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$GMDFHQW�YHUWLFHV�
7ZR�YHUWLFHV�DUH�DGMDFHQW�ZKHQ�WKH\�DUH�ERWK�LQFLGHQW�WR�D�FRPPRQ�HGJH�

3DWK�LQ�DQ�XQGLUHFWHG�*UDSK�
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Y��WR�YQ�

6LPSOH�3DWK�

$�SDWK�ZLWK�QR�UHSHDWHG�YHUWLFHV�LV�FDOOHG�D�VLPSOH�SDWK�

'HWHFW�&\FOH�LQ�D�'LUHFWHG�*UDSK��

*LYHQ�D�GLUHFWHG�JUDSK��FKHFN�ZKHWKHU�WKH�JUDSK�FRQWDLQV�D�F\FOH�RU�QRW��<RXU�IXQFWLRQ�VKRXOG�
UHWXUQ�WUXH�LI�WKH�JLYHQ�JUDSK�FRQWDLQV�DW�OHDVW�RQH�F\FOH��HOVH�UHWXUQ�IDOVH�

$OJRULWKP�
&UHDWH�WKH�JUDSK�XVLQJ�WKH�JLYHQ�QXPEHU�RI�HGJHV�DQG�YHUWLFHV�ͻ
&UHDWH�D�UHFXUVLYH�IXQFWLRQ�WKDW�LQLWLDOL]HV�WKH�FXUUHQW�LQGH[�RU�YHUWH[��YLVLWHG��DQG�UHFXUVLRQ�
VWDFN�
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0DUN�WKH�FXUUHQW�QRGH�DV�YLVLWHG�DQG�DOVR�PDUN�WKH�LQGH[�LQ�UHFXUVLRQ�VWDFN�ͻ
)LQG�DOO�WKH�YHUWLFHV�ZKLFK�DUH�QRW�YLVLWHG�DQG�DUH�DGMDFHQW�WR�WKH�FXUUHQW�QRGH��5HFXUVLYHO\�FDOO�
WKH�IXQFWLRQ�IRU�WKRVH�YHUWLFHV��,I�WKH�UHFXUVLYH�IXQFWLRQ�UHWXUQV�WUXH��UHWXUQ�WUXH�
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,I�WKH�DGMDFHQW�YHUWLFHV�DUH�DOUHDG\�PDUNHG�LQ�WKH�UHFXUVLRQ�VWDFN�WKHQ�UHWXUQ�WUXH�ͻ
&UHDWH�D�ZUDSSHU�FODVV��WKDW�FDOOV�WKH�UHFXUVLYH�IXQFWLRQ�IRU�DOO�WKH�YHUWLFHV�DQG�LI�DQ\�IXQFWLRQ�
UHWXUQV�WUXH�UHWXUQ�WUXH��(OVH�LI�IRU�DOO�YHUWLFHV�WKH�IXQFWLRQ�UHWXUQV�IDOVH�UHWXUQ�IDOVH�
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&RPSOH[LW\�$QDO\VLV�
7LPH�&RPSOH[LW\��2�9�(��
7LPH�&RPSOH[LW\�RI�WKLV�PHWKRG�LV�VDPH�DV�WLPH�FRPSOH[LW\�RI�')6�WUDYHUVDO�ZKLFK�LV�2�9�(��
6SDFH�&RPSOH[LW\��2�9��
7R�VWRUH�WKH�YLVLWHG�DQG�UHFXUVLRQ�VWDFN�2�9��VSDFH�LV�QHHGHG�

3ULQW�DOO�SDWKV�IURP�D�JLYHQ�VRXUFH�WR�D�GHVWLQDWLRQ����

*LYHQ�D�GLUHFWHG�JUDSK��D�VRXUFH�YHUWH[�µV¶�DQG�D�GHVWLQDWLRQ�YHUWH[�µG¶��SULQW�DOO�SDWKV�IURP�JLYHQ�
µV¶�WR�µG¶�
&RQVLGHU�WKH�IROORZLQJ�GLUHFWHG�JUDSK��/HW�WKH�V�EH���DQG�G�EH����7KHUH�DUH���GLIIHUHQW�SDWKV�IURP���
WR���

$OJRULWKP�

7KH�LGHD�LV�WR�GR�'HSWK�)LUVW�7UDYHUVDO�RI�JLYHQ�GLUHFWHG�JUDSK��6WDUW�WKH�WUDYHUVDO�IURP�VRXUFH��
.HHS�VWRULQJ�WKH�YLVLWHG�YHUWLFHV�LQ�DQ�DUUD\�VD\�µSDWK>@¶��,I�ZH�UHDFK�WKH�GHVWLQDWLRQ�YHUWH[��SULQW�
FRQWHQWV�RI�SDWK>@��7KH�LPSRUWDQW�WKLQJ�LV�WR�PDUN�FXUUHQW�YHUWLFHV�LQ�SDWK>@�DV�YLVLWHG�DOVR��VR�WKDW�
WKH�WUDYHUVDO�GRHVQ¶W�JR�LQ�D�F\FOH�

&RXQW�DOO�SRVVLEOH�SDWKV�EHWZHHQ�WZR�YHUWLFHV��
&RXQW�WKH�WRWDO�QXPEHU�RI�ZD\V�RU�SDWKV�WKDW�H[LVW�EHWZHHQ�WZR�YHUWLFHV�LQ�D�GLUHFWHG�JUDSK��7KHVH�
SDWKV�GRQ¶W�FRQWDLQ�D�F\FOH��WKH�VLPSOH�HQRXJK�UHDVRQ�LV�WKDW�D�F\FOH�FRQWDLQV�DQ�LQILQLWH�QXPEHU�RI�
SDWKV�DQG�KHQFH�WKH\�FUHDWH�D�SUREOHP�



$SSURDFK�
7KH�SUREOHP�FDQ�EH�VROYHG�XVLQJ�EDFNWUDFNLQJ��WKDW�VD\V�WDNH�D�SDWK�DQG�VWDUW�ZDONLQJ�RQ�LW�DQG�
FKHFN�LI�LW�OHDGV�XV�WR�WKH�GHVWLQDWLRQ�YHUWH[�WKHQ�FRXQW�WKH�SDWK�DQG�EDFNWUDFN�WR�WDNH�DQRWKHU�SDWK��
,I�WKH�SDWK�GRHVQ¶W�OHDG�WR�WKH�GHVWLQDWLRQ�YHUWH[��GLVFDUG�WKH�SDWK�
7KLV�W\SH�RI�JUDSK�WUDYHUVDO�LV�FDOOHG�%DFNWUDFNLQJ�

%DFNWUDFNLQJ�IRU�DERYH�JUDSK�FDQ�EH�VKRZQ�OLNH�WKLV�
7KH�UHG�FRORXU�YHUWH[�LV�WKH�VRXUFH�YHUWH[�DQG�WKH�OLJKW�EOXH�FRORXU�YHUWH[�LV�GHVWLQDWLRQ��UHVW�DUH�
HLWKHU�LQWHUPHGLDWH�RU�GLVFDUGHG�SDWKV�

7KLV�JLYH�IRXU�SDWKV�EHWZHHQ�VRXUFH�$��DQG�GHVWLQDWLRQ�(��YHUWH[�

:K\�WKLV�VROXWLRQ�ZLOO�QRW�ZRUN�IRU�D�JUDSK�ZKLFK�FRQWDLQV�F\FOHV"

7KH�3UREOHP�$VVRFLDWHG�ZLWK�WKLV�LV�WKDW�QRZ�LI�RQH�PRUH�HGJH�LV�DGGHG�EHWZHHQ�&�DQG�%��LW�ZRXOG�
PDNH�D�F\FOH��%��!�'��!�&��!�%���$QG�KHQFH�DIWHU�HYHU\�F\FOH�WKURXJK�WKH�ORRS��WKH�OHQJWK�SDWK�ZLOO�
LQFUHDVH�DQG�WKDW�ZLOO�EH�FRQVLGHUHG�DV�D�GLIIHUHQW�SDWK��DQG�WKHUH�ZRXOG�EH�LQILQLWHO\�PDQ\�SDWKV�
EHFDXVH�RI�WKH�F\FOH�

$OJRULWKP�

&UHDWH�D�UHFXUVLYH�IXQFWLRQ�WKDW�WDNHV�LQGH[�RI�QRGH�RI�D�JUDSK�DQG�WKH�GHVWLQDWLRQ�LQGH[��.HHS�ͻ



D�JOREDO�RU�D�VWDWLF�YDULDEOH�FRXQW�WR�VWRUH�WKH�FRXQW�
,I�WKH�FXUUHQW�QRGHV�LV�WKH�GHVWLQDWLRQ�LQFUHDVH�WKH�FRXQW�ͻ
(OVH�IRU�DOO�WKH�DGMDFHQW�QRGHV��L�H��QRGHV�WKDW�DUH�DFFHVVLEOH�IURP�WKH�FXUUHQW�QRGH��FDOO�WKH�
UHFXUVLYH�IXQFWLRQ�ZLWK�WKH�LQGH[�RI�DGMDFHQW�QRGH�DQG�WKH�GHVWLQDWLRQ�
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3ULQW�WKH�&RXQW�ͻ

&RPSOH[LW\�$QDO\VLV�

7LPH�&RPSOH[LW\� 2�1���
,I�WKH�JUDSK�LV�FRPSOHWH�WKHQ�WKHUH�FDQ�EH�DURXQG�1��UHFXUVLYH�FDOOV��VR�WKH�WLPH�&RPSOH[LW\�LV�
2�1��
6SDFH�&RPSOH[LW\� 2����
6LQFH�QR�H[WUD�VSDFH�LV�UHTXLUHG�

'HSWK�)LUVW�6HDUFK�RU�')6�IRU�D�*UDSK��

'HSWK�)LUVW�7UDYHUVDO��RU�6HDUFK��IRU�D�JUDSK�LV�VLPLODU�WR�'HSWK�)LUVW�7UDYHUVDO�RI�D�WUHH��7KH�RQO\�
FDWFK�KHUH�LV��XQOLNH�WUHHV��JUDSKV�PD\�FRQWDLQ�F\FOHV��D�QRGH�PD\�EH�YLVLWHG�WZLFH��7R�DYRLG�
SURFHVVLQJ�D�QRGH�PRUH�WKDQ�RQFH��XVH�D�%RROHDQ�YLVLWHG�DUUD\�

$SSURDFK�
'HSWK�ILUVW�VHDUFK�LV�DQ�DOJRULWKP�IRU�WUDYHUVLQJ�RU�VHDUFKLQJ�WUHH�RU�JUDSK�GDWD�VWUXFWXUHV��7KH�
DOJRULWKP�VWDUWV�DW�WKH�URRW�QRGH��VHOHFWLQJ�VRPH�DUELWUDU\�QRGH�DV�WKH�URRW�QRGH�LQ�WKH�FDVH�RI�D�
JUDSK��DQG�H[SORUHV�DV�IDU�DV�SRVVLEOH�DORQJ�HDFK�EUDQFK�EHIRUH�EDFNWUDFNLQJ��6R�WKH�EDVLF�LGHD�LV�WR�
VWDUW�IURP�WKH�URRW�RU�DQ\�DUELWUDU\�QRGH�DQG�PDUN�WKH�QRGH�DQG�PRYH�WR�WKH�DGMDFHQW�XQPDUNHG�
QRGH�DQG�FRQWLQXH�WKLV�ORRS�XQWLO�WKHUH�LV�QR�XQPDUNHG�DGMDFHQW�QRGH��7KHQ�EDFNWUDFN�DQG�FKHFN�IRU�
RWKHU�XQPDUNHG�QRGHV�DQG�WUDYHUVH�WKHP��)LQDOO\�SULQW�WKH�QRGHV�LQ�WKH�SDWK�

$OJRULWKP�
&UHDWH�D�UHFXUVLYH�IXQFWLRQ�WKDW�WDNHV�WKH�LQGH[�RI�QRGH�DQG�D�YLVLWHG�DUUD\�ͻ
0DUN�WKH�FXUUHQW�QRGH�DV�YLVLWHG�DQG�SULQW�WKH�QRGH�ͻ
7UDYHUVH�DOO�WKH�DGMDFHQW�DQG�XQPDUNHG�QRGHV�DQG�FDOO�WKH�UHFXUVLYH�IXQFWLRQ�ZLWK�LQGH[�RI�
DGMDFHQW�QRGH�
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&RPSOH[LW\�$QDO\VLV�
7LPH�FRPSOH[LW\� 2�9���(���ZKHUH�9�LV�WKH�QXPEHU�RI�YHUWLFHV�DQG�(�LV�WKH�QXPEHU�RI�HGJHV�LQ�WKH�
JUDSK�
6SDFH�&RPSOH[LW\� 2�9��
6LQFH��DQ�H[WUD�YLVLWHG�DUUD\�LV�QHHGHG�RI�VL]H�9�

%UHDGWK�)LUVW�6HDUFK�RU�%)6�IRU�D�*UDSK��

%UHDGWK�)LUVW�7UDYHUVDO��RU�6HDUFK��IRU�D�JUDSK�LV�VLPLODU�WR�%UHDGWK�)LUVW�7UDYHUVDO�RI�D�WUHH��6HH�



PHWKRG���RI�WKLV�SRVW���7KH�RQO\�FDWFK�KHUH�LV��XQOLNH�WUHHV��JUDSKV�PD\�FRQWDLQ�F\FOHV��VR�ZH�PD\�
FRPH�WR�WKH�VDPH�QRGH�DJDLQ��7R�DYRLG�SURFHVVLQJ�D�QRGH�PRUH�WKDQ�RQFH��ZH�XVH�D�%RROHDQ�YLVLWHG�
DUUD\��)RU�VLPSOLFLW\��LW�LV�DVVXPHG�WKDW�DOO�YHUWLFHV�DUH�UHDFKDEOH�IURP�WKH�VWDUWLQJ�YHUWH[�
)RU�H[DPSOH��LQ�WKH�IROORZLQJ�JUDSK��ZH�VWDUW�WUDYHUVDO�IURP�YHUWH[����:KHQ�ZH�FRPH�WR�YHUWH[����
ZH�ORRN�IRU�DOO�DGMDFHQW�YHUWLFHV�RI�LW����LV�DOVR�DQ�DGMDFHQW�YHUWH[�RI����,I�ZH�GRQ¶W�PDUN�YLVLWHG�
YHUWLFHV��WKHQ���ZLOO�EH�SURFHVVHG�DJDLQ�DQG�LW�ZLOO�EHFRPH�D�QRQ�WHUPLQDWLQJ�SURFHVV��$�%UHDGWK�
)LUVW�7UDYHUVDO�RI�WKH�IROORZLQJ�JUDSK�LV������������

,OOXVWUDWLRQ�





1RWH�WKDW�WKH�DERYH�PHWKRG�WUDYHUVHV�RQO\�WKH�YHUWLFHV�UHDFKDEOH�IURP�D�JLYHQ�VRXUFH�YHUWH[��$OO�WKH�
YHUWLFHV�PD\�QRW�EH�UHDFKDEOH�IURP�D�JLYHQ�YHUWH[��H[DPSOH�'LVFRQQHFWHG�JUDSK��

'LMNVWUD¶V�VKRUWHVW�SDWK�DOJRULWKP��
*LYHQ�D�JUDSK�DQG�D�VRXUFH�YHUWH[�LQ�WKH�JUDSK��ILQG�WKH�VKRUWHVW�SDWKV�IURP�VRXUFH�WR�DOO�YHUWLFHV�LQ�
WKH�JLYHQ�JUDSK��,W�LV�D�JUHHG\�DSSURDFK�

$OJRULWKP�



���&UHDWH�D�VHW�VSW6HW��VKRUWHVW�SDWK�WUHH�VHW��WKDW�NHHSV�WUDFN�RI�YHUWLFHV�LQFOXGHG�LQ�VKRUWHVW�SDWK�
WUHH��L�H���ZKRVH�PLQLPXP�GLVWDQFH�IURP�VRXUFH�LV�FDOFXODWHG�DQG�ILQDOL]HG��,QLWLDOO\��WKLV�VHW�LV�
HPSW\�
���$VVLJQ�D�GLVWDQFH�YDOXH�WR�DOO�YHUWLFHV�LQ�WKH�LQSXW�JUDSK��,QLWLDOL]H�DOO�GLVWDQFH�YDOXHV�DV�
,1),1,7(��$VVLJQ�GLVWDQFH�YDOXH�DV���IRU�WKH�VRXUFH�YHUWH[�VR�WKDW�LW�LV�SLFNHG�ILUVW�
���:KLOH�VSW6HW�GRHVQ¶W�LQFOXGH�DOO�YHUWLFHV�

3LFN�D�YHUWH[�X�ZKLFK�LV�QRW�WKHUH�LQ�VSW6HW�DQG�KDV�PLQLPXP�GLVWDQFH�YDOXH�ͻ
,QFOXGH�X�WR�VSW6HW�ͻ
8SGDWH�GLVWDQFH�YDOXH�RI�DOO�DGMDFHQW�YHUWLFHV�RI�X��7R�XSGDWH�WKH�GLVWDQFH�YDOXHV��LWHUDWH�
WKURXJK�DOO�DGMDFHQW�YHUWLFHV��)RU�HYHU\�DGMDFHQW�YHUWH[�Y��LI�WKH�VXP�RI�D�GLVWDQFH�YDOXH�RI�X�
�IURP�VRXUFH��DQG�ZHLJKW�RI�HGJH�X�Y��LV�OHVV�WKDQ�WKH�GLVWDQFH�YDOXH�RI�Y��WKHQ�XSGDWH�WKH�
GLVWDQFH�YDOXH�RI�Y�
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