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,QVWLWXWH�RI�6\VWHPV�6FLHQFH��$FDGHP\�RI�0DWKHPDWLFV�DQG�6\VWHPV�6FLHQFH


&KLQHVH�$FDGHP\�RI�6FLHQFHV��%HLMLQJ���������3�5�&KLQD�
'HSDUWPHQW�RI�0DWKHPDWLFV��7LDQMLQ�8QLYHUVLW\��7LDQMLQ���������3�5�&KLQD


OLQGDQ#LVV���LVV�DF�FQ����VZDQJ#LVV���LVV�DF�FQ


+RQJ�<DQ


'HSDUWPHQW�RI�0DQDJHPHQW��7KH�+RQJ�.RQJ�3RO\WHFKQLF�8QLYHUVLW\��.RZORRQ�


+RQJ�.RQJ


PVK\DQ#SRO\X�HGX�KN


$EVWUDFW


$� PHDQ�YDULDQFH� PRGHOV� LV� SURSRVHG� IRU� SRUWIROLR� VHOHFWLRQ� ZLWK� IL[HG


WUDQVDFWLRQ� FRVWV� DQG� PLQLPXP� WUDQVDFWLRQ� ORWV�� 7KH� SRUWIROLR� VHOHFLWRQ


SUREOHPV� DUH� PRGHOHG� DV� D� QRQ�VPRRWK� QRQOLQHDU� LQWHJHU� SURJUDPPLQJ


SUREOHP�ZLWK�PXOWLSOH�REMHFWLYH�IXQFWLRQV��$�QHZ�JHQHWLF�DOJRULWKP�EDVHG�RQ


16*$�,,� DQG� *HFRQRS� LV� GHVLJQHG� WR� VROYH� WKH� SURSRVHG� PRGHOV�� ,W� LV


LOOXVWUDWHG�YLD� D�QXPHULFDO� H[DPSOH� WKDW� WKH�JHQHWLF�DOJRULWKP�FDQ�EH�XVHG� WR


VROYH�SRUWIROLR�VHOHFWLRQ�SUREOHPV�HIILFLHQWO\�LQ�SUDFWLFH�


.H\ZRUGV�� 3RUWIROLR� VHOHFWLRQ�� 0HDQ�YDULDQFH� PRGHO�� 7UDQVDFWLRQ� FRVWV�


0LQLPXP�WUDQVDFWLRQ�ORWV��*HQHWLF�DOJRULWKP


��� �,QWURGXFWLRQ


���7KH�PHDQ�YDULDQFH��09��PHWKRGRORJ\�RULJLQDOO\�SURSRVHG�E\�0DUNRZLW]��������KDV


EHHQ� SOD\LQJ� D� FUXFLDO� UROH� LQ� WKH� WKHRU\� RI� SRUWIROLR� VHOHFWLRQ� DQG� DOVR� JDLQHG


ZLGHVSUHDG� DFFHSWDQFH� DV� D� SUDFWLFDO� WRRO� IRU� LQYHVWPHQW� DQDO\VLV�� 7KH� FODVVLFDO
��������������������������������������������������������
��7KLV�ZRUN�ZDV�VXSSRUWHG�E\�&KLQHVH�3RVWGRFWRUDO�)XQGV��16)&��0$',6���&$6�DQG�&(5*�5HVHDUFK�*UDQW�%�
4�����


�7KH�FRUUHVSRQGLQJ�DXWKRU�
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IRUPXODWLRQ� RI�0DUNRZLW]¶V�PRGHO� IRU� SRUWIROLR� VHOHFWLRQ� LV� D� TXDGUDWLF� SURJUDPPLQJ


SUREOHP� ZLWK� D� SRVLWLYH� VHPLGHILQLWH� PDWUL[� ZKLFK� LV� VROYDOEH� LQ� SRO\QRPLDO� WLPH�


+RZHYHU��ZKHQ�WDNLQJ�LQWR�DFFRXQW�D�SUDFWLFDO�VLWXDWLRQ�VXFK�DV�IL[HG�WUDQVDFWLRQ�FRVWV


DQG�RU�PLQLPXP� WUDQVDFWLRQ� ORWV� �RU�PLQLPXP� ORWV� IRU� VLPSOLFLW\��� SRUWIROLR� VHOHFWLRQ


EHFRPHV�PRUH�FRPSOLFDWHG�EHFDXVH�WKH�PRGHO�LV�D�PDWKHPDWLFDO�SURJUDPPLQJ�SUREOHP


ZLWK�PL[HG�LQWHJHU�YDULDEOHV�DQG�QRQOLQHDU�REMHFWLYHV�


$� QXPEHU� RI� DXWKRUV� KDYH� GLVFXVVHG� WKH� WUDQVDFWLRQ� FRVWV� LQ� SRUWIROLR� RSWLPL]DWLRQ


H�J��� 0DR� �������� 3RJXH� �������� &KHQ�� -HQ� DQG� =LRQWV� �������� -DFRE� �������� /HY\


�������� 3DWHO� DQG� 6XEKPDQ\DP� ��������0XOYH\� DQG�9ODGLPLURQ� ��������'DQW]LJ� DQG


,QIDQJHU� �������� *HQQRWWH� DQG� -XQJ� �������� <RVKLPRWR� �������� /L� ��:DQJ� DQG� 'HQJ


��������0RVW�RI�WKHP�LQFRUSRUDWHG�WKH�WUDQVDFWLRQ�FRVWV�LQWR�WKH�VLQJOH�SHULRG�RU�PXOWL�


SHULRG� SRUWIROLR� VHOHFWLRQ� PRGHOV�� ,W� LV� JHQHUDOO\� EHOLHYHG� WKDW� DQ� RSWLPDO� SRUWIROLR


VHOHFWLRQ�SUREOHP�ZLWK�IL[HG�WUDQVDFWLRQ�FRVWV�LV�D�FRPSOH[�PDWKHPDWLFDO�SURJUDPPLQJ


SUREOHP�� %HFDXVH� RI� WKH� FRPSOH[LW\�� WKH� FRQYH[� TXDGUDWLF� SURJUDPPLQJ� WHFKQLTXH


FDQQRW�EH�DSSOLHG�WR�VROYH�VXFK�D�SUREOHP��<RVKLPRWR�������


9HU\�UHFHQWO\�VRPH�DXWKRUV�LQFOXGHG�PLQLPXP�ORWV�LQWR�SRUWIROLR�VHOHFWLRQ�SUREOHPV


�6SHUDQ]D� ������ .HOOHUHU� HW� DO�� ������ 0DQVLQL� DQG� 6SHUQ]D� ������ .RQQR� DQG


:LMD\DQD\DNH��������ZKLOH�VRPH�RI�WKHP�FRQVLGHUHG�WUDQVDFWLRQ�FRVWV�DW�WKH�VDPH�WLPH�


,W� ZDV� VKRZQ� WKDW� D� SRUWIROLR� VHOHFWLRQ� SUREOHP�ZLWK�PLQLPXP� ORWV� DQG� ZLWKRXW� DQ\


IL[HG� FRVWV� LV� DQ� 13�FRPSOHWH� SUREOHP� �0DQVLQL� DQG� 6SHUDQ]D� ������� VR� D� IHZ


KHXULVWLFV�KDYH�EHHQ�GHYHORSHG�DQG�VKRZQ� WR�EH�TXLWH�HIIHFWLYH� IRU� VROYLQJ�D�SUREOHP


ZLWK�PLQLPXP�ORWV�


7KH�JHQHWLF�DOJRULWKPV��*$V��ZHUH�JURZLQJ�LQ�SRSXODULW\�RYHU�WKH�ODVW�IHZ�\HDUV��*$


LV�D�VWRFKDVWLF��KHXULVWLF�WHFKQLTXH�EDVHG�RQ�WKH�QDWXUDO�VHOHFWLRQ�SULQFLSOH��DQG�LW�GRHV


QRW�QHHG�VSHFLILF�LQIRUPDWLRQ�WR�JXLGH�WKH�VHDUFK��7KHUHIRUH��WKH�*$�FDQ�EH�DSSOLHG�LQ�D


ZLGH�YDULHW\�RI�GRPDLQV��$�FRPSUHKHQVLYH�GLVFXVVLRQ�RQ�*$V�FDQ�EH�IRXQG�LQ�+ROODQG


��������*ROGEHUJ��������DQG�%lFN�HW�DO���������


6LQFH� WKH� PLG�HLJKWLHV� RI� WKH� ODVW� FHQWXU\�� PXOWL�REMHFWLYH� JHQHWLF� DOJRULWKPV


�02*$V�� KDYH� EHHQ� JUHDWO\� GHYHORSHG� WR� VROYH� PXOWL�REMHFWLYH� VFLHQWLILF� DQG


HQJLQHHULQJ� SUREOHPV� �&RHOOR� ������ YDQ� 9HOGKXL]HQ� ������� 7LOO� WR� GDWH�� PRVW� RI� WKH


VXFFHVVIXO� JHQHWLF� W\SH� LPSOHPHQWDWLRQV� IRU� PXOWLREMHFWLYH� RSWLPL]DWLRQ� UHO\� RQ� WKH


FRQFHSW� RI� QRQGRPLQDWLRQ� ILUVWO\� SURSRVHG� E\� 3DUHWR�� DQG� DPRQJ� WKHP� DUH� 1LFKHG�


3DUHWR�*$�16*$���6ULQLYDV�DQG�'HE�������DQG� LWV�QHZ�YHUVLRQ�16*$�,,� �'HE�HW�DO�


������


$V�D�³%ODFN�ER[´� VHDUFK�DOJRULWKP��02*$�FDQ�GHDO�ZLWK� WKH�PXOWLSOH�RSWLPL]DWLRQ
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SUREOHPV�ZLWK�QRQ�VPRRWK�DQG�HYHQ�QRQ�FRQWLQXRXV�REMHFWLYH�RU�FRQVWUDLQW� IXQFWLRQV�


)XUWKHUPRUH�� EHLQJ� D� SRSXODWLRQ�EDVHG� WHFKQLTXH�� LW� PDNHV� SRVVLEOH� WR� OHDG� WR� WKH


HIILFLHQW�IURQW�LQ�D�VDPH�HYROXWLRQ�UXQ�


,Q� WKLV�SDSHU��ZH�ZLOO�SURSRVH�D�PRGHO� IRU�SRUWIROLR�VHOHFWLRQ�ZLWK� IL[HG� WUDQVDFWLRQ


FRVWV�DQG�PLQLPXP�ORWV�0/���$�16*$�,,�EDVHG�KHXULVWLF�LV�GHVLJQHG��WR�VROYH�WKHVH�WZR


PRGHOV��7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q�6HFWLRQ� ���ZH� IRUPXODWH� WKH�PRGHOV��$


JHQHWLF�DOJRULWKP�LV�GHVLJQHG�LQ�6HFWLRQ����&RPSXWDWLRQDO�UHVXOWV�DUH�JLYHQ�LQ�6HFWLRQ���


)LQDOO\��D�IHZ�FRQFOXGLQJ�UHPDUNV�DUH�PDGH�LQ�6HFWLRQ���


����0RGHO


7KH�SRUWIROLR�VHOHFWLRQ�PRGHO�ZLWK�IL[HG�WUDQVDFWLRQ�FRVWV�DQG�PLQLPXP�ORWV�EDVHG


RQ� D� GLIIHUHQW� ULVN� PHDVXUH� ZDV� ILUVWO\� LQWURGXFHG� E\� .HOHUHUHU� HW� DO�� �������� ,Q� WKLV


VHFWLRQ��ZH�ZLOO� SUHVHQW� � D� QHZ�SRUWIROLR� VHOHFWLRQ�PRGHO�ZLWK� IL[HG� WUDQVDFWLRQ� FRVWV


DQG�PLQLPXP�ORWV�LQ�D�WUDGLWLRQDO�PHDQ�YDULDQFH�IUDPHZRUN�


)LUVW�ZH�LQWURGXFH�VRPH�QRWDWLRQV��:H�GHQRWH�E\� 6 � WKH�VHW�RI�VHFXULWLHV� LQ�ZKLFK


WKH�LQYHVWRU�LQWHQGV�WR�LQYHVW�D�FDSLWDO�& ��DQG�VXSSRVH�WKDW�& �LV�IL[HG�WR�UDQJH�EHWZHHQ


UDQJH �& � DQG� �& �� L�H�� EHWZHHQ� WKH� PLQLPXP� DQG� WKH� PD[LPXP� DPRXQW� RI� PRQH\


DYDLODEOH�IRU� WKH� LQYHVWPHQW��/HW� 6V  �EH� WKH�QXPEHU�RI� WKH�VHFXULWLHV��/HW� �U �EH� WKH
UDQGRP� UDWH� RI� UHWXUQ� RQ� VHFXULW\� L �� ZKHUH� 6L� �� 6XSSRVH� WKDW� DOO� WKH� VHFXULWLHV� LQ


6 PXVW�EH�DFTXLUHG�LQ�PXOWLSOLHV�RI�D�PLQLPXP�WUDQVDFWLRQ�ORW��/HW� �1 �EH�WKH�PLQLPXP


WUDQVDFWLRQ�ORW�RI�VHFXULW\� M ��7KH�TXDQWLW\� �G �UHSUHVHQWV�WKH�SURSRUWLRQDO�FRVW�DVVRFLDWHG


ZLWK� VHFXULW\� M �� DQG� 	S � UHSUHVHQWV� WKH� TXRWHG� SULFH� RI� VHFXULW\� M � DW� WKH� WLPH� RI� LWV


DFTXLVLWLRQ�RQ�WKH�PDUNHW��:H�GHQRWH�E\� 
F �WKH�SXUFKDVLQJ�SULFH�IRU�WKH�PLQLPXP�ORW�RI


VHFXULW\� M ��)RU�HDFK� VHFXULW\�� WKH�PLQLPXP�ORW� LV�H[SUHVVHG� LQ� WHUPV�RI�PRQH\�DQG� LV


HTXLYDOHQW�WR� ��� S1F � ��7KXV��D�SRUWIROLR�FDQ�EH�UHSUHVHQWHG�DV� ������� � NNN  ��ZKHUH


�N � UHSUHVHQWV� WKH� PXOWLSOH� PLQLPXP� ORWV� RI� VHFXULW\� M � LQ� WKH� SRUWIROLR�� :H� GHQRWH


�� �� U(5  �WKH�H[SHFWHG�UDWH�RI�UHWXUQ�RQ�VHFXULW\� L ��DQG� ��FRY� ��� � UU V �WKH�FRYDULDQFH


EHWZHHQ� �U �DQG� �U ��)RU�VHFXULW\� 6M� ��ZH�LPSRVH�D�PD[LPXP�DPRXQW�RI�FDSLWDO�ZKLFK


FDQ�EH�LQYHVWHG�LQ�LW��GHQRWHG�E\� �X ��&RQVLGHU�WKH�FDVH�LQ�ZKLFK�WKH�LQYHVWRU�LV�REOLJHG


WR�SD\�WKH�FRUUHVSRQGLQJ�IL[HG�FRVW� �I �ZKHQ�VHFXULW\� M LV�FKRVHQ�LQ�D�SRUWIROLR��DQG�WKH


IL[HG�FRVWV�DUH�VXSSRVHG�WR�EH�LQFXUUHG�DW�WKH�HQG�RI�WKH�SHULRG�DQG�DUH�GHGXFHG�IURP�WKH


SRUWIROLR�UHWXUQ��+HQFH��WKH�QHW�H[SHFWHG�UHWXUQ� ��[5 �RI�D�SRUWIROLR� N �FDQ�EH�ZULWWHQ�DV
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ZKHUH� ¦� �� �� [F& LV�WKH�WRWDO�VXP�RI�FDSLWDO�LQYHVWHG�LQ�WKH�SRUWIROLR�DQG� �] �LV�D� �� �


YDULDEOH�WDNLQJ�YDOXH���LI�DQG�RQO\�LI� �!�N ��7KH�YDULDQFH� ��[9 �LV


������ ¦¦��� � �! !  ! \\[9 V��


ZKHUH� &FN\ """ ��� �LV�WKH�IUDFWLRQ�RI�WKH�FDSLWDO& �LQYHVWHG�LQ�VHFXULW\� M �


7KH� SRUWIROLR� VHOHFWLRQ� PRGHO� ZLWK� IL[HG� WUDQVDFWLRQ� FRVWV� DQG� PLQLPXP� ORWV


SURSRVHG� LQ� WKLV� SDSHU� LV� D� WZR� REMHFWLYH�SURJUDPPLQJ� SUREOHP��7KH�SUREOHP� FDQ� EH


VWDWHG�DV�IROORZV�


����������PLQLPL]H ������� N95�N�


��������������������� VXEMHFW�WR


�3����������������� #$ &&NF& %& && d d¦' ����������������������������������������������������������������������� �����


� ((( XNF dd� ������������������������������������������������������������������������������������� �����


���������� �̀��^�(]


��������� 6M��DOOIRU�


$�SRUWIROLR ������� ) *NNN  �LV�VDLG�WR�EH�IHDVLEOH�WR��3���LI�LW�VDWLVILHV�DOO�WKH�FRQVWUDLQWV


RI��3����$�IHDVLEOH�SRUWIROLR�
+


N �LV�VDLG�WR�EH�HIILFLHQW�LI�LW�LV�3DUHWR�RSWLPDO�VROXWLRQ�WR


�3���� L�H��� WKHUH� H[LVWV� QR� RWKHU� IHDVLEOH� SRUWIROLR� N � VXFK� WKDW� �����
,


N5N5 t


����
-


N9N9 d �ZLWK�DW�OHDVW�RQH�VWULFW�LQHTXDOLW\��7KH�VHW�RI�DOO�WKH�HIILFLHQW�SRUWIROLRV�LV


FDOOHG� WKH� HIILFLHQW� IURQWLHU� RI� �3���� ,Q� *$� FRPPXQLW\�� WKH� VROXWLRQV� DUH� WUDGLWLRQDOO\


FDOOHG�DV�FKURPRVRPHV�


7KH�IL[HG� WUDQVDFWLRQ�FRVWV�PD\� WDNH�RQ�GLIIHUHQW� IRUPV��2QH�PRGHO� LV�SURSRVHG� LQ


.HOOHUHU�HW�DO���������ZKHUH�WKH�IL[HG�FRVW�LV�FKDUJHG�LI�WKH�VXP�RI�PRQH\�LQYHVWHG�LQ�WKH


LQGLYLGXDO�VHFXULW\�H[FHHGV�D�ERXQG��UHSUHVHQWHG�E\�WKH�SDUDPHWHU�0���DQG�RWKHUZLVH�QR


VXFK�FRVW�LV�LPSRVHG��$QRWKHU�H[DPSOH��LV�RI�PRUH�UHDOLW\�EHFDXVH�DW�WKH�-DSDQHVH�VWRFN


PDUNHW� ZKHUH� GLIIHUHQW� DPRXQW� RI� IL[HG� WUDQVDFWLRQ� FRVW� LV� LPSRVHG� DFFRUGLQJ� WR� WKH


WRWDO� DPRXQW� RI� LQYHVWPHQW� FDSLWDO� �<RVKLPRWR� ������� 0DWKHPDWLFDOO\� WKH� IL[HG


WUDQVDFWLRQ� FRVW� IXQFWLRQ� FDQ� EH� SORWWHG� DV� D� VWHS� IXQFWLRQ�ZLWK� WZR� RU�PRUH� FRQVWDQW


YDOXHV�


6RPH�DWWHQWLRQV�SDLG�WR�WKH�SRUWIROLR�VHOHFWLRQ�PRGHOV�ZLWK�IL[HG�WUDQVDFWLRQ�FRVWV
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DQG�PLQLPXP�ORWV��:KHQ�WKH�IL[HG�WUDQVDFWLRQ�FRVW�LV�RI�WKH�W\SH�DV�D�VWHS�IXQFWLRQ�ZLWK


WZR� YDOXHV�� WKH� SUREOHP� �3��� FDQ� EH� WUDQVIRUPHG� LQWR� D� PL[HG�LQWHJHU� SURJUDPPLQJ


SUREOHP� E\� DGGLQJ� DQ� DGGLWLRQDO� FRQVWUDLQW� DQG� WKHQ� WKH� OLQHDU� SURJUDPPLQJ� EDVHG


KHXULVWLFV�0,/3��0DQVLQL�DQG�6SHUDQ]D�������FDQ�EH�XVHG�WR�VROYH�WKH�SUREOHP��%XW�IRU


D� VWHS� IXQFWLRQ� ZKLFK� WDNHV� PRUH� WKDQ� WZR� YDOXHV�� WKLV� DSSURDFK� ZLOO� HQFRXQWHU


GLIILFXOWLHV�� ,Q� <RVKLPRWR� �������� DOWKRXJK� WKH� PXOWL�YDOXH� VWHS� IXQFWLRQ� W\SHG� IL[HG


FRVW�ZDV�GLVFXVVHG��WKH�FODVVLFDO�9�VKDSHG�WUDQVDFWLRQ�FRVW�IXQFWLRQ�ZDV�FRQVLGHUHG�IRU


FDOFXODWLRQV� LQVWHDG�� .DQQR� DQG� :LMD\DQD\DNH� ������� FRQVLGHUHG� WKH� SRUWIROLR


RSWLPL]DWLRQ� SUREOHP� ZLWK� FRQYH[� WUDQVDFWLRQ� FRVW� IXQFWLRQ� DQG� PLQLPXP� ORWV�� $


EUDQFK�DQG�ERXQG�DOJRULWKP�ZDV�XVHG�WR�FDOFXODWH�WKH�RSWLPDO�VROXWLRQ��QRW�LQWHJHUV�LQ


JHQHUDO��� 7KH� VROXWLRQ� LV� URXQGHG� WR� WKH� QHDUHVW� VROXWLRQ� WR� VDWLVI\� WKH�PLQLPXP� ORWV


FRQVWUDLQW��,Q�DOO�WKH�DERYH�PHWKRGV��WKH�ULVN�DQG�UHWXUQ�PHDVXUH�IXQFWLRQV�DUH�FKRVHQ�LQ


OLQHDU� IRUPV� VR� WKDW� VRPH� OLQHDU� SURJUDPPLQJ� DOJRULWKPV� FDQ� EH� DSSOLHG��%XW� IRU� RXU


PRGHO��3���ZLWK�TXDGUDWLF�ULVN�WHUPV��WKRVH�PHWKRGV�GR�QRW�ZRUN�


7KHUH� DUH� WZR� W\SHV� RI� FRQVWUDLQWV� LQ� �3���� WKH� FRQVWUDLQW� ������ RI� WKH� DPRXQW� RI


LQYHVWHG�FDSLWDO�DQG�WKH�ERXQG�FRQVWUDLQW��������&RQVWUDLQW�������LPSOLHV�WKDW�D�IXQG�ZLOO


EH� QHDUO\� IXOO\� LQYHVWHG� WR� LQVXUH� IXOO\� LQYHVWPHQW�� OLNH� WKH� FRQVWUDLQW� ¦  �.[ � LQ


FODVVLFDO� 0�9� PRGHOV�� ZKLOH� ������ LPSOLHV� WKDW� VKRUW� VDOHV� DQG� ERUURZLQJV� DUH� QRW


DOORZHG�DQG�D�PD[LPXP�DPRXQW�RI�FDSLWDO�LV�LPSRVHG�RQ�HDFK�VHFXULW\�


%HFDXVH� ILQGLQJ� D� IHDVLEOH� VROXWLRQ� WRWKH� PRGHO� �3��� LV� 13�KDUG� �0DQVLQL� DQG


6SHUDQ]D��������LW�LV�VLJQLILFDQW�WR�GHVLJQ�VRPH�KHXULVWLF�DOJRULWKPV�WR�VROYH��3���


���*HQHWLF�DOJRULWKPV


*$V�KDYH�EHHQ�XVHG�IRU�VROYLQJ�SRUWIROLR�VHOHFWLRQ�SUREOHPV��&KDQJ�HW�DO�� ������


H[WHQGHG� WKH� FODVVLFDO�0�9�PRGHO� WR� LQFOXGH� FDUGLQDOLW\� FRQVWUDLQWV� DQG� XVHHG�*$� DV


RQH�KHXULVWLF�DOJRULWKP�WR�ILQG�WKH�HIILFLHQW�IURQWLHU��+RZHYHU��QHLWKHU�WUDQVDFWLRQ�FRVWV


QRU�PLQLPXP�ORWV�LV�FRQVLGHUHG��,Q�;LD�HW�DO�����������*$�LV�XVHG�WR�VROYH�DQ�H[WHQGHG


0�9� PRGHO� ZLWK� RUGHUHG� H[SHFWHG� UHWXUQV�� $� 9�VKDSHG� WUDQVDFWLRQ� FRVW� IXQFWLRQ� LV


FRQVLGHUHG�WKHUH�


,Q� 9HGDUDMDQ� HW� DO�� �������� 16*$� LV� XVHG� WR� FDOFXODWH� WKH� HIILFLHQW� IURQWLHU� RI� D


VLPSOH�SRUWIROLR�WKDW�FRQVLVWV�RI�ILYH�VWRFNV��7KH�HIILFLHQW�IURQWLHU�FDQ�EH�\LHOGHG�LQ�MXVW�D


UXQ�RI�WKH�*$�VLPXODWLRQ��DQG�WKH�UHVXOW�VHHPV�YHU\�SURPLVLQJ��$�9�VKDSHG�WUDQVDFWLRQ


FRVW� IXQFWLRQ� LV� FRQVLGHUHG�� EXW� QR� PLQLPXP� ORWV� FRQVWUDLQWV� KDYH� EHHQ� WDNHQ� LQWR


DFFRXQW��


,Q�RXU�SUHYLRXV�ZRUN��/LQ�HW�DO���������ZH�XVH�D�*$�WR�VROYH�WKH�SRUWIROLR�VHOHFWLRQ
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DQG� D� VLPLODU� SRUWIROLR� UHYLVLRQ�PRGHO��7KURXJK� VFDODU�ZHLJKWLQJ�� WKHVH� WZR� REMHFWLYH


IXQFWLRQV�DUH�FRPELQHG�LQWR�RQH�VFDODU�IXQFWLRQ��7KH�SURSRVHG�*$�LV�TXLWH�VLPLODU�WR�WKH


*$�ZKLFK�ZLOO�EH�GHVFULEHG�LQ�����


16*$�ZDV�RULJLQDOO\�SURSRVHG�LQ�6ULQLYDV�DQG�'HE���������DQG�UHFHQWO\�'HE�HW�DO�


�������SURSRVHG�DQ� LPSURYHG�YHUVLRQ�RI�16*$�FDOOHG�16*$�,,��)URP� WKH� VLPXODWLRQ


UHVXOWV�RI�WKH�16*$�,,�RQ�D�QXPEHU�RI�GLIILFXOW�WHVW�SUREOHPV��TXLWH�JRRG�SHUIRUPDQFH


KDV�EHHQ�REVHUYHG��)RU�WKH�GHWDLOV�RI�DQ�16*$�,,�DOJRULWKP��RQH�FDQ�UHIHU�WR�'HE�HW�DO�


�������


�����*$�EDVHG�RQ�16*$�,,


,Q� WKLV� VHFWLRQ�� ZH� ZLOO� GHVLJQ� D� JHQHWLF� DOJRULWKP� EDVHG� RQ� 16*$�,,� WR� VROYH


SUREOHPV� �3���� %HFDXVH� �3��� LQFOXGHV� FRQVWUDLQWV� RI� GLVFUHWH� YDULDEOHV�� VRPH


FRPSRQHQWV�RI�16*$�,,�VKRXOG�EH� UHYLVHG�DQG�D�QHZ�PXWDWLRQ�RSHUDWRU�ZLOO�EH�XVHG�


6LQFH�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�*$�ZLOO�RFFXS\�WRR�PXFK�VSDFH��LQ�WKH�IROORZLQJ�ZH


ZLOO�RQO\�GLVFXVV�WKH�UHSUHVHQWDWLRQ�VWUXFWXUH��LQLWLDOL]DWLRQ�SURFHVV��FURVV�DQG�PXWDWLRQ


RSHUDWRUV��ZKLFK�DUH�GLIIHUHQW�IURP�WKRVH�RI�16*$�,,�


5HSUHVHQWDWLRQ�VWUXFWXUH��:KHQ�XVLQJ�16*$��RQH�LV�DOORZHG�WR�FKRRVH�ELQDU\�RU�UHDO�


FRGHG� UHSUHVHQWDWLRQ�� 7KH� ELQDU\� UHSUHVHQWDWLRQ� WUDGLWLRQDOO\� XVHG� LQ� *$V� KDV� VRPH


GUDZEDFNV�ZKHQ�LW�LV�DSSOLHG�WR�WKH�LQWHJHU�SURJUDPPLQJ�SUREOHPV���3���DQG��3����)RU


H[DPSOH��LI�IRU�VRPH�VHFXULW\� L �WKH� /N �LV�ZLWKLQ� @�����> ��WKHQ�LW�LV�GLIILFXOW�WR�XVH�D�IL[HG


OHQJWK�ELQDU\�FKURPRVRPH�WR�H[DFWO\�UHSUHVHQW�DOO� WKH�LQWHJHUV�O\LQJ�ZLWKLQ� @�����> ��$


ELQDU\� FKURPRVRPH�ZLWK� OHQJWK� RI� �� FDQ� UHSUHVHQW� DOO� WKH� LQWHJHUV� LQ� >����@�� ZKLOH� D


ELQDU\�VWULQJ�RI�OHQJWK���UHSUHVHQWV�WKH�LQWHJHUV�LQ�>�����@��(YHQ�LI�RQH�FRXOG�PDQDJH�WR


GHDO�ZLWK�WKDW��WUHDWLQJ�FRQVWUDLQWV�LQ��3���DQG��3���ZRXOG�EH�D�WRXJK�WDVN��$GRSWLQJ�WKH


LGHD�RI�UHDO�FRGHG�UHSUHVHQWDWLRQ�XVHG�LQ�*$V�IRU�PDWKHPDWLFDO�SURJUDPPLQJ�SUREOHPV


ZLWK� UHDO� YDULDEOHV� �%DHFN� HW� DO�� ������� ZH� ZLOO� UHSUHVHQW� D� VROXWLRQ� E\� WKH� LQWHJHU


LPSOHPHQWDWLRQ�LQ�ZKLFK�HDFK�FKURPRVRPH�LV�FRGHG�DV�D�VWULQJ�RI�LQWHJHU�QXPEHUV


������� �������� 0 1NNN  �


DQG�HDFK� [ OLHV�LQ�WKH�UDQJH �@���> LXSSHU ��ZKHUH� @�>�� FXLXSSHU  �IRU�HDFK� 6L� ��+HUH


@>� � GHQRWHV� WKH� WUXQFDWLRQ� IXQFWLRQ��7KLV� SURPLVHV� WKDW� WKH� ERXQGDU\� FRQVWUDLQW� ����� �


KROGV�IRU�HYHU\� 6L� �


,QLWLDOL]DWLRQ�SURFHVV��$V�ZLOO�EH�UHPDUNHG� ODWHU�� LQ�16*$�,,�� WKHUH� LV�QR�QHHG� WR� WUHDW


WKH�FRQVWUDLQW�������VHSDUDWHO\��7KXV�DWWHQWLRQ�ZLOO�EH�SDLG�WR�NHHSLQJ�WKH�VROXWLRQV�IURP


WKH� LQLWLDOL]DWLRQ� DQG� WKURXJKRXW� WKH�ZKROH� VLPXODWLRQ�SURFHVV� WR� VDWLVI\� WKH� ERXQGDU\
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FRQVWUDLQW��������)RU�GRLQJ�WKDW��ZH�JHQHUDWH�UDQGRP�LQWHJHU� �@���> LXSSHUN 2 � � IRU�HDFK


6L� �� DQG� WKHQ� DQ� LQLWLDOL]HG� VROXWLRQ� ������� 3 4NNN  � LV� JHQHUDWHG�� 5HSHDW� LW� IRU


VL]HSRS B � WLPHV��ZKHUH� WKH� SDUDPHWHU� VL]HSRS B � LV� WKH� QXPEHU� RI� WKH� SRSXODWLRQ� RI


FKURPRVRPHV��7KHQ�WKH�LQLWLDOL]HG�SRSXODWLRQ�LV�JHQHUDWHG�


&URVVRYHU�RSHUDWRU�� ,Q�16*$�,,��6%;�FURVVRYHU� �'HE�DQG�$JUDZDO�������RSHUDWRU� LV


XVHG�IRU�UHDO�FRGHG�UHSUHVHQWDWLRQ�FKURPRVRPHV��,Q�RUGHU�WR�PDNH�LW�VXLW�IRU�RXU�LQWHJHU�


FRGHG� UHSUHVHQWDWLRQ� FKURPRVRPHV��ZH� VXJJHVW� D� WLQ\� UHYLVLRQ� WR� LW� DV� IROORZV��$IWHU


HDFK� WLPH� WKH� FURVVRYHU� SURFHVV� KDSSHQV�� HYHU\� YDULDEOH� 5[ � �QRW� DQ� LQWHJHU� YDOXH� LQ


JHQHUDO��RI�WKH�FKLOGUHQ�VROXWLRQ�ZLOO�EH�PDGH�WR�WDNH�DQ�LQWHJHU�YDOXH 5N �DFFRUGLQJ�WR�WKH


IROORZLQJ�IRUP


¯
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+HUH�DJDLQ�� 6N �ZLOO�EH�LQ�WKH�UDQJH� �@���> LXSSHU �


0XWDWLRQ�RSHUDWRU��7KH�3DUDPHWHU�%DVHG�0XWDWLRQ��30��2SHUDWRU�XVHG�LQ�16*$�,,�FDQ


EH� PRGLILHG� WKURXJK� WUXQFDWLQJ� WR� VXLW� IRU� RXU� LQWHJHU�FRGHG� UHSUHVHQWDWLRQ


FKURPRVRPHV� LQ� WKH� VLPLODU� ZD\�� � ,W� ZRUNV� DV� IROORZV�� IRU� D� SDUHQW� FKURPRVRPH


�������� 7 8NNN  � LI� IRU� VRPH� L � VL dd� � N � KDV� EHHQ� FKRVHQ� WR� EH� PXWDWHG�� LW� FDQ� EH


PXWDWHG� LQWR� [ �E\�XVLQJ� WKH� WUDGLWLRQDO�30�RSHUDWRU� IRU� UHDO�FRGHG�YDOXH��7KHQ� [ � LV


WUXQFDWHG�WR�D�LQWHJHU�
9:N �E\�������


7KH�PDLQ�ORRS�DQG�RWKHU�NH\�LVVXHV�RI�WKH�*$�DUH�WKH�VDPH�DV�WKDW�RI�16*$�,,�


7KHUH� DUH� WZR� IHDWXUHV� RI� 16*$�,,� DQG� WKH� SURSRVHG� *$�� )RU� WKH� FRQVWUDLQW� ������� DQ\


SRVVLEOH�VROXWLRQ� N �WR��3���ZKLFK�VDWLVILHV��������WKH�PHDVXUH�RI�WKH�FRQVWUDLQW�YLRODWLRQ


��NJ �ZLWK�UHJDUG�WR�FRQVWUDLQW�������GHILQHG�DV
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2EYLRXVO\�� D� VROXWLRQ� LV� IHDVLEOH� LI� DQ� RQO\� LI� ���  [J �� %\� JXDUDQWHHLQJ� WKDW� ����� D


IHDVLEOH� VROXWLRQ� LV� DOZD\V� EHWWHU� WKDQ� DQ� LQIHDVLEOH� VROXWLRQ� DQG� ����� DQ� LQIHDVLEOH


VROXWLRQ�ZLWK�D�VPDOO� ��[J �LV�DOZD\V�VXSHULRU�WR�DQ�LQIHDVLEOH�VROXWLRQ�ZLWK�D�ODUJH ��[J �


DQ�WRXUQDPHQW�VHOHFWLRQ�PHWKRG�DQG�HOLWLVP�VWUDWHJ\��'HE�HW�DO�������� LPSOHPHQWHG�LQ


16*$�,,� LV� DEOH� WR� ILQG� DQG� NHHS� IHDVLEOH� VROXWLRQV� LQ� WKH� SRSXODWLRQ� TXLFNO\� DQG


HIILFLHQWO\�
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%HVLGHV� LW� VKRXOG� EH�PHQWLRQHG� WKDW� VLQFH� WKH�*$� GRHV� QRW� XWLOL]H� DQ\� SDUWLFXODU


SURSHUWLHV�RI�WKH�REMHFWLYH�IXQFWLRQV�VXFK�DV�OLQHDULW\��FRQYH[LW\�RU�GLIIHUHQWLDELOLW\��WKH


IL[HG� WUDQVDFWLRQ� FRVW� ZLWK� PXOWL�YDOXH� VWHS� IXQFWLRQ� GRHV� QRW� DGG� DQ\� GLIILFXOW\� WR


FDOFXODWLRQ�RI�WKH�REMHFWLYH�YDOXHV�


)RU�VLPSOLFLW\��ZH�ZLOO�FDOO�WKH�*$�SURSRVHG�DERYH�*$��


�����*$�EDVHG�RQ�16*$�,,�DQG�*HQRFRS


:KHQ� XVLQJ� *$�� WR� VROYH� �3���� WKHUH� VWLOO� H[LVWV� D� GUDZEDFN� IRU� LWV� JHQHWLF


RSHUDWRUV�� $V� WKH� FRQVWUDLQW� ������ LV� KDUG� WR� VDWLVI\�� WKH� JHQHWLF� RSHUDWRUV� FDQ� QRW


JXDUDQWHH�WKH�IHDVLELOLW\�RI�DQ\�FKLOGUHQ�HYHQ�WKH�SDUHQWV�DOO�IHDVLEOH��6R�PDQ\�LQIHDVLEOH


LQGLYLGXDOV�DUH�JHQHUDWHG�LQ�WKH�HYROXWLRQ�DQG�TXLWH�D�ORW�RI�FRPSXWDWLRQ�HIIRUW�KDV�EHHQ


ZDVWHG�� ,Q� WKH�SUHOLPLQDU\�ZRUN�RI� WKLV� SDSHU�� WKH� LQYHVWLJDWLRQ� VKRZV� WKDW� SUHVHUYLQJ


WKH�IHDVLELOLW\�RI�LQGLYLGXDOV�LV�RI�JUHDW�LPSRUWDQFH�WR�LPSURYH�WKH�HIILFLHQF\�RI�*$��/LQ


HW�DO��������


7KH�*HQRFRS� �IRU�*(QHWLF� DOJRULWKP� IRU�1XPHULFDO�2SWLPL]DWLRQ�RI�&2QVWUDLQHG


3UREOHPV�� V\VWHP� �0LFKDOZLF]� ������� DVVXPHV� OLQHDU� FRQVWUDLQWV� RQO\� DQG� D� IHDVLEOH


VWDUWLQJ� SRLQW� �RU� IHDVLEOH� LQLWLDO� SRSXODWLRQ��� $� FORVHG� VHW� RI� RSHUDWRUV� PDLQWDLQV


IHDVLELOLW\� RI� VROXWLRQV�� )RU� H[DPSOH�� ZKHQ� D� SDUWLFXODU� FRPSRQHQW� ;[ � RI� D� VROXWLRQ


YHFWRU� ������� < =[[;  � LV� PXWDWHG�� WKH� V\VWHP� GHWHUPLQHV� LWV� FXUUHQW� GRPDLQ� GRP� [ �


�ZKLFK�LV�D�IXQFWLRQ�RI�OLQHDU�FRQVWUDLQWV�DQG�UHPDLQLQJ�YDOXHV�RI�WKH�VROXWLRQ�YHFWRU� ; �


DQG� WKH�QHZ�YDOXH�RI� � [ � LV� WDNHQ�IURP�WKLV�GRPDLQ�E\�XVLQJ�VRPH�PXWDWLRQ�RSHUDWRU�


7KH� RIIVSULQJ� VROXWLRQ� YHFWRU� LV� DOZD\V� IHDVLEOH�� *HQRFRS� ����� WKH� IRXUWK� YHUVLRQ� RI


*HQRFRS�V\VWHP��KDQGOHV�DOVR�LQWHJHU�DQG�%RROHDQ�YDULDEOHV��8QLIRUP��ERXQGDU\��QRQ�


XQLIRUP� DQG� ZKROH� QRQ�XQLIRUP� PXWDWLRQ� RSHUDWRUV�� DV� ZHOO� DV� ZKROH� DULWKPHWLFDO�


VLPSOH�DULWKPHWLFDO�DQG�KHXULVWLF�FURVVRYHU�RSHUDWRUV�DUH�XVHG�


� $V�LQ��3���WKHUH�DUH�RQO\�OLQHDU�FRQVWUDLQWV��*HQRFRS�����ZLOO�DOVR�ZRUN�KHUH��%XW�LW


GHVHUYHV�PRUH�FRQVLGHUDWLRQ�DERXW�WKH�FRQVWUDLQW��������$OWKRXJK�LW�WDNHV�RQ�D�IRUP�RI�DQ


LQHTXDOLW\�� LW� LV� HVVHQWLDOO\� DQ� HTXDOLW\� FRQVWUDLQW� WR� HQVXUH� WKH� WRWDO� LQYHVWPHQW�� )RU� D


IHDVLEOH� LQGLYLGXDO� �������� >? @NNNN  � ZKLFK� VDWLVILHV� FRQVWUDLQW� ������� ZKHQ�� VD\� AN � LV


FKRVHQ�WR�EH�PXWDWHG�ZKHQ�XVLQJ�XQLIRUP�PXWDWLRQ�RSHUDWRU�� AN �FDQ�XQLIRUPO\�WDNHV�DQ


LQWHJHU�YDOXH�IURP�WKH�UDQJH
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:KHQ� WKH�FRQVWUDLQW� LV� WLJKW�� L�H��� �� HI && � � LV� VPDOO�� AN �FDQ�KDUGO\�EHHQ�PXWDWHG� LQWR


GLIIHUHQW� YDOXHV�� HVSHFLDOO\� LQ� WKH� FDVH� RI� ODUJH� PLQLPXP� ORWV�� 7KLV� HYHQWXDOO\


XQGHUPLQHV�WKH�VHDUFK�SRZHU�RI�PXWDWLRQ�RSHUDWRUV�GUDPDWLFDOO\�


%DVHG�RQ�WKH�DERYH�GLVFXVVLRQ��QRZ�ZH�DUH�DEOH� WR�SUHVHQW�D�*$�ZKLFK�FRPELQHV


WKH�LGHDV�RI�*$��DQG�*HQRFRS�DQG�FDQ�SUHVHUYH�WKH�IHDVLELOLW\�RI�DOO�VROXWLRQV�JHQHUDWHG


ZLWKLQ�WKH�ZKROH�HYROXWLRQ�JHQHUDWLRQV��:H�FDOO�WKH�QHZ�*$�*$���


7KH� PDLQ� VSHFLILF� FRPSRQHQWV� RI� *$�� GLIIHUHQW� IURP� *$�� FDQ� EH� GHVFULEHG� DV


EHORZ�


,QLWLDOL]DWLRQ�SURFHVV��:KHQ� LPSOHPHQWLQJ�*HQRFRS�� LW� UHTXLUHV� WKDW� DOO� LQGLYLGXDOV� LQ


WKH� LQLWLDO� SRSXODWLRQ� DUH� IHDVLEOH�� +RZHYHU�� DV� PHQWLRQHG� DERYH�� ILQGLQJ� IHDVLEOH


VROXWLRQV� WR� �3��� XQGHU� WKH� FRQVWUDLQWV� LV� D� 13�KDUG� SUREOHP�� $V� D� JRRG� KHXULVWLF� WR


VROYH� VXFK� D� FRQVWUDLQ� VDWLVIDFWLRQ� SUREOHP�� *$� FDQ� EH� XVHG� WR� ILQG� WKH� IHDVLEOH


LQGLYLGXDOV�


$OO� IHDVLEOH� LQGLYLGXDOV� WR� �3��� DUH� VROXWLRQV� WR� WKH� IROORZLQJ� VLQJOH� REMHFWLYH


SUREOHP�
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9LHZHG�DV�D�VSHFLDO�FDVH�RI�WKH�PXOWL�REMHFWLYH�RSWLPL]DWLRQ�SUREOHPV���3���FDQ�DOVR�EH


VROYHG�E\�XVLQJ�*$���7KH�UXQ�ZLOO�EH�WHUPLQDWHG�XQWLO�DOO�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ


DUH�DOO�IHDVLEOH�DQG�WKLV�SRSXODWLRQ�ZLOO�VHUYH�DV�WKH�LQLWLDO�SRSXODWLRQ�IRU�*$��


)LWQHVV�VFDOLQJ� )LUVW� ZH�ZLOO� VROYH� WKH� IROORZLQJ� WZR� VLQJOH� REMHFWLYH� SURJUDPPLQJ


SUREOHPV


����������������3�����������������PD[LPL]H� ��9�� N


������������������������������������V�W��FRQVWUDLQWV�LQ��3��


DQG
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7KH� VROXWLRQV� WR� �3��� DQG� �3��� DUH�RI� JOREDO�PLQLPXP�YDULDQFH� DQG�PD[LPXP� UHWXUQ


UHVSHFWLYHO\�� � DQG� WKHLU� ILWQHVV�YDOXH� DUH�GHQRWHG� DV� ��� LNM OLNM O 95 DQG� ��� PRQTSPRQTS 95 �7KHVH


WZR�VROXWLRQV�ZLOO�EH� LQVHUWHG� LQWR� WKH� LQLWLDO�SRSXODWLRQ�E\� VXEVWLWXWLQJ� WZR� UDQGRPO\


VHOHFWHG�LQGLYLGXDOV�


1RZ�WKH�ILWQHVV�IXQFWLRQ�LQ��3���ZLOO�EH�WUDQVIRUPHG�E\�VFDOLQJ�DQG�ZH�REWDLQ�D�QHZ


PRGHO��3��
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7KH�SXUSRVH�RI�VFDOLQJ�LV�WR�HOLPLQDWH�WKH�³UDQJH�GHSHQGHQW´�HIIHFW�RI�WKH�UDQN�PHWKRG


�%HQWO\�DQG�:DNHILHOG���������,W�ZLOO�QRW�DIIHFW�WKH�UHVXOW�RI�GRPLQDQFH�FRPSDULVRQ�RI


DQ\� WZR� LQGLYLGXDOV� DW� DOO�� ZKLOH� DW� WKH� VDPH� WLPH� LW� GRHV� FKDQJH� WKH� YDOXH� RI� WKH


TXDQWLW\�IRU�GHQVLW\�HVWLPDWLRQ�DQG�HYHQWXDOO\�FDXVH�WKH�GLIIHUHQW�UDQN�RI�WKH�LQGLYLGXDOV


LQ�WKH�VDPH�HIILFLHQW�IURQW��'HE�HW��DO����������


&RQVWUDLQW�KDQGOLQJ��,Q�*$���RQO\�WKH�ERXQGDU\�FRQVWUDLQW�������QHHG�WR�EH�FRQVLGHUHG�


7KH�JHQHWLF�RSHUDWRUV�ZLOO�DOZD\V�NHHS�WKH�LQGLYLGXDOV�VDWLVI\LQJ�������


0XWDWLRQ� RSHUDWRUV�� ,QVWHDG�� ZH� FRXOG� WUHDW� ������ DV� DQ� HTXDOLW\� DQG� WKHQ� H[WUDFW� DQ


YDULDEOH�DV�RQH�ZLVK�DV�D�QRQ�IUHH�YDULDEOH��:LWKRXW�ORVV�RI�JHQHUDOLW\��LQ�WKH�IROORZLQJ


ZH�ZLOO�DVVXPH�WKDW�� ^N �KDV�EHHQ�H[WUDFWHG��)RU�WKH�VXE�LQGLYLGXDO� ������� _
`


aNNN  ��ZKHQ


bN �LV�FKRVHQ�WR�EH�PXWDWHG�LQWR�
cdN �ZKLFK�EHORQJV�WR�LWV�FXUUHQW�GRPDLQ�GRP� bN ���WKHQ


ZH�PDNH�
cdN �PXVW�VDWLVI\��WKH�IROORZ�LQHTXDOLWLHV�LQ�DGGLWLRQ�WR�WKH�ERXQGDU\�FRQVWUDLQW
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VR� DW� OHDVW� RQH� LQWHJHU� �@����>
 ¡ XSSHUN � � H[LVWV�� DQG� WKH� QHZ� LQGLYLGXDO
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¥¦ NNNNN  �LV�D�IHDVLEOH�VROXWLRQ�WR��3���


:KHQ� LPSOHPHQWLQJ� ERXQGDU\�� XQLIRUP� DQG� QRQ�XQLIRUP� RSHUDWRUV�� RQO\� D� VLQJOH


YDULDEOH�RI�DQ� LQGLYLGXDO� LV�PXWDWHG�DQG� WKH�PXWDWLRQ� LV� LPSOHPHQWHG�DFFRUGLQJ�WR� WKH


SURFHVV�MXVW�GHVFULEHG��)RU�ZKROH�QRQ�XQLIRUP�RSHUDWRU�ZKLFK�PXWDWHV�DOO�WKH�YDULDEOHV


RI� WKH� LQGLYLGXDO�� ZH� QHHG� WR� DGMXVW� WKH� FXUUHQW� YDOXH� RI� §N � MXVW� DIWHU� HDFK� PXWDWLRQ


KDSSHQHG�YDULDEOH�E\�YDULDEOH�


&URVVRYHU� RSHUDWRUV��7KH� LPSOHPHQWDWLRQ� RI� DOO� WKUHH� FURVVRYHU� RSHUDWRUV� LV� MXVW� WKH


VDPH� DV� *HFRQRS� ����� :KHQ� WZR� LQGLYLGXDOV� DUH� FKRVHQ� WR� FURVVRYHU� XVLQJ� ZKROH


DULWKPHWLFDO� FURVVRYHU�RSHUDWRUV�� WKH\�SURGXFH� FKLOGUHQ� LQGLYLGXDOV� DV� LQ� WKH� UHDO�FRGH


VLWXDWLRQ�� WKHQ� HDFK�YDULDEOH�RI� WKH� FKLOGUHQ� LV� VHW� WR�DQ� LQWHJHU�E\� ������ DQG� WKHQ� WZR


LQWHJHU� YDOXHG� FKLOGUHQ� DUH� FUHDWHG�� 7KH� IHDVLELOLW\� RI� WKHVH� WZR� FKLOGUHQ� WR� �3��� DUH


WHVWHG�� DQG� WKH\�ZLOO� EH� DFFHSWHG� LI� WKH\� DUH� ERWK� IHDVLEOH�� ,I� QRW�� WKH� WZR� SDUHQW�ZLOO


FURVVRYHU�RQFH�PRUH��7KLV�SURFHVV�LV�UHSHDWHG�XQWLO� WZR�IHDVLEOH�LQGLYLGXDOV�KDYH�EHHQ


FUHDWHG�RU�WKH�QXPEHU�RI�WULDOV�SURFHHGV�D�SUHVSHFLILHG�PD[LPXP�WULDO�QXPEHU��6LPLODU


LPSOHPHQWDWLRQV�DUH�GRQH�WR�RWKHU�FURVVRYHU�RSHUDWRUV�


:H�FDQ�QRZ�VXPPDUL]H�WKH�*$�EDVHG�RQ�WKH�6%;�DQG�30�JHQHWLF�RSHUDWRUV�ZKLFK


VROYHV�WKH�SRUWIROLR�RSWLPL]DWLRQ�SUREOHPV��3���²�3���DV�IROORZV�


6WHS����,QSXW�DOO�SDUDPHWHUV�VXFK�DV� VL]HSRS B ��FURVVRYHU�SUREDELOLW\ ¨S �DQG�PXWDWLRQ


SUREDELOLW\ ©S �RI�DOO�JHQHWLF�RSHUDWRUV��WRWDO�HYROXWLRQDU\�JHQHUDWLRQV� JHQ �


6WHS����8VH�*$��WR�VROYH��S���WR�JHQHUDWH�WKH�LQLWLDO�SRSXODWLRQ�FRQVLVWV�RI�DOO��IHDVLEOH


VROXWLRQV�WR��3���


6WHS� ��� 8VH� *$�� WR� VROYH� �3��� DQG� �3��� WR� REWDLQ� WKH� JOREDO� PLQLPXP� ULVN� DQG� WKH


PD[LPXP� UHWXUQ� VROXWLRQ�� LQVHUW� WKHP� LQWR� WKH� LQLWLDO� SRSXODWLRQ�� 'R� ILWQHVV


IXQFWLRQ�VFDOLQJ�


6WHS� ��� 8SGDWH� WKH� LQGLYLGXDOV� LQ� WKH� FXUUHQW� SRSXODWLRQ� E\� FURVVRYHU� DQG� PXWDWLRQ


RSHUDWRUV�


6WHS����&DOFXODWH�WKH�VFDOHG�ILWQHVV�YDOXHV�IRU�DOO�LQGLYLGXDOV�


6WHS����6HOHFW�WKH�LQGLYLGXDOV�E\�XVLQJ�WKH�ELQDU\�WRXUQDPHQW�VHOHFWLRQ�VWUDWHJ\��FDUU\


RXW�HOLWLVP�VWUDWHJ\�WR�JHQHUDWH�WKH�QH[W�JHQHUDWLRQ�IRU�HYROXWLRQ�


6WHS�����5HSHDW�VWHSV���WR����XQWLO�WKH�JLYHQ� JHQ �JHQHUDWLRQV�


6WHS����5HSRUW�WKH�HIILFLHQW�VROXWLRQV��LQ�WKH�ILQDO�SRSXODWLRQ�


���6LPXODWLRQ�UHVXOWV


������3UREOHP�GHVFULSWLRQ�DQG�*$�VHWWLQJV







��


,Q� WKLV� VHFWLRQ�� WKH� SURSRVHG� *$�� LV� LOOXVWUDWHG� E\� VROYLQJ� �3��� XVLQJ� WKH� GDWD


SXEOLFDOO\�DYDLODEOH�IURP�25�/LEUDU\�DW�KWWS���PVFPJD�PV�LF�DF�XN�MHE�RUOLE�SRUWLQIR�KWPO��7KH


GDWD� FRQVLVW� RI� ��� REVHUYDWLRQV� RI� ZHHNO\� SULFHV� IRU� WKH� SHULRG� IURP�0DUFK� ����� WR


6HSWHPEHU� ����� IRU� DVVHW� IURP�+DQJ� 6HQJ� LQGH[�� 7KH� WRS� VL[�PHDQ� UHWXUQV� RI� WKHVH


VWRFNV�DUH������������������������������������������������UHVSHFWLYHO\��7KH�SULFHV�RI�DOO


VWRFNV�LQ�WKH�ODVW�SHULRG�DUH�UDQGRPO\�JHQHUDWHG�LQ�WKH�UDQJH�>������@�


7KH�PLQLPXP�ORWV�0/�LV�VHW�WR�EH�����RU���ZKHQ�SXUFKDVLQJ�DQG�VHOOLQJ�VWRFNV��,Q


FRQVWUDLQW�������� ���������ª  & �DQG� ���������«  & ��)RU�HDFK�VHFXULW\� 6L� �� ��� ¬X


RU����'HQRWH�E\� & � WKH� DPRXQW� WR�EH� LQYHVWHG� LQ� VWRFN� L �� WKH�SURSRUWLRQDO� WUDQVDFWLRQ


FRVWV� ��&3 DQG�IL[HG�WUDQVDFWLRQ�FRVWV ��&) �DUH�GHILQHG�DV
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7KHVH�VHWWLQJV�DUH�UDWKHU�DUELWUDU\�IRU�RXU�SXUSRVH�RI�WKLV�VHFWLRQ��LV�PHUHO\�WR�WHVW


WKH�HIILFLHQF\�RI�WKH�SURSRVHG�*$�IRU�PRGHO��3���


7R�VROYH��3���ZKHQ�XVLQJ�*$��LQ�VWHS���DQG����ZH�OHW�WKH�SUREDELOLW\�RI�FURVVRYHU


3 �EH� ���� �DQG�WKH�SUREDELOLW\�RI�PXWDWLRQ� 3® �EH����FKURPRVRPH�OHQJWK��DV�SURSRVHG
LQ�16*$�,,�� VL]HSRS B  ��� LQ� ERWK� VWHSV�� DQG� ��� JHQ � DQG� ����� LQ� VWHS� �� DQG� �


UHVSHFWLYHO\�� )RU� VWHS� �� WR� ��� ���B  VL]HSRS � DQG� ���� JHQ �� ��� 3̄ � IRU� DOO


FURVVRYHU�RSHUDWRUV�DQG� ��� °3 �IRU�DOO�PXWDWLRQ�RSHUDWRUV�


�����&RPSXWDWLRQDO�UHVXOWV


,Q� DOO� VLPXODWLRQV�� *$�� FDQ� DOZD\V� DWWDLQ� D� IHDVLEOH� SRSXODWLRQ� ZLWKLQ� ��


JHQHUDWLRQV�� 7KH� 13�KDUG� SUREOHP� IRU� ILQGLQJ� IHDVLEOH� VROXWLRQV� KDV� QRW� EHHQ� FDXVH


GLIILFXOWLHV��WR�*$�


7KH�VROLG�OLQHV�LQ�DOO�WKH�IROORZLQJ�ILJXUHV�DUH�WKH�HIILFLHQW�VROXWLRQV�IRU�WKH�FODVVLFDO


0DUNRZLW]� 0�9� PRGHO� LQ� WKH� UHWXUQ�ULVN� SODQH�� 7KHVH� HIILFLHQW� IURQWLHU� YDOXHV� DUH


SURYLGH�LQ�WKH�GDWD�VHW�ZH�XVHG��,Q�VRPH�VHQVH��WKH\�FDQ�VHUYH�DV�EHQFKPDUN�


7KH� HIILFLHQW� IURQWLHU� REWDLQHG�ZKHQ�XVLQJ�*$�� IRU� �3���ZLWK� � 0/ � DQG� � ±X







��


DQG� ZLWKRXW� WUDQVDFWLRQ� FRVWV� LV� VKRZQ� LQ� )LJXUH� ��� $V� � 0/ � LV� WKH� VPDOOHVW


WUDQVDFWLRQ�ORWV�DV�SRVVLEOH�ZKLOH� ±X �WDNHV�WKH�ODUJHVW�SRVVLEOH�YDOXH����LQ�WKLV�FDVH��3��


LV�WKH�PRVW�DFFXUDWH�DSSUR[LPDWLRQ�RI�WKH�0�9�PRGHO��,Q�)LJXUH����ZH�FDQ�ILQG�WKDW�WKH


HIILFLHQW�VROXWLRQV�REWDLQHG�DOPRVW�H[DFWO\� OLHV� LQ�WKH�HIILFLHQW�IURQWLHU�IRU�0�9�PRGHO�


7KLV�IDFW��SURYHV�WKH�HIILFLHQF\�RI�*$��


:H�DOVR�VROYH��3���ZLWKRXW�FKDQJLQJ�DQ\�VHWWLQJV�H[FHSW�IRU�RPLWWLQJ�ILWQHVV�VFDOLQJ


LPSOHPHQWHG� LQ� VWHS� ��� )LJXUH� �� VKRZV� WKDW� WKH� GLVWULEXWLRQ� RI� WKH� REWDLQHG� VROXWLRQV


FRPSRVLQJ�WKH�HIILFLHQW�IURQWLHU�LV�OHVV�HYHQ�WKDQ�WKDW�LQ�)LJXUH���IRU�WKH�SDUW�ZKHQ�WKH�H


UHWXUQ�RI�WKH�VROXWLRQV�LV�UHODWLYHO\�KLJK��6LPLODU�SKHQRPHQD�RFFXU�LQ�RWKHU�VLPXODWLRQV


RI�ZKLFK�WKH�UHVXOWV�DUH�QRW�SUHVHQWHG�KHUH��:H�FDQ�GUDZ�D�FRQFOXVLRQ�WKDW�WKH�HIILFLHQF\


RI�*$��DOZD\V�EHHQ�XQGHUPLQHG�ZLWKRXW�ILWQHVV�VFDOLQJ�


�������������)LJ����*$��IRU��3����ZLWK��ILWQHVV���VFDOLQJ����������������������������������)LJ���*$��IRU��3���ZLWKRXW�ILWQHVV
����������������������� � 0/ � ²³´µ ���ZLWKRXW�WUDQVDFWLRQ���������������������������������������������VFDOLQJ��� � 0/ ��� ²³´µ �


������������������������ZLWKRXW�WUDQVDFWLRQ�FRVWV��������������������������������������������������ZLWKRXW�WUDQVDFWLRQ�FRVWV �������������������������������������


7KH� UHVXOWV� IRU� ��� ¶X DQG� � 0/ � DUH� VKRZQ� LQ� )LJXUH� ���:H� FDQ� VHH� WKDW� � E\


LQYHVWLQJ��LQ�PRUH�VWRFNV��WKH�PD[LPXP�ULVN�KDV�GHFUHDVHG�VLJQLILFDQWO\��2QFH�PRUH�WKH


HIILFLHQF\�RI�*$��FDQ�EH�SURYHQ�IURP�WKH�FRLQFLGHQFH�RI�WKHVH�WZR�IURQWLHUV�


,Q�)LJXUH���� WKH�REWDLQHG�IURQWLHUV�ZLWK� ��� ¶X DQG� � 0/ �DQG�ZLWK�DQG�ZLWKRXW


WUDQVDFWLRQ� FRVWV� DUH� SORWWHG� IRU� FRPSDULVRQ��$OWKRXJK�ZH� ODFN� EHQFKPDUN� WR� WHVW� WKH


TXDQWLW\�RI�WKH�VROXWLRQV�ZKHUH�WUDQVDFWLRQ�FRVWV�DUH�FRQVLGHUHG��ZH�KDYH�IDLWK�LQ�LW�


)LJXUH��� DQG� �� VKRZ� WKH� UHVXOWV� FRUUHVSRQGLQJ� WR� WKRVH� LQ�)LJXUHV� �� DQG� ��ZKLOH


��� ¶X �DQG� ��� 0/ ��DQG�WKH�UHVXOWV�DUH�TXLWH�VLPLODU�







��


��������������)LJ���*$���IRU��3���ZLWK� � 0/ ���������������������������������������)LJ����*$����IRU��3���ZLWK� � 0/ �


������������������������� ·¸¹º»¼ ��ZLWKRXW�FRVWV���������������������������������������������������� ·¸¹º»¼ ��ZLWK�DQG�ZLWKRXW�FRVWV


������������������������


����������������)LJ���*$���IRU��3���ZLWK� ��� 0/ ���������������������������������������)LJ���*$�����IRU���3����ZLWK�� ��� 0/ �


������������������������� ·¸¹º»¼ ��ZLWKRXW�FRVWV��������������������������������������������������������� ·¸¹º»¼ ��ZLWK�DQG�ZLWKRXW�FRVWV


,W� LV�ZRUWKZKLOH� WR� KLJKOLJKW� WKDW� DV�*$V� DUH� KLJKO\� SDUDOOHO� DOJRULWKPV� LQ� QDWXUH


�*ROGEHUJ��������LW�LV�HDV\�WR�LPSOHPHQW�*$V�RQ�SDUDOOHO�DUFKLWHFWXUHV�DQG�WKH�HIILFLHQF\


FDQ�EH�LPSURYHG�GUDVWLFDOO\�


����&RQFOXVLRQV
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��� ,Q�WKLV�SDSHU��ZH�KDYH�SURSRVHG�D�QHZ�PHDQ�YDULDQFH�PRGHO�IRU�SRUWIROLR�VHOHFWLRQ


ZLWK� ERWK� IL[HG� WUDQVDFWLRQ� FRVWV� DQG� PLQLPXP� ORWV�� $V� WKH� PRGHO� LV� D� � QRQOLQHDU�


PXOWLSOH�REMHFWLYHV� LQWHJHU�SURJUDPPLQJ�SUREOHP��ZH�GHVLJQ�D�*$�EDVHG�RQ�16*$�,,


DQG�*HFRQRS�WR�VROYH�WKH�SURJUDPPLQJ�SUREOHPV��&RPSXWDWLRQDO�UHVXOWV�VKRZ�WKDW�WKH


SURSRVHG�*$�LV�D�SURPLVLQJ�WRRO�WR�VROYH�SRUWIROLR�RSWLPL]DWLRQ�SUREOHPV�


$FNQRZOHGJHPHQWV


7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� 3URI�� .DO\DQPR\� 'HE� RI� ,QGLDQ� ,QVWLWXWH� 2I


7HFKQRORJ\�.DQSXU� DQG�3URI��=ELJQLHZ�0LFKDOHZLF]� RI�8QLYHUVLW\� RI�1RUWK�&DUROLQD


IRU�PDNLQJ�WKHLU�JHQHWLF�DOJRULWKP�FRGH�SXEOLFO\�DYDLODEOH�


5HIHUHQFHV


%DHFN�� 7��� )RJHO�� '�%��� 0LFKDOHZLF]�� =��� �(GV���� ������ +DQGERRN� RI� (YROXWLRQDU\� &RPSXWDWLRQ�


2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG�


%HQWOH\�� 3�� -���:DNHILHOG�� -�� 3��� ������ )LQGLQJ�$FFHSWDEOH� 6ROXWLRQV� LQ� WKH� 3DUHWR�2SWLPDO� 5DQJH


XVLQJ� 0XOWLREMHFWLYH� *HQHWLF� $OJRULWKPV�� &KDZGKU\�� LQ�� 5R\�� 3�.��� 3DQW�� 5�.�� �(GV���� 6RIW


&RPSXWLQJ�LQ�(QJLQHHULQJ�'HVLJQ�DQG�0DQXIDFWXULQJ��6SULQJHU�9HUODJ�/RQGRQ�/LPLWHG��3DUW���


��������


&KDQJ��7�-���0HDGH��1���%HDVOH\��-�(���6KDUDLKD��<�0���������+HXULVWLFV� IRU�FDUGLQDOLW\� FRQVWUDLQHG


SRUWIROLR�RSWLPL]DWLRQ��&RPSXWHUV�DQG�2SHUDWLRQV�5HVHDUFK��������������


&KHQ��$�+�<���-HQ��)�&���=LQRWV��6���������7KH�RSWLPDO�SRUWIROLR�UHYLVLRQ�SROLF\��-RXUQDO�RI�%XVLQHVV


���������


&RHOOR� &RHOOR�� &�$��� ������ $� &RPSUHKHQVLYH� 6XUYH\� RI� (YROXWLRQDU\�%DVHG� 0XOWLREMHFWLYH


2SWLPL]DWLRQ�7HFKQLTXHV��.QRZOHGJH�DQG�,QIRUPDWLRQ�6\VWHPV������������


'DQW]LJ��*�%���,QIDQJHU��*���������0XOWL�VWDJH�VWRFKDVWLF�OLQHDU�SURJUDPV�IRU�SRUWIROLR�RSWLPL]DWLRQ�


$QQDOV�RI�2SHUDWLRQV�5HVHDUFK�����������


'HE��.���$JUDZDO��5�%��� ������6LPXODWHG� ELQDU\� FURVVRYHU� IRU� FRQWLQXRXV� VHDUFK� VSDFH��&RPSOH[


6\VWHPV�����������


'HE��.���$JUDZDO�6���3UDWDE�$���0H\DULYDQ��7���������$�)DVW�(OLWLVW�1RQ�'RPLQDWHG�6RUWLQJ�*HQHWLF


$OJRULWKP�IRU�0XOWL�2EMHFWLYH�2SWLPL]DWLRQ��16*$�,,��.DQ*$/�UHSRUW���������,QGLDQ�,QVWLWXWH�RI


7HFKQRORJ\��.DQSXU��,QGLD�


)DPD��(���������3RUWIROLR�DQDO\VLV�LQ�D�VWDEOH�PDUNHW��0DQDJHPHQW�6FLHQFH�������������


*HQQRWWH��*���-XQJ��$���������,QYHVWPHQW�VWUDWHJLHV�XQGHU� WUDQVDFWLRQ�FRVWV��WKH�ILQLWH�KRUL]RQ�FDVH�


0DQDJHPHQW�6FLHQFH�������������


*ROGEHUJ��'�(���������*HQHWLF�$OJRULWKPV�LQ�6HDUFK��2SWLPL]DWLRQ�DQG�0DFKLQH�/HDUQLQJ��$GGLVRQ�


:HVOH\��1HZ�<RUN��1<�


+ROODQG�� -�+�������� $GDSWDWLRQ� LQ� QDWXUDO� DQG� DUWLILFLDO� V\VWHPV�� 8QLYHUVLW\� RI� 0LFKLJDQ� 3UHVV�


0LFKLJDQ�


-DFRE��1�/���������$�OLPLWHG�GLYHUVLILFDWLRQ�SRUWIROLR�VHOHFWLRQ�PRGHO�IRU�WKH�VPDOO�LQYHVWRU��-RXUQDO


RI�)LQDQFH������������


.HOOHUHU�� +��� 0DQVLQL�� 5��� 6SHUDQ]D� 0�*��� ������ 2Q� VHOHFWLQJ� D� SRUWIROLR� ZLWK� IL[HG� FRVWV� DQG







��


PLQLPXP�ORWV��:RUNLQJ�SDSHU�DW�'LS��GL�0HWRGL�4XDQWLWDWLYL��8QLYHUVLWD�GL�%UHVFLD��&�GD�6�&KLDUD


���E��������%UHVFLD��,WDO\�


.RQQR�� +��� :LMD\DQD\DNH�� $��� ������ 3RUWIROLR� RSWLPL]DWLRQ� SUREOHPV� XQGHU� FRQFDYH� WUDQVDFWLRQ


FRVWV�DQG�PLQLPDO�WUDQVDFWLRQ�XQLW�FRQVWUDLQWV��0DWKHPDWLFDO�3URJUDPPLQJ�������������


/HY\��+���������(TXLOLEULXP�LQ�DQ�LPSHUIHFW�PDUNHW��D�FRQVWUDLQW�RQ�WKH�QXPEHU�RI�VHFXULWLHV�LQ�WKH


SRUWIROLR��$PHULFDQ�(FRQRPLF�5HYLHZ������������


/L��=�)���:DQJ��6�<���'HQJ��;���������$�OLQHDU�SURJUDPPLQJ�DOJRULWKP�IRU�RSWLPDO�SRUWIROLR�VHOHFWLRQ


ZLWK�WUDQVDFWLRQ�FRVWV��,QWHUQDWLRQDO�-RXUQDO�RI�6\VWHPV�6FLHQFH������������


/LQ�� '��� :DQJ�� 6�<��� ������ $� *HQHWLF� DOJRULWKPV� WR� VROYH� SRUWIROLR� RSWLPL]DWLRQ� SUREOHPV� ZLWK


WUDQVDFWLRQ� FRVWV� DQG� PLQLPXP� WUDQVDFWLRQ� ORWV�� WR� EH� SXEOLVKHG� LQ� 3URFHHGLQJ� RI� .QRZOHGJH


6FLHQFHV�DQG�6\VWHP�6FLHQFHV������


/LQ��'���:DQJ�� 6�<��� +RQJ��<��� �����*HQHWLF� DOJRULWKPV� WR� VROYH� SRUWIROLR� RSWLPL]DWLRQ� SUREOHPV


ZLWK� WUDQVDFWLRQ� FRVWV� DQG�PLQLPXP� WUDQVDFWLRQ� ORWV�� VXEPLWWHG� WR�&RPSXWHUV� DQG�0DWKHPDWLFV


ZLWK�$SSOLFDWLRQV�


0DR��-�&�7��������(VVHQWLDOV�RI�SRUWIROLR�GLYHUVLILFDWLRQ�VWUDWHJ\��-RXUQDO�RI�)LQDQFH���������������


0DUNRZLW]��+���������3RUWIROLR�VHOHFWLRQ��-RXUQDO�RI�)LQDQFH����������


0DVLQL�� 5��� 6SHUDQ]D�� 0�*��� ������ +HXULVWLF� $OJRULWKPV� IRU� D� 3RUWIROLR� 6HOHFWLRQ� 3UREOHP� ZLWK


0LQLPXP�7UDQVDFWLRQ�/RWV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�����������������


0LFKDOHZLF]��=���������*HQHWLF�$OJRULWKPV���'DWD�6WUXFWXUHV� �(YROXWLRQ�3URJUDPV�� ��UG�HGLWLRQ�


6SULQJHU�9HUODJ��%HUOLQ�


0XOYH\�� -�0��� 9ODGLPLURX�� +��� ������ 6WRFKDVWLF� QHWZRUN� SURJUDPPLQJ� IRU� ILQDQFLDO� SODQQLQJ


SUREOHPV��0DQDJHPHQW�6FLHQFH���������������


3DWHO��1��5���6XEUDKPDQ\DP��0��*���$� VLPSOH�DOJRULWKP� IRU�RSWLPDO�SRUWIROLR� VHOHFWLRQ�ZLWK� IL[HG
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