//���������

�<HV��WKH�HUURU�VSUHDG�LV�UHIHUULQJ�WR�WKH�YDULDQFH�RI�WKH�HUURU�ZKLFK�ZDV�GLVFXVVHG�LQ�HDUOLHU�VHFWLRQV��DQG�ZH�
�KDYH�UHZRUGHG�WR�FDOO�LW�VR�H[SOLFLWO\���

�7KLV�LV�H[DFWO\�WKH�DQDO\VLV�RI�WKH��WLPH��PHDQ�RI�D�UDQGRP�SURFHVV��7KH���+]�PHDVXUHPHQW�RI�WKH�ZLQGV�
��WKH�UDQGRP�SURFHVV��LV�DVVRFLDWHG�ZLWK�D�UDQGRP�YDULDELOLW\�GLVWULEXWLRQ�FRQQHFWHG�WR�WKH�FKDUDFWHU�RI�WKH�
�WXUEXOHQW�YDULDELOLW\�LQ�WKH�IORZ��7KH�UHGXFWLRQ�LQ�WKH�YDULDQFH�RI�WKH�PHDQ�RI�D�UDQGRP�SURFHVV�LV�GHSHQGHQW�
�RQ��LQYHUVHO\�SURSRUWLRQDO�WR��WKH�QXPEHU�RI�VDPSOHV��1��KRZHYHU��WKH�FRUUHODWLRQV�LQ�WKH�WLPH�VHULHV�ORZHU�
�WKH�HIIHFWLYH�VDPSOH�VL]H��:H�KDYH�LQWURGXFHG��/XPOH\�DQG�3DQRIVN\��������WR�KHOS�FXW�PRUH�GLUHFWO\�WR�RXU�
�SRLQW�DERXW�WKH�H[SHFWHG�VFDOLQJ�RI�WKH�YDULDQFH�LQ�D�WLPH�DYHUDJH��

�/�����������7KLV�REVHUYDWLRQ�LV�TXDOLWDWLYH�DQG�SRWHQWLDOO\��QRW�WUXH��3OHDVH�HLWKHU�UHPRYH�WKLV�VHQWHQFH�RU�
�SURYLGH�UHIHUHQFHV��

��1RZ�LQ�6HFWLRQ���������

�³,Q�WKH�OLGDU��WKH�SDWWHUQ�RI�WXUEXOHQW�VWUXFWXUHV�WKDW�JDYH�ULVH�WR�D�SDUWLFXODU�HUURU�FRQWLQXH�WR�LQIOXHQFH�WKH�
�HUURU�LQ�WKH�IROORZLQJ�VDPSOHV�DV�ZHOO�VR�WKDW�WKH�HUURUV�DUH�TXLWH�VLPLODU�́ �

�:H�DJUHH�WKDW�WKH�ZRUGLQJ�RI�WKLV�VWDWHPHQW�LV�SHUKDSV�WRR�VWURQJ�DQG�GHSHQGV�RQ�LPSOLFLW�DVVXPSWLRQV�
�DERXW�WKH�WXUEXOHQW�VFDOHV��VSHHG�RI�WKH�VFDQQLQJ�F\FOH��DQG�GHFRUUHODWLRQ�WLPHV�ZKLFK�PD\�QRW�DOZD\V�KROG��
�2XU�SXUSRVH�KHUH�ZDV�WR�PDNH�FOHDU�ZK\�WKH�HUURUV�LQ�WKH�WLPH�VHULHV�FDQQRW�EH�DVVXPHG�WR�EH�LQGHSHQGHQW�
�VDPSOHV��:H�KDYH�GHOHWHG�WKLV�VHQWHQFH�DQG�VLPSO\�OHIW�LW�DW�WKH�SUHFHGLQJ�VHQWHQFH��³6DPSOHV�FDQQRW�
�VLPSO\�EH�WUHDWHG�DV�LQGHSHQGHQW�VLQFH�VXEVHTXHQW�VDPSOHV�FDQ�EH�KLJKO\�FRUUHODWHG�́ ���/���������

�/�������7KLV�DVVXPSWLRQ�LV�FRUUHFW��EXW�LW�UHOLHV�HQWLUHO\��XSRQ�WKH�HVWLPDWH�RI�WKH�GHFRUUHODWLRQ�WLPH� ��3OHDVH�
�SURYLGH�GHWDLOV�DERXW�LWV�FDOFXODWLRQ��2U��DV�DQ�DOWHUQDWLYH��LI�\RX�DUH�LQWHUHVWHG�LQ�D�PRUH�SUHFLVH�HVWLPDWH�RI�
�WKH�VWDQGDUG�GHYLDWLRQ�HUURU��D�JRRG�UHIHUHQFH�LV�%HQHGLFW�	�*RXOG���������

��1RZ�6HFWLRQ������WLPH�DYHUDJLQJ�UHVXOWV���

�7KDQNV�IRU�WKH�LQSXW�KHUH��7KH�H[DFW�GHFRUUHODWLRQ�WLPH� �ZDV�QRW�LQWHQGHG�WR�EH�D�IRFDO�SRLQW�EXW�UDWKHU�DV�
�D�PRUH�FRQFHSWXDO�VWHS�WR�UHDFK�WKH�FRQFOXVLRQ�DERXW�WKH�UDWH�RI�UHGXFWLRQ�IRU�WKH�HUURU�YDULDQFH�VWDQGDUG�
�GHYLDWLRQ��8SRQ�UHIOHFWLRQ��ZH�KDYH�GHFLGHG�WR�UHSODFH�)LJ������QRZ�)LJ������ZLWK�D�SORW�WKDW�ZH�WKLQN�EHWWHU�
�LOOXVWUDWHV�WKH�WUHQGV�ZH�ZDQWHG�WR�FRQYH\��L�H��WKH�UDWH�RI�WKH�UHGXFWLRQ�LQ�WKH�VWDQGDUG�GHYLDWLRQ�DQG�GHFD\�
�RI�WKH�ZLQG�VSHHG�RYHU�HVWLPDWH�ELDV��DQG�ZKLFK�GRHV�QRW�GHSHQG�RQ�DQ�HVWLPDWH�RI�WKH�GHFRUUHODWLRQ�WLPH��
�6KRZLQJ�WKH�UHGXFWLRQV�RYHU�WLPH�GLUHFWO\�DOVR�DOORZV�WKH�GHFRUUHODWLRQ�UDWH�WR�DSSHDU�LPSOLFLWO\�LQ�LWV�HIIHFW�
�RQ�WKH�VSHHG�RI�WKH�GHFD\�LQ�WKH�GLIIHUHQW�VWDELOLW\�FDVHV��

��$QG�WKDQNV�IRU�WKH�UHIHUHQFH��ZH�UHJUHW�ZH�ZRQ¶W�KDYH�WLPH�WR�LQFRUSRUDWH�LW�LQWR�WKLV�ZRUN��EXW�DSSUHFLDWH�
�WKH�UHFRPPHQGDWLRQ���

�/�������:KDW�GR�\RX�PHDQ�ZLWK�³EDFNJURXQG�VLJQDO´"�'R��\RX�UHIHU�WR�WKH�WLPH�RU�VSDFH�DYHUDJH"�

�<HV��ZH¶UH�UHIHUULQJ�KHUH�WR�WKH�WLPH��DQG�VFDQ�YROXPH�DYHUDJHG�YHUWLFDO�YHORFLW\��:H¶YH�UHSODFHG�
�³EDFNJURXQG�VLJQDO´�ZLWK��EDFNJURXQG��VSDWLR�WHPSRUDO�DYHUDJH´�WR�EH�FOHDU���/�����

�/�������7KLV�HTXDOLW\�LV�XQFOHDU��3OHDVH�FODULI\�DQG�RU��UHSKUDVH�LW��



�:H�KDYH�UHZRUNHG�WKLV�GHULYDWLRQ��$SSHQGL[�%��WR�PDNH�WKH�EHKDYLRU�DQG�DVVXPSWLRQV�PRUH�H[SOLFLW��:H�
�KDG�RULJLQDOO\�LPPHGLDWHO\�GURSSHG�WKH�FRYDULDQFH�WHUP�RQ�WKH�DVVXPSWLRQ�WKDW� �DQG��Մ��՝�

�Ս՚՚�
ࡠ �Ճ��՞�

�Ս՚՚�

�ZHUH�XQFRUUHODWHG��EDVHG�RQ�WKH�UHDVRQLQJ�WKDW�WKH�HUURU�YHFWRU�GLUHFWLRQ�DQG�PDJQLWXGH��ű��Ճ�
ͫ

�Ր�
�ű��ə࡟� �Ճ��՝�

�Ս՚՚�
࡟ �Մ��՞�

�Ս՚՚�

�DUH�IDLUO\�XQLIRUPO\�GLVWULEXWHG�DERXW�WKH�FLUFOH��:H�KDYH�NHSW�WKH�FRYDULDQFH�WHUP�LQ�WKH�UHZRUNHG�GHULYDWLRQ�
�WR�WUHDW�LW�H[SOLFLWO\�DQG�FDOOHG�RXW�WKH�XQGHUO\LQJ�DVVXPSWLRQ��:H�KDYH�DOVR�LQWURGXFHG�D�UHIHUHQFH��.HQGDOO��
�������WR�VNLS�GLUHFWO\�WR�WKH�DSSUR[LPDWHG�IRUP�IRU�WKH�H[SHFWDWLRQ�RI�D�UDWLR�LQVWHDG�RI�SHUIRUPLQJ�WKH�
�7D\ORU�VHULHV�H[SDQVLRQ�RXUVHOYHV��ZKLFK�NHHSV�WKH�IRFXV�LQVWHDG�RQ�WKH�H[SHFWHG�EHKDYLRUV�RI�WKH�
�QXPHUDWRU�DQG�GHQRPLQDWRU��

�7HFKQLFDO�FRPPHQWV��

�/�����:KLFK�YHORFLW\�FRPSRQHQWV�DUH�QDPHG� �� "��&KDQJHG��WR�µKRUL]RQWDO�YHORFLWLHV¶�KHUH�VLQFH�ZH�GR�QRW�
�PHDQLQJIXOO\�GLVWLQJXLVK�EHWZHHQ�WKH�WZR��

�/�����3OHDVH�DGG�WKH�PHDQLQJ�RI�WKH�DFURQ\P�OLGDU���'RQH��

�/�����3OHDVH�VWDWH�FOHDUO\�WKDW�WKH�PHDVXUHG�YHORFLW\��LV�WKH�DORQJ�EHDP��L�H��UDGLDO�RU�OLQH�RI�VLJKW��
�FRPSRQHQW���$GGHG��

�/�������$OVR�PHQWLRQ�WKH�FRQFOXVLRQ�UHSRUWHG�LQ�6HF�������$GGHG��

�/�������)RU�WKH�VDNH�RI�FODULW\��SOHDVH�SXW�WDEOH����DW�WKLV�SRLQW�RI�WKH�GLVFXVVLRQ���0RYHG�XS�WR�EH�LQWURGXFHG�
�ZLWK�WKH�5:)��

�/�������3OHDVH�PHQWLRQ�WKDW�Ʃ �LV�WKH�OLGDU�UDQJH�JDWH���,QFOXGHG�EHIRUH�LWV�ILUVW�XVH�LQ�(T������/�����

�//�����������7KLV�VHQWHQFH�LV�XQFOHDU��SOHDVH�UHSKUDVH��LW���2Q�UHFRPPHQGDWLRQ�RI�WKH�RWKHU�UHYLHZHU��ZH�
�KDYH�UHPRYHG�WKH�SDUDJUDSK�ZLWK�WKLV�VHQWHQFH�DV�VFDQQLQJ�OLGDU�LQVWUXPHQWV�DUH�QRW�GLUHFWO\�UHOHYDQW�WR�WKH�
�FXUUHQW�VWXG\��

�7DEOH������3OHDVH�DGG�RQH�URZ�UHSRUWLQJ�WKH�D]LPXWK��DQJOHV�XVHG�E\�WKH�'%6�VFDQ���$GGHG��

�/�������3OHDVH�UHYLVH�WKLV�VHQWHQFH�DV�LW�VRXQGV�XQFOHDU��

��7KH�HUURU�LQFXUUHG�LQ�DQ\�LQGLYLGXDO�PHDVXUHPHQW�GRHV�QRW�QHFHVVDULO\�UHSUHVHQW�JHQHUDO�EHKDYLRUV��
�GHGXFLQJ�XVHIXO��JHQHUDOL]DEOH�WUHQGV�HQWDLOV�IRFXVLQJ�LQVWHDG�RQ�GLVWULEXWLRQV�RI�WKH�REVHUYDWLRQ�HUURU�́ �

�FKDQJHG�WR�

�³7KH�HUURU�LQFXUUHG�LQ�DQ\�LQGLYLGXDO�PHDVXUHPHQW�GHSHQGV�RQ�WKH�VSHFLILF�UHDOL]DWLRQ�RI�WXUEXOHQFH�GXULQJ�
�WKH�PHDVXUHPHQW�DQG�LV�QRW�QHFHVVDULO\�UHSUHVHQWDWLYH�RI�WKH�IXOO�YDULDELOLW\�RI�SRVVLEOH�HUURU�EHKDYLRU��7R�
�GHGXFH�XVHIXO�LQIRUPDWLRQ�DERXW�ELDV�DQG�W\SLFDO�HUURU�PDJQLWXGHV�WKDW�FDQ�EH�JHQHUDOL]HG�WR�RWKHU�
�PHDVXUHPHQWV�LQ�WKH�VDPH�FRQGLWLRQV��ZH�IRFXV�LQVWHDG�RQ�WKH�GLVWULEXWLRQ�RI�WKH�REVHUYDWLRQ�HUURU�́ ��/�����

�)LJXUH������,Q�WKH�FDSWLRQ��LQVWHDG�RI�³GRWWHG �́�\RX��VKRXOG�UHIHU�WR�VROLG�OLQHV�WR�LQGLFDWH�WKH�YROXPH�DYHUDJHG�
�UHIHUHQFH���7KDQNV�IRU�FDWFKLQJ�WKLV�²�UHIHUHQFH�WR��WKH�VROLG�DQG�GDVKHG�OLQHV�LV�IL[HG�DQG�D�OHJHQG�DGGHG��

�/�������3OHDVH�DGG�D�UHIHUHQFH�WR�ILJXUH���KHUH���7KLV��SDUDJUDSK�VHQWHQFH�ZDV�EURNHQ�XS�LQ�WKH�
�UHDUUDQJHPHQW�RI�WKH�PDQXVFULSW��

�//�����������7R�P\�XQGHUVWDQGLQJ��WKH�HUURU�PHWULF�LV��WKH�VDPH�ERWK�IRU�WKH�SRLQWZLVH�DQG�WKH�
�YROXPH�DYHUDJHG�UHIHUHQFH��,W�ZRXOG�EH�PRUH�FRUUHFW�WR�VD\�³>���@�PHUJLQJ�RI�WKH�WZR�HUURU�GLVWULEXWLRQ�
�SURILOHV �́��:H�UHIHUUHG�WR�WKH�PHWULFV�RI�WKH�GLVWULEXWLRQ��PRPHQWV��PHDQ�YDULDQFH���EXW�\RXU�ZRUGLQJ�LV�
�FOHDUHU�DQG�ZH�KDYH�DGRSWHG�LW���/�����

�/�������3OHDVH�SURYLGH�D�UHIHUHQFH��

�)RU�PHDQ�DQG�YDULDQFH�RI�OLQHDU�FRPELQDWLRQV�RI�UDQGRP�YDULDEOHV��ZH�KDYH�DGGHG�D�UHIHUHQFH��



�=ZLOOLQJHU��'��DQG�.RNRVND��6���&5&�6WDQGDUG�3UREDELOLW\�DQG�6WDWLVWLFV�7DEOHV�DQG�)RUPXODH��&KDSPDQ�	�
�+DOO�&5&��%RFD�5DWRQ��)OD��������

�/�������,�JXHVV�KHUH�\RX�UHIHU�WR�ILJXUH������<HV��IL[HG�� �5HDUUDQJHG��

�/�������3OHDVH�UHYLVH�WKLV�VHQWHQFH�DV�LW�VRXQGV�XQFOHDU��

��1RZ�LQ�VHFWLRQ������

�³)RU�PHDVXUHPHQWV�PDGH�LQ�UHODWLYHO\�VWHDG\��VORZ�ZLQGV�LW�FDQQRW�EH�H[SHFWHG�WKDW�ELDV�ZLOO�QRW�HPHUJH�DV�
�LW�GRHV�LQ�WKH�VWURQJ�&%/�GDWD�́ �

�FKDQJHG�WR�

�³0HDVXUHPHQWV�PDGH�LQ�FRQGLWLRQV�RI�VORZ�ZLQGV�RI�IDLUO\�FRQVLVWHQW�GLUHFWLRQ��DV�LQ�WKH�VWURQJ�&%/�FDVH��GR�
�QRW�EHQHILW�IURP�WKH�FDQFHOODWLRQ�H[SHFWHG�LQ�DQ�HQVHPEOH�RYHU�DOO�LQVWUXPHQW�RULHQWDWLRQV�DQG�VKRXOG�WDNH�
�LQWR�DFFRXQW�WKH�SRVVLELOLW\�RI�D�SHUVLVWHQW�ELDV�DULVLQJ�LQ�WKH�ZLQG�GLUHFWLRQ�́ ��//���������

�//�����������7KLV�VHQWHQFH�LV�XQFOHDU��SOHDVH�UHSKUDVH��LW��

�³7KH�DGGLWLRQDO�GHFD\�LV�OLNHO\�DFFRXQWDEOH�WR�WKH�LQYHUVH�WDQJHQW��ZKLFK�FXUWDLOV�WKH�VL]H�RI�WKH�ODUJHVW�HUURUV�
�FRPSDUHG�WR�WKH�ERXQGLQJ�HVWLPDWH�DV�ZHOO�DV�LPSURYHG�FRUUHODWLRQ�DW�WKH�KHLJKWV�ZLWK�WKH�VWURQJHVW�ZLQGV�
�UHGXFLQJ�WKH�FRPSRQHQW�HUURUV�́ �

�FKDQJHG�WR�

�³,Q�VRPH�FDVHV��WKH�GHFD\�LQ�WKH�HUURU�PDJQLWXGHV�LV�JUHDWHU�WKDQ�WKH�DQWLFLSDWHG����8BK��ERXQG��7KLV�PD\�
�EH�LQ�SDUW�EHFDXVH�WKH�LQYHUVH�WDQJHQW�LQ�WKH�IXOO�HUURU�H[SUHVVLRQ��(T������VKRXOG�DFW�WR�IXUWKHU�FXUWDLO�WKH�
�VL]H�RI�WKH�ODUJHVW�HUURUV�PRUH�WKDQ�LV�FDSWXUHG�LQ�WKH�ERXQGLQJ�HVWLPDWH��(T������DQG�LQ�SDUW�EHFDXVH�RI�
�LPSOLFLW�FRUUHODWLRQ�HIIHFWV�ZLWK�KHLJKW�DQG�ZLQG�VSHHG�́ ��//���������

�/�������3OHDVH�UHSODFH�³YDULDEOHV´�ZLWK�³VDPSOHV �́�

�7KH�WHFKQLFDO�PHDQLQJ�RI�UDQGRP�YDULDEOH�ZDV�PHDQW�KHUH��ZH�KDYH�IL[HG�³YDULDEOH´�WR�³UDQGRP�YDULDEOH �́�

�/�������3OHDVH�SURYLGH�DQ\�UHIHUHQFH�RU�GHULYDWLRQ�IRU��WKLV�HTXDWLRQ��$OVR��SURYLGH�D�EULHI�GHVFULSWLRQ�RI�WKH�
�WHUPV�UHSRUWHG�KHUH��ZKLFK�KDYH�QRW�EHHQ�LQWURGXFHG�EHIRUH��

�:H�KDYH�UHSODFHG�RXU�FXUVRU\�GLVFXVVLRQ�KHUH�UHDFKLQJ�WKLV�LQHTXDOLW\�ZLWK�D�UHIHUHQFH�WKDW�FXWV�VWUDLJKW�WR�
�WKH�YDULDQFH�GHFD\�UDWH�EHKDYLRU��/XPOH\�DQG�3DQRIVN\���������:H�KDYH�IL[HG�WKH�LQFRQVLVWHQW�QRWDWLRQ�IRU�
�WKH�YDULDQFH�RI�WKH�X�YHORFLW\�HUURU�DQG�WKH�UHPDLQLQJ�WHUPV�LQ�WKH�XSGDWHG�HTXDWLRQ�DUH�GHILQHG�LQ�WKH�
�SUHFHGLQJ�WH[W��

�/�������7KLV�VWXG\�RIIHUV�D�UHOHYDQW�FRPSDULVRQ�IRU��WKH�SUHVHQW�ZRUN��VR�LW�VKRXOG�EH�GLVFXVVHG�DW�WKH�
�EHJLQQLQJ�RI�WKH�SUHYLRXV�6HFWLRQ��

�:H�KDYH�LQFRUSRUDWHG�WKLV�UHIHUHQFH��7HVFKNH�DQG�/HKPDQQ���������ZKLFK�DQDO\WLFDOO\�WUHDWV�WKH�
�PLQLPL]DWLRQ�RI�WKH�HUURU�DQG�ELDV�ZLWK�UHVSHFW�WR�WKH�EHDP�DQJOH�XQGHU�VLPSOLI\LQJ�DVVXPSWLRQV��LQWR�WKH�
�LQLWLDO�GLVFXVVLRQ�RI�WKH�EHDP�DQJOH���/�����

�/���������<RX�FDQ�UHSODFH�WKLV�$SSHQGL[�ZLWK�VLPSOH�OLWHUDWXUH��UHIHUHQFHV�\RX�GHHP�SHUWLQHQW��

�*RRG�SRLQW��:H�KDYH�UHSODFHG�WKH�DSSHQGL[�HQWU\�ZLWK�D�JHQHUDO�UHIHUHQFH�IRU�WKH�PRPHQWV�DQG�XQELDVHG�
�HVWLPDWRUV��

�=ZLOOLQJHU��'��DQG�.RNRVND��6���&5&�6WDQGDUG�3UREDELOLW\�DQG�6WDWLVWLFV�7DEOHV�DQG�)RUPXODH��&KDSPDQ�	�
�+DOO�&5&��%RFD�5DWRQ��)OD��������

�DQG�D�UHIHUHQFH�IRU�WKH�DGMXVWHG�)LVKHU�3HDUVRQ�VNHZQHVV�DQG�NXUWRVLV�FRHIILFLHQWV�XVHG��
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�GLVFXVVLRQ�DQG�ILJXUHV�RI�WKH�HIIHFWV�RI�WLPH�DYHUDJLQJ�WR�EHWWHU�VKRZ�WKH�WUHQGV�DW�ZRUN��:H�KDYH�
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�VSDFH�WR�FOHDUO\�GLVWLQJXLVK�WKH�WUHQGV�DQG�SLFNLQJ�DQ�DSSURSULDWH�VFDOH�WKDW�GRHVQ¶W�RYHU�PDJQLI\�VPDOO�
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���+]�PHDVXUHPHQWV��ZKLFK�VKDUH�������RU���/26�PHDVXUHPHQWV��HVVHQWLDOO\�WKH�FRYDULDQFH�RI�D�PRYLQJ�
�DYHUDJH��DQG�QRW�RQO\�WKH�ZLQG�LWVHOI���

�%HVW�UHJDUGV��

�$QGUHZ�

�7KDQN�\RX�IRU�WKHVH�VXJJHVWLRQV�DQG�LQVLJKWV�DERXW�H[SDQGLQJ�RXU�DQDO\VLV�DQG�WKH�PRWLYDWLRQ�DQG�LQWHUHVW�
�EHKLQG�SDUWLFXODU�FRPSDULVRQV��:H�ZHUH�JUDWLILHG�WR�KHDU�WKDW�RXU�GDWD�SUHVHQWV�DQ�RSSRUWXQLW\�WR�GLJ�LQWR�
�VRPH�RI�WKHVH�G\QDPLFV�DQG�ZH�KDYH�H[SDQGHG�RXU�DQDO\VLV�WR�DGGUHVV�FRPSDULVRQ�WR�µFXS¶�
��VFDODU�DYHUDJHG��SRLQWZLVH��ZLQG�VSHHGV��

�,Q�WKH�UHDUUDQJHG�PDQXVFULSW��WKHVH�DGGLWLRQV�DSSHDU�LQ�WKH�WLPH�DYHUDJLQJ�VHFWLRQ�RI�WKH�DQDO\WLF�PRGHO�
�HUURU���������DQG�LQ�WKH�WLPH�DYHUDJLQJ�UHVXOWV�VHFWLRQ��������

�$�IXOO�VFDOH�DQDO\VLV�RI�WKH�FRYDULDQFHV�FRXOG�OLNHO\�PDNH�XS�LWV�RZQ�SDSHU�VR�ZH¶YH�KDG�WR�VWLFN�WR�
�SUHOLPLQDULHV��:H�KRSH�WKDW�WKH�DYDLODELOLW\�RI�RXU�GDWD�FDQ�IDFLOLWDWH�IXWXUH�LQYHVWLJDWLRQV�DQG�DQDO\VLV�WKDW�
�DUH�RXW�RI�VFRSH�IRU�WKH�SUHVHQW�SDSHU��




