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'HSW��RI�(OHFWULFDO�(QJ���6KDULI�8QLYHUVLW\�RI�7HFKQRORJ\��$]DGL�$YH���3��2��%R[�������������7HKUDQ��,�5��RI�,UDQ��(PDLO��HKVDQ#VKDULI�HGX��

�$EVWUDFW±� 7KLV� SDSHU� SUHVHQWV� D� ORQJ�WHUP� G\QDPLF� PXOWL�REMHFWLYH� PRGHO� IRU� GLVWULEXWHG�
JHQHUDWLRQ�LQYHVWPHQW��7KH�SURSRVHG�PRGHO�RSWLPL]HV�WKUHH�REMHFWLYHV��QDPHO\�DFWLYH�ORVVHV��FRVWV�
DQG�HQYLURQPHQWDO� HPLVVLRQV� DQG�GHWHUPLQHV� WKH�RSWLPDO� VFKHPHV�RI� VL]LQJ�� VLWWLQJ�RI�'*�XQLWV�
DQG�VSHFLDOO\�WKH�G\QDPLFV�RI�LQYHVWPHQW�RYHU�WKH�SODQQLQJ�SHULRG��7KH�3DUHWR�RSWLPDO�VROXWLRQV�RI�
WKH�SUREOHP�DUH� IRXQG�XVLQJ�D�*$�DOJRULWKP�DQG� ILQDOO\�D� IX]]\�VDWLVI\LQJ�PHWKRG�LV�DSSOLHG� WR�
VHOHFW�WKH�RSWLPDO�VROXWLRQ�FRQVLGHULQJ�WKH�GHVLUHV�RI�WKH�SODQQHU��7KH�VROXWLRQV�RI�3DUHWR�RSWLPDO�
IURQW� DUH� DQDO\]HG� WR� H[WUDFW� JHQHUDO� XVHIXO� LQIRUPDWLRQ� IRU� SODQQHUV� DERXW� WKH� DSSURSULDWH� '*�
WHFKQRORJLHV�DQG�SODFHPHQW�VFKHPHV��7KH�HIIHFWLYHQHVV�RI�WKH�SURSRVHG�PRGHO�LV�GHPRQVWUDWHG�E\�
DSSO\LQJ�LW�RQ�D�WHVW�GLVWULEXWLRQ�V\VWHP�DQG�WKH�UHVXOWV�DUH�SUHVHQWHG��GLVFXVVHG�DQG�FRPSDUHG�WR�
RWKHU�PHWKRGV�������������.H\ZRUGV±�'LVWULEXWHG�JHQHUDWLRQ�� JHQHWLF� DOJRULWKP��G\QDPLF�SODQQLQJ��PXOWL�REMHFWLYH�RSWLPL]DWLRQ�� DFWLYH� ORVV�UHGXFWLRQ���

���,1752'8&7,21��
:LWK�WKH�LQWURGXFWLRQ�RI�UHVWUXFWXULQJ�FRQFHSWV�WR�WUDGLWLRQDO�SRZHU�V\VWHPV��D�JUHDW�GHDO�RI�DWWHQWLRQ�KDV�
EHHQ�JLYHQ�WR�XWLOL]DWLRQ�RI�GLVWULEXWHG�JHQHUDWLRQV��'*�LV�GHILQHG�DV�DOO�VPDOO�JHQHUDWRUV��W\SLFDOO\�UDQJLQJ�
IURP� ��� WR� ������.:�� VFDWWHUHG� WKURXJKRXW� D� SRZHU� V\VWHP�� WR� SURYLGH� WKH� HOHFWULF� SRZHU� QHHGHG� E\�
FXVWRPHUV� >�@�� ,Q�PRVW� SRZHU� V\VWHPV�� D� ODUJH� SRUWLRQ� RI� HOHFWULFLW\� GHPDQG� LV� VXSSOLHG� E\� ODUJH�VFDOH�
JHQHUDWRUV��WKLV�LV�EHFDXVH�RI�WKH�HFRQRPLF�DGYDQWDJHV�RI�WKHVH�XQLWV�RYHU�VPDOO�RQHV��+RZHYHU��LQ�WKH�ODVW�
GHFDGHV��WHFKQRORJLFDO�LQQRYDWLRQV�DQG�D�FKDQJLQJ�HFRQRPLF�DQG�UHJXODWRU\�HQYLURQPHQW�KDYH�UHVXOWHG�LQ�
D UHQHZHG�LQWHUHVW�IRU�'*�XQLWV�>�@��$�VWXG\�E\�WKH�(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH��(35,��LQGLFDWHV�WKDW�
E\�����������RI�WKH�QHZ�JHQHUDWLRQ�ZLOO�EH�GLVWULEXWHG��7KH�1DWXUDO�*DV�)RXQGDWLRQ�KDV�FRQFOXGHG�WKDW�
WKLV� ILJXUH� FRXOG� EH� DV� KLJK� DV� ���� >�@�� 7KHUH� DUH� ILYH�PDMRU� IDFWRUV� EHKLQG� WKLV� WUHQG� >�@�� HOHFWULFLW\�
PDUNHW�OLEHUDOL]DWLRQ��GHYHORSPHQW�LQ�'*�WHFKQRORJ\��FRQVWUDLQWV�RQ�WKH�FRQVWUXFWLRQ�RI�QHZ�WUDQVPLVVLRQ�
OLQHV�� UHOLDELOLW\� HQKDQFHPHQW� DQG� FRQFHUQV� DERXW� HQYLURQPHQWDO� DVSHFWV�� ,Q� DGGLWLRQ� WR� WKRVH� LQGLFDWHG�
EHIRUH�� WKHUH� DUH� RWKHU� LPSRUWDQW� EHQHILWV� LQ� XVLQJ� '*� XQLWV� LQ� GLVWULEXWLRQ� V\VWHPV�� ,Q� OLEHUDOL]HG�
HOHFWULFLW\�PDUNHWV�GLVWULEXWLRQ�FRPSDQLHV��',6&2V��DUH�UHVSRQVLEOH�IRU�VXSSO\LQJ�WKH�FXVWRPHUV�LQ�WKHLU�
WHUULWRU\�� 6LQFH� RQO\� D� IL[HG� SHUFHQW� RI� WKHLU� ORVVHV� DUH� FRPSHQVDWHG�� WKH� ORVV� UHGXFWLRQ� LQFUHDVHV� WKHLU�
SURILWV�>�@±>�@��$QRWKHU� LPSRUWDQW�IDFWRU�ZKLFK�KDV�EHFRPH�PRUH� LPSRUWDQW� LQ�WKH� OLEHUDOL]HG�HOHFWULFLW\�
LQGXVWU\� LV� WKH�TXDOLW\�RI� WKH�VHUYLFH�ZKLFK�',6&2�SURYLGHV� WR�LWV�FXVWRPHUV� OLNH�YROWDJH�FRQWURO�>�@�RU�
UHOLDELOLW\�>�@��:LWK�WKH�LQFUHDVLQJ�GHPDQG�DQG�SRWHQWLDO�FRQJHVWLRQ�SUREOHPV��LW�LV�QHFHVVDU\�WR�XSJUDGH�
WKH�GLVWULEXWLRQ�QHWZRUN�IDFLOLWLHV�WR�PHHW�WKH�FXUUHQW�DQG�IXWXUH�QHHGV��$Q\�GHIHUUDO�WR�WKHVH�XQDYRLGDEOH�

5HFHLYHG�E\�WKH�HGLWRUV�$SULO�����������$FFHSWHG�-XQH����������


&RUUHVSRQGLQJ�DXWKRU�
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���
FRVWV�ZRXOG� EH� EHQHILFLDO� >��@��$GGLWLRQDOO\�� RWKHU� FRVWV� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW� OLNH� WKH� FRVW� RI�
SXUFKDVHG� HQHUJ\�� FRVW� RI� HQHUJ\� ORVVHV� DQG� FRVW� RI� HQHUJ\� QRW� VXSSOLHG� >��@�� DQG� WKH� GLIIHUHQW� FRVWV�
DVVRFLDWHG�ZLWK�WKH�LQFRUSRUDWLRQ�RI�'*�XQLWV�LQWR�WKH�GLVWULEXWLRQ�V\VWHPV�OLNH�LQVWDOODWLRQ��RSHUDWLRQ�DQG�
PDLQWHQDQFH� FRVWV�� 6RPH� UHVWULFWLRQV� RQ� HQYLURQPHQWDO� SROOXWLRQ� PD\� IRUFH� WKH� ',6&2V� WR� XVH� JUHHQ�
SRZHU� RU� OHVV� SROOXWDQW� WHFKQRORJLHV�� 2Q� WKH� RWKHU� KDQG�� WKHUH� ZLOO� EH� D� WUDGH� RII� EHWZHHQ� WKH� FRVWV�
DVVRFLDWHG�ZLWK�XWLOL]DWLRQ�RI�'*�XQLWV�DQG�WKH�PHQWLRQHG�WHFKQLFDO�DQG�HFRQRPLFDO��OLNH�SXUFKDVLQJ�WKH�
SRZHU�RI�'*�WR�PDLQ�JULG�>��@��JDLQV��

7KH�UHSRUWHG�PRGHOV�IRU�'*�SODQQLQJ�FDQ�EH�GLYLGHG�LQWR�WZR�PDMRU�FDWHJRULHV��VWDWLF�DQG�G\QDPLF�
PRGHOV��,Q�VWDWLF�PRGHOV��LQYHVWPHQW�GHFLVLRQV�DUH�LPSOHPHQWHG�LQ�WKH�ILUVW�\HDU�RI�WKH�SODQQLQJ�KRUL]RQ�
>�@±>�@�� >��@��>��@±>��@�� ,Q� WKLV�FDWHJRU\�� WKH�PRGHOV�DUH�VLQJOH�RU�PXOWL�REMHFWLYHV��7KH�VLQJOH�REMHFWLYH�
PRGHOV� DUH� HLWKHU� RULJLQDOO\� VLQJOH�REMHFWLYH� >�@�>�@�� >��@±>��@�� >��@�� RU� PXOWL�REMHFWLYH� ZKLFK� DUH�
FRQYHUWHG�LQWR�D�VLQJOH�REMHFWLYH��XVLQJ�D�EHQHILW�WR�FRVW�UDWLR�LQGH[�>��@�RU�DQ�DGGLWLYH�XWLOLW\�IXQFWLRQ�>�@��
>��@��>��@��>��@���PXOWL�REMHFWLYH�PRGHOV�RI�WKLV�FDWHJRU\�DUH�VROYHG�XVLQJ�3DUHWR�RSWLPDOLW\�FRQFHSW�>��@��
>��@��

7KLV� SDSHU� SURSRVHV� D� PXOWL�REMHFWLYH� PRGHO� IRU� LQWHJUDWLRQ� RI� '*� XQLWV� LQ� D� GHUHJXODWHG�
HQYLURQPHQW��7KH�SURSRVHG�PRGHO�DLPV�WR�FRYHU�DOO�WKUHH�DVSHFWV�RI�WKH�'*�SODQQLQJ�SUREOHP��L�H���VLWWLQJ��
VL]LQJ�DQG�WLPLQJ�RI�LQYHVWPHQW�VLPXOWDQHRXVO\�ZKHQ�DFWLYH�ORVVHV��FRVWV�DQG�HPLVVLRQV�RI�WKH�SURSRVHG�
SODQV�DQG�D�YDULHW\�RI�'*�WHFKQRORJLHV�DUH�FRQVLGHUHG��$�JHQHWLF�DOJRULWKP� LV�SURSRVHG� IRU� ILQGLQJ� WKH�
3DUHWR�RSWLPDO�IURQW�DQG�WKHQ�D�IX]]\�VDWLVI\LQJ�PHWKRG�LV�XVHG�IRU�VHOHFWLQJ�WKH�ILQDO�VROXWLRQ��7KH�UHVW�RI�
WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��7KH�SULQFLSOHV�RI�PXOWL�REMHFWLYH�RSWLPL]DWLRQ�DUH�GLVFXVVHG�LQ�VHFWLRQ�
���$�EULHI� LQWURGXFWLRQ�WR�*HQHWLF�$OJRULWKP� LV�JLYHQ� LQ�VHFWLRQ���� ,Q�VHFWLRQ����SUREOHP�IRUPXODWLRQ�LV�
LQWURGXFHG�DQG�GLVFXVVHG��7KH�SURSRVHG�DOJRULWKP�LV�SUHVHQWHG�LQ�VHFWLRQ����6HFWLRQ���LQWURGXFHV�WKH�IX]]\�
VDWLVI\LQJ� PHWKRG� DSSOLHG� LQ� WKLV� SDSHU�� 6LPXODWLRQ� UHVXOWV� DQG� FRQFOXVLRQV� DUH� JLYHQ� LQ� VHFWLRQ� ��� ��
UHVSHFWLYHO\��
�

�� 35,1&,3/(6�2)�08/7,2%-(&7,9(�237,0,=$7,21��
,Q�PRVW�UHDOLVWLF�RSWLPL]DWLRQ�SUREOHPV��SDUWLFXODUO\�WKRVH�DSSOLFDEOH�LQ�SRZHU�V\VWHPV��WKHUH�H[LVWV�PRUH�
WKDQ�RQH�REMHFWLYH�IXQFWLRQ�ZKLFK�VKRXOG�EH�RSWLPL]HG�VLPXOWDQHRXVO\��*HQHUDOO\��HYHU\�PXOWL�REMHFWLYH�
RSWLPL]DWLRQ�SUREOHP�FRQVLVWV�RI�D�QXPEHU�RI�REMHFWLYHV�DQG�VHYHUDO�HTXDOLW\�DQG� LQHTXDOLW\�FRQVWUDLQWV�
ZKLFK�FDQ�EH�IRUPXODWHG�DV�IROORZV������
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7KH�QRWLRQ�RI�RSWLPXP�KDV�EHHQ�UHGHILQHG�LQ�WKLV�FRQWH[W�DQG�LQVWHDG�RI�DLPLQJ�WR�ILQG�D�VLQJOH�VROXWLRQ��
ZH�DWWHPSW�WR�SURGXFH�D�VHW�RI�JRRG�FRPSURPLVHV�RU�WUDGH�RIIV��IURP�ZKLFK�WKH�GHFLVLRQ�PDNHU�ZLOO�VHOHFW�
RQH��7KH�VHW�RI�DOO�RSWLPDO�VROXWLRQV�ZKLFK�DUH�QRQ�GRPLQDWHG�E\�DQ\�RWKHU�VROXWLRQ�LV�NQRZQ�DV�3DUHWR�
RSWLPDO�VHW��(DFK�VROXWLRQ�LQ�3DUHWR�RSWLPDO�VHW�KDV�WZR�EDVLF�FKDUDFWHULVWLFV�����)RU�HYHU\�WZR�VROXWLRQV�
EHORQJLQJ�WR�WKH�VDPH�3DUHWR�IURQW�����KROGV���
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7KLV�PHDQV�IRU�HYHU\�VROXWLRQ�EHORQJLQJ�WR�3DUHWR�IURQW�6��DW�OHDVW�RQH�VROXWLRQ�H[LVWV�DV�ZKLFK�LV�EHWWHU�
WKDQ� DW� OHDVW� LQ� RQH� REMHFWLYH� IXQFWLRQ� �QDPHG� Q� KHUH��� ,Q� RWKHU� ZRUGV�� WKHUH� LV� QR� VROXWLRQ� LQ� 3DUHWR�



0XOWL�REMHFWLYH�SODQQLQJ�PRGHO�IRU�LQWHJUDWLRQ�RI«��
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���
RSWLPDO� IURQW�ZKLFK� LV� WKH� EHVW� DPRQJ� DOO�PHPEHUV� RI� WKLV� VHW� FRQVLGHULQJ� DOO� REMHFWLYHV�� ��� )RU� HYHU\�
VROXWLRQ�EHORQJLQJ�WR�DQ�XSSHU�3DUHWR�IURQW�DQG�WKH�RQHV�LQ�WKH�ORZHU�IURQWV������KROGV���
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7KH�FODVVLFDO�DSSURDFK�IRU�ILQGLQJ�WKH�3DUHWR�RSWLPDO�VHW�LV�D�SUHIHUHQFH�EDVHG�PHWKRG�LQ�ZKLFK�D�UHODWLYH�
SUHIHUHQFH�YHFWRU�LV�XVHG�WR�ZHLJKW�WKH�REMHFWLYHV�DQG�FKDQJH�WKHP�LQWR�D�VFDODU�YDOXH�>��@��%\�FRQYHUWLQJ�
D PXOWL�REMHFWLYH� RSWLPL]DWLRQ� SUREOHP� LQWR� D� VLQJOH� REMHFWLYH� RQH�� RQO\� RQH� RSWLPXP� VROXWLRQ� FDQ� EH�
DFKLHYHG�WKDW�LV�YHU\�VHQVLWLYH�WR�WKH�JLYHQ�ZHLJKWV��(YROXWLRQDU\�DOJRULWKPV�VHHP�SDUWLFXODUO\�VXLWDEOH�WR�
VROYH� PXOWL�REMHFWLYH� RSWLPL]DWLRQ� SUREOHPV�� EHFDXVH� WKH\� GHDO� VLPXOWDQHRXVO\� ZLWK� D� VHW� RI� SRVVLEOH�
VROXWLRQV� �WKH� VR�FDOOHG� SRSXODWLRQ��� 7KLV� DOORZV� WKH� GHFLVLRQ� PDNHU� WR� ILQG� VHYHUDO� RSWLPDO� VROXWLRQV�
�3DUHWR�RSWLPDO�VHW��LQ�D�VLQJOH�UXQ��LQVWHDG�RI�KDYLQJ�WR�SHUIRUP�D�VHULHV�RI�VHSDUDWH�UXQV�DV�LQ�WKH�FDVH�RI�
WKH� WUDGLWLRQDO� PDWKHPDWLFDO� PHWKRGV�� 7R� GR� WKLV�� PDQ\� KHXULVWLF� DOJRULWKPV� KDYH� EHHQ� SURSRVHG� OLNH�
16*$,,�>��@��362�>��@�DQG�7DEX�VHDUFK�>��@�� ,Q�DOO�RI� WKHVH�DOJRULWKPV�DQ�LQLWLDO�SRSXODWLRQ�LV�FUHDWHG�
DQG�WKHQ�JXLGHG�WRZDUG�WKH�3DUHWR�IURQW��7KH�XOWLPDWH�JRDO�LV�WR�VHHN�WKH�PRVW�SUHIHUUHG�VROXWLRQ�DPRQJ�
WKH� 3DUHWR� RSWLPDO� VHW�� ,Q� WKLV� SDSHU� WKLV� LV� GRQH� E\� XVLQJ� D� IX]]\� VDWLVI\LQJ� PHWKRG� ZKLFK� ZLOO� EH�
GLVFXVVHG�LQ�VHFWLRQ����
�

�� 29(59,(:�2)�*(1(7,&�$/*25,7+0��
7KH�*HQHWLF�$OJRULWKP��*$��LV�D�FRPSXWDWLRQDO�PRGHO�ZKLFK�LV�GHVLJQHG�WR�VLPXODWH�SURFHVVHV�LQ�QDWXUDO�
V\VWHPV�QHFHVVDU\�IRU�HYROXWLRQ��,W�IROORZV�WKH�SULQFLSOHV�ZKLFK�ZHUH�ILUVW�LQWURGXFHG�E\�+ROODQG�>��@��*$�
KDV� EHHQ� XVHG� LQ� PDQ\� SRZHU� V\VWHP� DSSOLFDWLRQV� VXFK� DV� SRZHU� V\VWHP� SODQQLQJ� >��@� DQG� XQLW�
FRPPLWPHQW�>��@��(DFK�SRSXODWLRQ�LV�D�YHFWRU�FRQWDLQLQJ�]HURV�DQG�RQHV�QDPHG�JHQHV��7KH\�VSHFLI\�WKH�
EHKDYLRU�RI�WKH�SRSXODWLRQ��$IWHU�FUHDWLRQ�RI�LQGLYLGXDOV��WKH\�ZLOO�HQWHU�LQWR�DQ�HYROXWLRQ�SURFHVV��7KH�NH\�
SRLQW� RI� WKLV� VWDJH� LV� WKDW� WKH� VXUYLYDO� RI� HDFK� LQGLYLGXDO� LV� GHSHQGHQW� RQ� LWV� VWUHQJWK�� 7KH� DOJRULWKP�
LQYROYHV�WKUHH�RSHUDWRUV�QDPHG���D��6HOHFWLRQ��

7KH�EHWWHU�LQGLYLGXDOV�DUH�PRUH�SUHIHUUHG��VR�WKH\�DUH�DOORZHG�WR�SDVV�RQ�WKHLU�FKDUDFWHULVWLFV�WR�WKH�
QH[W�JHQHUDWLRQ��,W�PXVW�EH�QRWHG�WKDW�WKH�FULWHULD�WR�GLVWLQJXLVK�EHWZHHQ�VWURQJ�DQG�ZHDN�JHQHUDWLRQV�LV�
WKHLU�SHUIRUPDQFH���E��&URVVRYHU��

7ZR� LQGLYLGXDOV� DUH� FKRVHQ� IURP� WKH� SRSXODWLRQ� XVLQJ� WKH� VHOHFWLRQ� RSHUDWRU�� $� QXPEHU� RI� ELWV�
�JHQHV�� DUH� UDQGRPO\� FKRVHQ� IURP� HDFK� SDUHQW�� 7KH� YDOXHV� RI� WKH� VHOHFWHG� ELWV� DUH� H[FKDQJHG�� 7ZR�
QHZERUQ�FKLOGUHQ�ZLOO�HQWHU�WR�WKH�QH[W�JHQHUDWLRQ�RI�WKH�SRSXODWLRQ���F��0XWDWLRQ��

$ SRUWLRQ� RI� WKH� QHZ� LQGLYLGXDOV� PXVW� EH� VHOHFWHG�ZLWK� VRPH� ORZ� SUREDELOLW\� DQG� WKHQ� WKH\� ZLOO�
FKDQJH�VRPH�RI�WKHLU�ELWV�LQ�UDQGRP��0XWDWLRQ�LV�D�FKDQFH�JLYHQ�WR�WKH�FKLOGUHQ�RI�ZHDN�SDUHQWV�IRU�OLYLQJ��
,W�PHDQV�WKDW�WKH�FKLOGUHQ�RI�D�ZHDN�FRXSOH�PLJKW�EH�VWURQJ�SHRSOH�LQ�WKH�IXWXUH��$FWXDOO\��LW�SUHYHQWV�WKH�
DOJRULWKP�RI�EHLQJ�WUDSSHG�LQWR�D�ORFDO�PLQLPD�RU�PD[LPD��
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���352%/(0�)2508/$7,21��

'LVWULEXWHG�JHQHUDWLRQ�SODQQLQJ�FRQVLVWV�RI�YDULRXV�OLQHDU�DQG�QRQOLQHDU�VXE�SUREOHPV��7KH�PDLQ�SUREOHP�
LV� SURSRVLQJ� D� SODQ�ZKLFK�PDLQWDLQV� WKH� WHFKQLFDO� FRQVWUDLQWV� DQG�PLQLPL]HV� WKH� WRWDO� DVVRFLDWHG� FRVWV��
HPLVVLRQV�DQG�DFWLYH�ORVVHV�ZLWK�VXFK�D�SODQ��7KH�',6&2��DV�WKH�SODQQHU��KDV�WZR�DOWHUQDWLYHV�WR�VXSSO\�LWV�
FXVWRPHUV��WKH�ILUVW�RQH�LV�SXUFKDVLQJ�HQHUJ\�IURP�WKH�PDLQ�JULG�DQG�WKH�VHFRQG�RSWLRQ�LV�XVLQJ�'*�LQ�LWV�
WHUULWRU\�RU�DQ�RSWLPXP�FRPELQDWLRQ�RI� WKHP��7KH�DLP�RI� WKH�GLVWULEXWLRQ�V\VWHP�SODQQHU� LV� WR�VHHN� WKH�
EHVW� FRQILJXUDWLRQ� DPRQJ� VRPH� DYDLODEOH�'*� FDWHJRULHV�� DQG� SODFH� WKHP� RQ� VXLWDEOH� EXVHV� FRQVLGHULQJ�
YDULRXV�IDFWRUV�VXFK�DV�DFWLYH�SRZHU�ORVVHV��LQYHVWPHQW�DQG�RSHUDWLRQ�FRVWV�DQG�HQYLURQPHQWDO�HPLVVLRQV��
7KH�IROORZLQJ�DVVXPSWLRQV�DUH�HPSOR\HG�LQ�SUREOHP�IRUPXODWLRQ���
D��'HFLVLRQ�YDULDEOHV��

7KH�PXOWL�REMHFWLYH�'*�SODQQLQJ�SUREOHP�LV�IRUPXODWHG�LQ�WKLV�VHFWLRQ��7KH�GHFLVLRQ�YDULDEOH�LV�WKH�
QXPEHU�RI�'*�XQLWV�IURP�HDFK�VSHFLILF�WHFKQRORJ\�WR�EH�LQVWDOOHG�LQ�HDFK�EXV�LQ�HDFK�\HDU��L�H��� �

GJ
L W[ � DQG�

WKH�JHQHUDWLRQ�VFKHGXOH�RI�LQVWDOOHG�'*V�GXULQJ�GLIIHUHQW�ORDG�OHYHOV���
E��&RQVWUDLQWV��
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OHYHOV�QDPHO\��/RZ��0HGLXP�DQG�+LJK�KDYH�EHHQ�FRQVLGHUHG�ZKLFK�KDYH�GLIIHUHQW�GHPDQG�OHYHO�IDFWRUV��
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FDXVH�VLJQLILFDQW�DFWLYH�ORVVHV��7KH�DFWLYH�ORVVHV�PDLQO\�GHSHQG�RQ�WKH�OLQH�UHVLVWDQFH�DQG�FXUUHQWV�DQG�DUH�
XVXDOO\� UHIHUUHG� WR� DV� WKHUPDO� ORVVHV��:KLOH� WKH� OLQH� UHVLVWDQFHV� DUH� IL[HG�� WKH� FXUUHQWV� DUH� D� FRPSOH[�
IXQFWLRQ�RI�WKH�V\VWHP�WRSRORJ\�DQG�WKH�ORFDWLRQ�RI�'*�XQLWV�DQG�V\VWHP�GHPDQG�OHYHO��7KH�WRWDO�DFWLYH�
HQHUJ\�GLVVLSDWHG�GXULQJ�WKH�SODQQLQJ�KRUL]RQ�LV�FDOFXODWHG�DV�IROORZV���
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WKH�FRVW� RI� HOHFWULFLW\� SXUFKDVHG� IURP� WKH� JULG�� WKH� LQVWDOODWLRQ�FRVWV� DQG� WKH� RSHUDWLQJ� FRVWV� RI� WKH�'*�
XQLWV��7KH�FRVW�RI�SXUFKDVLQJ�HOHFWULFLW\�IURP�WKH�JULG�FDQ�EH�GHWHUPLQHG�DV���
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D��3DUDPHWHUL]DWLRQ�RI�SUREOHP�IRU�*$��

7R�VROYH�WKH�'*�SODQQLQJ�SUREOHP�WKURXJK�JHQHWLF�DOJRULWKP��SUREOHP�SDUDPHWHUV�PXVW�EH�PRGHOHG�
LQ�WHUPV�RI�JHQHWLF�SDUDPHWHUV��

��� ,Q�WKH�SURSRVHG�SUREOHP�HDFK�VROXWLRQ�LV�D�PDWUL[�FRQWDLQLQJ�ELQDU\�YDOXHV��(DFK�URZ�LV�UHODWHG�WR�
RQH '*��7KH�ILUVW�FROXPQ�GHWHUPLQHV�ZKHWKHU�WKLV�'*�VKRXOG�EH�LQVWDOOHG�RU�QRW��7KH�QH[W�FROXPQ�
GHWHUPLQHV�WKH�\HDU�RI�LQVWDOODWLRQ��7KH�WKLUG�FROXPQ�GHPRQVWUDWHV�WKH�ORFDWLRQ�RI�WKH�'*�XQLW�LQ�
WKH�GLVWULEXWLRQ�QHWZRUN��7KH�UHVW�RI�WKH�FROXPQV�VSHFLI\�WKH�RSHUDWLQJ�VFKHGXOH�RI�WKH�'*�XQLW�LQ�
GLIIHUHQW�GHPDQG�OHYHOV��$�VDPSOH�VROXWLRQ�YHFWRU�LV�VKRZQ�LQ�)LJ������

�

)LJ�����3URSRVHG�YHFWRU�IRU�PRGHOLQJ�WKH�3UREOHP�3DUDPHWHUV�
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;
��� 3RSXODWLRQ��$�SRSXODWLRQ�FRQVLVWV�RI�D�QXPEHU�RI�VROXWLRQV�LQ�WKH�VHDUFK�VSDFH��
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D��'HWHUPLQDWLRQ�RI�3DUHWR�IURQW��
$V�VWDWHG�EHIRUH��WR�GLUHFW�WKH�SRSXODWLRQ�WRZDUG�WKH�3DUHWR�RSWLPDO�IURQW�WZR�WKLQJV�VKDOO�EH�QRWHG��

��� *HWWLQJ�FORVHU�WR�3DUHWR�RSWLPDO�IURQW�
�� 0DLQWDLQLQJ�WKH�GLYHUVLW\�DPRQJ�WKH�VROXWLRQV�

,Q�VLQJOH�REMHFWLYH�RSWLPL]DWLRQ�LW�LV�HDVLO\�GRQH�EHFDXVH�WKHUH�LV�QR�QHHG�WR�GLYHUVLI\�WKH�VROXWLRQV�DQG�
DOVR�MXVW�RQH�REMHFWLYH�IXQFWLRQ�VKDOO�EH�FRQVLGHUHG�IRU�JXLGLQJ�WKH�SRSXODWLRQ��7R�VROYH�WKLV�SUREOHP�D�
SVHXGR�ILWQHVV�YDOXH�LV�DVVLJQHG�WR�HDFK�VROXWLRQ�DV��������

��
L L L3VHXGR  )1 �*' � �����

�
7KH� ILUVW� WHUP� LQ� �����JXLGHV� WKH�SRSXODWLRQ�WRZDUG�WKH�3DUHWR�RSWLPDO� IURQW�VLQFH� WKH�VROXWLRQV� WKDW�DUH�
PHPEHUV� RI� ORZHU� IURQWV� JHW� KLJKHU� ILWQHVV�� ZKLOH� WKH� VHFRQG� WHUP� LQVXUHV� WKH� GLYHUVLW\� DPRQJ� WKH�
VROXWLRQV�� ,W� LV� FDOFXODWHG� DV� IROORZV�� $� ORFDO� GLYHUVLW\� IDFWRU� LV� GHILQHG� DFFRUGLQJ� WR� HDFK� REMHFWLYH�
IXQFWLRQ�WKHQ�D�JOREDO�GLYHUVLW\�IDFWRU�LV�LQWURGXFHG��)RU�HYHU\�REMHFWLYH�IXQFWLRQ��VROXWLRQV�DUH�VRUWHG�DQG�
WKH�GLVWDQFH�EHWZHHQ�WKH�PD[LPXP�DQG�PLQLPXP�LV�FDOFXODWHG�XVLQJ�������
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F��6WHSV�RI�WKH�DOJRULWKP��
$IWHU�DQDO\]LQJ�WKH�SUREOHP�DQG�VHOHFWLQJ�D�SURSHU�H[SUHVVLRQ�RI�VROXWLRQ��WKH�WRSRORJ\�RI�WKH�DOJRULWKP�LV�
DV�IROORZV��
���*HQHUDWH�DQ�LQLWLDO�UDQGRP�VROXWLRQ��
���6HW�LWHUDWLRQ� ���
���(YDOXDWH�WKH�ILWQHVV�IRU�HDFK�PHPEHU�RI�WKH�SRSXODWLRQ�DV�IROORZV��&RQYHUW�WKH�ELQDU\�VROXWLRQ�LQWR�D�
GHFLPDO� QXPEHU�� (YDOXDWH� HDFK� LQGLYLGXDO� RI� WKH� SRSXODWLRQ� E\� SHUIRUPLQJ� ORDG� IORZ� FDOFXODWLRQV� WR�
FRPSXWH�HQHUJ\�ORVV��WRWDO�HPLVVLRQ�DQG�WRWDO�FRVWV��
���'HWHUPLQH�WKH�3DUHWR�IURQW�DQG�WKH�JOREDO�GLYHUVLW\�IDFWRU�IRU�HDFK�VROXWLRQ��
���&RPSXWH�SVHXGR�ILWQHVV�IRU�HDFK�VROXWLRQ��
���6RUW�WKH�SRSXODWLRQ�EDVHG�RQ�WKH�SVHXGR�ILWQHVV�YDOXH��.HHS�WKH�SRSXODWLRQ�OHQJWK�OLPLWHG�WR 61 �
�� ,I�WKH�VWRSSLQJ�FULWHULRQ�LV�PHW�JR�WR�VWHS�����LI�QRW��FRQWLQXH��
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���&RQVLGHU�D�SUHGHILQHG�WRS�SHUFHQW�RI� WKH�SRSXODWLRQ�DV� WKH�SRWHQWLDO�SDUHQWV��HOLWH�VHW��EDVHG�RQ�WKHLU�
SVHXGR�ILWQHVV��
���6HOHFW�WZR�SDUHQWV�IURP�WKH�HOLWH�VHW�EDVHG�RQ�WKH�URXOHWWH�ZKHHO�PHWKRG��
����3HUIRUP�FURVVRYHU�DQG�JHQHUDWH�WZR�FKLOGUHQ��
����0XWDWH�WKHVH�WZR�FKLOGUHQ�EDVHG�RQ�PXWDWLRQ�SUREDELOLW\��
����,I�VWLOO�PRUH�FKLOGUHQ�DUH�QHHGHG��JR�WR����LI�QRW��FRQWLQXH��
����&RPELQH�WKH�ROG�SRSXODWLRQ�DQG�QHZ�SRSXODWLRQ�WR�FUHDWH�D�VLQJOH�SRSXODWLRQ�FRQWDLQLQJ�WKH�EHVWV�RI�
ERWK��
����6HW�LWHUDWLRQ� �LWHUDWLRQ�����
����5HWXUQ�WR�6WHS����
����(QG�
7KH�IORZFKDUW�RI�WKH�SURSRVHG�DOJRULWKP�LV�GHSLFWHG�LQ�)LJ����

)LJ�����)ORZFKDUW�RI�JHQHWLF�DOJRULWKP�
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7KH� QH[W� VWHS� DIWHU� REWDLQLQJ� WKH� 3DUHWR� IURQW� LV� WR� VHOHFW� WKH� VROXWLRQ� DPRQJ� WKH� FDQGLGDWHV�� $� IX]]\�
VDWLVI\LQJ�PHWKRG�KDV�EHHQ�XVHG�WR�REWDLQ�WKH�VDWLVIDFWRU\�VROXWLRQ�IRU�WKH�GHFLVLRQ�PDNHU�IURP�WKH�3DUHWR�
RSWLPDO�VHW��)RU�HDFK�VROXWLRQ�LQ�WKH�3DUHWR�RSWLPDO�IURQW��OLNH� L[ � D�PHPEHUVKLS�IXQFWLRQ�LV�GHILQHG�DV�

� �
NI L[P � 7KLV� YDOXH� VKRZV� WKH� OHYHO� LQ� ZKLFK� L[ EHORQJV� WR� WKH� VHW� WKDW� PLQLPL]HV� WKH� NWK� REMHFWLYH�

IXQFWLRQ�� 7KH� YDOXH� RI� � �
NI L[P YDULHV� EHWZHHQ� ]HUR� WR� RQH�� 7KH� PHPEHUVKLS� YDOXH� RI´�´� LQGLFDWHV�

LQFRPSDWLELOLW\�ZLWK�WKH�VHW��ZKLOH´�´�PHDQV�IXOO�FRPSDWLELOLW\���
,Q�RWKHU�ZRUGV��WKH�PHPEHUVKLS�IXQFWLRQ�JLYHV�D�QXPHULFDO�GHVFULSWLRQ�RI�KRZ�WKH�GHFLVLRQ�PDNHU�LV�

VDWLVILHG� E\�ZKLFK� OHYHO� RI� DFKLHYHPHQW� RI� VROXWLRQ��ZLWK� UHVSHFW� WR� D� VSHFLILF� REMHFWLYH� IXQFWLRQ�� 7KH�
GHFLVLRQ�PDNHU�LV�IXOO\�VDWLVILHG�ZLWK�� L[ LI� � �

NI L[P  ��DQG�GLVVDWLVILHG�ZKHQ� � �
NI L[P  ��>��@��'LIIHUHQW�

W\SHV�RI�PHPEHUVKLS�IXQFWLRQV�KDYH�EHHQ�VXJJHVWHG�OLNH�OLQHDU�RU�H[SRQHQWLDO�RQHV��7KH�TXHVWLRQ�LV�KRZ�
WKH�SODQQHU�FDQ�VHOHFW� D� VXLWDEOH� W\SH�RI�PHPEHUVKLS� IXQFWLRQ�� ,W� VKRXOG�EH�QRWHG� WKDW� LQ� WKLV�SDSHU� WKH�
GHFLVLRQ� PDNLQJ� LV� SRVWHULRUL� QRW� D� SULRU\� RQH�� 7KLV� PHDQV� WKDW� QR� SUHIHUHQFH� VKRXOG� EH� JLYHQ� WR�
RSWLPL]LQJ�DQ\�REMHFWLYH�IXQFWLRQ�EHIRUH�ILQGLQJ�WKH�3DUHWR�RSWLPDO�IURQW��,I�DQ�H[SRQHQWLDO�PHPEHUVKLS�
IXQFWLRQ� LV� FKRVHQ� IRU� RQH� RI� WKH� REMHFWLYHV� IXQFWLRQV�� WKHQ� LW� LV� JLYHQ� SULRULW\� IRU� PLQLPL]LQJ� WKDW�
REMHFWLYH�UHODWLYH�WR�WKH�RWKHU�REMHFWLYH�EHFDXVH�WKLV�IXQFWLRQ�ZLOO�DVVLJQ�D�VPDOOHU�PHPEHUVKLS�IXQFWLRQ�LQ�
WKH�YLFLQLW\�RI�WKH�PD[LPXP�YDOXH�RI�WKDW�REMHFWLYH�FRPSDUHG�WR�OLQHDU�W\SH�>��@��+HUH��D�OLQHDU�W\SH�RI�
PHPEHUVKLS�IXQFWLRQ�KDV�EHHQ�XVHG�IRU�DOO�REMHFWLYH�IXQFWLRQV�DV�VKRZQ�LQ��������
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P

­ ½° °° °° °d d® ¾° °° °° °¯ ¿

�����

�
)LJXUH���VKRZV�WKH�VHOHFWHG�PHPEHUVKLS�IXQFWLRQ��

)LJ�����/LQHDU�W\SH�PHPEHUVKLS�IXQFWLRQ��
$IWHU�GHILQLQJ�WKH�PHPEHUVKLS�IXQFWLRQV�WKHUH�DUH�VHYHUDO�ZD\V�WR�FKRRVH�WKH�ILQDO�VROXWLRQ��(DFK�PHWKRG�
FRQVLGHUV�D�GLIIHUHQW�SKLORVRSK\��7KH�PHWKRG�XVHG�LQ�WKLV�SDSHU�LV�LQWURGXFHG�DV�IROORZV��$V�WKH�SODQQHUV�
ZLOO�OLYH�ZLWK�WKHLU�SODQV��D�FRQVHUYDWLYH�GHFLVLRQ�FDQ�EH�DFKLHYHG�E\�WU\LQJ�WR�ILQG�WKH�VROXWLRQ�RI�ZKLFK�



0XOWL�REMHFWLYH�SODQQLQJ�PRGHO�IRU�LQWHJUDWLRQ�RI«��

-XQH��������������������������������������������������������������������������������������,UDQLDQ�-RXUQDO�RI�6FLHQFH�	�7HFKQRORJ\��9ROXPH�����1XPEHU�%��

���
LWV�0LQLPXP�VDWLVIDFWLRQ�LV�PD[LPXP�RYHU�DOO�REMHFWLYH�IXQFWLRQV��8VLQJ�WKH�0D[�0LQ�IRUPXODWLRQ�� WKH�
ILQDO�VROXWLRQ�FDQ�EH�IRXQG�E\�VROYLQJ��������

����
PD[� PLQ � ���

N
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I QN 1L 1
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�
�� 6,08/$7,21�5(68/76��

7KH�SURSRVHG�DOJRULWKP�LV�DSSOLHG�WR�D����EXV�WHVW�IHHGHU�>��@�ZLWK�VOLJKW�PRGLILFDWLRQV��ZKLFK�LV�VKRZQ�LQ�
)LJ���� ,Q� WKH� SHUIRUPHG� VLPXODWLRQV�� LW� LV� DVVXPHG� WKDW� DOO� EXVHV� DUH� FDQGLGDWHV� IRU�'*� LQVWDOODWLRQ� DQG�
PRUH�WKDQ�RQH�'*�FDQ�EH�LQVWDOOHG�LQ�D�VSHFLILF�EXV��7KH�SURSRVHG�IUDPHZRUN�FDQ�EH�XVHG�IRU�GLIIHUHQW�
WHFKQRORJLHV�DQG�RSHUDWLRQ�DQG�SODQQLQJ�SKLORVRSKLHV���

�

)LJ�����6LQJOH�OLQH�GLDJUDP�RI�WKH�GLVWULEXWLRQ�V\VWHP�XQGHU�VWXG\��
+HUH��ZLWKRXW�ORVV�RI�JHQHUDOLW\��WKH�DVVXPSWLRQV�XVHG�LQ�WKLV�ZRUN�DUH�OLVWHG���

��� 7KH�SODQQLQJ�KRUL]RQ��7��LV����\HDUV��
��� 7KH�GLVFRXQW�UDWH��G��LV�DVVXPHG�WR�EH�������
��� 7UDQVPLVVLRQ�V\VWHP�OLPLWDWLRQ�IRU�HQHUJ\�GHOLYHU\�LV� PD[

JULG6  ���09�$��
�� 7KH� GHPDQG� JURZWK� LQ� HDFK� \HDU� RI� SODQQLQJ� KRUL]RQ� FDQ� EH� GLIIHUHQW�� LW� LV� DVVXPHG� WKDW� LW� LV�

VLPLODU�LQ�HDFK�\HDU�DQG�  ����
�� 7KH� FKDUDFWHULVWLFV� RI� GLIIHUHQW� '*� WHFKQRORJLHV� >��@�� >��@� XVHG� LQ� WKLV� SDSHU� DUH� DYDLODEOH� LQ�

7DEOH����
�� 7KH�GXUDWLRQ�RI�ORZ��PHGLXP�DQG�KLJK�GHPDQG�OHYHO�LQ�HDFK�GD\�DUH�DVVXPHG�WR�EH��������KRXUV��

UHVSHFWLYHO\��6R�WKH�GXUDWLRQ�RI� WKHVH�ORDG�OHYHOV�LQ�D�\HDU�ZLOO�EH�PXOWLSOLHG�E\������7KHVH�DUH�
JLYHQ�LQ�7DEOH����

�� 9DULDWLRQV�RI�GHPDQG�DQG�*ULG�SULFH�DUH�JLYHQ�LQ�7DEOH����
�� (PLVVLRQ�IDFWRU�RI�PDLQ�JULG� JULG( LV�DVVXPHG�WR�EH�����.J�0:K��
�� &RVW�RI�DFWLYH�SRZHU��L�H�� LQ�PHGLXP�GHPDQG�OHYHO�LV�DVVXPHG�WR�EH�����0:K��
����0D[LPXP�DQG�PLQLPXP�YROWDJH�IRU�HDFK�EXV�LV�DVVXPHG�WR�EH� PD[9  ����SX�� PLQ9  ���SX��
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����&URVV�RYHU�SUREDELOLW\� ����
����0XWDWLRQ�SUREDELOLW\� ���
����1XPEHU�RI�SRSXODWLRQ� ������
����6WRSSLQJ�FULWHULD��0D[�LWHUDWLRQ� ������

� 7DEOH����&KDUDFWHULVWLFV�RI�WKH�GJ�XQLWV�>��@��>��@��
'*��7HFKQRORJ\� 6L]H��09$�� �
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����� ���� ����� ��� ��� �� ��)XHO�&HOO�
���� ���� ����� ��� ��� �� ��

&RPEXVWLRQ��7XUELQH� � ���� ���� ��� �� ���� ����
7DEOH����'DWD�XVHG�LQ�WKH�VWXG\���
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'/)
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/RZ� ����� ���� ����

0HGLXP� ����� �� ��
+LJK� ����� ���� ����

7KH� IRUPXODWHG�SUREOHP�ZDV� VROYHG�DQG����3DUHWR�RSWLPDO�VROXWLRQV�ZHUH� IRXQG�E\� WKH�DOJRULWKP��7KH�
3DUHWR�RSWLPDO�IURQW�LV�GHSLFWHG�LQ�)LJ������
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���
D��)LQGLQJ�SDUHWR�IURQW�DQG�VHOHFWLQJ�ILQDO�VROXWLRQ���

1RZ� WKH�SODQQHU�KDV� D� UDQJH�RI� VROXWLRQV� LQVWHDG�RI� MXVW�RQO\�RQH�VROXWLRQ��+H�FDQ�GHFLGH�ZKDW� WR�
FKRRVH�EDVHG�RQ�KLV� UHTXLUHPHQWV�� ,Q�RUGHU� WR�PDNH� WKH�FRPSDULVRQ�PRUH� VHQVLEOH��D�'R�1RWKLQJ�&DVH�
�'1&�� LV� DOVR� DGGHG� LQ�ZKLFK� QR�'*� RSWLRQ� LV� DYDLODEOH� IRU� WKH� SODQQHU�� 7KH� YDULDWLRQ� UDQJH� RI� HDFK�
REMHFWLYH�IXQFWLRQ�LQ� WKH�3DUHWR�RSWLPDO�IURQW� LV�FDOFXODWHG�DQG�JLYHQ�LQ�7DEOH�����6RPH�RI� WKH�REWDLQHG�
VROXWLRQV�DUH� JLYHQ� LQ�7DEOH� ���7KHVH� VROXWLRQV� FDQ�EH� FDWHJRUL]HG� DQG� HDFK�FDWHJRU\� KDV� VRPH� VSHFLDO�
IHDWXUHV� DQG� WKH� SODQQHU� FDQ� FKRRVH� WKH� EHVW� VROXWLRQ� EDVHG� RQ� LWV� SUHIHUHQFHV� RYHU� GLIIHUHQW� REMHFWLYH�
IXQFWLRQV��)RU�H[DPSOH��LI�WKH�SODQQHU�LV�LQWHUHVWHG�LQ�PLQLPL]LQJ�DOO�REMHFWLYH�IXQFWLRQV�VLPXOWDQHRXVO\��
WKHQ�VROXWLRQ������LV�WKH�EHVW�RSWLRQ��7KH�GHWDLOV�RI�WKLV�VROXWLRQ�DUH�JLYHQ�LQ�7DEOH����7ZR�0LFUR�WXUELQHV�
DUH�LQVWDOOHG�LQ�EXV����DQG����LQ�\HDU���DQG����VLPXOWDQHRXVO\��7ZR�FRPEXVWLRQ�WXUELQHV�DUH�LQVWDOOHG�LQ�
EXV����DQG�����ERWK�LQ�WKH�ILUVW�\HDU��)RXU�)XHO�FHOOV�VKRXOG�EH�LQVWDOOHG�LQ�WKH�QHWZRUN��7KUHH�RI�WKHP�DUH�
LQVWDOOHG� LQ� WKH� ILUVW� \HDU� DQG�RQH�RI� WKHP� LQ�\HDU���� ,I� WKH�SODQQHU� LV� MXVW� LQWHUHVWHG� LQ�RQO\� WZR�RI� WKH�
REMHFWLYH� IXQFWLRQV� WKHQ� VROXWLRQ� %�� &� DQG� '� DUH� WKH� EHVW� RQHV�� )RU� H[DPSOH�� LI� WKH� SODQQHU� LV� RQO\�
LQWHUHVWHG�LQ�PLQLPL]LQJ�WKH�2)��DQG�2)���WKHQ�VROXWLRQ�'�LV�WKH�EHVW�RSWLRQ�IRU�WKH�SODQQHU��� 7DEOH����9DULDWLRQ�UDQJH�RI�REMHFWLYH�IXQFWLRQ�IRU�DOO�VROXWLRQV�LQ�3DUHWR�RSWLPDO�IURQW��
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7DEOH����6RPH�RI�WKH�VROXWLRQV�RI�WKH�3DUHWR�RSWLPDO�IURQW��
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% ���PD[�PLQ � ��

NN IP ��� ������ ������� �������� ������� ������� �������
& ���PD[�PLQ � ��

NN IP � ������ ������� �������� ������� ������� ��
' ���PD[�PLQ � ��

NN IP ��� ������ ������� �������� ������� ������� �������
7DEOH����7KH�LQYHVWPHQW�SODQ�REWDLQHG�IRU�FDVH�D�� '*�7HFKQRORJ\� 1XPEHU�RI�,QVWDOOHG�'*� 6L]H��09$�� <HDU� %XV�

� ����� �� ���0LFUR�7XUELQH� � ���� �� ���
� �� �� ���&RPEXVWLRQ�7XUELQH� � �� �� ���
� ����� �� ���
� ������ �� ���)XHO�&HOO�
� ����� �� ���

E��&RPSDULQJ�WR�RWKHU�KHXULVWLF�PHWKRGV�DQG�GLVFXVVLQJ�WKH�UHVXOWV��
,Q�RUGHU�WR�YHULI\�WKH�DELOLW\�RI�WKH�SURSRVHG�DOJRULWKP�LW�LV�FRPSDUHG�WR�WZR�RWKHU�KHXULVWLF�PHWKRGV��

7KH�FRPSDULVRQ�LV�PDGH�EHWZHHQ�WKH�3DUWLFOH�6ZDUP�2SWLPL]DWLRQ��362��>��@��7DEX�VHDUFK�>��@�DQG�WKH�
SURSRVHG� PHWKRG�� 7ZR� IDFWRUV� KDYH� EHHQ� PRQLWRUHG�� WKH� ILUVW� RQH� LV� WKH� QXPEHU� RI� 3DUHWR� RSWLPDO�



$��5��6RURXGL�DQG�0��(KVDQ��

,UDQLDQ�-RXUQDO�RI�6FLHQFH�	�7HFKQRORJ\��9ROXPH�����1XPEHU�%����������������������������������������������������������������������������������-XQH������

���
VROXWLRQV� IRXQG� E\� WKH� DOJRULWKP�� DQG� DOVR� WKH� UXQQLQJ� WLPH� LQ� D� QXPEHU� RI� VSHFLILHG� LWHUDWLRQV�� 7KH�
:LQGRZV�EDVHG�3&�XVHG�IRU�WKH�WHVW�LV�HTXLSSHG�ZLWK�DQ�,QWHO�&RUH���'XR�&38�����*+]����*%�5$0��7KH�
UHVXOWV�RI�WKH�FRPSDULVRQ�DUH�JLYHQ�LQ�7DEOH����$V�LW�LV�JLYHQ�LQ�7DEOH�����WKH�VSHHG�RI�362�LV�KLJKHU�WKDQ�
WKH�7DEX�VHDUFK�PHWKRG��EXW�LW�ZLOO�ILQG�IHZHU�3DUHWR�RSWLPDO�VROXWLRQV��2Q�WKH�RWKHU�KDQG��WKH�SURSRVHG�
PHWKRG�ILQGV�PRUH�3DUHWR�RSWLPDO�VROXWLRQV�DQG�UXVWV�IDVWHU��,Q�WKLV�SDSHU��WKH�1HZWRQ�5DSKVRQ�PHWKRG�LV�
XVHG�IRU�VROYLQJ�ORDG�IORZ�HTXDWLRQV�DQG�WKDW�LV�ZK\�WKH�UXQQLQJ�WLPH�PLJKW�VHHP�WRR�ORQJ�EXW��VLQFH�WKH�
FDOFXODWLRQ�SURFHVV�LV�RIIOLQH��LW�ZLOO�QRW�FDXVH�D�SUREOHP�IRU�ODUJHU�GLVWULEXWLRQ�QHWZRUNV�RU�PRUH�GHPDQG�
OHYHOV�� $GGLWLRQDOO\�� XVLQJ� WHFKQLTXHV� GHYHORSHG� IRU� UDGLDO� ORDG� IORZ� >��@�� FDOFXODWLRQV� FDQ� UHGXFH� WKH�
UXQQLQJ�WLPH��

�
7DEOH����&RPSDULQJ�WKH�SURSRVHG�PHWKRG�ZLWK�RWKHU�KHXULVWLF�PHWKRGV��0HWKRG� 5XQQLQJ�WLPH��PLQ�� ��RI�3DUHWR�2SWLPDO�VROXWLRQV�
7DEX�6HDUFK�>��@� ���� ���

362�>��@� ���� ���
3URSRVHG�PHWKRG� ���� ���

F��$QDO\]LQJ�WKH�3DUHWR�IURQW��
7KH� SURSRVHG� PRGHO� FDQ� EH� GLUHFWO\� XVHG� LQ� WKH� SRZHU� PDUNHW� PRGHO� LQ� ZKLFK� WKH� ',6&2� LV�

UHVSRQVLEOH� IRU� '*� LQWHJUDWLRQ� LQ� WKH� QHWZRUN�� +RZHYHU�� LQ� SRZHU� PDUNHW� PRGHOV� ZKHUH� WKH� '*�
LQYHVWPHQW�LV�GRQH�E\�LQGHSHQGHQW�LQYHVWRUV� LQVWHDG�RI�',6&2��WKH�SURYLGHG�LQIRUPDWLRQ�ZRXOG�DOVR�EH�
XVHIXO� DV� DQ� HFRQRPLFDO� DQG� HQYLURQPHQWDO� VLJQDO� IRU� UHJXODWRUV�� ,W� FDQ� EH� XVHG� IRU� UHJXODWLQJ� WKH�
LQFHQWLYHV� WR� HQFRXUDJH� WKH� SULYDWH� VHFWRU� WR� LQYHVW� LQ� D� SDUWLFXODU� '*� WHFKQRORJ\�� DQG� XQGHUVWDQGLQJ�
ZKHUH� LW�ZRXOG�EH�PRUH� EHQHILFLDO��7KH� IUHTXHQF\�RI� DSSHDUDQFH�RI� HDFK�'*� WHFKQRORJ\� LQ� WKH�3DUHWR�
RSWLPDO�IURQW�FDQ�VRPHKRZ�VKRZ�WKH�DSSURSULDWHQHVV�RI�HDFK�WHFKQRORJ\�IRU�D�JLYHQ�GLVWULEXWLRQ�V\VWHP�DV�
VKRZQ�LQ�)LJ������

�

)LJ�����3HUFHQW�RI�DSSHDUDQFH�RI�HDFK�'*�WHFKQRORJ\�LQ��VROXWLRQV�RI�3DUHWR�RSWLPDO�IURQW��
7KH� PRUH� D� '*� WHFKQRORJ\� DSSHDUV� LQ� WKH� VROXWLRQV� RI� 3DUHWR� RSWLPDO� IURQW� WKH� PRUH� VXLWDEOH� WKDW�
WHFKQRORJ\�LV��,Q�WKH�VWXGLHG�QHWZRUN�WKH�FRPEXVWLRQ�WXUELQH��PLFUR�WXUELQH�DQG�ILQDOO\�WKH�IXHO�FHOOV��DUH�
WKH� EHVW� RSWLRQV� IRU� LQYHVWPHQW�� 7KH� IUHTXHQF\� RI� DSSHDUDQFH� RI� HDFK� EXV� LQ� WKH� VROXWLRQV� RI� 3DUHWR�
RSWLPDO�IURQW�VKRZV�WKH�DSSURSULDWH�ORFDWLRQV�IRU�'*�SODFHPHQW��DV�VKRZQ�LQ�)LJ��������
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)LJ������3HUFHQW�RI�DSSHDUDQFH�RI�HDFK�EXV�LQ�VROXWLRQV�RI�3DUHWR�RSWLPDO�IURQW��7KH�PRVW� IUHTXHQW� EXV� LQ� WKH� 3DUHWR� RSWLPDO� IURQW� LV� EXV� �� ��� DQG� DIWHU� WKDW� WKH� EXV� �� ��� LV� WKH� QH[W�DSSURSULDWH�EXV�IRU�'*�LQYHVWPHQW�DQG�VR�RQ���� �� &21&/86,21��
7KLV�SDSHU�SUHVHQWV�D�G\QDPLF�PXOWL�REMHFWLYH�PRGHO�IRU�'*�SODQQLQJ�SUREOHP�DQG�D�*$�EDVHG�PHWKRG�WR�
VROYH� WKH� IRUPXODWHG� SUREOHP�� 7KH� SURSRVHG� WZR�VWHS� DOJRULWKP� ILQGV� WKH� QRQ�GRPLQDWHG� VROXWLRQV� E\�
VLPXOWDQHRXV� PLQLPL]DWLRQ� RI� DFWLYH� ORVVHV�� FRVWV� DQG� HPLVVLRQV� LQ� WKH� ILUVW� VWDJH� DQG� XVHV� D� IX]]\�
VDWLVI\LQJ�PHWKRG�WR�VHOHFW�WKH�EHVW�VROXWLRQ�IURP�WKH�FDQGLGDWH�VHW�LQ�WKH�VHFRQG�VWDJH��7KH�QHZ�SODQQLQJ�
PRGHO� LV� DSSOLHG� WR� D� WHVW� V\VWHP�DQG� LWV� IOH[LELOLW\� LV� GHPRQVWUDWHG� WKURXJK�GLIIHUHQW� FDVH� VWXGLHV��7KH�
VROXWLRQ� VHW� SURYLGHV� WKH� SODQQHU�ZLWK� DQ� LQVLJKW� LQWR� WKH� SUREOHP� DQG� HQDEOHV� KLP� WR� FKRRVH� WKH� EHVW�
VROXWLRQ�DFFRUGLQJ�WR�SODQQLQJ�SUHIHUHQFHV��
�

120(1&/$785(��,QGLFHV�� �
L�M� %XV�GJ� '*�WHFKQRORJ\�GO� 'HPDQG�OHYHO�
" )HHGHU�
�N N c 2EMHFWLYH�IXQFWLRQ�

Q 6ROXWLRQ��W W c <HDU�
&RQVWDQWV�

GO'/) 'HPDQG�OHYHO�IDFWRU�LQ�GHPDQG�OHYHO�GO�
P 'LPHQVLRQ�RI�VROXWLRQV�G 'LVFRXQW�UDWH�

GO'8 'XUDWLRQ�RI�GHPDQG�OHYHO�GO�
JULG( (PLVVLRQ�IDFWRU�RI�WKH�JULG�
GJ( (PLVVLRQ�IDFWRU�RI�D�GJ�
GJ,& ,QVWDOODWLRQ�FRVW�RI�D�GJ�

GJ20& 2SHUDWLRQ�DQG�PDLQWHQDQFH�FRVW�RI�D�GJ�
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���
GJ)& )XHO�FRVW�RI�D�GJ�
GO3/) 3ULFH�OHYHO�IDFWRU�LQ�GHPDQG�OHYHO�GO�

7 3ODQQLQJ�KRUL]RQ�D 5DWH�RI�GHPDQG�JURZWK�
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