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%DFNLQJ�XS� WR� WKH�(),(�ZKLFK�PXVW� EH� VROYHG��ZH�PXVW� QRZ�FRQVLGHU� WKH�DSSUR[LPDWLRQ� IRUPV�ZKLFK

ZLOO�EH�XVHG�LQ�WKH�VROXWLRQ���,Q�WKLV�FRQWH[W��ZH�DSSUR[LPDWH�WKH�FXUUHQW� �ZLWK�D�VHW�RI�IXQFWLRQV�ZH�ZLOO�FDOO0
EDVLV�IXQFWLRQV����)RU�WKLV�GHYHORSPHQW��ZH�DSSUR[LPDWH� �E\�SLHFHZLVH�OLQHDU�IXQFWLRQV���)RU�VLPSOLFLW\��WKLV�VHW0
RI�IXQFWLRQV�LV�PRVW�HDVLO\�GHVFULEHG�ZLWK�OLQHDU�VSOLQH�W\SH�IXQFWLRQV�VKRZQ�DV�WULDQJXODU�IXQFWLRQV�

)LJXUH�����&XUUHQW�H[SDQVLRQ�RQ�D�ZLUH�VHJPHQW�

7KH� (),(� HTXDWLRQ� UHTXLUHV� WKH� GLIIHUHQWLDWLRQ� RI� WKH� FXUUHQW� ZKLFK� EHFRPHV� D� VHULHV� RI� SXOVH� IXQFWLRQV� DV

VKRZQ�

)LJXUH�����&KDUJH�H[SDQVLRQ�RQ�D�ZLUH�VHJPHQW�

:LWK�WKLV�IRUPDOLVP�ZH�PD\�ZULWH
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,Q� DSSO\LQJ� WKH� PHWKRG� RI� PRPHQWV� >+DUULQJWRQ�� ����@� WR� VROYH� ����� QXPHULFDOO\�� ZH� XVH� WKH� DERYH

H[SDQVLRQ� IXQFWLRQV�� �7KLV�PHWKRG� DOVR� UHTXLUHV� D� VHW� RI� WHVWLQJ� IXQFWLRQV� XVHG� WR� IRUFH� WKH�HTXDWLRQ�HTXDOLW\

XVLQJ�ZHLJKWHG� LQWHJUDOV��FRPPRQO\�FDOOHG�D�ZHDN�HTXDOLW\�� �6LPSOH�SXOVHV�H[WHQGLQJ�IURP�WKH�FHQWHU�RI�HDFK

VHJPHQW� WR� WKH� DGMDFHQW� VHJPHQW�� GHQRWHG� E\� � ��� DUH� XVHG� IRU� WHVWLQJ�� � 7KLV� SURFHVV� UHVXOWV� LQ� D� PDWUL[3Q M
HTXDWLRQ
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7KLV� LV� DFWXDOO\� WKH� NLQG� RI� SURFHVV� XVHG� E\� WKH� RULJLQDO�0LQL1HF� ZULWHUV� WR� HYDOXDWH� WKH� LQWHJUDO�� EXW� WKH\
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/XPSHG�HOHPHQW� ORDGLQJ� �LQFOXGLQJ�VNLQ�HIIHFW� ORVV��RU� LQSXW� UHVLVWDQFH� LV�VLPSO\�DGGHG�WR�WKH� �RI������WRt��

REWDLQ�D�PRGLILHG� �IRU�FRPSXWDWLRQ���7KLV�WUHDWPHQW�RI�ORDGLQJ�IROORZV�WKH�GHYHORSPHQW�RI�3RJJLR�>����@�t��

7KH�HYDOXDWLRQ�RI�WKH�VRXUFH�WHUP� �PD\�EH�VHSDUDWHG�LQWR�WKH�FDVHV�RI�VRXUFH�IHG�DQWHQQDV�DQG�SODQH�p�

ZDYH�LQFLGHQFH���)RU�SODQH�ZDYH�LQFLGHQFH��ZH�VLPSO\�DSSUR[LPDWH� �E\p�
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ZKHUH� �LV�GLUHFWHG�WR�WKH�SODQH�ZDYH�VRXUFH���7KH�VLPSOHVW�PRGHO�WR�XVH�IRU�D�IHG�ZLUH�LV�D�3(&�WXEH�ZLWK�D�A 

GRXEOH�ULQJ�PDJQHWLF�VRXUFH���7KLV�PRGHO�FUHDWHV�D�ULQJ�RI�PDJQHWLF�FXUUHQW�RQ�ERWK�WKH�LQQHU�DQG�RXWHU�VXUIDFHV

RI�WKH�WXEH�LQ�RSSRVLQJ�GLUHFWLRQV���7KXV�WKH�PDJQHWLF�ULQJ�VRXUFHV�GR�QRW�UDGLDWH�DV�D�UHVXOW�RI�WKH�FDQFHOODWLRQ�

EXW� FRQWULEXWH� WR� WKH� HOHFWULF� ILHOG� RQO\� DW� WKH� VXUIDFH� ORFDWLRQV� RI� WKH� ULQJV�� � 7KLV� SURYLGHV� D� PRGHOLQJ

IRXQGDWLRQ� IRU�ZKDW�PRVW� SHRSOH� FRQVLGHU� DQ� DSSUR[LPDWH� VRXUFH� UHIHUUHG� WR� DV� WKH� GHOWD� JDS�PRGHO�� � ,Q� WKLV

FDVH��ZH�VLPSO\�KDYH� �DV�WKH�DSSOLHG�YROWDJH�LQ�WKH�OXPSHG�HOHPHQW�VHQVH�DW� �p� �M

7KH�PDMRU�FRQFHUQ�LQ�WKLV�VRXUFH�PRGHOLQJ�LV�WKH�QHDU�ILHOG�HIIHFWV�RQ�FRPSXWHG�SDUDPHWHUV���$�FRPPRQ

SDUDPHWHU�RI�LQWHUHVW�LV�WKH�DQWHQQD�LQSXW�LPSHGDQFH���$�W\SLFDO�QXPHULFDO�H[SHULPHQW�SHUIRUPHG�RQ�WKH�LQSXW

LPSHGDQFH�LV�WR�SORW�FRQYHUJHQFH�DV�WKH�QXPEHU�RI�XQNQRZZQV�LV�LQFUHDVHG���:KHQ�ZH�PRGHO�WKH�VRXUFH�E\�p�

DV� D� JDS�PRGHO�� ZH� FDQQRW� DFWXDOO\� FODLP� WKDW� WKH� QXPHULFDO� SURFHVV� KDV� VROYHG� WKH� JDS� IHHG�SUREOHP�� �7KH

DFWXDO� VRXUFH� PXVW� EH� UHODWHG� WR� WKH� EDVLV� IXQFWLRQV� XVHG� IRU� WKH� FXUUHQW� H[SDQVLRQ� DQG� UHODWHG� VORSH

GLVFRQWLQXLWLHV� LQ� WKH� FXUUHQW�� � ,W� LV� QRW� SRVVLEOH� WR� HVWDEOLVK� D� SUHFLVH� UHODWLRQVKLS� EHWZHHQ� WKH� FXUUHQW� DQG

VRXUFH� PRGHO�� � +RZHYHU�� VWXGLHV� >0LWWUD� DQG� .OLHQ�� ����@� KDYH� VKRZQ� WKDW� LQFUHDVLQJ� Q�� WKH� QXPEHU� RI

XQNQRZQV��GRHV�QRW�SURYLGH�FRQYHUJHQFH�RI�WKH�LQSXW�LPSHGDQFH���,I�WKH�VRXUFH�LV�DSSOLHG�DW�WKH�FHQWHU�HOHPHQW

RI�D�GLSROH��WKLV�FRQYHUJHQFH�GRHV�QRW�RFFXU�ZKHQ�WKH�LPSHGDQFH�LV�SORWWHG�YHUVXV��� ����7KLV��� �IRUP�RI�SORW�LV� �
XVHIXO� LQ� HYDOXDWLQJ� FRQYHUJHQFH� SKHQRPHQD� YHUVXV� WKH� QXPEHU� RI� XQNQRZQV��� � 2QH� SRVVLEOH� H[SODQDWLRQ

W\SLFDOO\�JLYHQ�LV�URXQG RII�HUURU�PXVW�EH�WKH�SUREOHP���+RZHYHU��LQFUHDVHG�SUHFLVLRQ�VWLOO�KDV�WKH�VDPH�UHVXOW�c
,I� WKH� VRXUFH� LV� GLVWULEXWHG� RYHU� VHYHUDO� VHJPHQWV� VR� DV� WR� PDLQWDLQ� WKH� SK\VLFDO� GLPHQVLRQ� RI� WKH� VRXUFH�

FRQYHUJHQFH� LV� REWDLQHG�� � 7KLV� LV� GLUHFWO\� UHODWHG� WR� WKH� QHDU�ILHOG� VXVHSWDQFH� DW� WKH� DQWHQQD� LQSXW�� � 7KLV

PRGHOLQJ�DVSHFW�VKRXOG�EH�NHSW�LQ�PLQG�DV�WKH�DQDO\VLV�LV�XVHG�IRU�DQWHQQDV�

7KH� ODVW� VWHS� LQ� WKH� FXUUHQW� DQDO\VLV� IRU� D� SHUIHFWO\� FRQGXFWLQJ�ZLUH� LV� WKH� HIIHFW� RI� D� JURXQG�SODQH�� LI

LQFOXGHG�� �$� �3(&�JURXQG�SODQH�PRGHO�KDV�EHHQ�XVHG�ZLWK� WKH�DVVRFLDWHG� LPDJH� � WKHRU\�� �7R�DFFRXQW� IRU� WKH

JURXQG��ZH�VLPSO\�DGG�WR� �DQ�LPDJH�LPSHGDQFH� �JLYHQ�E\t t��
�
��

t t t�
�� �� ��~ b��� ���� � � ����

ZKHUH� WKH� LPDJH� LPSHGDQFHV� DUH� REWDLQHG� IURP� WKH� VDPH� IRUPXODH� DV� WKH� RULJLQDO� LPSHGDQFHV�H[FHSW� IRU� WKH

UHSODFPHQW�RI�WKH�IROORZLQJ�
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7KH�HIIHFWV�RI�ORZ�ORVV�LQ�WKH�JURXQG�SODQH�DUH�W\SLFDOO\�WUHDWHG�LQ�HLWKHU�DQ�H[DFW�PDQQHU�XVLQJ�WKH�6RPPHUIHOG

WKHRU\� RU� WKH� VLPSOILHG� IDU�ILHOG� XVH� RI� WKH� UHIOHFWLRQ�PHWKRG�� � $� QHZ�PHWKRG�ZKLFK�ZDV� SUHVHQWHG� LQ� ����

>'DYLV�� 6ZHHQH\�� DQG� 6WXW]PDQ@� LV� VWLOO� XQGHU� VWXG\�� � 7KLV� ODWWHU� PHWKRG� LV� DQ� DSSUR[LPDWH� PHWKRG� ZKLFK

VHSDUDWHV� WKH� UHIOHFWHG� ILHOG� LQWR� WZR�SDUWV�� VLPLODU� WR� WKH� UHVXOWDQW�6RPPHUIHOG� IRUP��FRQVLVWLQJ�RI�D�VSHFXODU

SDUW��D�VWDQGDUG�LPDJH��DQG�D�SHUWXUEHG�SDUW���7KH�SHUWXUEHG�SDUW�LV�EHLQJ�WUHDWHG�LQ�D�UHIOHFWLRQ�PHWKRG�IRUPDW�

ZKLOH�WKH�VSHFXODU�SDUW�LV�WUHDWHG�H[DFWO\�

/RDGLQJ� HIIHFWV� DUH� HDVLO\� DGGHG� LQ� WKH� PDQQHU� XVHG� E\� 3RJJLR� >����@�� � 7KH� ORDG� DW� HDFK� HOHPHQW� LV

VLPSO\�DGGHG�WR�WKH�GLDJRQDO�HOHPHQW�RI�WKH�PDWUL[���/LNHZLVH��FRQGXFWRU�ORVV�PD\�VLPSO\�EH�DGGHG�DV�D�VHULHV

UHVLVWDQFH�DV�ZRXOG�DQ\�RWKHU�ORDG���6XFK�D�VHULHV�UHVLVWDQFH�ZRXOG�UHTXLUH�WKH�HYDOXDWLRQ�RI�WKH�UHVLVWDQFH�SHU

OHQJWK�GXH�WR�WKH�FRQGXFWRU�UHVLVWLYLW\�DQG�SRVVLEO\�VNLQ�GHSWK�

7KH�SURJUDP�KDV�EHHQ�XVHG�VXFFHVVIXOO\�IRU�GLSROHV��IROGHG�GLSROHV��\DJLV��ORRSV��DQG�LQGXFWLYHO\�ORDGHG

ZKLSV���$V�RI�\HW��QR�ZLUH�DQWHQQD�VWUXFWXUHV�KDYH�IDLOHG�LQ�WKH�SURJUDP ��XQOHVV�UHTXLULQJ�WRR�PDQ\�XQNQRZQV�

�FXUUHQWO\�DW�D�PD[LPXP�RI�����GRXEOH�SUHFLVLRQ����6DPSOH�SORWV�IRU�WKH�FXUUHQW�DQG�ILHOG�SDWWHUQ�RI�D� ���GLSROH�

DUH�VKRZQ�LQ�)LJV����DQG�����7KH�SURJUDP�KDV�EHHQ�ZULWWHQ�IRU�WKH�&*$�GLVSOD\�WR�SURYLGH�WKH�DYDLODEOLW\�WR�WKH

PD[LPXP�QXPEHU�RI�XVHUV�DQG�QRW�OLPLW�WKH�QXPEHU�RI�XQNQRZQV�E\�ORDGLQJ�WKH�FRGH�ZLWK�H[WUD�YLGHR�GULYHU

LQIRUPDWLRQ�

)LJXUH�����&XUUHQW�SORW�IURP�WKH�ZLUH�SURJUDP�IRU�DQ���VHJPHQW� �GLSROH�
�

�

�7KH�H[HFXWDEOH�FRGH�IRU�DQG�3&�LV�DYLDODEOH�E\�)73�IURP�JRSKHU�YW�HGX�XQGHU�ILOHER[�HQJ�HH�IDFXOW\�:'DYLV�DV

$17(11$�(;(��D�VHOI�H[WUDFWLQJ�DUFKLYH�
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)LJXUH�����(�SODQH�SDWWHUQ�SORW�IURP�WKH�ZLUH�SURJUDP�IRU�DQ���VHJPHQW� �GLSROH�
�

�

7KH�FXUUHQW�SORW�SURYLGHV�WKH�UHODWLYH�DPSOLWXGH�RI�WKH�FXUUHQW�YHUVXV�SRVLWLRQ��QRW�YHUVXV�WKH�XQNQRZQ�QXPEHU�

7KXV�D�SUREOHP�VXFK�DV�D�IROGHG�GLSROH�GLVSOD\V�D�VPDOO�FXUUHQW�VHFWLRQ�RQ�WKH�HQG�ZLUHV��ZKLOH�WKH�UHPDLQLQJ

FXUUHQW� LV� DSSURSULDWHO\� GLVWULEXWHG� DORQJ� WKH� DQWHQQD�ZLUHV�� �7KH� IRUPXODWLRQ�SUHVHQWHG�DOVR�KDV�DOORZHG� WKH

PRGHOLQJ�RI� FRD[LDO� FDEOH� W\SHV� RI� SUREOHPV�ZLWK� WKH�DVVRFLDWHG�VWDQGLQJ�ZDYH�FXUUHQWV�� �7KH� ILHOG�SDWWHUQ� LV

DYDLODEOH� LQ� �SODQH� FXWV� DV� ZHOO� DV� IL[HG� � FRQLFDO� FXWV�� � 7KH� SDWWHUQ� LV� GLVSOD\HG� IRU� ERWK� WKH� � DQG�� � � �

FRPSRQHQWV� RI� WKH� HOHFWULF� ILHOG�ZLWK� WKH� VLJQDO� OHYHO� UHODWLYH� WR� DQ� LVRWURSLF�HOHPHQW��JLYLQJ� WKH�JDLQ� IRU� WKH

JLYHQ�SDWWHUQ�

6800$5<

7KLV�SDSHU�KDV�SUHVHQWHG�WKH�IXQGDPHQWDO�FRQFHSWV�RI�ZLUH�DQWHQQD�DQDO\VLV�FXUUHQWO\�XVHG�LQ�D�PRGLILHG

YHUVLRQ� RI� WKH� SURJUDP�0LQL1HF�� � 6SHFLILF� DWWHQWLRQ� KDV� EHHQ� JLYHQ�ERWK� WR� WKH� FXUUHQW� DQG� WHVWLQJ� IXQFWLRQ

DSSUR[LPDWLRQV�DQG�WKH�FRPSXWDWLRQ�RI�WKH�LQWHJUDO�HTXDWLRQ�NHUQHO���&RPPHQWV�KDYH�EHHQ�PDGH�ZKLFK�SURYLGH

MXVWLILFDWLRQ�IRU�WKH�ZLGHO\�XVHG�GHOWD�JDS�PRGHO�IRU�WKH�DQWHQQD�VRXUFH�ZLWKLQ�D�WXEXODU�PRGHO���$�IRUP�LV�DOVR

SUHVHQWHG�IRU�ZKLFK�WKH�DQWHQQD�PD\�EH�DQDO\]HG�LQ�D�UHFHLYH�PRGH���7KH�FULWLFDO�DUHDV�WUHDWHG�E\�WKLV�SDSHU�DUH

WKH� DSSUR[LPDWLRQV�PDGH� LQ� ERWK� WKH�PRGHO� DQG� WKH� QXPHULFDO� FRPSXWDWLRQ�� � 7KHVH� DSSUR[LPDWLRQV� LQFOXGH

ERWK� WKH�FLUFXPIHUHQWLDO�QDWXUH�RI� WKH�FXUUHQW�DQG� WKH�QXPHULFDO�H[SDQVLRQ�RI� WKH�FXUUHQW�DORQJ�WKH�VWUXFWXUH�

7KH�FXUUHQW�H[SDQVLRQ�LV�D�FODULILFDWLRQ�RI�WKH�RIWHQ�PLVOHG�YLHZSRLQW�WKDW�SXOVH�WHVWLQJ�DQG�H[SDQVLRQ�ZDV�XVHG�

ZKHQ� LQGHHG� WKH� FXUUHQW�ZDV� DSSUR[LPDWHG� LQ� D� OLQHDU�PDQQHU� DQG� WKH� UHVXOW�DSSUR[LPDWHG�E\�SXOVHV� IRU� WKH

FRPSXWDWLRQ� RI� VRPH� LQWHJUDOV�� � +RSHIXOO\� WKLV� SDSHU� SURYLGHV� DQ� DSSURDFK� WR� WKH� ZKROH� SUREOHP� ZKLFK� LV

WUDFWDEOH�E\�D�ZLGH�YDULHW\�RI�LQWHUHVWHG�UHDGHUV�

%,%/,2*5$3+<

$EUDPRZLW]��0��DQG� ,��$��6WHJXQ��������� � �� �8�6��*RYHUQPHQW�3ULQWLQJ+DQGERRN�RI�0DWKHPDWLFDO�)XQFWLRQV

2IILFH��:DVK���'&�

'DYLV��:��$�����������¦1XPHULFDO�6ROXWLRQV�WR�WKH�3UREOHPV�RI�(OHFWURPDJQHWLF�5DGLDWLRQ�DQG�6FDWWHULQJ�E\�D

)LQLWH�+ROORZ�&\OLQGHU����3K�'��'LVVHUWDWLRQ��8QLYHUVLW\�RI�,OOLQRLV�

'DYLV��:��$���'��*��6ZHHQH\��DQG�:��/��6WXW]PDQ����������¦0LQL1HF�,,���$Q�LPSURYHG�YHUVLRQ�RI�0LQL1HF�IRU

3HUVRQDO�&RPSXWHUV���������856,�5DGLR�6FLHQFH�0HHWLQJ��%ODFNVEXUJ��9$�

+DUULQJWRQ��5��)����������� ���0DFPLOODQ��1HZ�<RUN�)LHOG�&RPSXWDWLRQ�E\�0RPHQW�0HWKRGV
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-XOLDQ��$��-���-��&��/RJDQ��DQG�-��:��5RFNZD\����������¦0LQL1HF���$�PLQL�QXPHULFDO�HFOHFWURPDJQHWLFV�FRGH��

7HFK��'RF�������1DYDO�2FHDQ�6\VWHPV�&HQWHU��6DQ�'LHJR��&$�

0LWWUD�� 5�� DQG� &�� $�� .OLHQ� �������� � ¦6WDELOLW\� DQG�&RQYHUJHQFH� RI�0RPHQW�0HWKRG� 6ROXWLRQV��� &KDS�� �� LQ

1XPHULFDO�DQG�$V\PSWRWLF�7HFKQLTXHV�LQ�(OHFWURPDJQHWLFV��6SULQJHU�9HUODJ��1HZ�<RUN�

3RJJLR� �������� �¦1XPHULFDO�6ROXWLRQ�RI� ,QWHJUDO�(TXDWLRQV�RI�'LSROH�DQG�6ORW�$QWHQQDV�,QFOXGLQJ�$FWLYH�DQG

3DVVLYH�/RDGLQJ���3K�'��'LVVHUWDWLRQ��8QLYHUVLW\�RI�,OOLQRLV�

0LWWUD��5���<��5DKPDW�6DPLL��'��9��-DPQHMDG��DQG�:��$��'DYLV����������¦$�QHZ�ORRN�DW�WKH�WKLQ�SODWH�VFDWWHULQJ

SUREOHP��

5RFNZD\�� -��:��� -�� &�� /RJDQ�� '��:�� 6�� 7DP�� DQG� 6�� 7�� /L� �������� �7KH�0LQL1HF� 6\VWHP�� �0LFURFRPSXWHU

$QDO\VLV�RI�:LUH�$QWHQQDV����$UWHFK�+RXVH��1RUZRRG��0$�

6WXW]PDQ��:��/��DQG�*��$��7KLHOH���������� ���:LOH\��1HZ�<RUN�$QWHQQD�7KHRU\�DQG�'HVLJQ

¥$&(6����������$SSOLHG�&RPSXWDWLRQDO�(OHFWURPDJQHWLF�6RFLHW\�1HZVOHWWHU��-XQH�
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