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�'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ��6KDULI�8QLYHUVLW\�RI�7HFKQRORJ\��7HKUDQ��,��5��RI�,UDQ�
�*URXSH�GH�5HFKHUFKHV�HQ�(OHFWURWHFKQLTXH�HW�(OHFWURQLTXH�GH�1DQF\��*5((1�8+3��805�������8QLYHUVLWp�+HQUL�3RLQFDUp�GH�1DQF\�,��%3������������9DQGRHXYUH�OHV�1DQF\�FHGH[�)UDQFH�
�/DERUDWRLUH�G¶,QVWUXPHQWDWLRQ�(OHFWURQLTXH�GH�1DQF\��/,(1��($�������8QLYHUVLWp�+HQUL�3RLQFDUp�GH�1DQF\�,��%3������������9DQGRHXYUH�OHV�1DQF\�FHGH[�)UDQFH��(PDLO���VBSRUNDU#\DKRR�FRP�

�$EVWUDFW±�'LVWULEXWLRQ�V\VWHPV�PDQDJHPHQW�LV�EHFRPLQJ�DQ�LQFUHDVLQJO\�FRPSOLFDWHG�LVVXH�GXH�WR�
WKH� LQWURGXFWLRQ� RI� QHZ� WHFKQRORJLHV�� QHZ� HQHUJ\� WUDGLQJ� VWUDWHJLHV� DQG� D� QHZ� GHUHJXODWHG�
HQYLURQPHQW�� ,Q� WKH�QHZ�GHUHJXODWHG�HQHUJ\�PDUNHW�DQG�FRQVLGHULQJ� WKH� LQFHQWLYHV�FRPLQJ� IURP�
WKH� WHFKQLFDO�DQG�HFRQRPLF� ILHOGV�� LW� LV� UHDVRQDEOH� WR�FRQVLGHU�'LVWULEXWHG�*HQHUDWLRQ� �'*��DV�D�
YLDEOH�RSWLRQ�IRU�V\VWHPV�UHLQIRUFHPHQW�LQ�FRPSHWLWLRQ�ZLWK�YROWDJH�UHJXODWRU�GHYLFHV��WR�VROYH�WKH�
ODFNLQJ�HOHFWULF�SRZHU�VXSSO\�SUREOHP�DQG�PHHW� WKH�ORDG�JURZWK�UHTXLUHPHQWV�ZLWK�D�UHDVRQDEOH�
SULFH�DV�ZHOO�DV�WKH�V\VWHP�SRZHU�TXDOLW\�SUREOHPV��7KH�SUREOHP�RI�RSWLPDO�SODFHPHQW�DQG�VL]H�LV�
IRUPXODWHG� LQ� WZR�VWDJHV��PLQLPL]DWLRQ�RI� WKH� WRWDO�FRVWV� WR�ILQG�RSWLPDO� VL]LQJ�DQG�PRXQWLQJ�RI�
'*�ZLWK�GLIIHUHQW�SD\EDFN�WLPH��DQG�PD[LPL]DWLRQ�RI�WKH�VRFLDO�ZHOIDUH�WR�ILQG�RSWLPDO�SD\EDFN�
WLPH�� ,Q� WKLV� IUDPHZRUN�� WKH� REMHFW� IXQFWLRQ� LV� LQYHVWPHQW� FRVWV�� ZKLFK� DUH� HYDOXDWHG� DV� WKH�
DQQXDOL]HG� WRWDO� LQYHVWPHQW� FRVW�� SOXV� WRWDO� UXQQLQJ� FRVW� DV� ZHOO� DV� FRVW� RI� (QHUJ\� 1RW� 6XSSO\�
�(16�� DQG� ORVVHV��'LIIHUHQW� V\VWHP� FRQGLWLRQV� DUH� DVVXPHG� WR� LQGLFDWH� WKH� HIIHFW� RI� WKH� V\VWHP�
FRQGLWLRQV�RQ�SODQQLQJ�GHFLVLRQ�DV�ZHOO�DV�WKH�HIIHFW�RI�'*�SODFHPHQW�RQ�LPSURYHPHQW�RI�V\VWHP�
FRQGLWLRQV��$Q�RSWLPDO�SODFHPHQW��VL]H�DQG� LQYHVWPHQW�SD\EDFN� WLPH�LV� LGHQWLILHG��7KH�SURSRVHG�
WZR�VWDJH� PRGHO� DVSHFWV� RI� V\VWHP� RSHUDWLRQ� DQG� HFRQRPLF� DVSHFWV� RI� PDUNHW� RSHUDWLRQ� DFW� DV�
JRRG�LQGLFDWRUV�IRU�WKH�SODFHPHQW�RI�0LFURWXUELQH�DV�D�FRPPRQ�W\SH�RI�'*��HVSHFLDOO\�LQ�D�PDUNHW�
HQYLURQPHQW��$�VRIWZDUH�SDFNDJH�LV�GHYHORSHG�IRU�WKLV�UHDVRQ��ZKLFK�UXQV�HDFK�W\SH�RI�SODQQLQJ�
SUREOHP�YHU\�IDVW��7KH�SURSRVHG�PHWKRGRORJ\�LV�WHVWHG�LQ�WKH�,(((����EXV�WHVW�V\VWHP�������������.H\ZRUGV±�'LVWULEXWHG� JHQHUDWLRQ� �'*���GLVWULEXWLRQ� FRPSDQ\� �',6&2���*$06�0$7/$%� LQWHUIDFH�� LQYHVWPHQW�SD\EDFN�WLPH��PLFURWXUELQH��VRFLDO�ZHOIDUH��� ���,1752'8&7,21��

'HUHJXODWLRQ� KDV� VLJQLILFDQWO\� FRPSURPLVHG� WKH� DELOLW\� RI� LQGXVWU\� WR� PDLQWDLQ� WKH� EDODQFH� EHWZHHQ�
JHQHUDWLRQ�DQG� ORDG� IRU� YDULRXV� WLPH� VFDOHV� WKURXJKRXW� WKH� V\VWHP�� ,W� LV� LQWHQGHG� WR�FKDQJH� WKH�ZD\�RI�
PDNLQJ�ORQJ�WHUP�LQYHVWPHQW�GHFLVLRQV��5HPRYLQJ�HQHUJ\�JHQHUDWLRQ�IURP�WKH�GRPDLQ�RI�WKH�PRQRSRO\�
XWLOLW\�FRPSDQLHV�DQG�DOORZLQJ�RSHQ�FRPSHWLWLRQ�IRU�HOHFWULFDO�SURGXFWLRQ�ZLOO�HQDEOH�HQHUJ\�JHQHUDWRUV�WR�
PDNH�PDUNHW�EDVHG�GHFLVLRQV� UHJDUGLQJ�ZKHUH�DQG�KRZ�PXFK�JHQHUDWLRQ� VKRXOG�EH�EXLOW��7KH� WKHRU\� LV�
WKDW�WKH�IUHH�PDUNHW�ZLOO�EH�PRUH�HIILFLHQW��HQFRXUDJH�PRUH�LQQRYDWLRQ��DQG�UHVXOW�LQ�IHZHU�VWUDQGHG�DVVHWV�
ZKHQ�WRR�PXFK�RU�WKH�ZURQJ�W\SH�RI�JHQHUDWLRQ�LV�EXLOW�>�@�>�@��

,Q�FRPSHWLWLYH�SRZHU�PDUNHWV��'LVWULEXWLRQ�6\VWHP�&RPSDQLHV��',6&2V��VKRXOG�SURYLGH�D�OHDVW�FRVW�
SODQ�DQG�VKRXOG�QRW�GDPDJH�WKH�HQYLURQPHQW��,Q�WKLV�FRQGLWLRQ��'LVWULEXWHG�JHQHUDWLRQ��'*��FDQ�SOD\�DQ�
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���
LQFUHDVLQJ�UROH�LQ�GLVWULEXWLRQ�V\VWHP�SODQQLQJ�RI�WKH�IXWXUH��QRW�RQO\�IRU�WKH�FRVW�VDYLQJV�EXW�DOVR�IRU�WKH�
DGGLWLRQDO�SRZHU�TXDOLW\�>�@�>�@��'*V�FDQ�DOVR�EH�RSHUDWHG�WR�LPSURYH�YROWDJH�SURILOHV�>�@��@�DQG�SRZHU�
IORZV�ZLWKLQ�WKH�GLVWULEXWLRQ�V\VWHP�IHHGHU�WR�GHIHU�7UDQVPLVVLRQ�DQG�'LVWULEXWLRQ��7	'��LQYHVWPHQW�>��@��
>��@��,PSURYHPHQWV�LQ�GLVWULEXWLRQ�V\VWHP�UHOLDELOLW\�DQG�RYHUDOO�SRZHU�V\VWHP�HIILFLHQF\�FDQ�EH�UHDOL]HG��
)RU�ORDG�JURZWK�ZLWK�VKRUW�OLYHG�SHDNV�WKDW�RFFXU�GXULQJ�H[WUHPH�ZHDWKHU��'*V�PD\�SURYLGH�ORZHU�FRVW�
VROXWLRQV� WKDQ� RWKHU� DSSURDFKHV� WR� V\VWHP� FDSDFLW\� XSJUDGHV�� '*� SURYLGHV� D�PHDQV� IRU� LQFUHDVLQJ� WKH�
FDSDFLW\�RI�H[LVWLQJ�GLVWULEXWLRQ�IDFLOLWLHV��:KHQ�FRQVLGHULQJ�LQFUHDVLQJ�GLVWULEXWLRQ�V\VWHP�FDSDFLW\��'*V�
FDQ�EH�DQ�DOWHUQDWLYH�WR�WKH�QHZ�VXEVWDWLRQ�DGGLWLRQ�DQG�UHSODFLQJ�H[LVWLQJ�HTXLSPHQW�ZLWK�ODUJHU�RQHV��$�
'*�LQVWDOOHG�DW�WKH�GLVWULEXWLRQ�OHYHO�UHOHDVHV�FDSDFLW\�WKURXJKRXW�WKH�V\VWHP��IURP�WUDQVPLVVLRQ�WKURXJK�
GLVWULEXWLRQ��7UDQVPLVVLRQ� V\VWHP� ORVVHV� DUH� HOLPLQDWHG�� DQG� GLVWULEXWLRQ� V\VWHP� ORVVHV� DUH� UHGXFHG� >�@��
>��@�� ,Q� FRPSHWLWLYH� SRZHU� PDUNHWV�� '*� FRPSHWHV� ZLWK� FHQWUDOL]HG� SRZHU� JHQHUDWLRQ�� +HQFH�� PDUNHW�
UHJXODWLRQV�VKRXOG�HQVXUH�WKDW�'*�FDQ�DFW�IUHHO\�ZLWKLQ�SRZHU�PDUNHWV��VLPLODU�WR�FHQWUDOL]HG�JHQHUDWLRQ���

7R�REWDLQ�JRRG� ORFDWLRQV� IRU� HIILFLHQF\�DQG�HFRQRPLF� LPSURYHPHQWV��RSWLPL]DWLRQ�PHWKRGV�FDQ�EH�
DSSOLHG��,PSURSHU�SODFHPHQW�LQ�VRPH�VLWXDWLRQV�FDQ�UHGXFH�'*V�EHQHILWV�DQG�HYHQ�MHRSDUGL]H�WKH�V\VWHP�
RSHUDWLRQ�DQG�FRQGLWLRQ�>�@��>��@��

1XPHURXV� WHFKQLTXHV� DQG� SODQQLQJ� PHWKRGV� KDYH� EHHQ� SURSRVHG� WR� DGGUHVV� WKH� RSWLPDO� '*�
SODFHPHQW�DQG�VL]LQJ�LQ�WKH�GLVWULEXWLRQ�V\VWHP��7KH�REMHFW�IXQFWLRQV�RI�WKHVH�PHWKRGV�DUH�XVXDOO\�OLPLWHG�
WR� RQH� RU� WZR� LWHPV� VXFK� DV� ORVV� >�@�� >��@�>��@��%HVLGHV�� VHYHUDO� RSWLPL]DWLRQ� WRROV�� LQFOXGLQJ� DUWLILFLDO�
LQWHOOLJHQFH�WHFKQLTXHV�VXFK�DV�JHQHWLF�DOJRULWKP��*$���WDEX�VHDUFK��DQW�FRORQ\��HWF���DUH�DOVR�SURSRVHG�IRU�
DFKLHYLQJ�WKH�RSWLPDO�SODFHPHQW�RI�'*�>��@�� >��@��0DQ\�RI� WKHVH�DOJRULWKPV� WHQG�WR�GULYH� WRZDUG�ORFDO�
PLQLPD�LQVWHDG�RI�D�JOREDO�PLQLPXP��7KLV�LV�UHIHUUHG�WR�DV�HDUO\�FRQYHUJHQFH��)RU�H[DPSOH��LQ�*$�D�YHU\�
ILW�PHPEHU� RI� WKH� SRSXODWLRQ�PD\� DSSHDU� HDUO\��$QRWKHU� GUDZEDFN�RI�*$� LV� WKDW� WKLV�PHWKRG�GRHV�QRW�
JXDUDQWHH�ILQGLQJ�D�ORFDO�RU�JOREDO�VROXWLRQ��EXW�UDWKHU�ILQGV�D�JRRG�VROXWLRQ��7KH�EHVW�VROXWLRQ�PD\�QHYHU�
DSSHDU�LQ�DQ\�JHQHUDWLRQ��6RPH�YDULDWLRQV�DUH�XVHG�WR�FRPEDW�WKHVH�SUREOHPV�VXFK�DV�H[SRQHQWLDO��OLQHDU�
WUDQVIRUPDWLRQ�DQG�OLQHDU�QRUPDOL]DWLRQ��7KHVH�ZHDNQHVVHV�ZLOO�EHFRPH�PRUH�HYLGHQW�ZKHQ�WKH�QXPEHU�RI�
YDULDWLRQV�DQG�SDUDPHWHUV�LQFUHDVHV��,W�DOVR�WDNHV�D�ORQJ�WLPH�IRU�ILQH�WXQLQJ��:KLOH�WKHVH�SDUDPHWHUV�DOORZ�
WKH�DOJRULWKP� WR�EH� WXQHG� WR� VROYH�D�SDUWLFXODU�SUREOHP�� WKH�SUREOHP�GHSHQGHQW�QDWXUH�RI� WKH� DOJRULWKP�
PDNHV�LW�GLIILFXOW�WR�SUHGLFW�WKH�SHUIRUPDQFH�RI�WKH�DOJRULWKP�LQ�JHQHUDO��DQG�SUDFWLWLRQHUV�RIWHQ�VSHQG�D�
VLJQLILFDQW� DPRXQW� RI� WLPH� WXQLQJ� WKH� DOJRULWKP�� ,Q� UHFHQW� \HDUV�� PDQ\� HIIRUWV� KDYH� EHHQ� GHYRWHG� WR�
LPSURYLQJ�WUDGLWLRQDO�DOJRULWKPV�E\�FKDQJLQJ�WKHP�>��@��>��@�DQG�RU�K\EULGL]DWLRQ�RI�GLIIHUHQW�DOJRULWKPV�
>��@��>��@��$FFRUGLQJ�WR�WKH�DERYH�PHQWLRQHG�SUREOHPV��WKH�WDUJHWV�LQ�WKLV�SDSHU�DUH���

� 7R� FRQVLGHU� DOO� RI� WKH� SRVVLEOH� FRQVWUDLQWV� DQG� REMHFWV� WRJHWKHU� LQ� D� PXOWL�REMHFWLYH� RSWLPL]DWLRQ�
PRGHO�WR�DSSURDFK�PRUH�UHDOLVWLF�UHVXOWV���

� 7R�VROYH�WKH�RSWLPL]DWLRQ�SUREOHP�DV�IDVW�DV�SRVVLEOH��HYHQ�LQ�SUDFWLFDO�GLVWULEXWLRQ�V\VWHPV�WKDW�KDYH�
D ODUJH�QXPEHU�RI�YDULDWLRQV�DQG�SDUDPHWHUV���

� 7R� GHYHORS� D� XVHU�IULHQGO\� IUDPHZRUN� �VRIWZDUH� SDFNDJH�� WR� EH� XVHG� LQ� DSSOLFDEOH� FDVHV� E\�
GLVWULEXWLRQ�V\VWHP�SODQQHUV��

,Q�WKLV�SDSHU��D�QHZ�WZR�VWDJH�PHWKRGRORJ\�IRU�RSWLPDO�SODFHPHQW��VL]H�DQG�LQYHVWPHQW�SD\EDFN�WLPH�RI�
'*�DV�ZHOO�DV�6\QFKURQRXV�&RQGHQVHU��6&��DQG�ORDG�VKHGGLQJ�LV�SUHVHQWHG�WR�VKRZ�WKH�HIIHFWV�RI�'*�RQ�
GHFUHDVLQJ� WRWDO� V\VWHP�FRVWV� DQG� ORVV�� LPSURYLQJ�SRZHU�TXDOLW\�� V\VWHP�YROWDJH�DQG� OLQH� FRQJHVWLRQ� LQ�
GLIIHUHQW�GLVWULEXWLRQ�V\VWHP�FRQGLWLRQV��0LFURWXUELQH�KDV�EHHQ�VHOHFWHG�DV�D�VWXGLHG�'*�VLQFH�VLWWLQJ�RI�
WKLV�NLQG�RI�'*�KDV�IHZHU�HQYLURQPHQWDO�UHVWULFWLRQV��,Q�WKH�ILUVW�VWDJH��WKH�REMHFWLYH�LV�PLQLPL]DWLRQ�RI�WKH�
WRWDO�FRVWV�WR�ILQG�RSWLPDO�VL]LQJ�DQG�PRXQWLQJ�IRU�GLIIHUHQW�LQYHVWPHQW�SD\EDFN�WLPHV��,Q�WKH�QH[W�VWDJH��
WKH�REMHFW�LV�PD[LPL]DWLRQ�RI�WKH�VRFLDO�ZHOIDUH�WR�ILQG�RSWLPDO�SD\EDFN�WLPH��7KH�SURSRVHG�PHWKRGRORJ\�
LV�WHVWHG�LQ�DQ�,(((����EXV�WHVW�V\VWHP��
�
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$ ',6&2�GLVWULEXWHV�WKH�HOHFWULFLW\��WKURXJK�LWV�IDFLOLWLHV��WR�FXVWRPHUV�LQ�D�FHUWDLQ�JHRJUDSKLFDO�UHJLRQ��$�
',6&2�LV�D�UHJXODWHG�HOHFWULFDO�XWLOLW\�WKDW�FRQVWUXFWV�DQG�PDLQWDLQV�GLVWULEXWLRQ�HTXLSPHQW���',6&2V�DUH�
UHVSRQVLEOH�IRU�EXLOGLQJ�DQG�RSHUDWLQJ�WKH�HOHFWULFDO�V\VWHP�WR�PDLQWDLQ�D�FHUWDLQ�GHJUHH�RI�UHOLDELOLW\�DQG�
DYDLODELOLW\�� 7KHLU� PDLQ� IXQFWLRQ� LV� WR� RSHUDWH�� PDLQWDLQ� DQG� GHYHORS� WKH� QHWZRUN� IURP� D� WHFKQLFDO�
YLHZSRLQW�� ',6&2V� KDYH� WKH� UHVSRQVLELOLW\� RI� UHVSRQGLQJ� WR� GLVWULEXWLRQ� QHWZRUN� RXWDJHV� DQG� SRZHU�
TXDOLW\�FRQFHUQV��',6&2V�DUH�DOVR�UHVSRQVLEOH�IRU�PDLQWHQDQFH�DQG�YROWDJH�VXSSRUW�DV�ZHOO�DV�DQFLOODU\�
VHUYLFHV� >�@�� >�@�� 2Q� WKH� RWKHU� KDQG�� HDFK� SDUWLFLSDWHG� HQWLW\� LQ� WKH�PDUNHW�PDNHV� SODQQLQJ� DW� LWV� RZQ�
YLHZSRLQW��,Q�D�IXOO\�GHUHJXODWHG�HQYLURQPHQW��WKH�VDOH�RI�HQHUJ\�WR�UHWDLO�FRQVXPHUV�LV�GHFRXSOHG�IURP�WKH�
',6&2¶V�RSHUDWLRQDO�UHVSRQVLELOLWLHV�DQG�LV�D�VHSDUDWH�EXVLQHVV�ZKHUH�GLIIHUHQW�UHWDLOHUV�FDQ�FRPSHWH��7KH�
',6&2�PD\�RU�PD\�QRW�EH�D�UHWDLOHU�>�@��>�@��7KHUHIRUH��',6&2�FDQ�HQFRXUDJH�DQG�VLJQ�ELODWHUDO�FRQWUDFWV�
ZLWK�LQYHVWRUV�WR�LQVWDOO�'*�DQG�RU�RWKHU�HTXLSPHQW�>�@��RWKHUZLVH�',6&2�VKRXOG�GR�WKDW�>��@�EHFDXVH�RI�
LWV�UHVSRQVLELOLW\��,W�LV�WR�EH�QRWHG�ZKHQ�D�',6&2�LQYHVWV�GLUHFWO\�LQ�'*V��WKDW�YDOXH�LV�D�GLUHFW�EHQHILW�WR�
WKH�GLVWULEXWLRQ�V\VWHP�LQ�LWV�WHUULWRU\��:KHQ�D�',6&2�WULHV�WR�HQFRXUDJH�RWKHUV��FXVWRPHUV�RU�GHYHORSHUV��
WR�RZQ�DQG�RSHUDWH�'*V��WKH�YDOXH�LV�WR�ERWK�RZQHU�DQG�',6&2���

7KH� PHWKRGV� XVHG� WR� VROYH� WKH� H[SDQVLRQ� SODQQLQJ� SUREOHP� FDQ� EH� GLYLGHG� LQWR� WZR� FDWHJRULHV��
PHWKRGV� RI� PDWKHPDWLFDO� SURJUDPPLQJ� DQG� KHXULVWLF� PHWKRGV�� LQFOXGLQJ� VSHFLDOLVW� V\VWHPV� DQG�
HYROXWLRQDU\�DOJRULWKPV�>��@�� >��@��$PRQJ�WKH�PHWKRGV�RI�PDWKHPDWLFDO�SURJUDPPLQJ�� WKH�PRVW�ZLGHO\�
XVHG�LQFOXGH�/LQHDU�SURJUDPPLQJ��/3��>��@��1RQ�/LQHDU�3URJUDPPLQJ��1/3��ZLWK�QRQ�OLQHDU�FRQVWUDLQWV�
>��@��DQG�0L[HG�,QWHJHU�3URJUDPPLQJ��0/3��FRQVLVWLQJ�RI��0L[HG�,QWHJHU�/LQHDU�3URJUDPPLQJ��0,/3��
ZLWK� OLQHDU�RU� OLQHDUL]DWLRQ�RI� WKH�FRQVWUDLQWV�RU�0L[HG�,QWHJHU�1RQ�/LQHDU�3URJUDPPLQJ��0,1/3��ZLWK�
QRQ�OLQHDU�DQG�LQWHJHU�GHFLVLRQ�YDULDEOHV�FRQVWUDLQWV�>��@±>��@���

6LQFH�������PXFK�HIIRUW�KDV�EHHQ�GLUHFWHG�WRZDUG�VROYLQJ�WKH�SUREOHP�RI�SODQQLQJ�GLVWULEXWLRQ�E\�WKH�
XVH�RI�KHXULVWLF�DOJRULWKPV��ZKLFK�FDPH�WR�SURYLGH�DQ�DOWHUQDWLYH�WR�PDWKHPDWLFDO�SURJUDPPLQJ��+HXULVWLF�
PHWKRGV�JDLQHG�DWWHQWLRQ�EHFDXVH� WKH\�FDQ�ZRUN� LQ�D�VWUDLJKWIRUZDUG� IDVKLRQ�ZLWK�QRQOLQHDU�FRQVWUDLQWV�
DQG�REMHFWLYH�IXQFWLRQ��DOWKRXJK�WKHUH�LV�QR�JXDUDQWHH�WKDW�DQ�RSWLPXP�VROXWLRQ�FDQ�EH�IRXQG��HVSHFLDOO\�
IRU�D�ODUJH�VFDOH�SUREOHP�>��@��6R��LQ�WKLV�ZRUN�ZH�KDYH�GHFLGHG�WR�XVH�PDWKHPDWLFDO�SURJUDPPLQJ��

,Q� WKLV�SDSHU�� WKH�SODFHPHQW�SUREOHP� LV� IRUPXODWHG� IRU� WKH�QHZ� WZR�VWDJH�PHWKRG�� WR�PLQLPL]H� WKH�
WRWDO�FRVWV� WR� ILQG�RSWLPDO� VL]LQJ�DQG�VLWWLQJ�RI�0LFURWXUELQH�DV�D�NLQG�RI�'*�ZLWK�GLIIHUHQW� LQYHVWPHQW�
SD\EDFN�WLPHV��DQG�WR�PD[LPL]H�WKH�VRFLDO�ZHOIDUH�WR�ILQG�RSWLPDO�SD\EDFN�WLPH��3D\EDFN�WLPH�LV�WKH�WLPH�
WKDW� LW� WDNHV� IRU� WKH� LQYHVWPHQW� WR�SD\� IRU� LWVHOI��FRQVLGHULQJ� WKH�GLVFRXQW�� ,W� LV� WR�EH�QRWHG� WKDW�ZKHQ�D�
'LVFR�LQYHVWV�GLUHFWO\�LQ�'*V��WKDW�YDOXH�LV�D�GLUHFW�EHQHILW�WR�WKH�GLVWULEXWLRQ�V\VWHP�LQ�LWV�WHUULWRU\��:KHQ�
D 'LVFR�WULHV�WR�HQFRXUDJH�RWKHUV��FXVWRPHUV�RU�GHYHORSHUV��WR�RZQ�DQG�RSHUDWH�'*V��WKH�YDOXH�LV�WR�ERWK�
WKH�RZQHU�DQG�'LVFR����D��&RVW�IXQFWLRQ�PLQLPL]DWLRQ��

,Q�WKH�ILUVW�VWDJH��FRQVXPHU�SD\PHQW��HYDOXDWHG�DV�DQQXDOL]HG�WRWDO�FRVWV��LV�SURSRVHG�DV�D�PHWKRG�WR�
LGHQWLI\� RSWLPDO�'*� DQG�6&� SODFHPHQW� DQG� VL]LQJ� DV�ZHOO� DV� ORDG� FXUWDLOPHQW�� 7KH� QHZ�PDWKHPDWLFDO�
IRUPXODWLRQ�RI�WKH�PLQLPL]DWLRQ�RI�WKH�WRWDO�V\VWHP�SODQQLQJ�FRVWV�LV�GHVFULEHG�LQ������
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���
7KLV�REMHFWLYH�IXQFWLRQ�DLPV�WR�PLQLPL]H��'*�DQQXDOL]HG�LQYHVWPHQW��'*�RSHUDWLRQ�DQG�PDLQWHQDQFH�

FRVWV�� 6&� DQQXDOL]HG� LQYHVWPHQW�� 6&� RSHUDWLRQ� DQG�PDLQWHQDQFH� FRVWV�� FRVW� RI� SXUFKDVLQJ� SRZHU� IURP�
RWKHU� HOHFWULF� LGHQWLWLHV� VXFK� DV� 75$16&2V� �7UDQVPLVVLRQ� &RPSDQ\�� FRQQHFWHG� WR� WKH� ',6&2�
GLVWULEXWLRQ�V\VWHP��FRVW�RI�HQHUJ\�ORVVHV��DQG�FRVW�RI�(16��(QHUJ\�1RW�6XSSO\���UHVSHFWLYHO\���

%HIRUH�FRPSDULQJ�LQYHVWPHQW�FRVWV�DQG�RSHUDWLQJ�FRVWV��LW�PXVW�DSSO\�D�FRUUHFWLRQ��EHFDXVH�D�FXUUHQF\�
XQLW� WR�EH�SDLG� LQ� WKH� IXWXUH�GRHV�QRW�KDYH� WKH�VDPH�YDOXH�DV�DYDLODEOH� WRGD\��7KLV� WLPH�GHSHQGHQFH�RI�
PRQH\�LV�GXH�WR�WZR�TXLWH�GLIIHUHQW�FDXVHV��7KH�ILUVW�LV�LQIODWLRQ��WKH�ZHOO�NQRZQ�DQG�HYHU�SUHVHQW�HURVLRQ�
RI�WKH�YDOXH�RI�RXU�FXUUHQF\��7KH�VHFRQG�UHIOHFWV�WKH�IDFW�WKDW�PRQH\�WRGD\�FDQ�EH�LQYHVWHG�WR�LQFUHDVH�LWV�
YDOXH�E\�SURILW�RU�LQWHUHVW��7KXV��WKH�PRQH\�WKDW�EHFRPHV�DYDLODEOH�LQ�WKH�IXWXUH�LV�OHVV�GHVLUDEOH�WKDQ�WKH�
WRGD\�PRQH\��LWV�YDOXH�PXVW�WKHUHIRUH�EH�GLVFRXQWHG��7KLV�LV�WUXH�HYHQ�ZLWKRXW�LQIODWLRQ��%RWK�LQIODWLRQ�DQG�
GLVFRXQWLQJ�DUH�FKDUDFWHUL]HG�LQ�WHUPV�RI�DQQXDO�UDWHV��,W�LV�FRQYHQLHQW�WR�H[SUHVV�D�VHULHV�RI�SD\PHQWV�WKDW�
DUH�LUUHJXODU�RU�YDULDEOH�DV�HTXDO�SD\PHQWV�LQ�UHJXODU�LQWHUYDOV��LQ�RWKHU�ZRUGV��RQH�UHSODFHV�QRQXQLIRUP�
VHULHV�E\�HTXLYDOHQW�XQLIRUP�RU�OHYHO�VHULHV��7KLV�WHFKQLTXH�LV�UHIHUUHG�WR�DV�OHYHOL]LQJ��,W�LV�XVHIXO�EHFDXVH�
UHJXODULW\� IDFLOLWDWHV� XQGHUVWDQGLQJ� DQG� SODQQLQJ�� 7R� GHYHORS� WKH� IRUPXODV�� LW� LV� SRVVLEOH� WR� XVH� WKH�
HTXDWLRQ�EHORZ�>�@��>�@��� � �� � »¼

º«¬
ª

�
�� 
3%

3%

7

7

3% GG
G$ �

�� ����
�
,W�LV�WR�EH�QRWHG�WKDW�ORVV�DSSHDUHG�LQ�WKH�WRWDO�SRZHU�SXUFKDVHG�IURP�75$6&2V�DQG�'*V��7KHUHIRUH��WKLV�
WHUP�LV�DGGHG�RQO\�WR�ZHLJKW�RQ�LWV�YDOXH�LQ�WKH�REMHFW�IXQFWLRQ��+RZHYHU��WKH�V\VWHP�SODQQHU�FDQ�RPLW�WKH�

ORVV& WR� WKH� ZHLJKW� RI� WKH� LWHPV� WKDW� DUH� HTXDO�� 'XULQJ� WKH� SODQQLQJ� SURFHVV� D� QXPEHU� RI� VHFXULW\��
FRQILJXUDWLRQ�DQG�RSHUDWLQJ�FRQVWUDLQWV�PXVW�EH�VDWLVILHG��7KHVH�FRQVWUDLQWV�DUH�GLVFXVVHG�DV�IROORZV�>��@��
>��@���
3RZHU�EDODQFH�HTXDWLRQV� $W�HDFK�QRGH�LQ�WKH�QHWZRUN�WKH�SRZHU�EDODQFH�HTXDWLRQV�KDYH�WR�EH�VDWLVILHG����

G
LL6&L*

LM
LM

G
LL'*L*

LM
LM

4444
3333
�� 
�� 

¦
¦
z

z ����
�
75$16&2V�OLPLWV� 7KH�75$16&2V�KDYH�D�PD[LPXP�DQG�PLQLPXP�FDSDFLW\�OLPLW�ZKLFK�LV�QRW�IHDVLEOH�
WR� GLVSDWFK�GXH� WR� WHFKQLFDO� RU� HFRQRPLF� UHDVRQV��75$16&2V� OLPLWV� DUH� VSHFLILHG� DV� XSSHU� DQG� ORZHU�
OLPLWV�IRU�WKH�UHDO�DQG�UHDFWLYH�SRZHU�RXWSXWV��
$FWLYH�DQG�UHDFWLYH�SRZHU�JHQHUDWLRQ�OLPLWV�

PD[� L*L* 33 dd ����
PD[PLQ
L*L*L* 444 dd �

'LVWULEXWLRQ�IHHGHU�ORDG�IORZ�OLPLW� (DFK�IHHGHU�EDVHG�RQ�WKHUPDO�FRQVLGHUDWLRQV�KDV�D�PD[LPXP�SRZHU�
OLPLW���

PD[
LM66

LM
d ����

�
%XV�YROWDJH�OLPLW��9ROWDJH�OLPLWV�UHIHU�WR�EXV�YROWDJH�WR�UHPDLQ�ZLWKLQ�DQ�DOORZDEOH�QDUURZ�UDQJH�RI�OHYHOV�

PD[PLQ
LLL 999 dd � �����

'*�SRZHU�FDSDFLW\�FRQVWUDLQW��7KH�DFWLYH�SRZHU�JHQHUDWHG�IURP�'*�PXVW�EH�OHVV�WKDQ�WKH�PD[LPXP�'*�
FDSDFLW\

PD[� '*LL'* 33 dd %L ������ � ����
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���
6&�FDSDFLW\�FRQVWUDLQW� 7KH�UHDFWLYH�SRZHU�JHQHUDWHG�IURP�6&�PXVW�EH�OHVV�WKDQ�LWV�PD[LPXP�FDSDFLW\�

� PD[� 6&LL6& 44 dd %L ������ � ����
,QYHVWPHQW�UHVRXUFH�FRQVWUDLQW� 7KH�SURSRVHG�PRGHO�LQWURGXFHV�D�QHZ�LQYHVWPHQW�UHVRXUFHV�FRQVWUDLQW�IRU�
GLVWULEXWLRQ� V\VWHP�SODQQLQJ� �(T�� ����7KH�',6&2�RIWHQ� KDV� WR� FDUU\� RXW� LQYHVWPHQW� SODQQLQJ� GHFLVLRQ�
PDNLQJ� ZKLOH� FRQVLGHULQJ� LWV� ILQDQFLDO� FRQVWUDLQWV�� 7KLV� FRQVWUDLQW� LPSRVHV� D� OLPLW� RQ� WKH� '*� DQG� 6&�
FDSDFLW\�WKH�',6&2�FDQ�LQYHVW�LQ���

%&/4&3& %

L
L6&L,QY

%

L
L'*L,QY 6&'*

d�¦¦
  �

PD[

�

PD[ �� ����
�
7R�ILQG�WKH�EHVW�VROXWLRQ�IRU�WKH�DERYH�PHQWLRQHG�GLVWULEXWLRQ�V\VWHP�SODQQLQJ�SUREOHP�TXLFNO\��EHORZ���
VHFRQG��D�QHZ�VRIWZDUH�SDFNDJH�LV�GHYHORSHG�DV�LQWHUIDFLQJ�EHWZHHQ�*HQHUDO�$OJHEUDLF�0RGHOLQJ�6\VWHP�
�*$06�� >��@�� WR� VROYH� YDULRXV� W\SHV� RI� RSWLPL]DWLRQ� SUREOHPV� VXFK� DV� /3�� 1/3��0,/3��0,1/3� DQG�
'\QDPLF�1RQ�/LQHDU�3URJUDPPLQJ��'1/3��DQG�0$7/$%��WR�XVH�LWV�YLVXDOL]DWLRQ�FDSDELOLWLHV�DQG�HDV\�
GDWD�WUDQVIHU��)LJ������7KH�RXWSXW�RI�WKLV�RSWLRQ�IXQFWLRQ�LV�WKH�RSWLPDO�ORFDWLRQ�DQG�VL]H�RI�'*�DQG�6&�LQ�
HDFK�LQYHVWPHQW�SD\EDFN�WLPH�DV�ZHOO�DV�ORDG�FXUWDLOHG����

)LJ�����6WUXFWXUH�RI�WKH�0$7/$%�*$06�LQWHUIDFH��
E��6RFLDO�ZHOIDUH�PD[LPL]DWLRQ��

,Q�WKH�VHFRQG�VWDJH�VRFLDO�ZHOIDUH�LV�GHILQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WRWDO�V\VWHP�FRVWV�EHIRUH�DQG�
DIWHU�V\VWHP�GHYHORSPHQW�LQFOXGLQJ�'*�DQG�6&�LQVWDOODWLRQ���

¦
 

� 7

7W
$%

3%

&RVW&RVW76:0D[LPL]H ���� � 7� �����

:KHUH� %&RVW DQG� $&RVW DUH�WKH�WRWDO�FRVWV�RI�WKH�V\VWHP�EHIRUH�DQG�DIWHU�V\VWHP�XSJUDGLQJ���
,Q�GHWHUPLQLQJ�WKH�RSWLPDO�SD\EDFN�WLPH�LW�LV�YHU\�LPSRUWDQW�WR�NQRZ�RSWLPDO�'*�OLIH�WLPH��7���'*�OLIH�
WLPH� LV� GHSHQGHQW� RQ� WKH� W\SH� RI� '*� WHFKQRORJ\�� LWV� PDQXIDFWXUHU�� LWV� RSHUDWLRQ� FRQGLWLRQ�� HWF�� 7KH�
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���
PLQLPL]DWLRQ�FRVW�SUREOHP�LV�YLHZHG�IURP�WKH�SHUVSHFWLYH�RI�',6&2V�RZQHU��ZKR�FKRRVHV�WR�SODFH�DQG�
VL]H�'*�DW�WKH�GLVWULEXWLRQ�V\VWHP��7KH�PD[LPXP�VRFLDO�ZHOIDUH�SUREOHP�LV�YLHZHG�IURP�WKH�SHUVSHFWLYH�
RI�'*�RZQHUV�ZKR�GHWHUPLQH�WKH�RSWLPDO�WLPH�WR�UHWXUQ�WKH�LQYHVWPHQW��
�

�� &$6(�678'<��
7KH�GLVWULEXWLRQ� V\VWHP�XQGHU� VWXG\� LQ� WKLV�SDSHU� LV� WKH� VWDQGDUG� ,(((����%XV� V\VWHP�VKRZQ� LQ�)LJ����
>��@��7KH�WRWDO�DFWLYH�DQG�UHDFWLYH�ORDG�RI�WKLV�V\VWHP�LV�������0:�DQG�������09DU��UHVSHFWLYHO\��7KHUH�
DUH�WZR�75$16&2V�FRQQHFWLQJ�DW�EXVHV���DQG���DQG�DOVR�IRXU�6&�DW�EXVHV�����������DQG�����7KH�V\VWHP�
YROWDJH�LV�DVVXPHG�WR�EH����N9���

,Q� WKLV� SDSHU��0LFURWXUELQH� LV� FKRVHQ� DV� WKH�'*��7KH� LQYHVWPHQW�� IXHO�� RSHUDWLRQ� DQG�PDLQWHQDQFH�
FRVWV�RI�WKLV�NLQG�RI�'*�DUH�DVVXPHG�WR�EH���0��09$�������0:K�DQG�����0:K��UHVSHFWLYHO\�>��@��>��@���
+RZHYHU�� WKH� FKRLFH� RI� HDFK� '*� WHFKQRORJ\� LV� OLPLWHG� WR� HQYLURQPHQW� DQG� V\VWHP� FRQVWUDLQWV�� (DFK�
WHFKQRORJ\�KDV�D�GLIIHUHQW�FRVW��,W�LV�SRVVLEOH�WR�VWXG\�RWKHU�W\SHV�RI�'*�WHFKQRORJLHV�ZLWK�WKH�FKDQJH�RI�
LQYHVWPHQW��RSHUDWLRQ�DQG�PDLQWHQDQFH�FRVW�RI�'*��7KH�FDQGLGDWH� LQGLYLGXDO� DQG� WRWDO�'*�FDSDFLW\� IRU�
LQVWDOODWLRQ�DW�HDFK�EXV� LV�DVVXPHG�WR�EH��0:�DQG��0:��UHVSHFWLYHO\�� ,Q� WKLV�SDSHU��LW� LV�DVVXPHG�WKDW�
HOHFWULFLW\�EDVHG�PDUNHW�SULFH�LV�YDULDEOH�E\����SHULRGV�DFFRUGLQJ�WR�)LJ����DV�D�W\SLFDO�FXUYH��7KH�GLVFRXQW�
UDWH�LV�WDNHQ�DV������7KH�SHQDOW\�RI�HQHUJ\�QRW�VXSSO\�LV�DVVXPHG�WR�EH�������0:�>��@���

)LJ�����,(((����%XV�V\VWHP�XQGHU�VWXG\��
�

���6,08/$7,21�5(68/76�$1'�',6&866,21��
7R�VWXG\�WKH�HIIHFWV�RI�'*�RQ�WKH�GLVWULEXWLRQ�V\VWHP�DQG�WKH�HIIHFWV�RI�FRQGLWLRQ�RI�V\VWHP�RQ�RSWLPDO�
SODFHPHQW�DQG�VL]H�RI�WKH�'*��WKH�WKUHH�VFHQDULRV�EHORZ�KDYH�EHHQ�GLVFXVVHG�LQ�WKLV�SDSHU����
D��6FHQDULR�,��

,Q� WKLV� VFHQDULR� WKH�VWDQGDUG� ,(((����EXV� WHVW� V\VWHP� LV�DVVXPHG�DV� WKH�FDVH�VWXG\�� ,Q� WKLV� V\VWHP��
HYHQ�DIWHU�ORDG�JURZLQJ��WKHUH�LV�QR�FRQJHVWLRQ�DUHD�RU�YROWDJH�SUREOHP��WKHUHIRUH�WKLV�V\VWHP�FDQ�ZRUN�
ZLWKRXW�QHHGLQJ� WR�DGG�DQ\�RWKHU�JHQHUDWLRQ�GHYLFHV�� ,Q� WKLV� VLWXDWLRQ�� WR�VXSSO\� WKH� UHTXLUHG�DGGLWLRQDO�
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���
SRZHU� LPSRVHG�E\� ORDG�JURZWK��SXUFKDVLQJ� WKH� UHTXLUHG�DGGLWLRQDO�SRZHU� IURP� WKH�75$16&2V�DQG�RU�
LQVWDOOLQJ� QHZ� DFWLYH� DQG� UHDFWLYH� SRZHU� VRXUFHV� VXFK� DV� '*� DQG� 6&� LQ� WKH� GLVWULEXWLRQ� V\VWHP� LV�
FRPSDUHG��

)LJ�����&XUYH�RI�HOHFWULFLW\�PDUNHW�SULFH�
�� &RVW�PLQLPL]DWLRQ��7KH�UHVXOWV�RI�VLPXODWLRQ�RI�VFHQDULR�,�DUH�VXPPDUL]HG�LQ�7DEOH����,W�LV�WR�EH�QRWHG��
KRZHYHU��WKDW�DOWKRXJK�WKH�FDSLWDO��RSHUDWLRQ�DQG�PDLQWHQDQFH�FRVWV�RI�6&�DUH�OHVV�WKDQ�WKH�0LFURWXUELQH�
FRVWV��LQVWDOODWLRQ�RI�6&�LV�QRW�VXLWDEOH�LQ�DQ\�FRQGLWLRQ��,Q�WKLV�WDEOH�WKH�HIIHFW�RI�LQYHVWPHQW�SD\EDFN�WLPH�
RQ�RSWLPDO�'*�SODFHPHQW�DQG�VL]H�LV�LQGLFDWHG��$V�LW�LV�VKRZQ�LQ�WKLV�WDEOH��LQ�SD\EDFN�WLPH�OHVV�WKDQ���
\HDUV��WKH�LQVWDOODWLRQ�RI�0LFURWXUELQH�LV�QRW�HFRQRPLFDO����

7DEOH����2SWLPDO�VROXWLRQ�IRU�GLVWULEXWLRQ�V\VWHP�SODQQLQJ�LQ�VFHQDULR�,��
�������������������������������73%�

�\U��
3XUFKDVHG�
DFWLYH�SRZHU�

IURP�
75$16&2V�

�0:��

3XUFKDVHG�
UHDFWLYH�

SRZHU�IURP�
75$16&2V�
�09DU��

3XUFKDVHG�
UHDFWLYH�

SRZHU�IURP�
FRQGHQVHUV�
�09DU��

'*�&DSDFLW\�
�0:��	�
/RFDWLRQ�

6&�VL]H�
�09DU��	�
ORFDWLRQ�

/RVV��0:�� /RDG�
VKHGGLQJ�
����

,Q
YH
VW
��

�0
��
�

:LWKRXW�'*�
LQVWDOODWLRQ��

�� ������ ��� ������ �� �� ������� �� ��

:LWK�
0LFURWXUELQH�

RU�6&�
LQVWDOODWLRQ�

��� ������ ����� �����

�
��#�%XV��
��������
��#�%XV�����
��#�%XV��������
��#�%XV�����
�

�� ������� �� ���

�� ������ ����� �����

��#�%XV�����
��#�%XV����
��#�%XV�����
�

�� ������� �� ��

�

��� ������ ��� ������ �� �� �� �� ��

)LJXUH���FRPSDUHV�WKH�HOHFWULFLW\�PDUNHW�SULFH�EHIRUH�DQG�DIWHU�0LFURWXUELQH�LQVWDOODWLRQ�E\�SD\EDFN�
WLPH�HTXDO� WR� VHYHQ��$V�GHFODUHG� LQ� WKLV� ILJXUH�� LQVWDOODWLRQ�'*� LQFUHDVHV� WKH� HOHFWULFLW\�PDUNHW�SULFH� LQ�
FDVHV�ZKHUH� WKH� SULFH� RI�PDUNHW� LV� ORZHU� WKDQ� WKH�'*�SULFH� DQG� GHFUHDVHV� LW�ZKHQ� WKH�PDUNHW� SULFH� LV�
KLJKHU� WKDQ� WKH�'*�SULFH��$V� D� UHVXOW�� E\� VXSSO\LQJ� ORDGV� GXULQJ� SHDN� ORDG� SHULRGV��ZKHUH� WKH� FRVW� RI�
HOHFWULFLW\�LV�KLJK��'*�FDQ�EHVW�VHUYH�DV�D�SULFH�KHGJLQJ�PHFKDQLVP��$FFRUGLQJ�WR�LWV�VSHHG�LQ�VKXW�XS�DQG�
VKXW�GRZQ�LW�LV�SRVVLEOH�WKDW�WKH�RSHUDWRU�WXUQV�RQ�WKH�0LFURWXUELQH�RQO\�DW�WKH�QHFHVVDU\�WLPH��
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���

)LJ�����(OHFWULFLW\�PDUNHW�SULFH�EHIRUH��VROLG�OLQH��DQG�DIWHU��GDVK�OLQH��0LFURWXUELQH�LQVWDOODWLRQ�
���6RFLDO�ZHOIDUH��0LFURWXUELQH�OLIH�WLPH��7��LV�GHSHQGHQW�RQ�LWV�PDQXIDFWXUHU��LWV�RSHUDWLRQ�FRQGLWLRQ��HWF��
,Q� DQ� RWKHU� ZD\�� WKH� '*� OLIH� WLPH� KDV� D� KXJH� HIIHFW� RQ� WKH� GHFLVLRQ� WR� GHWHUPLQH� RSWLPDO� LQYHVWPHQW�
SD\EDFN�WLPH��)LJ����VKRZV�VRFLDO�ZHOIDUH�FXUYHV�IRU�GLIIHUHQW�0LFURWXUELQH�OLIH�WLPHV�EHWZHHQ����DQG����
\HDUV���7DEOH���LQGLFDWHV�RSWLPDO�LQYHVWPHQW�SD\EDFN�WLPH�LQ�WHUPV�RI�GLIIHUHQW�OLIH�WLPHV��

7DEOH����2SWLPDO�SD\EDFN�WLPH�IRU�0LFURWXUELQH�LQ�VFHQDULR�,���
7 �\U�� ������� ������ ������
73%��\U�� �� �� ���

)LJ�����6RFLDO�ZHOIDUH�DFFRUGLQJ�WR�GLIIHUHQW�SD\EDFN�WLPH��73%� DQG�0LFURWXUELQH�RSHUDWLQJ�WLPH��7���
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���
E��6FHQDULR�,,�

,Q�WKLV�VFHQDULR�LW�LV�DVVXPHG�WKDW�WKH���09DU�FRQGHQVHU�DW�EXV�1R����LV�SHUPDQHQWO\�RXW�RI�VHUYLFH��,Q�
WKLV�VLWXDWLRQ�WKH�YROWDJH�RI�WKH�V\VWHP�LQ�VRPH�EXVHV�LV�QRW�LQ�LWV�SHUPLVVLEOH�OLPLWV��7KHUHIRUH�ZLWKRXW�'*�
LQVWDOODWLRQ��LW�LV�QHFHVVDU\�WR�LQVWDOO�YROWDJH�UHJXODWRU�GHYLFHV�WR�LPSURYH�WKH�V\VWHP�YROWDJH��6R��LQ�WKLV�
VFHQDULR�WKH�JRDO�LV�WR�ILQG�WKH�EHVW�FRPELQDWLRQ�RI�XWLOL]DWLRQ�RI�'*�DQG�6&��DV�DQ�H[DPSOH�RI�YROWDJH�
UHJXODWRU�GHYLFHV�VXIILFLHQW�IRU�WKLV�FDVH�VWXG\��WR�LPSURYH�WKH�V\VWHP�YROWDJH�DV�ZHOO�DV�GHFUHDVH�WKH�WRWDO�
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KDYH� EHHQ� FRQVLGHUHG� LQ� WKLV� FDVH�� ZLWK� DQG� ZLWKRXW� 6&� LQVWDOODWLRQ�� 7KH� UHVXOWV� RI� WKHVH� RSWLRQV� DUH�
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F��6FHQDULR�,,,�
,Q� VRPH� FDVHV�� SODFLQJ� '*� XQLWV� LQ� VWUDWHJLF� ORFDWLRQV� FDQ� KHOS� GHOD\� WKH� SXUFKDVH� RI� QHZ�

WUDQVPLVVLRQ� RU� GLVWULEXWLRQ� V\VWHPV� DQG� HTXLSPHQW� VXFK� DV� GLVWULEXWLRQ� OLQHV� DQG� VXEVWDWLRQV�� ,Q� WKLV�
VFHQDULR� WKH�HIIHFW�RI�'*�RQ� WKH� LPSURYHPHQW�RI�FRQJHVWLRQ�RI�GLVWULEXWLRQ�IHHGHUV�DQG�GHIHUULQJ�7	'�
LQYHVWPHQW� LV�GLVFXVVHG�� ,Q�VXFK�VLWXDWLRQ�� LW�FDQ�VHUYH� WKH� ORFDO� ORDG�DQG�HIIHFWLYHO\� UHGXFH� WKH� ORDG�DV�
ZHOO�DV�ORVV��,W�PD\�EH�GULYHQ�E\�FRPSHWLWLRQ�WR�SURYLGH�WKH�EHVW�FXVWRPHU�VHUYLFH�IRU�WKH�PRVW�FRPSHWLWLYH�
SULFH�� 6LQFH�7	'� FRVWV� DUH� ERUQH� GLUHFWO\� E\� WKH�',6&2�� DQG� WKH� TXDOLW\� RI� GHOLYHU\� GLUHFWO\� LPSDFWV�
FXVWRPHU�SHUFHSWLRQV�RI�VHUYLFH��PDQ\�',6&2V�DUH�FRQWLQXLQJ�WR�SODQ�FDUHIXOO\�IRU�7	'�LPSURYHPHQWV��
DQG�VRPH�DUH�FRQVLGHULQJ�'*�DOWHUQDWLYHV���
���&RVW�PLQLPL]DWLRQ��,Q�WKLV�VFHQDULR�LW�LV�DVVXPHG�WKDW�WKH�V\VWHP�IHHGHUV�KDYH�D�PDUJLQ�OLPLW�WR�WUDQVLW�
WKH�DSSHDUDQFH�SRZHU��DQG�LQ�DGGLWLRQ��WR�RPLW�6&�DW�EXV������0YDU���:LWKRXW�'*�RU�6&�LQVWDOODWLRQ�WR�
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���6RFLDO�:HOIDUH��7KH� UHVXOWV� LQGLFDWH� WKDW� WKH� EHVW� LQYHVWPHQW� SD\EDFN� WLPH� LQ� GLIIHUHQW� OLIH� WLPHV� LV�
HTXDO�WR�VL[�\HDUV��$V�D�UHVXOW��'*�WHFKQRORJLHV�FDQ�SURYLGH�D�VWDQG�DORQH�SRZHU�RSWLRQ�IRU�DUHDV�ZKHUH�
WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ�LQIUDVWUXFWXUH�GR�QRW�H[LVW�RU�LV�WRR�H[SHQVLYH�WR�EXLOG��

�
�� &21&/86,21��

7KH� DLP� RI� WKH� GLVWULEXWLRQ� V\VWHP� SODQQLQJ� LV� WR� DVVXUH� WKDW� WKH� JURZLQJ� ORDG� GHPDQG� FDQ� EH�
IXOILOOHG� WHFKQLFDOO\� DQG� HFRQRPLFDOO\� E\� RSWLPDO� GLVWULEXWLRQ� V\VWHP�H[SDQVLRQ�� ,Q� WKLV� VWXG\� LW� LV�
DVVXPHG� WKDW� WKH� SODQQHU� KDV� WKUHH� SRVVLEOH� RSWLRQV�� 6&� DQG�'*� LQVWDOODWLRQ� RU� ORDG� VKHGGLQJ�� ,Q� WKLV�
SDSHU��D�QHZ�WZR�VWDJH�PHWKRGRORJ\�LV�SURSRVHG�WR�ILQG�WKH�EHVW�VROXWLRQ�EHWZHHQ�WKHVH�RSWLRQV��7KH�JRDO�
RI� WKLV� IUDPHZRUN� LV� WR� PLQLPL]H� FRVW� DQG� PD[LPL]H� VRFLDO� ZHOIDUH�� 2SWLPDO� SODFHPHQW� DQG� VL]H� LV�
LGHQWLILHG� DV� WRWDO� FRVW� PLQLPL]DWLRQ� SUREOHP�� )RU� HDFK� LQYHVWPHQW� SD\EDFN� WLPH�� WKHUH� LV� DQ� RSWLPDO�
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ORFDWLRQ� DQG� VL]H��7KHQ� WKH� RSWLPDO� SD\EDFN� WLPH� LV� REWDLQHG� E\� VRFLDO�ZHOIDUH�PD[LPL]DWLRQ� DQDO\VLV��
'LIIHUHQW�V\VWHP�FRQGLWLRQV�DUH�VLPXODWHG�WR�LOOXVWUDWH�WKH��JURVV�HIIHFW�RI�'*�RQ�WKH�GLVWULEXWLRQ�V\VWHP�DV�
ZHOO�DV�DELOLW\�RI�WKH�SURSRVHG�PHWKRGRORJ\��7KLV�SDSHU�VKRZV�WKDW��DOWKRXJK�'*�PD\�QHYHU�VXSSO\�WKH�
WRWDO� GLVWULEXWLRQ� ORDGV�� LW� FDQ� EH� D� SRZHUIXO� RSWLRQ�� HVSHFLDOO\� ZKHQ� WKH� V\VWHP� YROWDJH� SURILOH� LV�
XQVXLWDEOH� RU� FRQVWUDLQWV� LQ� WUDQVPLVVLRQ� QHWZRUN� SUHYHQW� HFRQRPLF� RU� WKH� OHDVW� H[SHQVLYH� VXSSO\� RI�
HQHUJ\�UHDFKLQJ�GHPDQG��+RZHYHU��SHQHWUDWLRQ�RI�'*�DW�D�SDUWLFXODU�ORFDWLRQ�LV�LQIOXHQFHG�E\�WHFKQLFDO�DV�
ZHOO�DV�HFRQRPLF�IDFWRUV���

120(1&/$785(��
3%$ /HYHOL]LQJ�DQQXDO�IDFWRU�

% WRWDO�QXPEHU�RI�V\VWHP�EXVHV�SRVVLEOH�WR�FRQQHFW�'*��
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��� 3RUNDU�� 6��� 3RXUH�� 3���$EEDVSRXU�7HKUDQL�IDUG��$��	�6DDGDWH�� 6�� ��������$�QRYHO� RSWLPDO� GLVWULEXWLRQ� V\VWHP�
SODQQLQJ� IUDPHZRUN� LPSOHPHQWLQJ�GLVWULEXWHG�JHQHUDWLRQ� LQ�D�GHUHJXODWHG�HOHFWULFLW\�PDUNHW��(OVHYLHU�(OHFWULF�
3RZHU�6\VWHPV�5HVHDUFK��(365��
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