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<XDQ�3DR�+VX��.DR�6KLQJ�+ZDQJ��DQG�-LQQ�6K\DQ�:DQJ'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ1DWLRQDO�&KXQJ�&KHQJ�8QLYHUVLW\&KLD�<L��7DLZDQ(�PDLO���KVX\S#URERW�HH�FFX�HGX�WZ

$EVWUDFW$� QHZ� GHVLJQ� VFKHPH RI� &HUHEHOODU� 0RGHO� $UWLFXODU&RQWUROOHU� �&0$&� LV� SUHVHQWHG� LQ� WKLV� DUWLFOH�� 7KH�FRQWUROOHU� LV�GHVLJQHG�ZLWK�D�FRQWHQW�DGGUHVVDEOH�PHPRU\��&$0�� WR� UHSODFH� WKH� IXQFWLRQ� RI� KDVK�FRGLQJ� PHWKRG��ZKLFK� FRQVXPHV� PRUH� FRPSXWDWLRQ� HIIRUWV� LQ� WKH�WUDGLWLRQDO� &0$&� IRU� PHPRU\� VSDFH� FRQVLGHUDWLRQ��7KHUHIRUH��WKH�DGGUHVV�PDSSLQJ�RI�WKH�SURSRVHG�&0$&�LV�FRPSDUDWLYHO\�GLIIHUHQW�IURP�WKH�KDVK�FRGLQJ�PHWKRG��7KH�&$0� ZKLFK� LV� FDSDEOH� RI� IDVW FRPSDULVRQ� FDQ�LPPHGLDWHO\�GHWHUPLQH�LQ�SDUDOOHO�LI�WKHUH�LV�DQ\ DNLQ GDWDLQ�PHPRU\�DV� WKH� LQSXW�GDWD�SUHVHQWV�� ,I� D�PDWFK� GRHVQ¶W�RFFXU DIWHU� FRPSDULVRQ�� WKH� DFWLYDWHG� DGGUHVV� LV� WKHQ�VWRUHG� LQ�D�YDFDQW�FHOO�RI� WKH�&$0�LQGH[HG�E\�D�FLUFXODU�LQFUHPHQWDO�SRLQWHU��7KH�PHPRU\�FROOLVLRQ�VKRXOG�EH�DEOH�WR�EH�DYRLGHG�XQOHVV WKH�PHPRU\�LV�DOO�RFFXSLHG��7KHUHE\��PHPRU\� XWLOL]DWLRQ� UDWH� FDQ� EH� LPSURYHG� WR� ������0HDQZKLOH� FRQWURO�QRLVH�FDQ�EH�VXSSUHVVHG�VLJQLILFDQWO\��,Q�FRQWHQW�DGGUHVVLQJ��WKH�DVVRFLDWHG�PDVN�IXQFWLRQ��ZKLFK�LV� WULJJHUHG� ZKLOH� WKH� &$0� LV� IXOO�� FDQ� GHFUHDVH� WKH�SUREDELOLW\�RI�FROOLVLRQ�DQG�LPSURYH�FRQWURO�SHUIRUPDQFH��6LPXODWLRQ� UHVXOWV� RI� IXQFWLRQ� DSSUR[LPDWLRQ� DQG� WUXFN�EDFNHU�XSSHU� FRQWURO� LQGLFDWH WKH� SURSRVHG� &0$&� LV�H[SOLFLWO\�VXSHULRU�WR�WKH�FRQYHQWLRQDO�&0$&V���� ,QWURGXFWLRQ&HUHEHOOD�0RGHO� $UWLFXODWLRQ� &RQWUROOHU �&0$&���RULJLQDOO\ SURSRVHG�E\�-DPHV�$OEXV >�@��LV�WKH�DUFKLWHFWXUH�RI� D� QHXUDO� QHWZRUN�� $� &0$&� IXQGDPHQWDOO\� HVWLPDWHV�WKH� GHVLUHG� RXWSXW� E\� WDNLQJ� LQSXW� VWDWHV� DV� DQ� LQGH[� WR�UHIHU� WR� D� ORRN�XS� WDEOH� ZKHUH� WKH� V\QDSWLF� ZHLJKWV� DUH�DGGUHVVHG�DQG�VWRUHG��7KH�UHODWLRQVKLS�EHWZHHQ� LQSXW�DQG�RXWSXW� FDQ� EH� UHSUHVHQWHG� DSSUR[LPDWHO\� E\� D� &0$&� LI�DGGUHVVDEOH�ZHLJKWV�DUH�XSGDWHG�HYROXWLRQDULO\�E\�D�GHFHQW�DOJRULWKP��)XQFWLRQDOO\��D�&0$&�LV�GHILQHG�E\�D�VHULHV�RI�PDSSLQJV�DV�VKRZQ�LQ�)LJ���� �
ZKHUH 6�� 0�� &�� 3�� DQG� 2 VWDQG� IRU� WKH� LQSXW� YHFWRU��HQFRGLQJ��WKH�FRQFHSWXDO�PHPRU\��WKH�DFWXDO�PHPRU\��DQG�WKH� RXWSXW� UHVSHFWLYHO\�� 7KH� RYHUDOO� PDSSLQJ� 26 oFDQ� EH� SUHVHQWHG� LQ� WKH� IRUP�2 K�6��� 7KH� FDSDELOLW\� RI�OHDUQLQJ� DQG�DGDSWDELOLW\� RI� D�&0$&� LV� SURYLGHG� E\�WKHPHPRU\�DGGUHVVLQJ�DOJRULWKP��,W�KDV�EHHQ�ZLGHO\�XVHG�LQ�URERW� FRQWURO >�@�� FRORU� FRUUHFWLRQ� >�@�� DQG�V\VWHP�PRGHO�DSSUR[LPDWLRQ� >�@ DV� D� UHVXOW� RI� WKH� SURSHUWLHV� RI� ORFDO�JHQHUDOL]DWLRQ��UDSLG�FRPSXWDWLRQ��IXQFWLRQ�DSSUR[LPDWLRQ��DQG�RXWSXW�VXSHUSRVLWLRQ�7KH�KDUGZDUH�LPSOHPHQWDWLRQ�RI�&0$&�LV�KDUG� WR�EH� UHDOL]HG� VLQFH� LWV� FRQFHSWXDO� PHPRU\� WKHRUHWLFDOO\�QHHGV� D� KXJH� VSDFH� WR� DGGUHVV� WKH� HQFRGHG� LQSXW�

LQIRUPDWLRQ�� +DVK� FRGLQJ� DOJRULWKPV >�@� DUH� JHQHUDOO\�DSSOLHG� WR� UHGXFH� WKH� VSDFH� LQWR� D� PRUH� UHDVRQDEOH� VFDOH��+RZHYHU�� WKLV� DSSURDFK� KDV� VRPH� GUDZEDFNV >�@�� )LUVW��FROOLVLRQV� DOZD\V� RFFXU� IUHTXHQWO\�GXULQJ PDSSLQJ� IURP� D�ZLGH LQSXW�GRPDLQ� WR� D� UHODWLYHO\� VPDOO� ILHOG�� )RU� LQVWDQFH��WKH�FHOOV RI�F� DQG�D�� DV� LOOXVWUDWHG� LQ�)LJ���� SURMHFW�RQWR�D�PHPRU\� FHOO� S� VLPXOWDQHRXVO\��6RPH� DOJRULWKPV� >�@� KDYH�EHHQ� LQWURGXFHG� WR� DFKLHYH� ORZ� FROOLVLRQ� UDWH� DQG� KLJK�PHPRU\�XWLOL]DWLRQ��+RZHYHU��LQ�WKHVH�LPSURYHG�DOJRULWKPV�VRPH�FHOOV�DUH�VWLOO�QHYHU�YLVLWHG�WKRURXJKO\��,Q�RWKHU�ZRUGV��WKH\�KDUGO\�DFKLHYH������PHPRU\�XWLOL]DWLRQ UDWH��6HFRQG��ZKLOH� FROOLVLRQV� RFFXU�� KDVK� FRGLQJ� DOJRULWKPV� UHJDUG� WKH�ZHLJKWV� VWRUHG� LQ� WKH� FODVKHG�PHPRULHV� DV� D� YDOLGDWHG� RQH�WKDW�UHVSRQGV�WR�WKH�WHPSRUDO�LQSXW�WKRXJK��7KHUHIRUH��PRVW�RI�&0$&V�ZLWK�KDVK�FRGLQJ�DOJRULWKPV�PD\�UHWULHYH��RXWSXW��DQG� XSGDWH� DQ� LUUHOHYDQW� GDWD� LQ� WHUPV� RI� PDSSLQJ� FUDVK��)URP� WKH� YLHZSRLQW� RI� V\VWHP� FRQWURO�� WKLV� PDQQHU� FRXOG�FDXVH�&0$&V�LQWHUIHUHG�E\�VR�FDOOHG�FRQWURO�QRLVHV�7KH�REMHFWLYH�RI�WKLV�DUWLFOH�LV�WR�SURSRVH�D�KDUGZDUH�UHDOL]DWLRQ� RI� WKH� &0$&� IXQFWLRQ�� 7KH� SURSRVHG�DUFKLWHFWXUH� RI� WKH� &0$&� LV� FDOOHG� &$0�EDVHG� &0$&��&&0$&���ZKLFK�XWLOL]HV�DQ�HPEHGGHG�FRQWHQW�DGGUHVVDEOH�PHPRU\� �&$0�� WR� H[HFXWH� WKH� IXQFWLRQV� RI� HIILFLHQW�HQFRGLQJ�DQG�PHPRU\�DVVRFLDWLRQ��7KH�PHFKDQLVP�RI�&$0�LV� PDLQO\� XVHG� WR� UHSODFH� WKH� IXQFWLRQ� RI� KDVK� FRGLQJ� LQ�DGGUHVVLQJ�� %\� WKH� VFKHPH�� WKH� QHZ� GHVLJQ� VKRXOG� KDYH�EHWWHU�SHUIRUPDQFH�LQ�PHPRU\�XWLOL]DWLRQ� DQG�FRQWURO�QRLVH�DOOHYLDWLRQ��

)LJ����7KHRUHWLFDO�GLDJUDP�RI�&0$&
7KH�SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� EULHIO\�LQWURGXFHV� WKH� WKHRU\� RI� WKH� FRQYHQWLRQDO� &0$&� IRU� WKH�SXUSRVH�RI�FRPSDULVRQ�ZLWK� WKH�SURSRVHG�GHVLJQ��6HFWLRQ���LOOXVWUDWHV� WKH� IXQFWLRQDO� DUFKLWHFWXUH� RI� WKH� SURSRVHG�&&0$&�� 7KH� VLPXODWLRQV� RQ� IXQFWLRQ� DSSUR[LPDWLRQ� RI� D�VLQXVRLGDO� IXQFWLRQ� DQG� WKH�EDFNHU�XSSHU� FRQWURO� RI� D� WUXFN�DUH� FRQGXFWHG� LQ� VHFWLRQ� ��� 7KH� FRPSDULVRQ� EHWZHHQ� WKH�SURSRVHG�&&0$&�DQG�WKH�FRQYHQWLRQDO�&0$&�LV�GLVFXVVHG�LQ� WKLV�VHFWLRQ� DOVR� )LQDOO\� GLVFXVVLRQ� DQG�FRQFOXVLRQV�DUH�GUDZQ�LQ�WKH�ODVW�VHFWLRQ�
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)LJ����7KH�IXQFWLRQDO�EORFN�RI�+&0$&�� 7KH�&RQYHQWLRQDO�&0$&7KH� LQSXW� YHFWRU�6� LV� WKH� VWDWH� IHHGEDFN� IURP� WKH�SODQW� RU� HQYLURQPHQW�� DQG� LV� PDSSHG� WR� WKH� FRQFHSWXDO�PHPRU\�& E\�PHDQV� RI� FRQFHSWXDO� PDSSLQJ� PHFKDQLVP�0�� DV� LOOXVWUDWHG� LQ� )LJ� ��� 7KLV� FRQFHSWXDO� PDSSLQJ�PHFKDQLVP�FDQ�EH�GHVFULEHG�DV�(T����� ���
ZKHUH� 6M LV� WKH� LQSXW�� DQG�5 LV� WKH� VL]H� RI� WKH� UHFHSWLYH�ILHOG��5� ���LQ�WKH�FDVH�RI�)LJ�����L� ���������«��5���LV�DQ�LQGH[� QXPEHU� RI� WKH� DFWLYDWHG� DGGUHVV�� DQG�;ML LV� WKH�DFWLYDWHG� DGGUHVV� PDSSHG� IURP�6 WR� &�� ,I� WKH� GLVWDQFH�DPRQJ� WKH� LQSXW� YHFWRUV� LV� UHODWLYHO\� VKRUW�� WKHQ� WKHUH�VKRXOG�EH�VRPH�DGGUHVVHV�RYHUODSSLQJ�DV�WKH�FDVH�RI�IF�6���DQG� IF�6��� LQGLFDWHG� LQ�)LJ�� ���7KH�VLWXDWLRQ� LV� UHIHUUHG� DV�WKH� JHQHUDOL]DWLRQ� SUREOHP�� 7KH� SUREOHP� FDQ� DOVR� EH�H[SODLQHG� DV�� LI� LQSXW� YHFWRUV� 6� DQG� 6� DUH� VLPLODU�� DQG�WKHUH� KDYH� EHHQ� DGHTXDWHO\� WXQHG� ZHLJKWV� VWRUHG� LQ� WKH�PHPRU\�ZLWK� UHVSHFW� WR�6��DOUHDG\�� WKHQ�6� FRXOG� UHIHU� WR�WKHVH�RYHUODSSHG�DGGUHVVHV�DVVRFLDWHG�ZLWK�6� WR�JHW�PRUH�VXLWDEOH� ZHLJKWV� IRU� SURGXFLQJ� RXWSXW� EHIRUH� XSGDWLQJ��7KH� IXQFWLRQDO� EORFN� GLDJUDP� RI� D� FRQYHQWLRQDO� &0$&�ZLWK�KDVK�FRGLQJ�IXQFWLRQ��FDOOHG�DV�+&0$&��LV�GHSLFWHG�LQ�)LJ����:LWKRXW� D� GHFHQW� HQFRGLQJ� IXQFWLRQ�� WKH� VL]H� RI�FRQFHSWXDO�PHPRU\ ZRXOG�EH�XQUHDVRQDEO\�ODUJH�LQ�WHUPV�RI� KDUGZDUH� LPSOHPHQWDWLRQ�� )RU� H[DPSOH�� LI� DQ� LQSXW�YHFWRU� LV� HQFRGHG� LQ� ��� ELWV�� WKHQ� WKH� VL]H� RI� WKH�FRQFHSWXDO� PHPRU\� QHHGHG� FDQ� EH� �0� E\WHV� 7KHUHIRUH��VXFK�FRQFHSWXDO�PHPRU\�LV�QRW�SUDFWLFDO� WR EH�UHDOL]HG�LQ�KDUGZDUH� 6LQFH�D KDVK�FRGHU�FDQ�PDS� WKH�DFWLYDWHG�FHOOV�RQWR� D� SK\VLFDO� PHPRU\ LQ� D� UHDVRQDEOH� VL]H�� WKH� FRGHU�VFKHPH�LV�DOZD\V�DGRSWHG�LQ�YDULRXV�LPSOHPHQWDWLRQV��7KH� RXWSXW� RI� WKH� FRQWUROOHU� LV� FRPSXWHG� E\� WKH�VXPPDWLRQ� RI� WKH� YDOXHV� �ZHLJKWV�� VWRUHG� LQ� WKH� LQGH[HG�SK\VLFDO� PHPRU\� FHOOV�� 7KH� OHDUQLQJ� SURFHVV�� ZKHUHZHLJKWV� DUH� DGMXVWHG� EDVHG� RQ� WKH� GHVLUHG� DQG� DFWXDO�RXWSXWV� LV�WDNHQ�WKHUHE\��7KH�ZHLJKWV�RI�WKH�LQGH[HG�FHOOV�:L LV�XSGDWHG�DFFRUGLQJ�WR�WKH�GHOWD�W\SH�OHDUQLQJ�UXOH�>�@�E\�WKH�VFDOH�RI�

5 \\: LGLL � ' J � ���ZKHUH�\L LV�WKH�DFWXDO�RXWSXW�RI�WKH�LWK FRQWURO�F\FOH� \GL LV�WKH�GHVLUHG�RXWSXW�RI�WKH�LWK FRQWURO�F\FOH��� LV�WKH�OHDUQLQJ�UDWH�ZKLFK�LV�LQ�WKH�UDQJH�RI������@��5 LV�WKH�QXPEHU�RI�WKH�DFWLYDWHG�PHPRU\�FHOOV��� &0$& ZLWK�(PEHGGHG�&$07KH� PRVW� VLJQLILFDQW� FKDUDFWHULVWLF� RI� &RQWHQW�
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)LJ����&&0$&�PDVN�IXQFWLRQ�EHKDYLRU�IORZFKDUW
$GGUHVVDEOH�0HPRU\� LV RI IDVW� PDWFKLQJ�� ,W� FDQ� GHWHUPLQH�ZKHWKHU�WKH�DGGUHVVLQJ�FRQWHQW�UHVLGHV�LQ�WKH�PHPRU\�RU�QRW�YHU\� TXLFNO\�� 7KLV�IXQFWLRQ� LV� YHU\� XVHIXO� IRU� WKH�PDSSLQJ�IXQFWLRQ�RI�D�&0$&��7KHUHIRUH��WKH�SURSRVHG�DUFKLWHFWXUH�RI�D�&0$&�LV�GHVLJQHG�WR�XWLOL]H�WKH�PHULW�RI�&$0�LQ�PHPRU\�DGGUHVVLQJ�� 7KH�IXQFWLRQDO�EORFN� GLDJUDP RI� D� &&0$&� LV�VKRZQ�LQ�)LJ�����(DFK�FHOO�RI� WKH�&$0�VWRUHV� WKH�DFWLYDWHG�DGGUHVVHV� DQG� WKHLU�DVVRFLDWHG ZHLJKWV DUH NHSW� LQ� 65$0��UHVSHFWLYHO\�� 7KH� LQSXW� RI� HDFK� FRQWURO� F\FOH� LQWURGXFHV�VRPH� DFWLYDWHG� DGGUHVVHV� WKURXJK� D� FRQFHSWXDO� PDSSLQJ�IXQFWLRQ�VLPLODU�WR�(T�������7KHVH�DGGUHVVHV�DUH�LPPHGLDWHO\�FRPSDUHG� ZLWK� WKH� RQHV� VWRUHG� LQ� WKH� &$0�� ,I� D� PDWFK�RFFXUV�� WKH� FRUUHVSRQGLQJ� ZHLJKW� LV� UHDG� RXW�� RWKHUZLVH��WKHVH� DFWLYDWHG� DGGUHVVHV� LV� VWRUHG� LQ� YDFDQW� FHOOV� RI� WKH�&$0�LQGH[HG�E\�DQ�FLUFXODU�LQFUHPHQWDO�SRLQWHU��,I�WKHUH�LV�YDFDQF\�QR�PRUH��WKH�PDVN�IXQFWLRQ�LV�LQYRNHG�DOWHUQDWLYHO\��7KH�VXSHUVHW�RI�WKH�DFWLYDWHG�DGGUHVVHV�ELWV�RI�ZKLFK�ZLOO�EH�LJQRUHG�ELW�E\�ELW IURP�WKH�OHDVW�VLJQLILFDQW�ELW��/6%��WR�WKH�PRVW� VLJQLILFDQW� ELW� �06%�� LQ� PDWFKLQJ� SURFHVV� XQWLO� D�PDWFK�DSSHDUV�RU�WKH�OLPLWHG�ELWV�KDYH�EHHQ�PDVNHG��,Q�WKLV�VFHQDULR�� PDWFKLQJ� WROHUDQFH� DQG VHDUFKLQJ� UDQJH� EHFRPH�ODUJHU� DQG� ODUJHU� DORQJ�ZLWK� WKH� QXPEHU� RI� WKH� VHDUFKLQJ�F\FOHV��,Q�WKH�ZRUVW�FDVH��WKHUH�PLJKW�EH�QR�PDWFK�GXULQJ�WKH�ZKROH� PDVNLQJ�PDWFKLQJ� SURFHVV�� 7KH� DGGUHVV� LV WKHQ�SXVKHG� LQ� DQ� RFFXSLHG� FHOO� SRLQWHG� E\� WKH� FLUFXODU� SRLQWHU��0HPRU\� XWLOL]DWLRQ� UDWH� FDQ�� ZLWK� WKLV� PHFKDQLVP�� EH�LPSURYHG�WR�������7KH�QRLVH�LV�DWWHQXDWHG�VLQFH WKH�ZHLJKW�LV�UHVHW�WR�]HUR�LQVWHDG�RI�LQKHULWLQJ�WKH�REVROHWH YDOXH�ZKLOH�



�

)LJ�� � &&0$&� DQG� +&0$&� IXQFWLRQ� DSSUR[LPDWLRQ�UHVXOWV��� ���

)LJ�� � &&0$&� DQG� +&0$&� IXQFWLRQ� DSSUR[LPDWLRQ�UHVXOWV��� �

)LJ����:RUNVSDFH�IRU�WUXFN�EDFNHU�XSSHU�FRQWURO
WKH�FROOLVLRQ�RFFXUV��)LJ���LV� WKH�IORZFKDUW� WKDW�WKH�ZKROH�SURFHVV�EH�LOOXVWUDWHG���� 3HUIRUPDQFH�(YDOXDWLRQ)XQFWLRQ� DSSUR[LPDWLRQ� DQG� WUXFN� EDFNHU�XSSHU�VLPXODWLRQ� DUH� XVHG� WR� FRPSDUH WKH� FRQWURO� SHUIRUPDQFH�EHWZHHQ +&0$&�DQG�&&0$&�PHWKRGV��7KH�VLPXODWLRQ�UHVXOWV� DUH� LQYHVWLJDWHG� IRU� YHULI\LQJ� WKH� SUDFWLFDELOLW\� RI�&&0$&�
&DVH�,��)XQFWLRQ�$SSUR[LPDWLRQ$VVXPLQJ�WKDW�\ VLQ���[����� LV�WKH�IXQFWLRQ�WR�EH�DSSUR[LPDWHG��[ UHSUHVHQWV� WKH� LQSXW� YDULDEOH� DQG� YDULHV�LQWHJUDOO\ LQ� WKH UDQJH� >��� ���@�� 5HFHSWLYH� ILHOG�5 ����

FRQFHSWXDO� PHPRU\� & ����� DFWXDO� PHPRU\� 3 ����� DQG�LQLWLDO�YDOXH�RI�ZHLJKW�: ��DUH�WKH�FRUUHODWLYH�SDUDPHWHUV�RI�WKH�&0$&��6LPXODWLRQV�DUH�UHSHDWHGO\�SHUIRUPHG�ILYH�WLPHV�ZKLOH� [ YDULHV� IURP� �� WR� ����� )LERQDFFL� KDVK�FRGLQJ�PDSSLQJ�DOJRULWKP�>�@�LV��DV�OLVWHG�LQ�(T�������DGDSWHG�IRU�WKH�VLPXODWLRQ�RI�+&0$&�
¿¾½®̄­ »¼º«¬ª� �PRG��� [*)3IL[[+ �� � � � � � � � � � � � � � ���� � � � � � � � � �

ZKHUH�) �����������* �����[ VWDQGV� IRU� DFWLYDWHG�DGGUHVV��DFWXDO�PHPRU\�3 �����PRG���PHDQV� RQO\� WKH� IUDFWLRQ� SDUW�RI�D�YDOXH�UHPDLQHG��IL[ PHDQV�WKDW�RQO\�WKH�LQWHJHU�SDUW�RI�D�YDOXH� LV� UHPDLQHG�� DQG� +�[� LV WKH� ILQDO� DFWXDO� DGGUHVV�PDSSHG�7KH�DSSUR[LPDWLRQ�IXQFWLRQ RI�&&0$&�VHHPV ZRUVH�WKDQ�+&0$&�ZKHQ� WKH OHDUQLQJ� UDWH LV�VPDOO�� L�J� � ��� DV�VKRZQ� LQ� )LJ�����:KHUHDV�� WKH� SHUIRUPDQFH� RI�&&0$&� LV�DSSDUHQWO\�EHWWHU�WKDQ�+&0$&�LI WKH�OHDUQLQJ�UDWH�LQFUHDVHV��VXFK�DV � � WKH�LPSURYHG�SHUIRUPDQFH�FDQ�EHREVHUYHG�IURP�)LJ����� ,W� LV�ZRUWK\� WR�QRWH� WKDW +&0$&�SURGXFHG�REYLRXVQRLVHV LQ� ERWK� UHVXOWV�� 2Q� WKH� FRQWUDU\� &&0$&�GHPRQVWUDWHV QR�QRLVHV��ZKLFK� DSSHDUV� DV� IOXFWXDWLRQ� DORQJ�WKH�WUDMHFWRU\�RI�WKH�VLPXODWHG�FXUYH��LQ�WKH�UHVXOWV�
&DVH�,,��7UXFN�%DFNHU�8SSHU�&RQWURO�6LPXODWLRQ7KH VHFRQG VLPXODWLRQ� LV� D EDFNHU�XSSHU� WUXFN� >�@��)LJ�� � VKRZV WKH� FRQILJXUDWLRQ� RI� WKH� ZRUNVSDFH�� 7KH�DQJOH I � EHWZHHQ�WKH WUXFN� WDLO� DQG� KRUL]RQWDO� OLQH� DQG� WKH�GLVWDQFH�[ EHWZHHQ� WKH� WUXFN� WDLO� DQG� WKH� WDUJHW� OLQH�DUH� WKH�LQSXW�YDULDEOHV�WR�WKH�QHXUDO�QHWZRUN��ð WKH�RXWSXW�YDULDEOH�LV�WKH�DQJOH�EHWZHHQ�IURQW�ZKHHO�DQG�WKH�GLUHFWLRQ�DORQJ�WKH�WUXFN�WDLO��&RQWUROOLQJ�WKH�WUXFN�LQ�D�PDQQHU�RI�EDFNHU�XSSHU�JRLQJ�WRZDUG�WKH�PLGGOH�OLQH�XQWLO�I �  ���� LV�WKH�JRDO�RI�WKH�FRQWURO��7KH�WUXFN�PRYLQJ� UDQJH�LV�>�����@��0HWULFV�\�LV�QRW�LPSRUWDQW� KHUH�� 6R� WKH� FRQWUROOHU� KDV� D� VHQVH� RI� SDUNLQJ� D�WUXFN� DORQJ� WKH� URDGVLGH� ZKLOH WKHUH� DUH� QR� RWKHU� WUXFNV�SDUNLQJ�WKHUH��7KH�G\QDPLF�HTXDWLRQV�DUH�DV�IROORZV�>�@[�W��� [�W��G FRV�I�W�� �� � � � � � � � � ���� � � � � � � � � � � � � � � � � � � � � � � � � � �\�W��� \�W��G VLQ�I�W��� ����I�W��� I�W��T�W�� ���ZKHUH�G LV�PRYLQJ�GLVWDQFH�EHWZHHQ�WZR�VXFFHVVLYH�VDPSOHV��7KH�VLPXODWHG�LQSXW�YDULDEOHV�I � DQG�[ DUH�HQFRGHG�LQ����ELW�DQG���ELW�ZLGH� UHVSHFWLYHO\��(DFK� LQSXW�YDULDEOH�DFWLYHV� VL[�DGGUHVVHV� UHVSHFWLYHO\��7KHQ� WKH�DGGUHVVHV�DUH�FRPELQHG� WR����DFWLYH�DGGUHVVHV��7KH�VL]H�RI�WKH�DFWXDO�PHPRU\�3 LV�������2XWSXW� YDULDEOH�ð LV� UHSUHVHQWHG� LQ� D� IRUPDW� RI� ���ELWGLJLWDO� GDWD�� 7KH� V\VWHP� FRQYHUWV� D� GLJLWDO� RXWSXW� WR� DQ�DQDORJ�VLJQDO�IRU�FRQWUROOLQJ�WKH�WXUQLQJ DQJOH�RI�WKH�WUXFN
V�IURQW�ZKHHO��$�VLPSOH�ZHLJKW�XSGDWLQJ�DOJRULWKP� VLPLODU� WR�WKH� GHOWD�W\SH� OHDUQLQJ� UXOHV >�@� LV� DSSOLHG� WR� DGMXVWLQJZHLJKW�LQFUHPHQWDOO\��7KH�UXOHV�DUH�OLVWHG�DV�IROORZV

5 VI\\NZNZ LGLL ��������� �� � J � ���ZKHUH�\G LV�WKH�GHVLUHG�RXWSXW��WKH�WHUP�IL�V� GHWHUPLQHV�ZKLFK�ZHLJKWV�VKRXOG�EH�XSGDWHG��)LJ�����)LJ�����DQG�)LJ�����DUH�WKH�VLPXODWLRQ�UHVXOWV�WKDW�WKH�WUXFN�VWDUWHG�IURP�GLIIHUHQW�VWDUWLQJ� SRLQWV�� UHVSHFWLYHO\��7KH�PRYLQJ� WUDMHFWRULHV� RI� WKH�FRQWURO� HIIHFW� RI� &&0$&� DQG� +&0$&� DUH� SORWWHG� LQ� WKH�ILJXUHV� IRU� FRPSDULVRQ�� ,Q� HYHU\� FRQWURO� F\FOH�� WKH� VWDWH� RI�WKH� WUXFN� LV�PDUNHG� DV� D� VKRUW� OLQH�ZLWK� DQ� DUURZ��7KH�GRW�OLQH� ZLWK� D� VROLG� DUURZ� UHSUHVHQWV� WKH� GHVLUHG� VWDWH� RI� WKH�
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)LJ�� � 7UXFN� EDFNHU�XSSHU� VLPXODWLRQ� UHVXOWV�� WKH� WUXFN�VWDUWV IURP�WKH�SRLQW�I� �������[  ����&&0$&�FRQWUROV�WKH�WUXFN� WR� UHDFK� WKH� GHVLUHG� FRQGLWLRQ�PRUH� VPRRWKO\� WKDQ�WKDW� RI� +&0$&� GRHV�� 7KH� GRW� OLQH� ZLWK� XSZDUG� DUURZ�VWDQGV�IRU�WKH�GHVLUHG�WUXFN�VWDWH�

)LJ�� � 7UXFN� EDFNHU�XSSHU� VLPXODWLRQ� UHVXOWV� IURP� WKH�VWDUWLQJ�SRLQW�I� �������[  ���� +&0$&�FRQWUROV�WKH�WUXFNZLWK� D� VXUIHLW� RI� RXWSXW� YDOXH� WR�PDNH� WKH� WUXFN�PRYLQJ�XQVWDEO\�� DV� LQGLFDWHG� DW� WKH� ERWWRP� ILJXUH�� 7KH�GRW� OLQH�ZLWK�XSZDUG�DUURZ�VWDQGV�IRU�WKH�GHVLUHG�WUXFN�VWDWH�

)LJ�� �� 7UXFN� EDFNHU�XSSHU� VLPXODWLRQ� UHVXOWV� IURP WKH�VWDUWLQJ� SRLQW�I� �����[  ���� &&0$&�FRQWUROV� WKH� WUXFN�LQFUHPHQWDOO\� WRZDUG� WKH� GHVLUHG� VWDWH�� FRQYHUVHO\��+&0$&� VWHHUV� WKH� WUXFN� E\� DGRSWLQJ� LQDGHTXDWHO\�ZHLJKWV� WR� PDNH� WKH� WUXFN� WRZDUGV� WKH� XQGHWHUPLQHG�GLUHFWLRQ��7KH�GRW� OLQH�ZLWK� XSZDUG� DUURZ� VWDQGV� IRU� WKH�GHVLUHG�WUXFN�VWDWH��

WUXFN�XQGHU�FRQWURO��,Q� )LJ�� �� WKH� WUXFN� FDQ� JHW� WR� WKH� JRDO� XQGHU� ERWK�FRQWURO�PHWKRGV��KRZHYHU��&&0$&�JHWV�VPRRWKHU�WUDMHFWRU\�WKDQ� +&0$&��7KH�+&0$&�FRQWUROV� WKH� WUXFN� ZLWK� IDLUO\�XQVXLWDEOH�RXWSXW�YDOXH�DV�GHSLFWHG�LQ)LJ����DQG�)LJ������VR�WKH� WUXFN� LV�RYHU�IRUFHG� WRZDUGV� WKH�XQGHWHUPLQHG�GLUHFWLRQ�DIWHU� RQO\� MXVW� WHQV� RI� FRQWURO� VLJQDO� KDG� HPLWWHG�� 7KH�VXFFHVVLYH�FRQWURO�UHVXOWV�DUH�ZRUVH�DQG�DUH�QRW�GHSLFWHG�RQ�WKH� ILJXUHV� IRU� WKH� FODULW\� RI� WKH� PRYLQJ� WUDMHFWRULHV� ,Q�DGGLWLRQ�ZLWK�PDQ\�RWKHU� UHVXOWV�DUH� QRW� VKRZQ�KHUH�UHYHDO�REYLRXVO\� WKDW�WKH�FRQWURO�HIIHFW�RI�&&0$&V LV�VXSHULRU� WR�+&0$&V��� 'LVFXVVLRQ DQG�&RQFOXVLRQ7KH�IXQFWLRQ�DSSUR[LPDWLRQ�LV�D�UHSHWLWLYH�FRQWURO�MRE��$OWKRXJK�WKH�DSSUR[LPDWLRQ�HIIHFW�RI�+&0$&LV�EHWWHU�WKDQ�&&0$&� ZLWK� VPDOO� OHDUQLQJ� UDWH�� &&0$&� VWLOO� H[FHOV�+&0$&� DSSDUHQWO\� LI� WKH� OHDUQLQJ� UDWH� LQFUHDVHV�DFFRUGLQJO\��0RUHRYHU��WKH�FRQWURO�QRLVH�RI�+&0$&�DOZD\V�DSSHDUV�EXW�&&0$&�GRHV�QRW�KDYH�WKLV�GUDZEDFN��&&0$&�DGRSWV� FLUFXODU� LQFUHPHQWDO� SRLQWHU�� VR� WKH� DFWLYDWHG�DGGUHVVHV�DQG�ZHLJKWV�DUH�VWRUHG�ZKHUH�WKLV�SRLQWHU�LQGH[HV��7KH� SRLQWHU� SRLQWV� EDFN� WR� WKH� VWDUWLQJ� DGGUHVV� ZKHQ� WKH�&$0� LV� ILOOHG�� ,Q� VXFK� FLUFXPVWDQFH�� LI� PRUH� DFWLYDWHG�DGGUHVVHV� VKRXOG� EH� VWRUHG�� &&0$&� UHSODFHV� WKH� ROG�DGGUHVV�GLUHFWO\�DFFRUGLQJ�WR�WKH�SRLQWHU��7KH�ZHLJKW�VWRUHG�LQ�WKLV�QHZ�DGGUHVV�ZRXOG�EH�UHVHW�WR�]HUR��&RQVHTXHQWO\��WKH�FRQWURO� YDOXH� EHFRPHV� VOLJKWO\� VPDOO� LI� WKH� QXPEHU� RI� QHZ�DFWLYDWHG� DGGUHVVHV� LV� WRR�PDQ\� DV� LQGLFDWHG� LQ� )LJ���� 7KLV�ZHDNQHVV�LV��DV�GHSLFWHG LQ�)LJ�����LPSURYHG�E\�PHDQV�RI�WKH�DGMXVWPHQW� RI� WKH� OHDUQLQJ� UDWH�� 2Q� WKH� FRQWUDU\��+&0$&�UHIHUV�WR�WKH�ZHLJKW�VWRUHG�SUHYLRXVO\�ZKLOH�FROOLVLRQ�RFFXUV��7KHVH�YDOXHV�DUH�QRW�DOZD\V�VR�VXLWDEOH�IRU�WKH�QHZ�VLWXDWLRQ��8QDYRLGDEO\��+&0$&�FDXVHV�FRQWURO�QRLVH�1HYHUWKHOHVV�� WKH� WUXFN� EDFNHU�XSSHU� FRQWURO� LV� D�QRQUHSHWLWLYH�FRQWURO� MRE��7KH�UHOHYDQW�ZHLJKWV�DUH�DGMXVWHG�JUDGXDOO\� VR� DV� WR� DSSUR[LPDWHO\� PDQLSXODWH� WKH� WUXFN�WRZDUG� WKH�JRDO�ZLWK�FRUUHFW�GLUHFWLRQ��,Q�WKH�ZKROH�FRQWURO�SURFHVV��WKH�FRQWUROOHU�PXVW�HPLW�WKH�FRUUHFW�FRQWURO�YDOXH�WR�WKH� WUXFN� LQ� HDFK� FRQWURO� VWHS�� &&0$&� FDQ� DFKLHYH� WKLV�UHTXLUHPHQW� GXH� WR� LWV� OHVV� FRQWURO� QRLVH� JHQHUDWHG� LQ� WKH�FRQWURO�SURFHVV��+&0$&��ZLWK�KLJK�615��ZLOO�LQWURGXFH�WRR�ODUJH� RU� WRR� VPDOO� VLJQDOV� WR� FRQWURO� WKH� WUXFN�� 7KH� WUXFN�VSHQGV�WRR�PXFK�WLPH�WR�UHDFK�WKH�JRDO�HYHQ�LW�LV�QRW�RXW�RI�FRQWURO�� ,Q� WKH�YLHZSRLQW�RI�KDUGZDUH� UHDOL]DWLRQ�� WKH�PDMRU�GLIIHUHQFHV� EHWZHHQ� &&0$&� DQG� +&0$&� DUH� OLVWHG� LQ�7DEOH����&&0$&�QHHG�DQ�H[WUD�&$0�WR�VWRUH�WKH�DFWLYDWHG�DGGUHVV��ZKLOH�+&0$&�QHHGV�PXOWLSOLHU� DQG�DGGHU� WR�PDS�WKH�DFWLYDWHG�DGGUHVV�WR�WKH�DFWXDO�PHPRU\��&&0$&�VSHQGV�VRPH� JDWH� GHOD\� WLPH� WR� SURFHVV� WKH� PDSSLQJ� IURP� WKH�DFWLYDWHG�DGGUHVV�WR�WKH�&$0��$V�ZHOO��+&0$&�FRQVXPHV�VRPH� WLPH� FRQVXPSWLRQ� RQ� WKH� KDVK�FRGH� PDSSLQJ� E\� WKH�PXOWLSOLHU� DQG� DGGHU�� 7KH� PRUH� DFFXUDF\� LV� WKH� +&0$&�SHUIRUPV� WKH� FDOFXODWLRQ�� WKH� PRUH� FRPSOH[LW\� RI� WKH�PXOWLSOLHU� LV� QHHGHG� DQG� WKH� PRUH� WLPH� LV� FRQVXPHG�� ,Q�VXPPDU\�� &&0$&� LV� IDVWHU� WKDQ� +$0$&�� 8QGHU�UHDVRQDEOH�HVWLPDWLRQ�� WKH�FRVW�RI� WKH�KDUGZDUH�LVQRW�PXFK�GLIIHUHQFH�EHWZHHQ�&&0$&�DQG�+&0$&�$V� D�ZKROH�� LQ� WKLV� DUWLFOH�ZH� SURSRVH� D� QHZ� QHXUDO�QHWZRUN�DUFKLWHFWXUH��&&0$&��ZKHUH�D�FRQWHQW�DGGUHVVDEOH�PHPRU\��&$0��LV�HPEHGGHG�LQWR�WKH�&0$&��7KH�VFKHPH
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7DEOH���&RPSDULVRQ�EHWZHHQ�&&0$&�DQG�+&0$&&&0$& +&0$&$FWLYH�DGGUHVV�PDSSLQJ 9LD�LQGH[�SRLQWHU +DVK�FRGLQJ
+DUGZDUH�UHTXLUHPHQW 65$0�VWRULQJ�ZHLJKW�&$0�VWRULQJ�DFWLYH�DGGUHVV

65$0�VWRULQJ�ZHLJKW�0XOWLSOLHU$GGHU
0DSSLQJ�ODWHQF\ 'HSHQG�RQ�&$0�PDWFKLQJ�WLPH��IDVW� 'HSHQG�RQ�PXOWLSOLHU�RSHUDWLRQ�WLPH��VORZ�0HPRU\�XVDELOLW\ ���� $FFRUGLQJ�WR�KDVK�FRGLQJ�DOJRULWKP��������&RQWURO�QRLVH +DUGO\�REVHUYHG� +LJK/HDUQLQJ�DELOLW\ <HV <HV
$SSOLFDWLRQV -REV�QHHG�WKDW�ORZ�FRQWURO�QRLVH &DQ�QRW�KDQGOH�MREV�WKDW�QHHG�ORZ�FRQWURO�QRLVH��H�J��WUXFN�EDFNHU�XSSHU�FRQWURO�
FDQ� EH� XVHG� WR� UHSODFH� WKH� +&0$&� ZLWK� WUDGLWLRQDO�KDVK�FRGLQJ�PHWKRG�������RI�PHPRU\�XWLOL]DWLRQ�DQG�OHVV�FRQWURO� QRLVH� DUH� WKH� PDMRU� DGYDQWDJHV� RI� &&0$&��&&0$&� FDQ� KDQGOH� UHSHWLWLYH� DQG� QRQUHSHWLWLYH� FRQWURO�MRE�DV�VXSHULRU�FRQWURO�VSHHG���� 5HIHUHQFHV>�@ -��6��$OEXV��³$�QHZ�DSSURDFK�WR�PDQLSXODWRU�FRQWURO��7KH�FHUHEHOODU�PRGHO�DUWLFXODWLRQ�FRQWUROOHU��&0$&��´�7UDQV��$60(��-��'\QDPLF�6\VW��0HDV���&RQWU���YRO������SS�����������6HSW�������>�@ :��7��0LOOHU��,,,���6HQVRU�%DVHG�&RQWURO�RI�5RERWLF�

0DQLSXODWRUV�8VLQJ�D�*HQHUDO�/HDUQLQJ�$OJRULWKP��,(((�-RXUQDO�RI�5RERWLFV�DQG�$XWRPDWLRQ��9RO��5$�V��1R�����$SULO������>�@ 5��&��:HQ��-��6��.HU��<��+��.XR��%��'��/LX��DQG�*��:��&KDQJ���$�&0$&�1HXUDO�1HWZRUN�&KLS�IRU�&RORU�&RUUHFWLRQ���1HXUDO�1HWZRUNV��,(((�:RUOG�&RQJUHVV�RQ�&RPSXWDWLRQDO�,QWHOOLJHQFH�������,(((�,QWHUQDWLRQDO�&RQIHUHQFH��9RO������3S�������������������>�@ :��7��0LOOHU��,,,��5��7��+HZHV��)��+��*ODQ]��DQG�/��*��.UDIW��,,,���5HDO�7LPH�'\QDPLF�&RQWURO�RI�DQ�,QGXVWULDO�0DQLSXODWRU�8VLQJ�D�1HXUDO�1HWZRUN�%DVHG�/HDUQLQJ�&RQWUROOHU���,(((�7UDQVDFWLRQV�RQ�5RERWLFV�DQG�$XWRPDWLRQ��9RO�����)HEUXDU\�������>�@ =��±4��:DQJ��-��6FKLDQR�DQG�0��*LQVEHUJ��´+DVK�FRGLQJ�LQ�&0$&�1HXUDO�1HWZRUNV�´�SURFHHGLQJV�RI�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�1HXUDO�1HWZRUNV��SS�������������:DVKLQJWRQ��'��&���-XQH�����������>�@ <��3��+VX��.��6��+ZDQJ��&��<��3DR��DQG�-��6��:DQJ���$�1HZ�&0$&�1HXUDO�1HWZRUN�$UFKLWHFWXUH�DQG�,WV�$6,&�5HDOL]DWLRQ���SURFHHGLQJV�RI�$VLD�DQG�6RXWK�3DFLILF�'HVLJQ�$XWRPDWLRQ�&RQIHUHQFH�������<RNRKDPD��-DSDQ��SS�����������-DQXDU\������>�@ -��0��=XUDGD��,QWURGXFWLRQ�WR�$UWLILFLDO�1HXUDO�6\VWHPV��:HVW�3XEOLVKLQJ�&RPSDQ\��6LQJDSRUH�������>�@ /��±;��:DQJ�DQG�-��0��0HQGHO��³*HQHUDWLQJ�)X]]\�5XOHV�E\�/HDUQLQJ�IURP�([DPSOHV�´�,(((�7UDQVDFWLRQV�RQ�V\VWHPV��PDQ��DQG�F\EHUQHWLFV��YRO������QR�����1RY��'HF�������
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