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� ''7�7HVWLQJ�DQG�,PDJH�$QDO\VLV
,QWURGXFWLRQ
7KLV�FKDSWHU�ORRNV�DW�WKH�RXWSXW�RI�WKH�GHEULV�GHWHFWLRQ��''7��SURJUDP��XQGHUWHVW� FRQGLWLRQV�� DQG� IRU� DQDO\VLV� RI� UHDO� SLFWXUHV� WDNHQ� DW� WKH� 6RXWK� $IULFDQ$VWURQRPLFDO� 2EVHUYDWRU\� �6$$2�� QHDU� &DSH� 7RZQ�� )RU� ERWK� WHVW� UXQ� DQG6$$2�LPDJHU\�DQDO\VLV��WKH�PDFKLQH�XVHG�ZDV�D�3HQWLXP�3&�ZLWK�D�FORFN�VSHHGRI� ���� 0+]� DQG� ��0%� RI� 5$0�� UXQQLQJ� WKH� /LQX[� 5HG+DW� ���� RSHUDWLQJV\VWHP�
��� 6WDWLF�1RLVH�7HVWV
7KLV�SDUW�RI� WKH� WHVWLQJ�ZDV�SXUHO\� WR�GHWHUPLQH�KRZ�PDQ\�³IDOVH´� OLQHV� WKHSURJUDP�ZRXOG� GHWHFW� JLYHQ� D� VHW� RI� IUDPHV� FRQWDLQLQJ� QRWKLQJ� EXW� VLPXODWHGQRLVH��L�H��QR�GHEULV�RU�VWDU�WUDFNV��7KH� WHVW�SURJUDP�ZDV�FRGHG� LQ�&��DQG�FRPSLOHG�XVLQJ� WKH�*18�&�FRPSLOHUZLWK�WKH�³2�´�VSHHG�RSWLPLVDWLRQ�IODJ�VHW��7KH�SURJUDP�IHG�WKH�''7�SURJUDP�DQXPEHU�RI� VLPXODWHG� QRLV\� IUDPHV� ILOOHG�ZLWK� UDQGRPO\� VSDFHG� GRWV�� JHQHUDWHGXVLQJ� WKH� VWDQGDUG� &� ³UDQG��´� IXQFWLRQ�� 7KH� VHW� RI� IUDPHV� ZDV� OLPLWHG� WR� WKHQXPEHU�RI�IUDPHV�XVHG�WR�GHWHFW�GHEULV��L�H��LI�IRU�H[DPSOH���IUDPHV�ZHUH�GHHPHGQHFHVVDU\�WR�GHWHFW�GHEULV�WKHQ�RQO\���IUDPHV�ZRXOG�EH�XVHG�LQ�WKH�VLPXODWLRQ��QR� PRYLQJ� EUDFNHW� ZDV� XVHG�� 7KH� IUDPH� VHW� ZDV� WKHQ� DQDO\VHG� E\� WKH� ''7SURJUDP� DQG� WKH� QXPEHU� RI� GHWHFWHG� OLQHV� UHFRUGHG�� DORQJ� ZLWK� WKH� H[HFXWLRQWLPH�WR�FRPSOHWH�HDFK�DQDO\VLV��$�QHZ�VHW�RI�IUDPHV�ZDV�WKHQ�JHQHUDWHG��DQG�WKHSURFHVV�UHSHDWHG����WLPHV�WR�REWDLQ�VWDWLVWLFDO�DQDO\VLV�GDWD��3DUDPHWHUV�ZHUH�WKHQYDULHG��DQG�DQRWKHU����VLPXODWLRQV�ZHUH�UXQ�7KH�SDUDPHWHUV�WKDW�ZHUH�YDULHG�ZHUH�WKH�QXPEHU�RI�IUDPHV��DQG�WKHUHIRUH�WKHQXPEHU�RI�GRWV��XVHG�WR�GHWHUPLQH�WKH�H[LVWHQFH�RI�D�VWUDLJKW�OLQH��DQG�WKH�YDOXHRI�VLJPD�DERYH�PHDQ�VN\�OHYHO� WKDW� WKH�IUDPHV�ZHUH�WKUHVKROGHG�WR��7KH�VHDUFKDUHD� QRPLQDO� UDGLXV� ZDV� DOWHUHG� DXWRPDWLFDOO\� WR� VXLW� WKH� QXPEHU� RI� IUDPHVDQDO\VHG�XVLQJ�HTXDWLRQ������DQG�WKH�SUHGLFWHG�SRVLWLRQ�GLDPHWHU�VHW�WR�D�YDOXH�RI��SL[HOV��7KH�IUDPHV�ZHUH�VL]HG�WR�VLPXODWH�D����[����SL[HO�DUUD\��WKH�VDPH�VL]HDV�WKH�UHDO�&&'�LPDJHV�LQ�VHFWLRQ�����
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����� 1RLVH�7HVW�5HVXOWV

*UDSKV�RI�''7�SUREDELOLW\�LQ�GHWHFWLQJ�QRLVH�LQGXFHG�³IDOVH�DODUPV´��SOXV�UXQWLPH�IRU�HDFK�WHVW��DUH�SUHVHQWHG�LQ�)LJXUH���� DQG�)LJXUH�����
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)LJXUH������1XPEHU�RI�VSXULRXV�OLQHV�JHQHUDWHG�E\�QRLVH�GRWV�IRU�VHWV�RI�IUDPHV�UDQJLQJ�IURPWKUHH�WR�VHYHQ�LQ�D�VHW��)RU�WKLV�VLPXODWLRQ�WKH�SUHGLFWHG�SRVLWLRQ�GLDPHWHU�ZDV�WKUHH�SL[HOV�
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)LJXUH������([HFXWLRQ�WLPH�IRU�HDFK�VHW�RI�SDUDPHWHUV��)RU�WKLV�VLPXODWLRQ�WKH�SUHGLFWHG�SRVLWLRQGLDPHWHU�ZDV�WKUHH�SL[HOV�



���
����� 6WDWLF�1RLVH�7HVW�$QDO\VLV

)LJXUH���� VKRZV�WKH�QXPEHU�RI�GHWHFWLRQV�DV�D�IXQFWLRQ�RI�WKUHVKROG�V DQG�LWFDQ�EH� VHHQ� WKDW� DV� H[SHFWHG� WKH�QXPEHU�RI�QRLVH�LQGXFHG� OLQHV� GHFUHDVHV�ZLWKERWK�WKH�WKUHVKROGLQJ�OHYHO�DQG�WKH�QXPEHU�RI�IUDPHV�SHU�VHW��RU�GRWV�SHU�OLQH���,WLV� RI� LQWHUHVW� WR� QRWH� KRZHYHU� WKDW� WKH� UXQ� WLPH� LQ� ERWK� FDVHV� VKRZV� WKH� WKUHHIUDPH�VHWV�WDNLQJ�DSSUR[LPDWHO\�DQ�RUGHU�RI�PDJQLWXGH�ORQJHU�WR�DQDO\VH�WKDQ�WKHVHYHQ�IUDPH�VHWV��)LJXUH�������7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�UDGLXV�RI�WKH�VHDUFKDUHDV�LQ�IUDPH���RI�WKH�DQDO\VLV�EUDFNHW�LV�UHODWHG�WR�WKH�QXPEHU�RI�IUDPHV�LQ�WKHEUDFNHW� E\� HTXDWLRQ� ����� 7KLV� PHDQV� WKDW� DOWKRXJK� WKHUH� DUH� IHZHU� IUDPHV� WRDQDO\VH� LQ� WKH�FDVH�RI�1� ��� �1� �QXPEHU�RI� IUDPHV��� WKH� VHDUFK�DUHD� LQ� IUDPHWZR� LV� PXFK� ODUJHU� WKDQ� LI� 1�  � ��� 7KH� WZR� DUHDV� DUH� WKHUHIRUH� UHODWHG� E\� WKHTXRWLHQW�RI�WKH�VTXDUHV�RI��1±����ZKLFK�LQ�WKH�FDVH�RI�1� ���DQG���\LHOGV�D�UDWLRRI������ ����LQ�FORVH�DJUHHPHQW�ZLWK�WKH�WLPLQJ�UHVXOWV�:LWK� UHIHUHQFH� WR� )LJXUH� ��� WKH�PLQLPXP� WKUHVKROGLQJ� YDOXH� WR� HQVXUH� QRQRLVH�LQGXFHG�OLQHV�LV�JLYHQ�E\�WKH�LQWHUFHSW�RI�HDFK�FXUYH�ZLWK�WKH�DEVFLVVD��L�H�QXPEHU�RI�GHWHFWHG�OLQHV�������$V�WKH�UHVROXWLRQ�RI�WKH�JUDSK�LV�DFFXUDWH�WR����V�WKH� QH[W� KLJKHVW� LQFUHPHQW� LQ� V LV� WDNHQ� WR� EH� WKH� WKUHVKROGLQJ� YDOXH�� 7KHPLQLPXP�WKUHVKROGLQJ�YDOXH�ZLWK�UHVSHFW�WR�1��VPLQ ��LV�WKHUHIRUH�JLYHQ�E\�1 � � � � �VPLQ ��� ��� ��� ��� ���
7DEOH������(PSLULFDO�UHVXOWV�RI�WKH�PLQLPXP�WKUHVKROGLQJ�YDOXH�UHTXLUHG�WR�UHGXFH�WKH�QXPEHU�RIQRLVH�LQGXFHG�WUDFNV�RI�OHQJWK�1�WR�RQH�RU�OHVV�$�SRZHU�ODZ�ILW�WR�WKLV�GDWD�JLYHV�HTXDWLRQ�������ZKLFK�FDQ�EH�H[WUDSRODWHG�WRKLJKHU�YDOXHV�RI�1��)LJXUH������ ������PLQ 1������ � V � �����)LJXUH� ��� FDQ� WKHUHIRUH� EH� XVHG� WR� GHWHUPLQH� WKH� FRUUHFW� PLQLPXPWKUHVKROGLQJ�YDOXH�IRU�DQ\�JLYHQ�QXPEHU�RI�GRWV�SHU�IUDPH��IRU�D�JLYHQ�QXPEHU�RISL[HOV�SHU�LPDJH�
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V PLQ

)LJXUH������0LQLPXP�WKUHVKROG�YDOXH�WR�HQVXUH�OHVV�WKDQ�RQH�QRLVH�LQGXFHG�WUDFN��*LYHQ�D�)29DQG�IUDPH�LQWHUYDO��WKH�QXPEHU�RI�QRLVH�GRWV�SHU�IUDPH�PXVW�EH�UHGXFHG�WR�D�OHYHO�VXFK�WKDW�WKHFKDQFHV�RI�D�QRLVH�LQGXFHG�WUDFN�EHLQJ�IRUPHG�DUH�PLQLPLVHG��7KLV�OHYHO�FRUUHVSRQGV�ZLWK�WKHYDOXH�RI�VPLQ ��(PSLULFDO�GDWD�DUH�SORWWHG�LQ�WKH�UDQJH�1� ������DQG�D�SRZHU�ODZ�ILW�LV�XVHG�WRH[WUDSRODWH�WR�KLJKHU�YDOXHV�RI�1�
��� 6RXWK�$IULFD�,PDJH�7HVWLQJ

����� ,QWURGXFWLRQ7KH� LPDJHV� LQ� WKLV�VHFWLRQ�ZHUH� WDNHQ�RQ���WK 1RYHPEHU������DW���K�87�DWWKH� 6RXWK� $IULFDQ� $VWURQRPLFDO� 2EVHUYDWRU\� 6WDWLRQ� �6$$2�� DW� 6XWKHUODQG�6RXWK� $IULFD�� 7KH� REVHUYHUV� ZHUH� 'U� 6LPRQ� *UHHQ� DQG� 0LFKDHO� )RVWHU�� )XOOGHWDLOV�RI�WKH�REVHUYDWRU\��WHOHVFRSH�DQG�&&'�FDPHUD�DUH�JLYHQ�LQ�7DEOH�����7KLUWHHQ� LPDJHV� ZHUH� REWDLQHG� ZLWK� DQ� DYHUDJH� IUDPH� LQWHUYDO� RI� ��V�� $OOLPDJHV�ZHUH�WDNHQ�ZLWK�WKH�WHOHVFRSH�SRLQWHG�DW�WKH�]HQLWK�DQG�WKH�GULYH�V\VWHPRII��)XOO�GHWDLOV�RI�WKH�SLFWXUHV�DUH�JLYHQ�LQ�7DEOH�����/DWLWXGH ���������6/RQJLWXGH ���������((OHYDWLRQ ����P3ULPDU\GLDPHWHU ���P
I�UDWLR ��&DPHUD 7(.�&&'�VL]H ���u���3ODWH�VFDOH �����´�SL[HO��)29 �������´7DEOH������'HWDLOV�RI�WKH��P�WHOHVFRSH�DQG�FDPHUD�V\VWHP�DW�6$$2�



���
)LOH1XPEHU 7LQW �V� 87�K�P�V� 7F\F �V�� ����� ��������� ����� �������� ��� ����� �������� ��� ����� �������� ��� ����� �������� ��� ����� �������� ��� ����� �������� ��� ����� �������� ��� ����� �������� ���� ����� �������� ���� ����� �������� ���� ����� �������� ���� ����� �������� ��0HDQ �������� 0HDQ ��

7DEOH������'HWDLOV�RI�WKH�SLFWXUH�ILOHV�WDNHQ�DW�6$$2��&ROXPQ���LV�WKH�ILOH�GHVLJQDWLRQ�QXPEHU�FROXPQ���LV�WKH�LQWHJUDWLRQ�WLPH�IRU�HDFK�LPDJH��FROXPQ���WKH�WLPH�RI�HDFK�LQWHJUDWLRQ�WR�WKHQHDUHVW�VHFRQG��DQG�FROXPQ���LV�WKH�LQWHUYDO�VLQFH�WKH�SUHYLRXV�LPDJH��H[SUHVVHG�DV�WKH�F\FOH�WLPH7F\F�
����� ,PDJH�PDQLSXODWLRQ$V�WKH�''7�SURJUDP�ZDV�RULJLQDOO\�GHVLJQHG�IRU�SLFWXUHV�FRQVLVWLQJ�RI�OLVWV�RIGRWV� �FHQWURLGV��� WKH� UDZ� LPDJHV� IURP� 6$$2�ZHUH� SRVW�SURFHVVHG� LQWR� D� IRUPFRPSDWLEOH�ZLWK� WKHVH� LQSXW� SDUDPHWHUV�� WR� VLPXODWH� DQ� LPDJH� VWUHDP� IURP� WKHFDPHUD� IURQW� HQG�� 6WDUOLQN� DVWURQRPLFDO� LPDJH� SURFHVVLQJ� SDFNDJHV�� QDPHO\.$33$�DQG�),*$52��ZHUH�XVHG�IRU�WKLV�SXUSRVH��7KH�PHWKRG�IROORZHG�LV�JLYHQEHORZ�� $OO� VWDJHV� DUH� VWDQGDUG� LPDJH� SURFHVVLQJ� WHFKQLTXHV� IRU� DVWURQRPLFDO&&'�LPDJHV��� &RUUHFW�IRU�EULJKWQHVV�YDOXH�ZUDSDURXQG��7KH����ELW�SL[HO�EULJKWQHVV�YDOXHVRQ�WKH�&&'�FDPHUD�DW�6$$2�ZUDSSHG�DURXQG�IURP���WR��������WKHQ�������WR�����ZLWK�LQFUHDVLQJ�EULJKWQHVV��7R�XQZUDS�WKH�EULJKWQHVV�YDOXHV�WR�WKH�PRUHXVHIXO���WR�������UDQJH��WKH�IROORZLQJ�HTXDWLRQ�������LQ�WKH�0$7+�URXWLQH�LQ.$33$� ZDV� XVHG�� ZKHUH� E��� DUH� WKH� RULJLQDO� DQG� QHZ� EULJKWQHVV� OHYHOV�UHVSHFWLYHO\�

°¿°¾½°̄°® »¼º«¬ª ���� �EE�����EE ���� � �����



���
�� 6XEWUDFW�ELDV�IUDPH��,I�WKH�&&'�VKXWWHU�LV�FORVHG�DQG�D�]HUR�VHFRQG�H[SRVXUHUHDG�RII��DQ�LPDJH�LV�VWLOO�SURGXFHG�WKDW�LV�LQWULQVLF�WR�WKH�GHWHFWRU��7KLV�ELDVIUDPH�ZDV�VXEWUDFWHG�IURP�DOO�IUDPHV�XVLQJ�WKH�68%�IXQFWLRQ�LQ�.$33$��� 5HQXPEHU�WKH�;�<�FRRUGLQDWH�D[HV�XVLQJ�WKH�/;6(7�	�/<6(7�IXQFWLRQV�LQ),*$52��� 7KH�''7�SURJUDP�FXUUHQWO\�FDQ�RQO\�DQDO\VH�VTXDUH� LPDJHV�� VR� IUDPHV�DUHFURSSHG� WR� FRQIRUP� ZLWK� WKLV� IRUPDW�� XVLQJ� WKH� ,68%6(7� IXQFWLRQ� LQ),*$52��� 'LYLGH�WKURXJK�E\�WKH�IODWILHOG�LPDJH�XVLQJ�WKH�',9�IXQFWLRQ�LQ�.$33$�

,Q� DGGLWLRQ� WR� WKHVH� SURFHVVHV�� WKH� LPDJHV� ZHUH� WKHQ� WKUHVKROGHG� DQGFHQWURLGHG�� WKLV� ZDV� DFFRPSOLVKHG� ZLWK� VRIWZDUH� HVSHFLDOO\� GHYHORSHG� IRU� WKHSXUSRVH�E\� WKH�6WDUOLQN�4XLFN�5HVSRQVH� VRIWZDUH� VROXWLRQV� WHDP��7KH� VRIWZDUHHQDEOHG�WKH�WKUHVKROGLQJ�VLJPD�OHYHO�WR�EH�VHOHFWHG�PDQXDOO\�
����� 5HVXOWV

7ZR�HIIHFWV�FRQVSLUHG�WR�UHQGHU�WKH�6$$2�LPDJHV�XQVXLWDEOH�DV�D�WHVW�EHG�IRUWKH�''7�SURJUDP��7KH�ILUVW�ZDV�WKDW�WKH�RQO\�PHDQ�IUDPH�UDWH�SRVVLEOH�ZLWK�WKH&&'�FDPHUD�ZDV������+]��RU���IUDPH�HYHU\����VHFRQGV��7DEOH�������*LYHQ�WKDWWKH�)29�ZDV��������´��WKH�IUDPH�LQWHUYDO���V��DQG�WKH�PLQLPXP�QXPEHU�RI�GRWVWR�IRUP�D�OLQH�EHLQJ����WKLV�LPSOLHG�D�PD[LPXP�YDOXH�RI�ZWRS RI�
�WRS V������V��� �������� � u Z � �����

IRU�DQ\�REMHFW�WR�EH�GHWHFWHG��ZKLFK�LQ�WXUQ�LPSOLHG�WKDW�WKH�FLUFXODU�RUELWDO�KHLJKWPXVW�EH�QR�ORZHU�WKDQ�DQ� LQLWLDO�HVWLPDWH�RI�| �������NP��XVLQJ�HTXDWLRQ������7KLV�LV�D�IDU�JUHDWHU�KHLJKW�WKDQ�DQ\�VSDFH�GHEULV�RUELW��RYHU���WLPHV�*62�KHLJKW�DQG� WKHUHIRUH� DQ\� REMHFWV� YLVLEOH� DW� VXFK� KHLJKWV� IDOO� RXWVLGH� WKH� UHPLW� RI� WKLVLQYHVWLJDWLRQ��/RZHU�GHEULV�ZRXOG�SDVV�WKURXJK�WKH�)29�EHIRUH�DW�OHDVW���IUDPHVZHUH�WDNHQ�7KH�RWKHU�HIIHFW�ZDV� WKDW� WKH� IUDPHV�ZHUH� WDNHQ� DW� LUUHJXODU� LQWHUYDOV� �7DEOH��� DJDLQ��� WKLV� SUHFOXGHG� DQ\� SRVVLELOLW\� RI� GHWHFWLQJ� D� ERG\� E\� LWV� XQLIRUPPRWLRQ� DJDLQVW� D� QRLV\� EDFNJURXQG�� DV� WKH�''7� SURJUDP�ZDV� FRQILJXUHG� WKHQRQO\�WR�GR�WKLV�



���
7KH� LPDJHV�ZHUH� VWLOO� XVHG�KRZHYHU� DV� UDZ�GDWD� IRU� D�SURRI�RI�FRQFHSW� WULDOUXQ�RI�WKH�''7�SURJUDP�WR�GHPRQVWUDWH�LWV�DELOLW\�WR�SURFHVV�WKH�W\SH�RI�GDWD�WKHFDPHUD�V\VWHP�DW�+HUVWPRQFHX[�ZRXOG�KDYH�SURYLGHG�LW�LQ�WKH�RULJLQDO�FRQFHSW�7KH� LPDJHV� ZHUH� SURFHVVHG� LQ� WKH� PDQQHU� RXWOLQHG� DERYH� DQG� WKH� ''7SURJUDP�FRQILJXUHG� WR�GHWHFW� DQ�REMHFW� SDVVLQJ� WKURXJK� WKH�)29�DW� D� VSHHG� WRSURGXFH� D� PLQLPXP� RI� �� GRWV� LQ� LWV� WUDFN�� )RU� WKLV� YDOXH� RI� 1�� WKH� UHTXLUHGPLQLPXP� WKUHVKROGLQJ� OLPLW� WR� PLQLPLVH� QRLVH�LQGXFHG� WUDFNV� ZDV� �V�� ZKLFKZRXOG�KDYH�JLYHQ�a����GRWV�SHU� IUDPH��8QIRUWXQDWHO\� WKH�H[WHUQDO� WKUHVKROGLQJDQG� FHQWURLGLQJ� SURJUDP� IDLOHG� WR� SHUIRUP� LWV� WDVN� WR� WKH� OHYHO� RI� DFFXUDF\UHTXLUHG�� LQ� WKDW� WKH�PHDQ� QXPEHU� RI� GRWV� SHU� IUDPH� SURGXFHG�ZDV� ������ 7KHYHU\� VKRUW� LQWHJUDWLRQ� WLPH� SUHFOXGHG� WKH� SRVVLELOLW\� WKDW� WKH� SUHVHQFH� RI�PDQ\VWDUV� PD\� KDYH� FDXVHG� WKLV� HIIHFW�� WKH� FRQFOXVLRQ� ZDV� UHDFKHG� WKDW� WKHWKUHVKROGLQJ�FHQWURLGLQJ�VRIWZDUH�ZDV�IDXOW\�7KH�PHDQ� QXPEHU� RI� GRWV� SUHVHQW� LQ� HDFK� IUDPH� KRZHYHU� FRUUHVSRQGV� WR� DVLJPD� OHYHO�RI�DSSUR[LPDWHO\������ZKLFK�E\�)LJXUH���� LPSOLHV�D�YDOXH�RI�1�RI| ����WR�HQVXUH�QR�QRLVH�LQGXFHG�OLQHV��$V�RQO\�LQWHJHU�YDOXHV�RI�1�DUH�SRVVLEOHKRZHYHU��''7�SURJUDP�UXQV�ZHUH�SHUIRUPHG�IRU�1�YDOXHV�RI�ERWK���DQG����7KHUHVXOWLQJ�QXPEHU�RI�WUDFNV�GHWHFWHG�IRU�HDFK�UXQ�DUH�JLYHQ�LQ�7DEOH�����1�YDOXH � �1R��RI�WUDFNV �� �

7DEOH������1XPEHU�RI�GHWHFWHG�WUDFNV�IRU�YDOXHV�RI�1�HLWKHU�VLGH�RI�WKH�FRUUHVSRQGLQJWKUHVKROGLQJ�OLPLW�IRU�QRLVH�LQGXFHG�WUDFNV�7KLV� LV� LQ� NHHSLQJ� ZLWK� WKH� WKHRU\� WKDW� QRLVH�LQGXFHG� WUDFNV� VKRXOG� EHJLQ� WRDSSHDU�IRU�WUDFN�OHQJWKV�RI���GRWV�DQG�XQGHU��L�H��LI�WKHUH�ZHUH�DQ\�GHEULV�REMHFWVLQ� WKH� ILHOG�RI�YLHZ��RI�D� VL]H� WR�EH�YLVLEOH�� WKH\�ZRXOG�KDYH�EHHQ�GHWHFWHG� IRU1  ���KDG�WKH�IUDPH�UDWH�EHHQ�UHJXODU��7R� WHVW� DOO� IXQFWLRQDOLW\� RI� WKH�''7� SURJUDP� KRZHYHU�� WKH� REMHFWV� GHWHFWHGZHUH�DQDO\VHG�E\�WKH�VRIWZDUH�IRU�WKHLU�RUELWDO�FKDUDFWHULVWLFV��7DEOH�������WKRXJKDV� SUHYLRXVO\� VWDWHG�� WKH� IDFW� WKDW� WKH� IUDPHV� ZHUH� WDNHQ� DW� LUUHJXODU� LQWHUYDOVSUHFOXGHV�DQ\�SRVVLELOLW\�WKDW�WKH�WUDFNV�DUH�DQ\WKLQJ�RWKHU�WKDQ�QRLVH��7KH�WUDFNGDWD�DUH�SUHVHQWHG�LQ�7DEOH���� DQG�)LJXUH�����



���
7UDFN1XPEHU 7RSRFHQWULF�DQJXODUVSHHG��³�V��� 2UELW�+HLJKW�u ��� NP� ,QFOLQDWLRQ�GHJUHHV�� ����� ����� ���� ����� ����� ���� ����� ����� ���� ����� ����� ���� ����� ����� ���� ����� ����� ��� ����� ����� ��� ����� ����� ��� ����� ����� ����� ����� ����� ���
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)LJXUH������'ZHOO�WLPH�DV�D�IXQFWLRQ�RI�RUELW�KHLJKW�IRU�D�]HQLWK�ORRNLQJ�WHOHVFRSH�DW�DQ�HTXDWRULDOVLWH��DQG�DQ�HTXDWRULDO�FLUFXODU�RUELW��7KH�SL[HO�LV�WDNHQ�WR�EH���DUFVHFRQG�LQ�VL]H��DQG�FXUYHV�IRUVLWXDWLRQV�ZKHQ�VLGHUHDO�WUDFNLQJ�LV�ERWK�RII�DQG�RQ�DUH�VKRZQ�
&&'�VL]H�SL[HOV�VTXDUH� VPLQ�IRU�1 �� 7DQ �V���� ��� �������� ��� �������� ��� ����7DEOH������0LQLPXP�WKUHVKROGLQJ�WR�HQVXUH�QR�QRLVH�LQGXFHG�IDOVH�OLQHV��SOXV�WKH�DQDO\VLV�WLPH�WRSHUIRUP�WKH�DQDO\VLV��XVLQJ�D����0+]�3HQWLXP�3&�UXQQLQJ�/LQX[�5HG+DW�����



����
*LYHQ�YDOXHV�RI�7LQW DQG�7DQ��DQG�NQRZLQJ�7F\F�� HTXDWLRQ� ������JLYHV� D�YDOXHIRU�7UHDG��7KLV�LV�WKH�DPRXQW�RI�WLPH�LW�WDNHV�WR�UHDG�WKH�&&'�LPDJH��7KH�WUDQVIHUUDWH�LV�JLYHQ�E\�

UHDG
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&DOFXODWLQJ�RUELW�KHLJKW�IURP�ZWRS IRU�WKH�WKUHH�FDVHV�RI�)29�RI�WKH����������DQG������SL[HO�VTXDUH�&&'V��IRU�ZKLFK�7DQ LV�DOUHDG\�NQRZQ��JLYHV�WKH�IROORZLQJVHOHFWHG�FDVHV��7DEOH������ 2UELW�+HLJKW��NP�)29�DUFVHF� 7DQ �V� ZWRS�DUFVHF�V��� 7UDFNLQJ�21 7UDFNLQJ�2))��� ���� ������� ��� ������� ���� ������� ��� ������� ���� ������ ���� ����7DEOH������2UELW�KHLJKW�FRUUHVSRQGLQJ�WR�PLQLPXP�GHWHFWDEOH�GHEULV��GXH�WR�WLPLQJ�FRQVWUDLQWVRQO\��6HH�WH[W�IRU�GHWDLOV�7KHVH�YDOXHV�WKHUHIRUH�HIIHFWLYHO\�UHSUHVHQW� WKH�RUELW�KHLJKW� OLPLWV�EHORZ�ZKLFKWKH�GHEULV�LV�WUDYHOOLQJ�WRR�IDVW�IRU�WKH�''7�V\VWHP�DV�D�ZKROH�WR�NHHS�XS��7KHVHKHLJKWV� DUH� PDUNHG� RQ� WKH� JUDSK� DV� YHUWLFDO� GDVKHG� OLQHV�� DQG� DV\PSWRWLFEHKDYLRXU� FDQ� EH� VHHQ� IRU� WKH� GHEULV� VL]H� FXUYHV� DV� KHLJKW� GHFUHDVHV� WR� WKHVHOLPLWV��6DPSOLQJ�IUHTXHQF\�RI� WKH�JHQHUDWLQJ�FRGH�UHVXOWV� LQ� ILQLWH�FXWRII�RI� WKHFXUYHV�QHDU�WKH�DV\PSWRWHV�7KH�UHVW�RI�WKH�JHQHUDO�VKDSH�IRU�DOO�RI�WKH�FXUYHV�DV�RQH�LQFUHDVHV�RUELW�KHLJKWFDQ� EH� H[SODLQHG� ZLWK� UHIHUHQFH� WR� WKH� H[DPSOH� FXUYH� IRU� D� ����u����� SL[HO&&'�DQG�D����LQFK�6&7�IRU�ERWK�WUDFNLQJ�DQG�QRQ�WUDFNLQJ�FDVHV��)LJXUH�������$� &XWRII�GXH�WR�WLPLQJ�FRQVWUDLQWV�DV�GHVFULEHG�DERYH�%� 'RZQVORSH�EHFDXVH� WKH�GHEULV¶�ZWRS LV� VORZV�ZLWK�KHLJKW�� FDXVLQJ� ORZHUUHDGRXW�QRLVH�	�WKXV�LQFUHDVLQJ�6G 	�FDXVLQJ�GGHE WR�IDOO�&� $OWKRXJK�ZWRS UHGXFHV�DV�RQH�LQFUHDVHV�RUELW�KHLJKW�� WKH�GHEULV� LV�IXUWKHUDZD\� DQG� WKXV� LV� JHWWLQJ� IDLQWHU� ZLWK� GLVWDQFH�� VR� WKDW� GGHE ULVHV� WRPDLQWDLQ�D�615�RI����WKH�IROORZLQJ�DSSO\�WR�QRQ�WUDFNLQJ�FDVH�RQO\�'� ZWRS GHFUHDVH� �DV� KHLJKW� DSSURDFKHV� *62�� RYHUULGHV� WKH� HIIHFW� GXH� WRLQFUHDVHG�GLVWDQFH��L�H��GZHOO�WLPH�LV�ORQJHU�(� 'LS�DW�*62�±�GHEULV�LV�HIIHFWLYHO\�VWDWLRQDU\�)� 'HEULV�H[KLELWV�UHWURJUDGH�PRWLRQ�DERYH�*62�DQG�PDJQLWXGH�RI�ZWRSLQFUHDVHV�
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)LJXUH�������&RPSDULVRQ�EHWZHHQ�WUDFNLQJ�DQG�QRQ�WUDFNLQJ�RI�WHOHVFRSH�WR�VLGHUHDO�UDWH�IRUFKRVHQ�H[DPSOH�RI����LQFK�6&7�ZLWK�����u�����SL[HO�&&'�DUUD\��FRUUHVSRQGLQJ�WR�D�)29�RI�����DUFVHF��/HWWHUV�GHVFULEH�FXUYH�FKDUDFWHULVWLFV�LQ�WKH�PDLQ�WH[W�
,W� FDQ� EH� VHHQ� WKDW� DOWKRXJK� IRU� ODUJHU�&&'V� WKH� GHEULV� VL]H� GHWHFWDELOLW\� LVVOLJKWO\�ZRUVH� �EHFDXVH� RI� WKH� LQFUHDVHG� DQDO\VLV� WLPH��� WKH� GLIIHUHQFH� EHWZHHQVL]H�REWDLQHG�ZLWK�D����u����SL[HO�&&'�DQG�RQH�ZLWK�����u�����SL[HOV�LV�RI�WKHRUGHU�RI��FP�RU� OHVV�IRU��P�WHOHVFRSHV�RU� ODUJHU�� IRU�KHLJKWV�DERYH�a������NP�7KH� H[WUD� VSDWLDO� DQG� DQJXODU� UHVROXWLRQ� DIIRUGHG� E\� WKH� ODUJHU� &&'� ZRXOGHQDEOH�PRUH� UHILQHG� RUELW� FDOFXODWLRQV�� DV�ZHOO� DV� FRYHULQJ� D� ODUJHU� YROXPH� RIVSDFH�$QRWKHU� HIIHFW� RI� LQFUHDVLQJ� &&'� VL]H� �DQG� WKHUHIRUH� )29�� LV� WKH� VORZHUSURFHVV�WLPH��UHDGRXW���DQDO\VLV��WKDW�FDXVHV�WKH�FXWRII�DW�SRLQW�$�RQ�)LJXUH������7KH�ODUJHU�)29�GRHV�QRW�KHOS�E\�LQFUHDVLQJ�WKH�WLPH�VSHQW�LQ�WKH�)29�E\�GHEULVLQ�WKLV�FDVH��$�����u�����SL[HO�&&'�FRPSDUHG�WR�D����u����DIIRUGV�DQ�LQFUHDVHLQ�SRVVLEOH�DQDO\VLV�WLPH�RI�D�IDFWRU�RI�a���EXW�WKH�DFWXDO�DQDO\VLV�WLPH�LQFUHDVH�LVPRUH�OLNH�D�IDFWRU�RI�����7DEOH������
��� &RQFOXVLRQV
:LWK�UHVSHFW�WR�WKH�VWDWLF�WHVWV�RI�SHUIRUPDQFH��)LJXUH���� VKRZV�WKDW�WKH�''7SURJUDP�DSSHDUV�WR�EH�PRUH�VXLWHG�WR�WKH�GHWHFWLRQ�RI�VORZHU�GHEULV��)RU�D�JLYHQQXPEHU�RI�QRLVH�GRWV�SHU�IUDPH��LW�WDNHV�PRUH�WLPH�IRU�WKH�SURJUDP�WR�GHWHFW�DQ\
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OLQHV�IURP�D�VHW�RI� WKUHH�IUDPHV�WKDQ�LW�GRHV�IURP�ODUJHU�VHWV��)RU�GLVWDQW�GHEULVREMHFWV� WKLV� LV� QRW� D� SUREOHP�� VLQFH� WKRVH� LQ� KLJKHU� RUELWV� KDYH� D� VORZHUWRSRFHQWULF�DQJXODU�VSHHG�DQG�WKH�LQFUHDVHG�WLPH�LW�WDNHV�WR�FURVV�WKH�)29�ZRXOGRIIVHW�WKH�ORQJHU�SURFHVV�WLPH��+RZHYHU�IRU�GHEULV� LQ� ORZHU�DQG�WKHUHIRUH� IDVWHURUELWV�� WKH� ORQJHU� SURFHVV� WLPH� FDXVHV� D� FXW�RII� LQ� WKH� PLQLPXP� KHLJKW� IRU� DSDUWLFOH�WKDW�FRXOG�EH�GHWHFWHG�E\�WKH�SURJUDP�:LWK�D�ZLGHU�)29�DQG�D�KLJKHU�IUDPH�UDWH��WKH�''7�SURJUDP�FRXOG�IXQFWLRQDGHTXDWHO\�DQG�GHWHFW�D�UHJXODUO\�PRYLQJ�REMHFW�WKDW�DSSHDUHG�DERYH�WKH�615�IRULWV�DSSURSULDWH�GZHOO�WLPH��$OO�DVSHFWV�RI�WKH�SURJUDP�SHUIRUPHG�DV�WKH\�VKRXOG�GHVSLWH�WKH�TXDOLW\�RI�WKH�UDZ�LPDJHV�DQDO\VHG�8QGHU� VLPLODU� FRQGLWLRQV�� WKH� VL]H� RI� GHEULV� WKDW� FDQ� MXVW� EH� GHWHFWHG�ZLWK� D615�RI���IRU�D�JLYHQ�KHLJKW�LV�VOLJKWO\�VPDOOHU�IRU�D�QRQ�WUDFNLQJ�WHOHVFRSH�WKDQIRU� D� WUDFNLQJ� WHOHVFRSH�� 7KLV� LV� GXH� WR� WKH� VORZHU� WRSRFHQWULF� DQJXODU� VSHHGFDXVHG�E\�WKH�YHFWRU�VXEWUDFWLRQ�RI�WKH�(DUWK¶V�VLGHUHDO�UDWH�IURP�WKH�JHRFHQWULFDQJXODU�YHORFLW\�RI�WKH�GHEULV�� ,Q�/(2�WKLV�GLIIHUHQFH�LV�VPDOO�DV� WKH�JHRFHQWULFDQJXODU�YHORFLW\�RI� WKH�GHEULV� LV�DQ�RUGHU�RI�PDJQLWXGH�JUHDWHU� WKDQ� WKH�(DUWK¶VVLGHUHDO� UDWH�� EXW� FORVH� WR� *62� WKH� GLIIHUHQFH� EHFRPHV� ODUJHU�� 7KLV� HIIHFW� LVHYLGHQW�LQ�)LJXUH������7\SLFDO�GHEULV�VL]HV�GHWHFWDEOH�XQGHU�WKHVH�FRQGLWLRQV�DUH�EHORZ�a��FP�IRU��±�P�FODVV� WHOHVFRSHV�IRU�DOO�KHLJKWV��DQG�EHORZ�a��FP�IRU�D� W\SLFDO�DPDWHXU����LQFK�6&7��)LJXUH���� 	�)LJXUH������
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