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DSSURDFKHV�IRU�ORFDWLRQ�GHWHUPLQDWLRQ�LV�SUHVHQWHG�LQ�6HFWLRQ��� 7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� ��SUHVHQWV� RXU� JHQHUDO� DUFKLWHFWXUH� IRU� ORFDWLRQ� GHWHUPLQDWLRQ�V\VWHPV�� 6HFWLRQ� �� SUHVHQWV� WKH� GHWDLOV� RI� UDGLR� PDS�FRQVWUXFWLRQ�DQG�ORFDWLRQ�HVWLPDWLRQ�ZLWK�WKH�-RLQW�&OXVWHULQJ�WHFKQLTXH�� 6HFWLRQ� �� SUHVHQWV� WKH� GHWDLOV� RI� ORFDWLRQ�HVWLPDWLRQ� ZLWK� WKH� ,QFUHPHQWDO� 7ULDQJXODWLRQ� WHFKQLTXH�� ,Q�6HFWLRQ����ZH�GHVFULEH�WKH�HYDOXDWLRQ�RI�WKH�WHFKQLTXHV LQ�WKH�LQGRRU�VSDFH�DQG�WKH�REWDLQHG�UHVXOWV��6HFWLRQ���GHVFULEHV�WZR�DSSOLFDWLRQV� LPSOHPHQWLQJ� WKH� JHQHUDO� DUFKLWHFWXUH� IRU�ORFDWLRQ� GHWHUPLQDWLRQ�� LQFRUSRUDWLQJ� WKH� -&� DQG� ,7�WHFKQLTXHV�DV�WKHLU�ORFDWLRQ�GHWHUPLQDWLRQ�DOJRULWKPV��6HFWLRQ���VXUYH\V�UHODWHG�ZRUN�DQG�FRPSDUHV�WKH�QHZ�WHFKQLTXHV�ZLWK�SUHYLRXV�5)�EDVHG�ORFDWLRQ�GHWHUPLQDWLRQ�DSSURDFKHV�WKDW�GR�QRW� UHTXLUH�DGGLWLRQDO�KDUGZDUH��)LQDOO\�6HFWLRQ���FRQFOXGHV�WKH�SDSHU�� /RFDWLRQ�'HWHUPLQDWLRQ�6\VWHP�$UFKLWHFWXUH
)LJXUH� �� VKRZV� RXU� ORFDWLRQ� GHWHUPLQDWLRQ� V\VWHP�DUFKLWHFWXUH��7KH�KDUGZDUH�OD\HU�FRYHUV�PRELOH�GHYLFHV��VXFK�DV�ODSWRSV�DQG�KDQGKHOGV��DQG�IL[HG�GHYLFHV�WKDW�QHHG�ORFDWLRQ�LQIRUPDWLRQ� �H�J��� IRU� DXWRPDWLF� FRQILJXUDWLRQ��� $OO� WKHVH�GHYLFHV� DUH� HTXLSSHG� ZLWK� ZLUHOHVV� FDUGV�� 7KH� RSHUDWLQJ�V\VWHP� OD\HU� LQFOXGHV� WKH� RSHUDWLQJ� V\VWHPV� UXQQLQJ� RQ� WKH�GHYLFHV��7KH�GHYLFH�GULYHU�LQWHUDFWV�ZLWK� WKH�ZLUHOHVV�FDUG�WR�FROOHFW� WKH� VLJQDO� VWUHQJWK� YDOXHV� IURP� WKH� DFFHVV� SRLQWV� LQ�UDQJH�� 7KH� /RFDWLRQ� 'HWHUPLQDWLRQ� 6\VWHP� OD\HU� UXQV� WKH�ORFDWLRQ� GHWHUPLQDWLRQ� DOJRULWKP�� H�J�� WKH� -&� DOJRULWKP� WKDW�XVHV�WKH�VLJQDO�VWUHQJWK�YDOXHV�WR�HVWLPDWH�WKH�XVHU�ORFDWLRQ��$�ZLUHOHVV� $3,� SURYLGHV�� LQ� D� GHYLFH� GULYHU�LQGHSHQGHQW� ZD\��WKH� /RFDWLRQ� 'HWHUPLQDWLRQ� 6\VWHP� OD\HU� ZLWK� D� PHWKRG� WR�JHW� WKH� UHTXLUHG� LQIRUPDWLRQ� IURP� WKH� GULYHU�� VXFK� DV� WKH�DFFHVV�SRLQW�0$&�DGGUHVVHV�DQG�UHFHLYHG�VLJQDO�VWUHQJWKV��,Q�WKH� VDPH�ZD\�� D�/RFDWLRQ�$3,� SURYLGHV� WKH�XVHU� DSSOLFDWLRQ�ZLWK�WKH�GHYLFH¶V�FXUUHQW�SRVLWLRQ�LQ�D�ZD\�LQGHSHQGHQW�RI�WKH�ORFDWLRQ�GHWHUPLQDWLRQ�DOJRULWKP�,Q� 6HFWLRQ� ��� ZH� SUHVHQW� �� H[DPSOHV� RQ� LPSOHPHQWLQJ�WKLV�DUFKLWHFWXUH��,Q�WKH�QH[W�WZR�VHFWLRQV��ZH�GHVFULEH�WKH�-&�WHFKQLTXH� DQG� WKH� ,7� WHFKQLTXH�� UHVSHFWLYHO\��ZKLFK� DUH� SDUW�RI�WKH�/RFDWLRQ�'HWHUPLQDWLRQ�6\VWHP�OD\HU�� 7KH�-RLQW�&OXVWHULQJ�7HFKQLTXH
7KH�-RLQW�&OXVWHULQJ�WHFKQLTXH�LV�EDVHG�RQ�WZR�PDLQ�IXQFWLRQV���D�� HVWLPDWLQJ� WKH� MRLQW� GLVWULEXWLRQ� RI� WKH� VLJQDO� VWUHQJWK� YDOXHV�UHFHLYHG�IURP�DFFHVV�SRLQWV�DW�HDFK�ORFDWLRQ�DQG��E��JURXSLQJ�WKH�ORFDWLRQV� LQWR�FOXVWHUV��7KH�MRLQW�GLVWULEXWLRQV�DUH�XVHG� WR� ILQG� WKH�PRVW� SUREDEOH� ORFDWLRQ�JLYHQ� WKH�REVHUYDWLRQ� VHTXHQFHV�RI� VLJQDO�VWUHQJWK�YDOXHV��7KH�-&�WHFKQLTXH�DOVR�SHUIRUPV�ORFDWLRQ�FOXVWHULQJ��E\�JURXSLQJ�ORFDWLRQV�WKDW�KDYH�D�FRPPRQ�IHDWXUH��WR�UHGXFH�WKH�VL]H�RI� WKH� VHDUFK� VSDFH� DQG�� KHQFH�� UHGXFLQJ� WKH� FRPSXWDWLRQDOUHTXLUHPHQWV�RI�WKH�DOJRULWKP��7KHUHIRUH��WKH�RSHUDWLRQ�RI�WKH�-&�WHFKQLTXH�FDQ�EH�GLYLGHG�LQWR�WZR�SKDVHV���D��RIIOLQH�SKDVH��LQ�ZKLFK� ZH� SHUIRUP� WKH� MRLQW� GLVWULEXWLRQ� HVWLPDWLRQ� DQG�ORFDWLRQV� FOXVWHULQJ� DQG� �E�� ORFDWLRQ� GHWHUPLQDWLRQ� SKDVH�� LQ�ZKLFK� ZH UXQ� WKH� ORFDWLRQ� GHWHUPLQDWLRQ� WHFKQLTXH� WR� LQIHU�WKH�XVHU�ORFDWLRQ��
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����� (VWLPDWLQJ�WKH�-RLQW�6LJQDO�6WUHQJWK�'LVWULEXWLRQ�$W�HDFK�ORFDWLRQ�LQ�WKH�VHW�RI�WUDLQLQJ�ORFDWLRQV��ZH�VWRUH�D� PRGHO� IRU� WKH� MRLQW� SUREDELOLW\� GLVWULEXWLRQ� RI� WKH� DFFHVV�SRLQWV�DW�WKLV�ORFDWLRQ��7KHUHIRUH��RXU�UDGLR�PDS�LV�VWRUHG�DV�D�FROOHFWLRQ�RI�PRGHOV�IRU�MRLQW�SUREDELOLW\�GLVWULEXWLRQV�7KH� SUREOHP� RI� HVWLPDWLQJ� WKH� MRLQW� GLVWULEXWLRQV� FDQ�IXUWKHU�EH�GLYLGHG�LQWR�WKUHH�VXE�SUREOHPV��� +RZ�WR�FKRRVH�D�YDOXH��N��IRU�WKH�GLPHQVLRQ�RI�WKH�MRLQW�GLVWULEXWLRQ"�� :KLFK� N DFFHVV� SRLQWV�� IURP� WKH� VHW� RI� DFFHVV� SRLQWV�FRYHULQJ�D�FHUWDLQ�ORFDWLRQ�� WR�FKRRVH�WR�EH�LQFOXGHG�LQ�WKH�MRLQW�GLVWULEXWLRQ"�� +RZ� WR� HVWLPDWH� WKH� MRLQW� GLVWULEXWLRQ� EHWZHHQ� WKH�FKRVHQ�N DFFHVV�SRLQWV",Q�GHWHUPLQLQJ� WKH�EHVW�YDOXH� IRU�N ZH�QHHG� WR� WDNH� LQWR�DFFRXQW���IDFWRUV���D��DV�N LQFUHDVHV��WKH�SURFHVV�RI�HVWLPDWLQJ�WKH� MRLQW� SUREDELOLW\� GLVWULEXWLRQ� �VXE�SUREOHP� ��� EHFRPHV�PRUH� FRPSOH[� DQG� �E�� ZH� QHHG� D� YDOXH� IRU� N VXFK� WKDW� DOO�ORFDWLRQV�DUH�FRYHUHG�E\�DW� OHDVW�N DFFHVV�SRLQWV�PRVW�RI� WKH�WLPH�7KH� VHFRQG� IDFWRU� LV� LPSRUWDQW� EHFDXVH� DW� WKH� RQOLQH�SKDVH��ZH�JHW� D�QXPEHU�RI�VDPSOHV� IURP�VRPH�RI� WKH�DFFHVV�SRLQWV� DQG� VRPH� RI� WKH� DFFHVV� SRLQWV� WKDW� FRYHU� D� FHUWDLQ�ORFDWLRQ� PD\� EH�PLVVLQJ� IURP� WKH� VDPSOHV� GXH� WR� WKH� QRLV\�QDWXUH� RI� WKH� ZLUHOHVV� FKDQQHO� DQG� KHQFH� WKH� QXPEHU� RI�DFFHVV� SRLQWV� FRYHULQJ� D� ORFDWLRQ� LV� YDU\LQJ� ZLWK� WLPH�� 7KH�VHFRQG�IDFWRU�OHVVHQV�WKH�DIIHFW�RI�YDULDELOLW\�LQ�WKH�QXPEHU�RI�DFFHVV� SRLQWV� DQG� KHQFH� VKRXOG� OHDG� WR� EHWWHU� DFFXUDF\��7\SLFDO�YDOXHV�IRU�WKH�SDUDPHWHU�N FDQ�EH�IRXQG�LQ�6HFWLRQ���7KH� VROXWLRQ� WR� VXE�SUREOHP��� LV� UHODWHG� WR� WKH� VROXWLRQ�RI� VXE�SUREOHP���� ,I� WKH�QXPEHU�RI� DFFHVV�SRLQWV�FRYHULQJ�D�ORFDWLRQ� LV�YDU\LQJ�ZLWK� WLPH��ZKLFK�DFFHVV�SRLQWV�VKRXOG�ZH�FKRRVH"� ,QWXLWLYHO\��ZH� VKRXOG� FKRRVH� WKH� DFFHVV� SRLQWV� WKDW�DSSHDU�PRVW�RI�WKH�WLPH�LQ�WKH�VDPSOHV��:H�GLG�VRPH�DQDO\VLV�RI� WKH�GDWD� DQG� IRXQG� WKDW� WKH� DFFHVV� SRLQWV�ZLWK� WKH� ODUJHVW�VLJQDO� VWUHQJWK� DUH� WKRVH� WKDW� DSSHDU� LQ�PRVW� RI� WKH� VDPSOHV��7KLV� LV� H[SHFWHG� DV� WKH� DFFHVV� SRLQWV� ZLWK� ZHDN� VLJQDO�VWUHQJWK�DUH� OHVV�SUREDEOH� WR�EH�KHDUG� WKDQ�WKH�RQHV�ZLWK� WKH�VWURQJ�VLJQDO�VWUHQJWK��7R� VXPPDUL]H�� IRU� D� JLYHQ� ORFDWLRQ� O� � 7U/RFV�� ZH�FKRRVH� WKH� ILUVW� N DFFHVV� SRLQWV� IURP� WKH� VHW� 7U$3O ZKHQ�VRUWHG�DFFRUGLQJ�WR�WKH�DYHUDJH�VLJQDO�VWUHQJWK�YDOXHV��L�H��ZH�XVH�6RUWHG$3�O��N��7U$3O��7U6DPSOHVO�
��7KH� SUREOHP� RI� HVWLPDWLQJ� WKH� MRLQW� SUREDELOLW\�GLVWULEXWLRQ� FDQ� EH� GRQH� LQ� GLIIHUHQW� ZD\V� ZLWK� GLIIHUHQW�DFFXUDF\�OHYHOV��7KH�SUREOHP�FDQ�EH�VWDWHG�DV��JLYHQ�N DFFHVV�SRLQWV� $3�«$3N�� ZH� ZDQW� WR� HVWLPDWH�������� ���� NN V$3V$3V$33    ZKHUH� VL LV� D� VLJQDO�VWUHQJWK�YDOXH�IURP�$3L��2QH�JRRG�ZD\� WR�HVWLPDWH�WKLV�MRLQW�GLVWULEXWLRQ� LV� WR� XVH� WKH� 0D[LPXP� /LNHOLKRRG� (VWLPDWLRQ��0/(�� PHWKRG� ZKLFK� HVWLPDWH� WKH� MRLQW� SUREDELOLWLHV� DV�IROORZV�
QLQJ'DWD6L]HRI7UDL VVV&RXQWV$3V$3V$33 NNN ���������������� ������     ���

L�H�� WKH�QXPEHU� RI� WLPHV� WKDW� WKH� VLJQDO� VWUHQJWK�YDOXHV� WXSOH��V���V���«��VN��DSSHDUHG�LQ�WKH�HQWLUH�WUDLQLQJ�VHW�GLYLGHG�E\�WKH�VL]H�RI�WKH�WUDLQLQJ�VHW�7KH�SUREOHP� RI� WKLV� DSSURDFK� LV� WKDW� LW� UHTXLUHV� D� ODUJH�WUDLQLQJ� VHW� WR� REWDLQ� JRRG� HVWLPDWH� RI� WKH� MRLQW� GLVWULEXWLRQ�DQG� WKH� UHTXLUHG� VL]H� LQFUHDVHV� H[SRQHQWLDOO\� ZLWK� N�� )RU�H[DPSOH�� LI�ZH� KDYH� �� DFFHVV� SRLQWV� HDFK�KDYLQJ� D� UDQJH�RI���� VLJQDO� VWUHQJWK� YDOXHV�� WKHQ� WKH� QXPEHU� RI� GLIIHUHQW�SRVVLEOH� WXSOHV� IRU� WKH� MRLQW� GLVWULEXWLRQ� LV� ��� � ������ DQG�KHQFH� WKH� WUDLQLQJ� GDWD� VL]H� FDQQRW� EH� OHVV� WKDQ WKLV� QXPEHU��DFWXDOO\�LW�PXVW�EH�PXFK�ELJJHU��6LQFH� RXU� JRDO� ZDV� WR� XVH� D� PHWKRG� WKDW� JLYHV� D� JRRG�DFFXUDF\� DQG�� DW� WKH� VDPH� WLPH�� UHTXLUHV� UHDVRQDEOH� DPRXQW�RI� WUDLQLQJ�GDWD� DQG�FRPSXWDWLRQDO�SRZHU�� WKLV� DSSURDFK�FDQ�RQO\� EH� XVHG� ZLWK� VPDOO� YDOXHV� RI� N� ZKLFK� PD\� DIIHFW� WKH�WHFKQLTXH� DFFXUDF\�� ,QVWHDG�� ZH� FKRVH� WR� PDNH� DQ�DSSUR[LPDWLRQ� WKDW� WKH�DFFHVV�SRLQWV�DUH� LQGHSHQGHQW�� ,Q�WKLV�FDVH�� WKH� SUREOHP� RI� HVWLPDWLQJ� WKH� MRLQW� SUREDELOLW\�GLVWULEXWLRQ� EHFRPHV� WKH�SUREOHP�RI�HVWLPDWLQJ� WKH�PDUJLQDO�SUREDELOLW\�GLVWULEXWLRQV�DV� ������������������ �������� NNNN V$33V$33V$33V$3V$3V$33        ���VLQFH�WKH�UDQGRP�YDULDEOHV�$3����� �$3N DUH�LQGHSHQGHQW��)RU�D�JLYHQ�ORFDWLRQ�O�� 7U/RFV�� ���� � L$3OLL V+LVWV$33 L  �)LJXUH� �� JLYHV� D� W\SLFDO� H[DPSOH� RI� WKH� VLJQDO� VWUHQJWK�QRUPDOL]HG�KLVWRJUDP�IURP�DQ�DFFHVV�SRLQW�7KLV� DSSURDFK� UHGXFHV� WKH� VL]H� RI� WKH� WUDLQLQJ� VHW�UHTXLUHG�� 8VLQJ� WKH� VDPH� H[DPSOH� DV� EHIRUH�� WKH� QXPEHU� RI�GLVWLQFW� YDOXHV� IRU� HDFK� DFFHVV� SRLQW� LV� ���� DQG� D� VPDOO� VL]H�WUDLQLQJ�VHW�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�PDUJLQDO�GLVWULEXWLRQV��7KH�LQGHSHQGHQFH�DVVXPSWLRQ�KDV�RWKHU�DGYDQWDJHV�DV�ZLOO�EH�GHVFULEHG�LQ�WKH�GLVFXVVLRQ�VHFWLRQ������ /RFDWLRQV�&OXVWHULQJ7R� UHGXFH� WKH� FRPSXWDWLRQ� RYHUKHDG�� ZH� JURXS� WKH�ORFDWLRQV� LQWR� FOXVWHUV� DFFRUGLQJ� WR� WKH� DFFHVV� SRLQWV� WKDW�FRYHU� WKH� ORFDWLRQV�� 7KH� SUREOHP� FDQ� EH� VWDWHG� DV� IROORZV��*LYHQ�D�ORFDWLRQ�O��ZH�ZDQW�WR�GHWHUPLQH�WKH�FOXVWHU�WR�ZKLFK�O EHORQJV��
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7KH� PRVW� REYLRXV� ZD\� WR� GR� FOXVWHULQJ� LV� WR� JURXS�ORFDWLRQV�DFFRUGLQJ� WR� WKH�DFFHVV�SRLQWV� WKDW�FRYHU� WKHP��L�H���WZR� ORFDWLRQV� O� DQG� O� DUH� SODFHG� LQ� WKH� VDPH� FOXVWHU� LII
�� OO 7U$37U$3  ��+RZHYHU�� WKLV� DSSURDFK� IRU� FOXVWHULQJ�KDV�SUREOHPV� ZKHQ� DSSOLHG� LQ� D� UHDO� HQYLURQPHQW�� 6LQFH� WKH�ZLUHOHVV� FKDQQHO� LV� QRLV\�� DQ� DFFHVV� SRLQW� PD\� EH� PLVVLQJ�IURP�VRPH�RI�WKH�VDPSOHV�DQG�� WKHUHIRUH��XVLQJ�WKH�HQWLUH�VHW�RI� DFFHVV�SRLQWV� WKDW� FRYHU�D� ORFDWLRQ� IRU� FOXVWHULQJ�PD\� IDLO�WR�ILQG�WKH�FRUUHFW�FOXVWHU�GXH�WR�WKH�PLVVLQJ�DFFHVV�SRLQW��,QVWHDG� RI� XVLQJ� WKH� HQWLUH� VHW� �7U$3O� WKDW� FRYHUV� D�ORFDWLRQ�O�IRU�FOXVWHULQJ��ZH�XVH�D�VXEVHW�RI�WKLV�VHW�FRQWDLQLQJ�RQO\�T�HOHPHQWV�DQG�WKH�SUREOHP�EHFRPHV��*LYHQ�D�QXPEHU�T��ZH�ZDQW� WR�SXW�DOO� WKH�ORFDWLRQV�WKDW�VKDUH�T DFFHVV�SRLQWV�LQ�RQH�FOXVWHU��7KHUHIRUH��ZH�KDYH���VXE�SUREOHPV��� +RZ�WR�GHWHUPLQH�WKH�YDOXH�RI�T�"�� :KLFK�T DFFHVV�SRLQWV�WR�FKRRVH�IRU�FOXVWHULQJ�")RU�WKH�ILUVW�VXE�SUREOHP��ZH�QHHG�WR�FKRRVH�T VXFK�WKDW�DOO� ORFDWLRQV�DUH� FRYHUHG�E\� DW� OHDVW�T DFFHVV� SRLQWV�PRVW� RI�WKH�WLPH��7KLV�IDFWRU�LV�LPSRUWDQW�GXH�WR�VLPLODU�UHDVRQV�DV�LQ�WKH� GLVFXVVLRQ� RI� WKH� FKRLFH� RI� D� YDOXH� IRU� WKH� SDUDPHWHU�N��7KLV�VXJJHVWV�WKDW�WKH�YDOXH�RI�T VKRXOG�EH�OHVV�WKDQ�RU�HTXDO�WR�PLQ�_7U$3O_��IRU�DOO�O�� 7U/RFV� 0RUHRYHU��ZH�QHHG�D�YDOXH�IRU�T WKDW�GLVWULEXWHV� ORFDWLRQV�HYHQO\�EHWZHHQ�WKH�FOXVWHUV�WR�UHGXFH� WKH� UHTXLUHG�FRPSXWDWLRQV��'HWHUPLQLQJ� WKH�YDOXH� IRU�T LV�GLVFXVVHG�LQ�WKH�6HFWLRQ���)RU� VXE�SUREOHP����ZH� FKRVH� WR�XVH� WKH�T DFFHVV�SRLQWV�ZLWK� WKH�ODUJHVW�VLJQDO�VWUHQJWK�YDOXHV�DW�HDFK�ORFDWLRQ��DJDLQ��IRU�VLPLODU�UHDVRQV�DV�LQ�WKH�SUHYLRXV�VHFWLRQ���'XULQJ� WKH� GDWD� DQDO\VLV� ZH� IRXQG� WKDW�� DW� VRPH�ORFDWLRQV��WKH�RUGHU�RI�WKH�DFFHVV�SRLQWV�ZLWK�WKH�ODUJHVW�VLJQDO�VWUHQJWK�YDOXHV�FKDQJHV�ZKHQ� WKH�VLJQDO�VWUHQJWK�YDOXHV�IURP�WKHVH�DFFHVV�SRLQWV�DUH�QHDU�WR�HDFK�RWKHU��HVSHFLDOO\�ZKHQ�ZH�WDNH� D� VPDOO� QXPEHU� RI� VDPSOHV� DW� WKH� RQOLQH� SKDVH��7KHUHIRUH��ZH�FKRVH� WR� WUHDW� WKH�T DFFHVV�SRLQWV�DV�D�VHW�DQG�QRW� DV� DQ� RUGHUHG� WXSOH�� )RU� H[DPSOH�� LI� T � DQG� WKH� WZR�DFFHVV� SRLQWV� ZLWK� WKH� ODUJHVW� DQG� VHFRQG� ODUJHVW� VLJQDO�VWUHQJWK� YDOXH� DW� ORFDWLRQ� O� DUH� �$3�� $3�� UHVSHFWLYHO\��DQG��$3��� $3�� IRU� DQRWKHU� ORFDWLRQ� O��� WKHQ�ZH� SODFH� ORFDWLRQ� O�DQG� ORFDWLRQ� O� LQ� WKH� VDPH�FOXVWHU� UHJDUGOHVV�RI� WKH�RUGHU�RI�WKH�DFFHVV�SRLQWV��7R�VXPPDUL]H�� IRU� D�JLYHQ� ORFDWLRQ�O�� 7U/RFV��ZH�XVH�WKH� VHW� ^D�� D LV� LQ� 6RUWHG$3�O�� T�� 7U$3O�� 7U6DPSOHVO�
�` WR�GHWHUPLQH�WKH�FOXVWHU�WR�ZKLFK�O EHORQJV��:H� ZDQW� WR� HPSKDVL]H� KHUH WKDW� WKH� YDOXHV� RI� WKH�SDUDPHWHUV� N �GLPHQVLRQ� RI� WKH� MRLQW� GLVWULEXWLRQ�� DQG� T�QXPEHU� RI� DFFHVV� SRLQWV� WR� XVH� LQ� FOXVWHULQJ�� DUH�LQGHSHQGHQW��)RU�H[DPSOH��ZH�FDQ�XVH�RQH�DFFHVV�SRLQW��T ���IRU� FOXVWHULQJ� DQG� XVH� D� ��GLPHQVWLRQDO� �N ��� MRLQW�GLVWULEXWLRQ��7KH�QH[W�VXEVHFWLRQ�GHVFULEHV�WKH�ORFDWLRQ�GHWHUPLQDWLRQ�SKDVH���� /RFDWLRQ�'HWHUPLQDWLRQ�3KDVH

7KH� JHQHUDO� LGHD� RI� ZKDW� KDSSHQV� GXULQJ� WKH� ORFDWLRQ�GHWHUPLQDWLRQ�SKDVH�LV�DV�IROORZV��ZH�JHW�VDPSOHV�IURP�VRPH�DFFHVV� SRLQWV� DW� DQ� XQNQRZQ� ORFDWLRQ��:H� XVH� WKH�T DFFHVV�SRLQWV�ZLWK�WKH�ODUJHVW�VLJQDO�VWUHQJWK�YDOXHV�WR�GHWHUPLQH�RQH�

FOXVWHU� WR� VHDUFK�ZLWKLQ� IRU� WKH�PRVW� SUREDEOH� ORFDWLRQ��:H��WKHQ��XVH�%D\H¶V� WKHRUHP� WR�HVWLPDWH� WKH�SUREDELOLW\�RI� HDFK�ORFDWLRQ� ZLWKLQ� WKH� FOXVWHU� JLYHQ� WKH� REVHUYHG� VDPSOH�VHTXHQFHV� DQG� WKH� UDGLR�PDS� EXLOW� GXULQJ� WKH� RIIOLQH� SKDVH��7KH�PRVW�SUREDEOH� ORFDWLRQ� LV� UHSRUWHG�DV� WKH�HVWLPDWHG�XVHU�ORFDWLRQ�7KH� DERYH� DOJRULWKP� ZRUNV� DVVXPLQJ� LGHDO� ZLUHOHVV�FKDQQHO�� +RZHYHU�� IRU� D� SUDFWLFDO� HQYLURQPHQW�� ZH� QHHG� WR�WDFNOH�WZR�SUREOHPV��� 7KH� QXPEHU� RI� DFFHVV� SRLQWV� LQ� D� WHVW� VDPSOH� DW� D�ORFDWLRQ�W��_�7V$3W�_��PD\�EH�OHVV�WKDQ�T��� _� 7V$3W� _�PD\� EH� OHVV� WKDQ�N� WKH� GLPHQVLRQ� RI� WKH�MRLQW�GLVWULEXWLRQ�:H�ILUVW�XVH�DQ�H[DPSOH� WR�GHPRQVWUDWH� WKH�ILUVW�SUREOHP�DQG�RXU� DSSURDFK� WR� VROYH� LW��$VVXPH� WKDW�QXPEHU�RI� DFFHVV�SRLQWV�WR�XVH�LQ�FOXVWHULQJ��T��ZDV�VHW�WR�� DQG�DVVXPH�IXUWKHU�WKDW� GXULQJ� WKH� ORFDWLRQ� GHWHUPLQDWLRQ� SKDVH�ZH�JRW� VDPSOHV�IURP�WZR�DFFHVV�SRLQWV�RQO\��$3� DQG�$3���7KH�SUREOHP�KHUH�LV� WKDW�ZH�FDQQRW�ILQG�D�FOXVWHU�ZKRVH�NH\�LV�^$3���$3�`��7R�VROYH� WKLV�SUREOHP��ZH� VHDUFK� IRU� DOO� FOXVWHUV�ZKRVH� NH\�KDV�^$3���$3�`�DV�D�VXEVHW��:H�XVH�WKH�XQLRQ�RI�DOO�WKH�ORFDWLRQV�LQ�WKHVH�FOXVWHUV�DV�RXU�WDUJHW�ORFDWLRQV�VHW��0RUH� IRUPDOO\�� ZH� GHILQH� WKH� VHW� RI� WDUJHW� ORFDWLRQV� DV��� V7V6DPSOHV7V$3TW6RUWHG$3 WW
V&OXVWHU7DUJHW/RFV � ����� �

�� �� 7KH� VHW� RI� WDUJHW�

ORFDWLRQV�UHGXFHV�WR�WKH�ORFDWLRQV�ZLWKLQ�RQH�FOXVWHU�LI�_7V$3W_LV�JUHDWHU�WKDQ�RU�HTXDO�WR�T�)RU�WKH�VHFRQG�VLPLODU�SUREOHP��ZH�XVH�WKH�VDPH�DSSURDFK�WR�VROYH�LW�E\�UHGXFLQJ�WKH�GLPHQVLRQ�RI�WKH�MRLQW�GLVWULEXWLRQ�WR�PLQ�N��_7V$3W_��7KH�RQO\�WKLQJ�WKDW�UHPDLQV�WR�EH�H[SODLQHG�LV�KRZ�WR�XVH�%D\H¶V�WKHRUHP�WR�FDOFXODWH�WKH�PRVW�SUREDEOH�ORFDWLRQ�RXW�RI�WKH� WDUJHW� ORFDWLRQV� VHW� JLYHQ� WKH� REVHUYDWLRQ� VHTXHQFHV�7V6DPSOHVO�
� :H� ZDQW� WR� ILQG� O� � 7DUJHW/RFV� VXFK� WKDW�3�O�7V6DPSOHVW�D� IRU� DOO� D � 6RUWHG$3�W�� N�� 7V$3W��7V6DPSOHVW�
��� LV�PD[LPL]HG��L�H��ZH�ZDQW�@��>PD[DUJ �DWO 7V6DPSOHVO3 ���8VLQJ�%D\H¶V�WKHRUHP��WKLV�FDQ�EH�UHZULWWHQ�DV�
@��� ������>PD[DUJ�@���>PD[DUJ DW7V6DPSOHV3 O3ODW7V6DPSOHV3ODW7V6DPSOHVO3O  

��� VLQFH� �� �DW7V6DPSOHV3 LV� FRQVWDQW� IRU� DOO� O�� ZH� FDQ�UHZULWH�HTXDWLRQ�����DV� �@����>PD[DUJ�@��>PD[DUJ �� O3O7V6DPSOHV37V6DPSOHVO3 DWODWO  ��� 3�O� FDQ�EH�GHWHUPLQHG�IURP�WKH�XVHU�SURILOH�EDVHG�RQ�WKH�IDFW�WKDW�LI�WKH�XVHU�LV�DW�D�JLYHQ�ORFDWLRQ��LW�LV�PRUH�SUREDEOH�WKDW�KH�ZLOO�EH�DW�DQ�DGMDFHQW�ORFDWLRQ�LQ�WKH�IXWXUH��,I�WKH�XVHU�SURILOH� LQIRUPDWLRQ� LV� QRW� NQRZQ�� RU� QRW� XVHG�� WKHQ� ZH� FDQ�DVVXPH� WKDW� DOO� WKH� ORFDWLRQV� DUH� HTXDOO\� OLNHO\� DQG� WKH� WHUP���O3 FDQ� EH� IDFWRUHG� RXW� IURP� WKH� PD[LPL]DWLRQ� SURFHVV��(TXDWLRQ�����EHFRPHV�



�@��>PD[DUJ�@��>PD[DUJ �� O7V6DPSOHV37V6DPSOHVO3 DWODWO  ��� 7KH�UHPDLQLQJ�WHUP� ��� � O7V6DPSOHV3 DW FDQ�EH�FDOFXODWHG�E\�XVLQJ� � � � DW
WW

7V6DPSOHV
Q 7V6DPSOHV7V$3NW6RUWHG$3D DWDODW Q7V6DPSOHV+LVWO7V6DPSOHV3 �

�
� ����� ��� �������
��� DVVXPLQJ�LQGHSHQGHQFH�RI�DFFHVV�SRLQWV�DQG�VDPSOHV��7KH�GHWDLOV�RI�WKH�DOJRULWKP�DUH�JLYHQ�LQ�)LJXUH���

7KH� QH[W� VHFWLRQ� SUHVHQWV� D� GLVFXVVLRQ� RI� WKH� -RLQW�&OXVWHULQJ�WHFKQLTXH�
��� 'LVFXVVLRQ

0DQ\�RSHUDWLRQV�RI� WKH�DOJRULWKP�FDQ�EH�RSWLPL]HG��)RU�H[DPSOH�� ZH� GR� QRW� QHHG� WR� FDOFXODWH� WKH� DFWXDO� DYHUDJH�VLJQDO� VWUHQJWK� RI� HDFK� DFFHVV� SRLQW�� $OO� ZH� QHHG� LV� MXVW� WR�FDOFXODWH� WKH� VXP� RI� WKH� VLJQDO� VWUHQJWK� YDOXHV� EHFDXVH� ZH�QHHG� WR� FRPSDUH� WKH� DYHUDJHV� DQG WKH�QXPEHU� RI� VDPSOHV� LV�FRQVWDQW��7KH�VRUWLQJ�RSHUDWLRQV�LQ�WKH�DOJRULWKP�GR�QRW� WDNH�D� ORQJ� WLPH�� 6RUWLQJ� WKH� DFFHVV� SRLQWV� DFFRUGLQJ� WR� WKH�DYHUDJH� VLJQDO� VWUHQJWK� WDNHV� D� VKRUW� WLPH� DV� WKH� W\SLFDO�QXPEHU�RI�DFFHVV�SRLQW�DW�DQ\�ORFDWLRQ� LV����DYHUDJH�QXPEHU�IRU�WKH�VSHFLILF�H[SHULPHQW�ZH�SHUIRUPHG�ZDV���DFFHVV�SRLQWV�SHU�ORFDWLRQ���7KH�LQGHSHQGHQFH�DVVXPSWLRQ�KHOSV�UHGXFH�WKH�FRPSXWDWLRQV� UHTXLUHG� E\� FRQYHUWLQJ� WKH� PXOWLSOLFDWLRQV� WR�DGGLWLRQV��LI�ZH�XVH�WKH�ORJDULWKPV�RI�WKH�SUREDELOLWLHV�LQVWHDG�RI� WKH� SUREDELOLWLHV� WKHPVHOYHV��7KH�FOXVWHULQJ�SHUIRUPHG�E\�WKH� DOJRULWKP� PDNHV� WKH� OLVW� FDQGLGDWH� ORFDWLRQV� W\SLFDOO\�VPDOO�� VR� VRUWLQJ� WKH� OLVW� RI� FDQGLGDWH� ORFDWLRQV� DFFRUGLQJ� WR�WKHLU�SUREDELOLWLHV�VKRXOG�EH�D�IDVW�SURFHVV��7KH�PHPRU\�UHTXLUHPHQWV�RI�WKH DOJRULWKP�DUH�OLPLWHG��,I�WKH� DYHUDJH� QXPEHU� RI� DFFHVV� SRLQWV� SHU� ORFDWLRQ� LV� �� DQG�

DYHUDJH�UDQJH�RI�HDFK�DFFHVV�SRLQW�LV����GLVWLQFW�YDOXHV��WKHQ�IRU� HDFK� ORFDWLRQ� ZH� QHHG� WR� VWRUH� ��
� �� SDUDPHWHUV��FRUUHVSRQGLQJ� WR� WKH�KLVWRJUDPV�RI�HDFK�DFFHVV�SRLQW��ZKLFK�LV� D� VPDOO� QXPEHU�� :H� FRXOG� LQVWHDG� DSSUR[LPDWH� WKH�KLVWRJUDP� E\� D� FRQWLQXRXV� GLVWULEXWLRQ�� H�J�� D� 1RUPDO�GLVWULEXWLRQ�� DQG� VDYH� RQO\� WKH� PHDQ� DQG� YDULDQFH� RI� WKH�GLVWULEXWLRQ� IRU� HDFK� DFFHVV� SRLQW�� +RZHYHU�� WKLV�DSSUR[LPDWLRQ� DIIHFWV� WKH� DFFXUDF\� RI� WKH� V\VWHP� DQG� WKH�VDYLQJ�RI�WKH�PHPRU\�UHTXLUHPHQW�GRHV�QRW�MXVWLI\�LW�� 7KH�,QFUHPHQWDO�7ULDQJXODWLRQ�7HFKQLTXH
7KH�-&�WHFKQLTXH�LQWURGXFHG�LQ�WKH�SUHYLRXV�VHFWLRQ�FDOFXODWHV�WKH�SUREDELOLW\�RI� D� ORFDWLRQ�XVLQJ�N DFFHVV�SRLQWV�DOO�DW� WKH�VDPH�WLPH��XVLQJ�N RSHUDWLRQV�SHU�VDPSOH���7KH�,QFUHPHQWDO�7ULDQJXODWLRQ�WHFKQLTXH�XVHV�D�GLIIHUHQW�DSSURDFK�WR�FDOFXODWH�WKH�SUREDELOLWLHV��,W�WULHV�WR�XVH�WKH�DFFHVV�SRLQWV�LQFUHPHQWDOO\��RQH�DIWHU�WKH�RWKHU��XQWLO�LW� FDQ� HVWLPDWH� WKH� ORFDWLRQ� ZLWK� FHUWDLQ� DFFXUDF\�� XVLQJ� D�SUHGHWHUPLQHG� WKUHVKROG�� $V� ZH� ZLOO� H[SODLQ�� WKH� ,7� WHFKQLTXH�SHUIRUPV� LPSOLFLW� FOXVWHULQJ� DW� PXOWL�OHYHOV� OHDGLQJ� WR� D� PRUH�UHGXFHG� VHDUFK� VSDFH� WKDQ� WKH� -&� DSSURDFK�� DQG� KHQFH� IHZHU�QXPEHU�RI�RSHUDWLRQV��RQ�WKH�DYHUDJH��SHU�VDPSOH��+RZHYHU��WUHDWLQJ�HDFK� DFFHVV� SRLQW� LQFUHPHQWDOO\�� LQVWHDG� RI� XVLQJ� WKH� MRLQW�GLVWULEXWLRQ�� OHDGV� WR� WKH� ORVV� RI� VRPH� LQIRUPDWLRQ� DQG� WKXV� RQH�VKRXOG�H[SHFW�WKDW�WKH�DFFXUDF\�RI�WKH�,7�VKRXOG�EH�ORZHU�WKDQ�WKH�-&�WHFKQLTXH���7KH�,7�WHFKQLTXH�ZRUNV�LQ�WZR�SKDVHV��LQ�WKH�VDPH�ZD\�DV�WKH�-&�WHFKQLTXH� �D��RIIOLQH�SKDVH��LQ�ZKLFK�ZH�HVWLPDWH�WKH�VLJQDO�VWUHQJWK�GLVWULEXWLRQ� IURP�HDFK�DFFHVV�SRLQW�DQG� �E�� ORFDWLRQ�GHWHUPLQDWLRQ� SKDVH�� LQ� ZKLFK� ZH� UXQ� WKH� ORFDWLRQ�GHWHUPLQDWLRQ�WHFKQLTXH�WR�LQIHU�WKH�XVHU�ORFDWLRQ��1RWH� WKDW� LQ� WKH� ,7� WHFKQLTXH�� ZH� GR� QRW� QHHG� WR� GR�FOXVWHULQJ�LQ�WKH�RIIOLQH�SKDVH�DV�FOXVWHULQJ�LV�SHUIRUPHG�LQ�DQ�LPSOLFLW� ZD\� DV� ZLOO� EH� H[SODLQHG� LQ� WKH� ORFDWLRQ�GHWHUPLQDWLRQ�SKDVH�x ,QSXW�R W��8QNQRZQ�XVHU�ORFDWLRQ�R T��1XPEHU�RI�DFFHVV�SRLQWV�WR�XVH�LQ�FOXVWHULQJ�R N��1XPEHU�RI�DFFHVV�SRLQWV�LQ�WKH�MRLQW�GLVWULEXWLRQ�R 7U/RFV��6HW�RI�ORFDWLRQV�LQ�WKH�UDGLR�PDS�R +LVWO�D��+LVWRJUDP�RI�HDFK�DFFHVV�SRLQW�DW�HDFK�ORFDWLRQ��UDGLR�PDS�R &OXVWHU��&OXVWHULQJ�IXQFWLRQ�R 7V6DPSOHVW�D��7HVW�VHTXHQFH�DW�ORFDWLRQ�W�R 7V$3W��6HW�RI�DFFHVV�SRLQWV�KHDUG�LQ�WKH�WHVW�VHTXHQFH DW�ORFDWLRQ�W�x 2XWSXW�R 7KH�PRVW�SUREDEOH�ORFDWLRQ�LQ�7U/RFV DVVLJQHG�WR�W��

�� 6HW � V7V6DPSOHV7V$3TW6RUWHG$3 WW
V&OXVWHU7DUJHW/RFV � ����� �

�� �

�� ,I�7DUJHW/RFV LV�HPSW\�WKHQ�VHW�7DUJHW/RFV �7U/RFV��� &DOFXODWH `��������^ �
�
� ����� ��� 7DUJHW/RFVOQ7V6DPSOHV+LVWO7V6DPSOHV3; DW
WW

7V6DPSOHV
Q 7V6DPSOHV7V$3NW6RUWHG$3D DWDODW ��  � � � �

�� 6RUW�WKH�HOHPHQWV�RI�; LQ�D�GHVFHQGLQJ�RUGHU��/HW�2UGHUHG/ EH�WKH�VHTXHQFH�RI�7DUJHW/RFV�FRUUHVSRQGLQJ�WR�WKH�VRUWHG�;��� $VVLJQ�2UGHUHG/��� WR�W�
)LJXUH����'HWDLOHG�LQIHUHQFH�DOJRULWKP�IRU�WKH�-RLQW�3UREDELOLW\�'LVWULEXWLRQ�ZLWK�([SOLFLW�&OXVWHULQJ�WHFKQLTXH�



,Q� WKH� UHVW� RI� WKLV� VHFWLRQ�� ZH� GHVFULEH� WKH� �� SKDVHV�IROORZHG�E\� LQWURGXFLQJ� WKH� LPSOLFLW�FOXVWHULQJ�SHUIRUPHG�E\�WKH�DOJRULWKP�LQ�WKH�RQOLQH�SKDVH��DQG�ILQDOO\�D�GLVFXVVLRQ�RI�WKH�DOJRULWKP�
��� 2IIOLQH�3KDVH

,Q� WKLV� SKDVH�� ZH� HVWLPDWH� WKH� GLVFUHWH� GLVWULEXWLRQ� IRU�HDFK�DFFHVV�SRLQW�DW�D�JLYHQ�ORFDWLRQ�XVLQJ�WKH�KLVWRJUDP�DQG�VWRUH� WKLV� LQIRUPDWLRQ�LQ�WKH�UDGLR�PDS��6R�WKH�UDGLR�PDS�IRU�WKH� -&� WHFKQLTXH� DQG� WKH� ,7� WHFKQLTXH� DUH� LGHQWLFDO�� 5HFDOO�WKDW� LQ� WKH� -&� FDVH�ZH� XVH� WKH�PDUJLQDO� GLVWULEXWLRQ� RI� HDFK�DFFHVV�SRLQW�WR�DSSUR[LPDWH�WKH�MRLQW�GLVWULEXWLRQ����� /RFDWLRQ�'HWHUPLQDWLRQ�3KDVH
:H� VWDUW� ZLWK� DQ� H[DPSOH� WR� PRWLYDWH� WKH� DOJRULWKP��*LYHQ�D�VHTXHQFH�RI�REVHUYDWLRQV�IURP�HDFK�DFFHVV�SRLQW��ZH�VWDUW� E\� VRUWLQJ� WKH� DFFHVV� SRLQWV� LQ� D� GHVFHQGLQJ� RUGHU�DFFRUGLQJ�WR�WKH�DYHUDJH�VLJQDO�VWUHQJWK�YDOXHV�UHFHLYHG�IURP�WKHP�� )RU� WKH� ILUVW� DFFHVV� SRLQW�� WKH� RQH� ZLWK� WKH� VWURQJHVW�DYHUDJH� VLJQDO� VWUHQJWK��ZH� FDOFXODWH� WKH�SUREDELOLW\�RI� HDFK�ORFDWLRQ� LQ� WKH� UDGLR�PDS� VHW� �7U/RFV��JLYHQ� WKH�REVHUYDWLRQ�VHTXHQFH�IURP�WKLV�DFFHVV�SRLQW�DORQH��7KLV�ZLOO�JLYH�XV�D�VHW�RI� FDQGLGDWH� ORFDWLRQV� �ORFDWLRQV� WKDW� KDYH� QRQ�]HUR�SUREDELOLW\��� ,I� WKH�SUREDELOLW\�RI� WKH�PRVW� SUREDEOH� ORFDWLRQ�LV� ³VLJQLILFDQWO\´� KLJKHU�� DFFRUGLQJ� WR� D� PHDVXUH� GHILQHG� LQ�WKH� DOJRULWKP�� � WKDQ� WKH� SUREDELOLW\� RI� WKH� VHFRQG� PRVW�SUREDEOH�ORFDWLRQ��ZH�UHWXUQ�WKH�PRVW�SUREDEOH�ORFDWLRQ�DV�RXU�ORFDWLRQ� HVWLPDWH�� DIWHU� FRQVXOWLQJ� RQO\� RQH� DFFHVV� SRLQW�� ,I�WKLV� LV� QRW� WKH� FDVH�� ZH� JR� WR� WKH� QH[W� DFFHVV� SRLQW� LQ� WKH�VRUWHG� DFFHVV� SRLQW� OLVW�� )RU� WKLV� DFFHVV� SRLQW��ZH� UHSHDW� WKH�VDPH�SURFHVV�DJDLQ��EXW�RQO\�IRU�WKH�VHW�RI�FDQGLGDWH�ORFDWLRQV�REWDLQHG� IURP� WKH� ILUVW� DFFHVV� SRLQW�� 7KLV� SURFHVV� RI�FDOFXODWLQJ� WKH�SUREDELOLWLHV�DQG�GHWHUPLQLQJ�WKH�VLJQLILFDQFH�RI� WKH�PRVW� SUREDEOH� ORFDWLRQ� LV� UHSHDWHG� LQFUHPHQWDOO\�� IRU�HDFK�DFFHVV�SRLQW�LQ�RUGHU��XQWLO�WKH�ORFDWLRQ�FDQ�EH�HVWLPDWHG�RU� DOO� DFFHVV� SRLQWV� DUH� FRQVXOWHG�� ,Q� WKH� ODWWHU� FDVH�� WKH�DOJRULWKP�UHWXUQV�WKH�PRVW�SUREDEOH�ORFDWLRQ�LQ�WKH�FDQGLGDWH�OLVW�WKDW�UHPDLQV�DIWHU�FRQVXOWLQJ�DOO�WKH�DFFHVV�SRLQWV��,W� VKRXOG� EH� QRZ� FOHDU� ZK\� ZH� FDOO� RXU� DSSURDFK� WKH�,QFUHPHQWDO� 7ULDQJXODWLRQ� WHFKQLTXH�� 7KH� UHDVRQ� LV� WKDW� ZH�VWDUW� E\� D� VHW� RI� FDQGLGDWH� ORFDWLRQV� XVLQJ� WKH� ILUVW� DFFHVV�SRLQW�DQG�UHGXFH�WKLV�VHW�XVLQJ�RWKHU�DFFHVV�SRLQWV�LWHUDWLYHO\��,Q� FRQWUDVW�� WKH� VWDQGDUG� WULDQJXODWLRQ� DSSURDFK� VWDUWV� E\� DQ�LQILQLWH� QXPEHU� RI� ORFDWLRQV� RQ� D� FLUFOH� DQG UHGXFHV� WKLV�QXPEHU� WR� �� SRLQWV� XVLQJ� DQRWKHU� FLUFOH� DQG� ILQDOO\� UHGXFHV�WKHVH� WZR� SRLQWV� WR� RQO\� RQH� SRLQW� XVLQJ� D� WKLUG� FLUFOH��DVVXPLQJ� HYHU\� WKLQJ� LV� SHUIHFW���+RZHYHU�� W\SLFDOO\� WKLV� LV�GRQH� E\� VROYLQJ� D� VHW� RI� QRQOLQHDU� HTXDWLRQV� DQG� QRW� LQ� DQ�LWHUDWLYH�PDQQHU�)LJXUH���VKRZV�WKH�GHWDLOV�RI�WKH�DOJRULWKP���� ,PSOLFLW�&OXVWHULQJ
7KH� DOJRULWKP� SHUIRUPV� LPSOLFLW� FOXVWHULQJ� XVLQJ� WKH�DFFHVV� SRLQWV�� 6WDUWLQJ� ZLWK� WKH� DFFHVV� SRLQW� WKDW� KDV� WKH�VWURQJHVW�DYHUDJH�VLJQDO�VWUHQJWK�YDOXH��WKH�DOJRULWKP�UHVWULFWV�LWVHOI� WR� FDOFXODWLQJ� WKH� SUREDELOLW\� IRU� ORFDWLRQV� LQVLGH� WKH�

UDQJH�RI�WKLV�DFFHVV�SRLQW�RQO\��DV�WKRVH�DUH�WKH�ORFDWLRQV�WKDW�KDYH� KLVWRJUDPV� IRU� WKLV� VSHFLILF� DFFHVV� SRLQW�� 7KHUHIRUH��GHSHQGLQJ�RQ� WKH�DFFHVV�SRLQW� WKDW�KDV� WKH�VWURQJHVW�DYHUDJH�VLJQDO� VWUHQJWK� YDOXH�� WKH� DOJRULWKP� H[DPLQHV� D� GLIIHUHQW� VHW�RI�ORFDWLRQV�LQ�LWV�LQLWLDO�VWHS�0RUHRYHU�� LQ� WKH� LWHUDWLYH�SURFHVV�� WKH�DOJRULWKP�FKHFNV�RQO\�ORFDWLRQV�WKDW�OLH�LQ�WKH�FRYHUDJH�DUHD�RI�WKH�ILUVW�DFFHVV�SRLQW�DQG�WKHQ�WKH�ORFDWLRQV�ZLWKLQ�WKRVH�ORFDWLRQV�WKDW� OLH� LQ�WKH� FRYHUDJH� DUHD� RI� WKH� VHFRQG� DFFHVV� SRLQW� DQG� VR� RQ��OHDGLQJ�WR�D�PXOWL�OHYHO�FOXVWHULQJ��7KLV�PXOWL�OHYHO�FOXVWHULQJ�DSSURDFK� UHGXFHV� WKH� VHDUFK� VSDFH� VLJQLILFDQWO\� DW� HDFK�LWHUDWLRQ��DQG�KHQFH�OHDGV�WR�OHVV�FRPSXWDWLRQ�
��� 'LVFXVVLRQ

7KH� SDUDPHWHU� 7KUHVKROG� LV� XVHG� WR� GHWHUPLQH� LI� WKH�LQIRUPDWLRQ� REWDLQHG� IURP� FRQVXOWLQJ� DQ� DFFHVV� SRLQW� LV�VLJQLILFDQW� HQRXJK� WR�PDNH� D� MXGJPHQW� RU� QRW��7KH�YDOXH�RI�WKLV� SDUDPHWHU� UDQJHV� IURP� �� WR� ��� $� YDOXH� RI� �� OHDGV� WR�FRQVXOWLQJ� RQO\� RQH� DFFHVV� SRLQW�� UHGXFLQJ� WKH� DOJRULWKP�DFFXUDF\�ZKLOH�D�YDOXH�RI���OHDGV� WR�FRQVXOWLQJ�WKH�HQWLUH�VHW�RI� DFFHVV� SRLQWV� DW� D� JLYHQ� ORFDWLRQ�� DQG� KHQFH�� LQFUHDVHG�DFFXUDF\��:H�XVH�WKH�SDUDPHWHU�:LQGRZ LQ� WKH�DOJRULWKP�WR�VHOHFW�D�VXEVHW�RI�DOO�WKH�FDQGLGDWH�ORFDWLRQV�DIWHU�FRQVXOWLQJ�WKH�ILUVW�DFFHVV�SRLQW��LI�WKH�VHW�RI�FDQGLGDWH�ORFDWLRQV�LV�WRR�ODUJH��7KH�1$3 SDUDPHWHU� LV� XVHG� WR� VHW� D� PD[LPXP� RQ� WKH�QXPEHU�RI�DFFHVV�SRLQWV�FRQVXOWHG�E\�WKH�DOJRULWKP��7KH�PD[�QXPEHU� RI� DFFHVV� SRLQWV� SDUDPHWHU� LV� LPSRUWDQW� WR� VHH� KRZ�WKH� WHFKQLTXH�ZLOO� SHUIRUP� LI� WKH�QXPEHU� RI� DFFHVV� SRLQWV� LV�OLPLWHG�� 6HFWLRQ� �� SURYLGHV� PRUH� GHWDLOHG� DQDO\VLV� RI� WKH�HIIHFW�RI�WKH�SDUDPHWHUV�RQ�SHUIRUPDQFH�6RUWLQJ�WKH�DFFHVV�SRLQWV�LQ�D�GHVFHQGLQJ�RUGHU�DFFRUGLQJ�WR�WKH�DYHUDJH�VLJQDO�VWUHQJWK�KDV�DQ�LQWXLWLYH�VHQVH�IRU�WKH�,7�WHFKQLTXH��:H�ZDQW�WR�VRUW�WKH�DFFHVV�SRLQWV�DFFRUGLQJ�WR�WKH�DPRXQW�RI� LQIRUPDWLRQ�ZH�FDQ�JHW� IURP�HDFK�RI� WKHP��8VLQJ�LQIRUPDWLRQ� WKHRU\� FRQFHSWV�� WKH� DFFHVV� SRLQW� WKDW� KDV� WKH�PRVW� YDULDELOLW\� LQ� LWV� VLJQDO� VWUHQJWK� YDOXHV� VKRXOG� JLYH� XV�WKH� PD[LPXP� DPRXQW� RI� LQIRUPDWLRQ�� )URP� WKH� DQDO\VLV� RI�WKH�GDWD�FROOHFWHG��ZH�IRXQG�WKDW�WKH�DFFHVV�SRLQW�WKDW�KDV�WKH�JUHDWHVW� YDULDELOLW\� LV� WKH� RQH� WKDW� KDV� WKH� VWURQJHVW� DYHUDJH�VLJQDO� VWUHQJWK�� $OVR�� DV� ZH� PHQWLRQHG� EHIRUH�� WKH� DFFHVV�SRLQWV�WKDW�KDYH�WKH�ODUJHVW�VLJQDO�VWUHQJWK�DSSHDU�PRUH�RIWHQ�LQ� WKH� VDPSOHV� WKDQ� WKH� DFFHVV� SRLQWV� ZLWK� ZHDN� VLJQDO�VWUHQJWK��DV�ZLOO�EH�H[SODLQHG� LQ�6HFWLRQ����DQG�KHQFH� WDNLQJ�WKH� GHFLVLRQ� EDVHG� RQ� WKH� DFFHVV� SRLQWV� ZLWK� WKH� VWURQJHVW�VLJQDO�VWUHQJWK�VKRXOG�JLYH�EHWWHU�UHVXOWV��7KH� LPSOLFLW� FOXVWHULQJ� SHUIRUPHG� E\� WKH� WHFKQLTXH�UHGXFHV� WKH� UHTXLUHG� FRPSXWDWLRQV�� ,Q� DGGLWLRQ�� XVLQJ� DQ�LWHUDWLYH� DSSURDFK� FDQ�PDNH� WKH�DOJRULWKP� WHUPLQDWH�ZLWKRXW�H[DPLQLQJ� WKH�HQWLUH� VHW� RI� DFFHVV�SRLQWV��DJDLQ�UHGXFLQJ� WKH�UHTXLUHG�FRPSXWDWLRQ��&RPSDULQJ� WKH� -&� WHFKQLTXH� ZLWK� WKH� ,7� WHFKQLTXH� RQH�H[SHFWV� WKDW� WKH� IRUPHU� VKRXOG� OHDG� WR� EHWWHU� DFFXUDF\� DV� LW�WDNHV� LQWR� DFFRXQW� PRUH� LQIRUPDWLRQ� LQ� RQH� VWHS� LQVWHDG� RI�LWHUDWLYHO\� JRLQJ� WKURXJK� WKH� GLIIHUHQW� DFFHVV� SRLQWV��+RZHYHU�� WKH� FRPSXWDWLRQ� UHTXLUHPHQW� RI� WKH� ,QFUHPHQWDO�7ULDQJXODWLRQ� DSSURDFK�PD\� EH� OHVV� DV� DW� HDFK� LWHUDWLRQ� ZH�SHUIRUP� WKH� FRPSXWDWLRQ� IRU� RQH� DFFHVV� SRLQW� FRPSDUHG� WR�



WKH� -&� WHFKQLTXH�ZKLFK�SHUIRUPV�WKH�FRPSXWDWLRQ� IRU� DOO� WKH�DFFHVV�SRLQWV�EXW�WR�ORFDWLRQV�LQVLGH�WKH�FOXVWHU�RQO\�$� GHWDLOHG� FRPSDULVRQ� RI� WKH� SHUIRUPDQFH� RI� WKH� WZR�DOJRULWKPV�LV�JLYHQ�LQ�WKH�QH[W�VHFWLRQ�� ([SHULPHQWDO�(YDOXDWLRQ
,Q� WKLV� VHFWLRQ�� ZH� GLVFXVV� WKH� H[SHULPHQWDO� WHVWEHG��GHVFULEH� WKH�GDWD�FROOHFWLRQ�SURFHVV��GLVFXVV�WKH�HIIHFW�RI� WKH�SDUDPHWHUV� RI� WKH� -RLQW� &OXVWHULQJ� DQG� ,QFUHPHQWDO�7ULDQJXODWLRQ� WHFKQLTXHV� RQ� SHUIRUPDQFH�� FRPSDUH� WKH� WZR�SURSRVHG� WHFKQLTXHV� DQG�� ILQDOO\�� SUHVHQW� WKH� SHUIRUPDQFH�HYDOXDWLRQ�RI�ERWK�WHFKQLTXHV�XQGHU�DQ�LQGHSHQGHQW�WHVW�VHW���� ([SHULPHQWDO�7HVWEHG
:H� SHUIRUPHG� RXU� H[SHULPHQW� LQ� WKH� VRXWK�ZLQJ� RI� WKH�IRXUWK� IORRU� RI� WKH� &RPSXWHU� 6FLHQFH� 'HSDUWPHQW� EXLOGLQJ��7KH�OD\RXW�RI�WKH�IORRU� LV�VKRZQ�LQ�)LJXUH����7KH�ZLQJ�KDV�D�GLPHQVLRQ� RI� ���� IHHW� E\� ����� IHHW�� %RWK� WHFKQLTXHV� ZHUH�WHVWHG�LQ�WKH�&RPSXWHU�6FLHQFH�'HSDUWPHQW�ZLUHOHVV�QHWZRUN��

7KH�HQWLUH�ZLQJ�LV�FRYHUHG�E\����DFFHVV�SRLQWV�LQVWDOOHG�LQ�WKH�WKLUG�DQG�IRXUWK�IORRUV�RI�WKH�EXLOGLQJ��)RU� EXLOGLQJ� WKH� UDGLR� PDS�� ZH� WRRN� WKH� UDGLR� PDS�ORFDWLRQV� RQ� WKH� FRUULGRUV� RQ� D� JULG�ZLWK� FHOOV� SODFHG��� IHHW�DSDUW� �WKH� FRUULGRUV�ZLGWK� LV��� IHHW���:H�KDYH�D� WRWDO�RI�����ORFDWLRQV�DORQJ�WKH�FRUULGRUV��2Q�WKH�DYHUDJH��HDFK�ORFDWLRQ�LV�FRYHUHG�E\���DFFHVV�SRLQWV�
��� 'DWD�&ROOHFWLRQ�DQG�$QDO\VLV$FFRUGLQJ� WR� WKH� JHQHUDO� ORFDWLRQ� GHWHUPLQDWLRQ� V\VWHP�DUFKLWHFWXUH� GHVFULEHG� LQ� 6HFWLRQ� ���ZH�PRGLILHG� WKH�/XFHQW�:DYHODQ� GULYHU� IRU� /LQX[� WR� UHWXUQ� DOO� WKH� DFFHVV� SRLQWV� LQ�UDQJH� DVVRFLDWHG�ZLWK� WKH� FXUUHQW� VLJQDO� VWUHQJWK� YDOXH� IURP�HDFK� DFFHVV� SRLQW� XVLQJ� WKH� DFWLYH� VFDQQLQJ� WHFKQLTXH� >��@�RXU� GULYHU�ZDV� WKH� ILUVW� GULYHU� WR� VXSSRUW� WKLV� IHDWXUH� XQGHU�/LQX[��� � :H� DOVR� GHYHORSHG� D� ZLUHOHVV� $3,� >��@ WKDW�LQWHUIDFHV� ZLWK� DQ\� GHYLFH� GULYHU� WKDW� VXSSRUWV� WKH� ZLUHOHVV�H[WHQVLRQV�>��@��7KH�GHYLFH�GULYHU�DQG WKH�ZLUHOHVV�$3,�KDYH�EHHQ� DYDLODEOH� IRU� SXEOLF� GRZQORDG� DQG� KDYH� EHHQ� XVHG� LQ�RWKHU�ZLUHOHVV�UHVHDUFK�

)LJXUH����'HWDLOHG�LQIHUHQFH�DOJRULWKP�IRU WKH�,7�WHFKQLTXH�

x ,QSXW�R W��8QNQRZQ�XVHU�ORFDWLRQ�R :LQGRZ��:LQGRZ�VL]H�SDUDPHWHU�R 7KUHVKROG��6WRSSLQJ�WKUHVKROG�R 1$3��0D[LPXP�QXPEHU�RI�DFFHVV�SRLQWV�WR�EH�FRQVXOWHG�R 7U/RFV��6HW�RI�ORFDWLRQV�LQ�WKH�UDGLR�PDS�R +LVWO�D��+LVWRJUDP�RI�HDFK�DFFHVV�SRLQW�DW�HDFK�ORFDWLRQ��UDGLR�PDS�R 7V6DPSOHVW�D��7HVW�VHTXHQFH�DW�ORFDWLRQ�W�R 7V$3W��6HW�RI�DFFHVV�SRLQWV�KHDUG�LQ�WKH�WHVW�VHTXHQFH�DW�ORFDWLRQ�W�x2XWSXW�R 7KH�PRVW�SUREDEOH�ORFDWLRQ���� 6HW�2UGHUHG$3W �6RUWHG$3�W��f��7V$3W��7V6DPSOHVW�
��� /HW�D �2UGHUHG$3W�����&DOFXODWH� `��������^ �
� ��� O

7V6DPSOHV
M DWDODW 7U/RFVLQLVOM7V6DPSOHV+LVWO7V6DPSOHV3; DW�   �

�� 6RUW�WKH�HOHPHQWV�RI�; LQ�D�GHVFHQGLQJ�RUGHU��/HW�2UGHUHG/ EH�WKH�VHTXHQFH�RI�7U/RFV�FRUUHVSRQGLQJ�WR�WKH�VRUWHG�;��� /HW�&RQILGHQFH ��� ������ ; ;; � �
�� ,I�&RQILGHQFH !�7KUHVKROG��DVVLJQ�2UGHUHG/��� WR�W DQG�UHWXUQ��� /HW�1 EH�WKH�QXPEHU�RI�QRQ�]HUR�HOHPHQWV�RI�;��6HW :LQGRZ �PLQLPXP�:LQGRZ��1���� 6HW�&DQGLGDWH/ WR�WKH�ILUVW�:LQGRZ HOHPHQWV�RI�2UGHUHG/��� )RU�&RXQW ���WR�PLQ��_�7V$3W�_��1$3��� /HW�D �2UGHUHG$3W�&RXQW���&DOFXODWH `��������^ �

� ��� &DQGLGDWH/LQLVOM7V6DPSOHV+LVWO7V6DPSOHV3; DW7V6DPSOHV
M DWDODW �   �

��� 6RUW�WKH�HOHPHQWV�RI�; LQ�D�GHVFHQGLQJ�RUGHU��/HW�2UGHUHG/ EH�WKH�VHTXHQFH�RI�&DQGLGDWH/�FRUUHVSRQGLQJ�WR�WKH�VRUWHG�;���� /HW�&RQILGHQFH ��� ������ ; ;; � �
��� ,I�&RQILGHQFH !�7KUHVKROG��DVVLJQ�2UGHUHG/����WR�W DQG�UHWXUQ���� /HW�1 EH�WKH�QXPEHU�RI�QRQ�]HUR�HOHPHQWV�RI�;���� 6HW�&DQGLGDWH/ WR�WKH�ILUVW�µ1¶�HOHPHQWV�RI�2UGHUHG/����(QG���$VVLJQ�2UGHUHG/��� WR�W DQG�UHWXUQ�
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����� (IIHFW�RI�WKH�/HQJWK�RI�WKH�2EVHUYDWLRQ�6HTXHQFH�RQ�3HUIRUPDQFH7KLV�VHFWLRQ�VWXGLHV�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�OHQJWK�RI�WKH� REVHUYDWLRQ� VHTXHQFH�� XVHG� LQ� ORFDWLRQ� GHWHUPLQDWLRQ�SKDVH�� RQ� WKH� SHUIRUPDQFH� RI� WKH� DOJRULWKPV�� )LJXUHV� ���WKURXJK�����VKRZ�WKH�UHVXOWV��$V� WKH� OHQJWK�RI� WKH�REVHUYDWLRQ�VHTXHQFH� LQFUHDVHV�� WKH�DFFXUDF\� RI� WKH� ERWK� WHFKQLTXH� LQFUHDVHV� WLOO� LW� UHDFKHV� D�VDWXUDWLRQ� SRLQW� DW� �� VDPSOHV�� 7KLV� LV� H[SHFWHG� DV� WKH�PRUH�VDPSOHV� ZH� KDYH� WKH� PRUH� LQIRUPDWLRQ� ZH� KDYH� DERXW� WKH�VLJQDO�VWUHQJWK�GLVWULEXWLRQ�DQG�KHQFH�EHWWHU�WKH�DFFXUDF\��7KH�QXPEHU�RI�RSHUDWLRQV�SHU�ORFDWLRQ�HVWLPDWH�LQFUHDVHV�OLQHDUO\� ZLWK� WKH� LQFUHDVH� RI� WKH� OHQJWK� RI� WKH� REVHUYDWLRQ�VHTXHQFH� IRU� WKH� -&� WHFKQLTXH��7KH�FXUYH� IRU� WKH�QXPEHU�RI�RSHUDWLRQV� SHU� ORFDWLRQ� HVWLPDWH� RI� WKH� ,7� WHFKQLTXH� LV�LQWHUHVWLQJ�� 7KH� PLQLPXP� SRLQW� DW� �� VDPSOHV� FDQ� EH�H[SODLQHG� E\� QRWLQJ� WKDW� DV� WKH� OHQJWK� RI� WKH� REVHUYDWLRQ�VHTXHQFH� LQFUHDVHV� ZH� KDYH� �� FRQIOLFWLQJ� IDFWRUV�� �D�� WKH�QXPEHU� RI� RSHUDWLRQV� SHUIRUPHG� SHU� DFFHVV� SRLQW� IRU� HDFK�ORFDWLRQ�LQFUHDVHV��OLQHDUO\�ZLWK� WKH�VHTXHQFH�OHQJWK��DQG��E��WKH�WHFKQLTXH�KDV�PRUH�LQIRUPDWLRQ�IURP�WKH�VDPSOHV�DQG�



)LJXUH����(IIHFW�RI�T RQ�WKH�FOXVWHULQJ�SURFHVV�
�
�
��
��
��

� � � � � �1XPEHU�RI�$3
V�XVHG�LQ�FOXVWHULQJ

Number of Clusters

Avg. Cluster Size

Stdev

����
����
����
����
����
���

� � � � �1XPEHU�RI�$3�8VHG� IRU�&OXVWHULQJ

$FFX
UDF\

N � N �N � N �

)LJXUH����(IIHFW�RI�SDUDPHWHUV�T�DQG�N�RQ�DFFXUDF\�

���
����
����
����
����

� � � � �1XPEHU� RI�$3�8VHG� IRU�&OXVWHULQJ

$YJ��
��RI�2

SHUWLR
QV�SH

U�/RF
DWLRQ

�
(VWLP

DWH

N � N �N � N �

)LJXUH��� (IIHFW�RI�SDUDPHWHUV�T�DQG�N�RQ�DYHUDJH�QXPEHU�RI�RSHUDWLRQ�SHU�HVWLPDWH�

����
����
����
���

� ��� ��� ��� ���7KUHVKROG

$FFX
UDF\

)LJXUH�����(IIHFW�RI�WKH�7KUHVKROG�SDUDPHWHU�RQ�DFFXUDF\�

)LJXUH�����(IIHFW�RI�WKH�7KUHVKROG�SDUDPHWHU�RQ�DYHUDJH�QXPEHU�RI�$3�FRQVXOWHG�

����
����
����
�

� ��� ��� ��� ���7KUHVKROG

$YJ��
��RI�$

3�&R
QVXOW

HG

)LJXUH�����(IIHFW�RI�WKH�7KUHVKROG�SDUDPHWHU RQ�DYHUDJH�QXPEHU�RI�RSHUDWLRQ�SHU�HVWLPDWH�

��
��
����
��

� ��� ��� ��� ���7KUHVKROG
$YJ��

��RI�2
SHUDW

LRQV�
SHU�

(VWLP
DWH

����
����
����
���

� � � �� �� �� ��:LQGRZ

$FFX
UDF\

)LJXUH�����(IIHFW�RI�WKH�:LQGRZ�SDUDPHWHU�RQ�DFFXUDF\�

)LJXUH�����(IIHFW�RI�WKH�:LQGRZ�SDUDPHWHU�RQ�DYHUDJH�QXPEHU�RI�$3�FRQVXOWHG�

����
����
����
�

� � �� �� �� ��:LQGRZ

$YJ��
��RI�$

3�&R
QVXOWH

G



)LJXUH�����(IIHFW�RI�WKH�:LQGRZ�SDUDPHWHU�RQ�DYHUDJH�QXPEHU�RI�RSHUDWLRQ�SHU�HVWLPDWH�

��
��
����
��

� � �� �� �� ��:LQGRZ

$YJ��
��RI�2

SHUDW
LRQV�S

HU�(V
WLPDWH

����
����
����
���

� � � � � ��0D[�1XPEHU�RI�$3

$FFX
UDF\

)LJXUH�����(IIHFW�RI�WKH�1$3�SDUDPHWHU�RQ�DFFXUDF\�

)LJXUH�����(IIHFW�RI�WKH�1$3�SDUDPHWHU�RQ�DYHUDJH�QXPEHU�RI�$3�FRQVXOWHG�

����
����
����
�

� � � � � ��0D[�1XPEHU�RI�$3

$YJ��
��RI�$

3�&R
QVXOW

HG

)LJXUH�����(IIHFW�RI�WKH�1$3�SDUDPHWHU�RQ�DYHUDJH�QXPEHU�RI�RSHUDWLRQ�SHU�HVWLPDWH�

��
��
����
��

� � � � � ��0D[��1XPEHU�RI�$3

$YJ��
��RI�2

SHUDW
LRQV�

SHU�(
VWLPD

WH

����
����
�����

� � � � � � �/HQJWK�RI�7HVW�6HTXHQFH

$FFX
UDF\ -&,7

)LJXUH�����(IIHFW RI�WKH�OHQJWK�RI�WHVWLQJ�VHTXHQFH�RQ�DFFXUDF\�

����
����
����

� � � � � � �/HQJWK�RI�7HVW�6HTXHQFH
$YJ��

��RI�2
SHUDW

LRQ�S
HU�

/RFD
WLRQ�(

VWLPD
WH

-&,7

)LJXUH�����(IIHFW�RI�WKH�OHQJWK�RI�WHVWLQJ�VHTXHQFH�RQ�WKH�DYHUDJH�QXPEHU�RI�RSHUDWLRQV�SHU�ORFDWLRQ�HVWLPDWH�

�������������������������

0 10 20 30 40 50 60 70 80 90 100 110 120(UURU�'LVWDQFH

3URE
DELOLW

\ -&,7
Feet

)LJXUH�����&')�IRU�WKH�-&�DQG�,7�WHFKQLTXHV�IRU�WKH�GHYHORSPHQW�WHVW�VHW

��
��
��

� � � � � � �/HQJWK�RI�6HTXHQFH�/HQJWK

$YJ��
��RI�$

3�&R
QVXOW

HG

-&,7

)LJXUH�����(IIHFW�RI�WKH�OHQJWK�RI�WHVWLQJ�VHTXHQFH�RQ�WKH�DYHUDJH�QXPEHU�RI�$3¶V�FRQVXOWHG�



KHQFH� VKRXOG� FRQVXOW IHZHU� QXPEHU� RI� DFFHVV� SRLQWV�� 7KLV�H[SODLQV�WKH�PLQLPXP�SRLQW�ZKHQ�WKH�VHTXHQFH�OHQJWK�LV���)RU�)LJXUH�����WKH�QXPEHU�RI�DFFHVV�SRLQWV�FRQVXOWHG�IRU�WKH�-&�WHFKQLTXH�LV�FRQVWDQW��HTXDOV�WKH�GLPHQVLRQ�RI�WKH�MRLQW�GLVWULEXWLRQ� N� DQG� LQGHSHQGHQW� RI� WKH� OHQJWK� RI� WKH�REVHUYDWLRQ� VHTXHQFH�� )RU� WKH� ,7� WHFKQLTXH�� WKH� DYHUDJH�QXPEHU�RI� DFFHVV�SRLQWV�FRQVXOWHG� LV� VOLJKWO\�GHFUHDVLQJ�GXH�WR� WKH� DYDLODELOLW\� RI� PRUH� LQIRUPDWLRQ� ZLWK� WKH� LQFUHDVH� LQ�WKH�REVHUYDWLRQ�VHTXHQFH�OHQJWK�
��� &RPSDULVRQ�%HWZHHQ�WKH�3URSRVHG�7HFKQLTXHV

)LJXUH� ��� VKRZV� WKH� &')� RI� WKH� HUURU� GLVWDQFH� IRU� WKH�WZR WHFKQLTXHV� �QRWH� WKDW� WKH� \�D[LV� VWDUWV� IURP� ������ ,W� LV�LQWHUHVWLQJ� WR� QRWH� WKDW� ERWK� WHFKQLTXHV� JLYH�PRUH� WKDQ� ����DFFXUDF\� IRU� WKH� H[DFW� SRVLWLRQ�� 7KLV� FDQ� EH� H[SODLQHG� E\�QRWLQJ� WKDW� RXU� GHYHORSPHQW� WHVW� VHW� ZDV� WDNHQ� DW� WKH� VDPH�JULG� SRVLWLRQV� DV� WKH� WUDLQLQJ� WHVW� VHW�� DQG� KHQFH� WKH� H[DFW�PDWFK� ��� HUURU� GLVWDQFH��� 7KLV� LV� GLIIHUHQW� IURP� WKH�LQGHSHQGHQW� WHVW� VHW�ZKHUH� DOO� ORFDWLRQV�ZHUH� RII� WKH�JULG� DV�ZLOO�EH�GLVFXVVHG�LQ�6HFWLRQ�����$� FRPSDULVRQ� RI� WKH� WZR� WHFKQLTXHV� LQ� WHUPV� RI� WKH�SHUIRUPDQFH� PHDVXUHV� LV� VKRZQ� LQ� )LJXUH� ���� )URP� WKH�ILJXUHV� ZH� QRWH� WKDW� WKH� -RLQW� &OXVWHULQJ� WHFKQLTXH� JLYHV�EHWWHU�DFFXUDF\� WKDQ� WKH�,QFUHPHQWDO�7ULDQJXODWLRQ� WHFKQLTXH�DQG�LWV� WDLO� LV�PXFK� ORZHU� WKDQ WKH ,QFUHPHQWDO�7ULDQJXODWLRQ�WHFKQLTXH�� +RZHYHU�� WKH� DYHUDJH� QXPEHU� RI� RSHUDWLRQV�SHUIRUPHG� SHU� ORFDWLRQ� HVWLPDWH� IRU� WKH� ,QFUHPHQWDO�7ULDQJXODWLRQ� WHFKQLTXH� LV� PXFK� ORZHU� WKDQ� WKH�FRUUHVSRQGLQJ� QXPEHU� RI� -RLQW� &OXVWHULQJ� WHFKQLTXH��7KHUHIRUH� ZH� KDYH� D WUDGHRII� KHUH�� LI� RQH� LV� LQWHUHVWHG� LQ�DFFXUDF\� PRUH� WKDQ� SRZHU� FRQVXPSWLRQ� WKHQ� WKH� -RLQW�&OXVWHULQJ� WHFKQLTXH� LV� WKH� RQH� WR� XVH�� ,I� RQ� WKH� RWKHU� KDQG�WKH� SRZHU� FRQVXPSWLRQ� LV� WKH� NH\� IDFWRU� WKHQ� RQH� VKRXOG�FKRRVH�WKH�,QFUHPHQWDO�7ULDQJXODWLRQ�WHFKQLTXH�DV�LW�OHDGV�WR�OHVV�FRPSXWDWLRQ�DQG�KHQFH�EHWWHU�SRZHU�FRQVXPSWLRQ�

��� 8VLQJ�DQ�,QGHSHQGHQW�7HVW�6HW
7R� EHWWHU� WHVW� WKH� SURSRVHG� WHFKQLTXHV�� ZH� UDQ� WKH�WHFKQLTXHV� DJDLQVW� DQ� LQGHSHQGHQW� WHVW� VHW�� 7KLV� WHVW� VHW�ZDV�FROOHFWHG� DW� GLIIHUHQW� GD\V� DQG� WLPHV� RI� WKH� GD\� WKDQ� WKH�RULJLQDO� WUDLQLQJ� VDPSOH� VHW� DQG�� KHQFH�� VKRXOG� JLYH� JRRG�LQGLFDWLRQ� RI� WKH� SHUIRUPDQFH� RI� WKH� DOJRULWKP� LQ� GLIIHUHQW�HQYLURQPHQWV��7R�FROOHFW�WKH�WHVWLQJ�VHW��ZH�PRYHG�DORQJ�WKH�FRUULGRUV� DQG� VHOHFWHG� ORFDWLRQV� UDQGRPO\� IRU� WHVW�� 7KH�FRRUGLQDWHV�RI�HDFK�ORFDWLRQ�DORQJ�ZLWK�WKH�WHVW�VDPSOHV�ZHUH�FROOHFWHG��:H� FRPSDUH� WKH� UHVXOWV� RI� UXQQLQJ� WKH� WHFKQLTXHV�ZLWK� WKH�FRRUGLQDWHV�VWRUHG�LQ�WKH�ILOHV�WR�GHWHUPLQH�WKH�HUURU�GLVWDQFH�)LJXUH� ��� VKRZV� WKH� &')� RI� WKH� HUURU� GLVWDQFH� IRU� WKH�-RLQW� &OXVWHULQJ� DQG� ,QFUHPHQWDO� 7ULDQJXODWLRQ� WHFKQLTXHV��7KH�ILJXUH� VKRZV�WKDW�ERWK� WHFKQLTXHV�JLYH�DQ�DFFXUDF\�RI���IHHW� IRU� PRUH� WKDQ� ���� RI� WKH� WLPH�� ORZHU� WKDQ� WKH� UHVXOWV�
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REWDLQHG�E\� WKH�GHYHORSPHQW� WHVW�VHW�E\�DSSUR[LPDWHO\������,W�LV�ZRUWK�PHQWLRQLQJ�KHUH�WKDW��WR�WKH�EHVW�RI�RXU�NQRZOHGJH��WKH�EHVW�UHVXOWV�UHSRUWHG�XVLQJ�RWKHU�5)�EDVHG�LQGRRU�ORFDWLRQ�GHWHUPLQDWLRQ� V\VWHPV� ZDV� ���� WR� ZLWKLQ� �� PHWHUV��DSSUR[LPDWHO\� ���� IHHW�� >��@�� ZKLFK� LV� DQ� LQGLFDWLRQ� WKDW�XVLQJ� D� SUREDELOLVWLF� DSSURDFK� IRU� 5)�EDVHG� LQGRRU� ORFDWLRQ�GHWHUPLQDWLRQ�OHDGV�WR�EHWWHU�UHVXOWV�� $SSOLFDWLRQV
:H� KDYH� LPSOHPHQWHG� WKH� ORFDWLRQ� GHWHUPLQDWLRQ� V\VWHP�DUFKLWHFWXUH� GHVFULEHG� LQ� 6HFWLRQ� �� LQ� WZR� DSSOLFDWLRQV�� %RWK�DSSOLFDWLRQV� DUH� LPSOHPHQWHG� RQ� &RPSDT� L3$4� 3RFNHW 3&¶V��PRGHO�+������UXQQLQJ�WKH�)DPLOLDU�GLVWULEXWLRQ��UHOHDVH�YHUVLRQ�����DQG������RI�/LQX[� IRU�3'$¶V��7KH�L3$4�ZDV� UXQQLQJ�D�PRGLILHG�YHUVLRQ�RI�RXU�GHYLFH�GULYHU��GHVLJQHG�VSHFLDOO\�IRU�L3$4¶V��DQG�RXU�ZLUHOHVV�$3,�2QH� DSSOLFDWLRQ�� FDOOHG� 8VHU� 3RVLWLRQLQJ� 6\VWHP�SURYLGHV�D�XVHU�PRYLQJ�LQ�D�EXLOGLQJ�ZLWK�WKH�FXUUHQW�SRVLWLRQ�DV�ZHOO� DV�GLUHFWLRQV�WR�VSHFLILF�SODFHV�RI� LQWHUHVW��7KH�L3$4�FROOHFWV�WKH�VLJQDO�VWUHQJWK�PHDVXUHPHQWV�DQG�VHQGV�WKHP�WR�D�FHQWUDO�PRQLWRULQJ�V\VWHP��ZKLFK�GHWHUPLQH�WKH�XVHU�ORFDWLRQ�DQG� GLVSOD\V� LW�� 7KH� XVHU� FDQ� UHTXHVW� GLUHFWLRQV� IURP� KLV�FXUUHQW�ORFDWLRQ�WR�SODFHV�RI�LQWHUHVWV��7KH� RWKHU� DSSOLFDWLRQ�� FDOOHG� 5RYHU� >��@�� SURYLGHV�ORFDWLRQ�EDVHG�VHUYLFHV��DV�ZHOO�DV�WKH�WUDGLWLRQDO�WLPH�DZDUH��XVHU�DZDUH� DQG� GHYLFH�DZDUH� VHUYLFHV�� ([DPSOHV� RI� VXFK�VHUYLFHV�DUH�GLVSOD\LQJ�WKH�XVHU�ORFDWLRQ�RQ�D�PDS��JLYLQJ�WKH�XVHU� GLUHFWLRQV� IURP� RQH� SODFH� WR� DQRWKHU� DQG� LGHQWLI\LQJ�SODFHV�RI�LQWHUHVWV�QHDU�WKH�XVHU��5RYHU�DOVR�DOORZV�WKH�XVHU�WR�VHH�WKH�SRVLWLRQV�RI�RWKHU�SHRSOH�RI�LQWHUHVW��H�J��PHPEHUV�RI�KLV�JURXS�5RYHU�KDV�EHHQ�WHVWHG�LQ�LQGRRU�DQG�RXWGRRU�HQYLURQPHQWV��$W�VWDUWXS�� WKH� FOLHQWV� GHWHUPLQH� WKHLU� SRVLWLRQ� DQG� UHTXHVW� SRVLWLRQ�DSSURSULDWH�VHUYLFHV��H�J���PDS�� IURP�WKH�5RYHU�VHUYHU��8QOLNH WKH�8VHU�3RVLWLRQLQJ�6\VWHP��WKH�FOLHQW�HVWLPDWHV�WKH�XVHU�SRVLWLRQ�DQG�IRUZDUGV� LW� WR� WKH� VHUYHU�� 7KLV� DVVXUHV� WKDW� WKH� SURSRVHG� ORFDWLRQ�GHWHUPLQDWLRQ�WHFKQLTXHV�DUH�OLJKWZHLJKW�HQRXJK�WR�EH�LPSOHPHQWHG�RQ�L3$4¶V�� 5HODWHG�:RUN
7KHUH� KDYH� EHHQ� PDQ\� V\VWHPV� RYHU� WKH� \HDUV� WDFNOLQJ�WKH� SUREOHP� RI� XVHU� SRVLWLRQLQJ� DQG� WUDFNLQJ�� ([DPSOHV�LQFOXGH� *36�� ZLGH�DUHD� FHOOXODU�EDVHG� V\VWHPV�� LQIUDUHG�EDVHG� V\VWHPV��PDJQHWLF� WUDFNLQJ� V\VWHPV�� YDULRXV� FRPSXWHU�YLVLRQ� V\VWHPV�� SK\VLFDO� SUR[LPLW\� V\VWHPV�� DQG� UDGLR�IUHTXHQF\��5)��EDVHG�V\VWHPV��7KH� *36� V\VWHP� >�@ LV� YHU\� XVHIXO� LQ� RXWGRRUV�HQYLURQPHQWV��+RZHYHU�� WKH� OLQH�RI�VLJKW� WR�*36�VDWHOOLWHV� LV�QRW� DYDLODEOH� LQVLGH� EXLOGLQJV� DQG� KHQFH� WKH� *36� V\VWHP�FDQQRW�EH�XVHG�LQGRRUV�/RFDWLQJ� XVHUV� LQ� WKH� ZLGH�DUHD� FHOOXODU�EDVHG� V\VWHPV�KDV�EHHQ�PRWLYDWHG� LQ�UHFHQW�\HDUV�E\�WKH�)&&��������RUGHU�>��@�� PDQGDWLQJ� ZLUHOHVV� (���� �DXWRPDWLFDOO\� ORFDWLQJ� ����FDOOHUV��� 7KH� WZR� PRVW� ZLGHO\� NQRZQ� ORFDWLRQ� WHFKQRORJLHV�XVHG� LQ� WKH ZLGH�DUHD� FHOOXDU�EDVHG� V\VWHPV� DUH� 7LPH�

'LIIHUHQFH�RI�$UULYDO� �7'2$��DQG�$QJOH�RI�$UULYDO� �$2$���7'2$�V\VWHPV�XVH�WKH�SULQFLSOH�WKDW�WKH�HPLWWHU�ORFDWLRQ�FDQ�EH� HVWLPDWHG� E\� LQWHUVHFWLRQ� RI� WKH� K\SHUERODH� RI� FRQVWDQW�GLIIHUHQWLDO� 7LPH� RI� $UULYDO� �72$�� RI WKH� VLJQDO� DW� WZR� RU�PRUH� SDLUV� RI� EDVH� VWDWLRQV�� $2$� V\VWHPV� XVH� VLPSOH�WULDQJXODWLRQ� EDVHG� RQ� HVWLPDWHG�$2$� RI� D� VLJQDO� DW� WZR� RU�PRUH� EDVH� VWDWLRQV� WR� HVWLPDWH� WKH� ORFDWLRQ� RI� WKH� GHVLUHG�WUDQVPLWWHU�>�@��:KLOH�WKHVH�V\VWHPV�DUH�SURPLVLQJ�LQ�RXWGRRU�HQYLURQPHQWV�� WKHLU� HIIHFWLYHQHVV� LQ� LQGRRU� HQYLURQPHQWV� LV�OLPLWHG�E\� WKH�PXOWLSOH�UHIOHFWLRQV�VXIIHUHG�E\�WKH�5)�VLJQDO��ZKLFK� OHDGV� WR� LQDFFXUDWH�HVWLPDWH�RI� WKH�72$�RU�$2$��DQG�WKH�ODFN�RI�RII�WKH�VKHOI�DQG�LQH[SHQVLYH�KDUGZDUH WR�SURYLGH�ILQH�JUDLQ�WLPH�V\QFKURQL]DWLRQ��0DQ\� LQIUDUHG�EDVHG� �,5�� EDVHG� V\VWHPV� KDYH� EHHQ�SURSRVHG� DQG� UHSRUWHG�� ,Q� WKH� $FWLYH� %DGJH� V\VWHP� >�@�� D�EDGJH�ZRUQ� E\� D� SHUVRQ� HPLWV� D� XQLTXH� ,5� VLJQDO�� )L[HG� ,5�UHFHLYHUV� SLFN� XS� WKLV� VLJQDO� DQG� UHOD\� LW� WR� WKH� ORFDWLRQ�PDQDJHU�VRIWZDUH��7KH�ZDOOV�RI�D�URRP�EORFNV�WKH�,5�VLJQDO��WKXV� WKH� XVHU� FDQ� EH� LGHQWLILHG� DFFXUDWHO\�ZLWKLQ� D� URRP�� ,Q�>�@ ,5�WUDQVPLWWHUV�DWWDFKHG�WR�NQRZQ�SRVLWLRQV�LQ�WKH�FHLOLQJ�HPLW� EHDFRQV�� $� KHDG� PRXQWHG� RSWLFDO� VHQVRU� VHQVHV� WKHVH�EHDFRQV�� 7KLV� HQDEOHV� WKH� V\VWHP� VRIWZDUH� WR� GHWHUPLQH� WKH�XVHU�ORFDWLRQ�,5� EDVHG� WHFKQLTXHV� VXIIHU� IURP� VHYHUDO� GUDZEDFNV�� �D��WKH\� VFDOH� SRRUO\� GXH� WR� WKH� OLPLWHG� UDQJH� RI� ,5�� �E�� LQFXU�VLJQLILFDQW�LQVWDOODWLRQ�DQG�PDLQWHQDQFH�FRVWV�DQG��F��SHUIRUP�SRRUO\�LQ�WKH�SUHVHQFH�RI�GLUHFW�VXQOLJKW�0DJQHWLF� WUDFNLQJ� KDV� EHHQ� XVHG� WR� VXSSRUW� YLUWXDO�UHDOLW\� DQG� PRWLRQ� FDSWXUH� IRU� FRPSXWHU� DQLPDWLRQ�� )RU�H[DPSOH�� $VFHQVLRQ� >�@ RIIHUV� D� YDULHW\� RI� PRWLRQ� FDSWXUH�VROXWLRQV�VXFK�DV�WKH�0RWLRQ6WDU�'&�PDJQHWLF�WUDFNHU��7KHVH�WUDFNLQJ� V\VWHPV� JHQHUDWH� D[LDO� '&� PDJQHWLF� ILHOG� SXOVHV�IURP� D� WUDQVPLWWLQJ� DQWHQQD� LQ� D� IL[HG� ORFDWLRQ�� 7KH� V\VWHP�FRPSXWHV� WKH� SRVLWLRQ� DQG� RULHQWDWLRQ� RI� WKH� UHFHLYLQJ�DQWHQQDV�E\�PHDVXULQJ� WKH�UHVSRQVH�LQ�WKUHH�RUWKRJRQDO�D[HV�WR� WKH� WUDQVPLWWHU� ILHOG�SXOVH�� FRPELQHG�ZLWK� WKH�IL[HG�HIIHFW�RI� WKH� HDUWK
V� PDJQHWLF� ILHOG�� 6XFK� V\VWHPV� VXIIHU� IURP� WKH�VWHHS�LPSOHPHQWDWLRQ�FRVWV�DQG�WKH�QHHG�WR�WHWKHU�WKH�WUDFNHG�REMHFW�WR D�FRQWURO�XQLW��)XUWKHUPRUH��WKH�VHQVRUV�PXVW�UHPDLQ�ZLWKLQ���WR���PHWHUV�RI�WKH�WUDQVPLWWHU��DQG�DFFXUDF\�GHJUDGHV�ZLWK�WKH�SUHVHQFH�RI�PHWDOOLF�REMHFWV�LQ�WKH�HQYLURQPHQW�6HYHUDO� JURXSV� KDYH� H[SORUHG� XVLQJ� FRPSXWHU� YLVLRQ�WHFKQRORJ\� IRU� ORFDWLQJ� REMHFWV�� 0LFURVRIW� UHVHDUFK
V� (DV\�/LYLQJ�>�@ SURYLGHV�RQH�H[DPSOH�RI�WKLV�DSSURDFK�ZKHUH�UHDO�WLPH� �'� FDPHUDV� SURYLGH� D� VWHUHRYLVLRQ� SRVLWLRQLQJ�FDSDELOLWLHV� LQ� D� KRPH� HQYLURQPHQW�� &RPSXWHU�YLVLRQ� EDVHG�WHFKQLTXHV� KDYH� WZR� GUDZEDFNV�� �D�� WKH\� XVH� VXEVWDQWLDO�SURFHVVLQJ� SRZHU� WR� DQDO\]H� IUDPH� FDSWXUHG� ZLWK�FRPSDUDWLYHO\� ORZ�FRPSOH[LW\� KDUGZDUH�� �E�� WKH� DQDO\VLV�EHFRPHV�PRUH�FRPSOH[�ZKHQ� WKH�VFHQH�FRPSOH[LW\�LQFUHDVHV�RU�PRUH�RFFOXVLYH�PRWLRQ�RFFXUV�,Q�*HRUJLD�7HFK
V�6PDUW�)ORRU�SUR[LPLW\�ORFDWLRQ�V\VWHP�>�@�� HPEHGGHG� SUHVVXUH� VHQVRUV� FDSWXUH� IRRWIDOOV�� DQG� WKH�V\VWHP� XVHV� +LGGHQ�0DUNRY�0RGHOV� WR� UHFRJQL]H� WKH� XVHUV�DFFRUGLQJ�WR�WKHLU�SURILOHV��7KH�V\VWHP�KDV�WKH�GLVDGYDQWDJHV�RI� SRRU� VFDODELOLW\� DQG� KLJK� LQFUHPHQWDO� FRVW� DV� WKH� IORRU� RI�HDFK� EXLOGLQJ� LQ� ZKLFK� 6PDUW� )ORRU� LV� GHSOR\HG� PXVW� EH�SK\VLFDOO\�DOWHUHG�WR�LQVWDOO�WKH�SUHVVXUH�VHQVRU�JULGV�



5HFHQWO\�� WKHUH� KDV� EHHQ�RQJRLQJ� UHVHDUFK�RQ�5)�EDVHG�WHFKQLTXHV�� 7KHVH� WHFKQLTXHV� FDQ� EH� FDWHJRUL]HG� LQWR� WZR�EURDG FDWHJRULHV�� 2QH� WKDW� XVHV� VSHFLDOL]HG� KDUGZDUH� DQG�DQRWKHU�WKDW�XVHV�WKH�XQGHUO\LQJ�GDWD�QHWZRUN�0DQ\�V\VWHPV�IDOO�LQWR�WKH�ILUVW�FDWHJRU\��7KH�$FWLYH�%DW�>��@�� >��@ V\VWHP� LV� EDVHG� RQ� FRPELQLQJ� WKH� 5)� DQG� WKH�XOWUDVRQLF�WHFKQRORJLHV� $�VKRUW�SXOVH�RI�XOWUDVRXQG�LV�HPLWWHG�IURP�D�WUDQVPLWWHU��D�%DW��DWWDFKHG�WR�WKH�REMHFW�WR�EH�ORFDWHG�LQ�UHVSRQVH�WR�DQ�5)�UHTXHVW�IURP�D�ORFDO�FRQWUROOHU��7KH�ORFDO�FRQWUROOHU� VHQGV�� DW� WKH� VDPH� WLPH� DV� WKH� UHTXHVW� SDFNHW�� D�V\QFKURQL]HG�UHVHW�VLJQDO�WR�WKH�FHLOLQJ�VHQVRUV�XVLQJ�D�ZLUHG�VHULDO� QHWZRUN�� 7KH� V\VWHP� PHDVXUHV� WKH� WLPHV�RI�IOLJKW� RI�WKH�SXOVH�WR�WKH�PRXQWHG�UHFHLYHUV�RQ�WKH�FHLOLQJ��7KH�V\VWHP�XVHV�WKH�VSHHG�RI�VRXQG�LQ�DLU�WR�FDOFXODWH�WKH�GLVWDQFHV�IURP�WKH %DW� WR�HDFK� UHFHLYHU��7KH�ORFDO�FRQWUROOHU� IRUZDUGV� WKHVH�GLVWDQFHV� WR� D� FHQWUDO� FRQWUROOHU� WKDW� SHUIRUPV� WKH� ORFDWLRQ�GHWHUPLQDWLRQ� FRPSXWDWLRQ�� 7KH� VFDODELOLW\� DQG� HDVH� RI�GHSOR\PHQW�DUH�GLVDGYDQWDJHV�WR�WKLV�DSSURDFK��7KH� &ULFNHW� ORFDWLRQ� VXSSRUW� V\VWHP� >�@ XVHV� D�FRPELQDWLRQ�RI�5)�DQG�XOWUDVRXQG� WHFKQRORJLHV� WR�SURYLGH�D�ORFDWLRQ�VXSSRUW�VHUYLFH� WR�XVHUV�DQG�DSSOLFDWLRQV��:DOO� DQG�FHLOLQJ�PRXQWHG� EHDFRQV� DUH� VSUHDG� WKURXJK� WKH� EXLOGLQJ��SXEOLVKLQJ� LQIRUPDWLRQ�RQ�DQ�5)�VLJQDO�RSHUDWLQJ�LQ� WKH�����0+]� $0� EDQG�� :LWK� HDFK� 5)� DGYHUWLVHPHQW�� WKH� EHDFRQ�WUDQVPLWV� D� FRQFXUUHQW�XOWUDVRQLF�SXOVH��/LVWHQHUV�DWWDFKHG� WR�GHYLFHV�DQG�PRELOHV�OLVWHQ�IRU�5)�VLJQDOV��DQG�XSRQ�UHFHLSW�RI�WKH� ILUVW� IHZ� ELWV�� OLVWHQ� IRU� WKH� FRUUHVSRQGLQJ� XOWUDVRQLF�SXOVH��:KHQ�WKLV�SXOVH�DUULYHV��WKH\�REWDLQ�D�GLVWDQFH�HVWLPDWH�IRU� WKH� FRUUHVSRQGLQJ� EHDFRQ�� 7KH� OLVWHQHUV� UXQ� PD[LPXP�OLNHOLKRRG�HVWLPDWRUV� WR�FRUUHODWH�5)�DQG�XOWUDVRXQG�VDPSOHV�DQG� SLFN� WKH� EHVW� SDLU�� 7KH� GLVDGYDQWDJHV� OLH� LQ� WKH� ODNH� RI�FHQWUDOL]HG� PDQDJHPHQW� RU� PRQLWRULQJ� DQG� WKH�FRPSXWDWLRQDO�� DQG�KHQFH� WKH�SRZHU� FRQVXPSWLRQ�EXUGHQ��DW�WKH� UHFHLYHU� GXH� WR� WLPLQJ� DQG� SURFHVVLQJ� WKH� 5)� GDWD� DQG�XOWUDVRXQG�SXOVHV�$QRWKHU� LQGRRU�5)�V\VWHP� LV� WKH��'�L'�5)� WDJ�EXLOW�E\�3LQ3RLQW�&RUSRUDWLRQ�>��@��$QWHQQDV�SODQWHG�DURXQG�D�IDFLOLW\�HPLW� 5)� VLJQDOV�� 7DJV�� DFWLQJ� OLNH� 5)� PLUURUV�� WUDQVPLW� D�UHVSRQVH� VLJQDO� DORQJ� ZLWK� DQ� LGHQWLILFDWLRQ� FRGH�� 9DULRXV�DQWHQQDV�UHFHLYH�WKH�UHVSRQVH�VLJQDO�DQG�VHQG�WKH�UHVXOWV�WR�D�FHQWUDO�FRQWUROOHU WKDW�WULDQJXODWHV�WKH�XVHU�ORFDWLRQ��7KH�FRVW�RI�WKH�HQWLUH�V\VWHP�LV�TXLWH�KLJK�$OO� WKH� WHFKQLTXHV� WKDW� IDOO� LQ� WKH� VSHFLDOL]HG� KDUGZDUH�FDWHJRU\� KDYH� FRPPRQ� GLVDGYDQWDJHV�� �D�� UHTXLUHPHQW� RI�VSHFLDOL]HG� KDUGZDUH� OHDGLQJ� WR� PRUH� GHSOR\PHQW� DQG�PDLQWHQDQFH�FRVW��DQG��E��SRRU�VFDODELOLW\�,Q� WKH� ODVW� IHZ� \HDUV�� PDQ\� WHFKQLTXHV� KDYH� EHHQ�SURSRVHG�WKDW�IDOO�LQWR�WKH�VHFRQG�FDWHJRU\��5)�EDVHG�V\VWHPV�WKDW�GR�QRW�UHTXLUH�DGGLWLRQDO�KDUGZDUH��7KH�'DHGDOXV�SURMHFW�>��@ GHYHORSHG� D� V\VWHP� IRU� FRDUVH�JUDLQHG� XVHU� ORFDWLRQ��$�PRELOH�KRVW�HVWLPDWHV� LWV� ORFDWLRQ� WR�EH� WKH�VDPH�DV�WKH�EDVH�VWDWLRQ�WR�ZKLFK� LW�LV�DWWDFKHG��7KHUHIRUH��WKH�DFFXUDF\�RI�WKH�V\VWHP�LV�OLPLWHG�WR�WKH�FRYHUDJH�DUHD�RI�WKH�DFFHVV�SRLQW�7KH�5$'$5�V\VWHP�>��@ XVHV� WKH�5)�VLJQDO�VWUHQJWK�DV�DQ� LQGLFDWLRQ� RI� WKH� GLVWDQFH� EHWZHHQ� WKH� WUDQVPLWWHU� DQG�UHFHLYHU�� 'XULQJ� DQ� RIIOLQH� SKDVH�� WKH� V\VWHP� EXLOGV� D� UDGLR�PDS� IRU� WKH� 5)� VLJQDO� VWUHQJWK� IURP� D� IL[HG� QXPEHU� RI�UHFHLYHUV��'XULQJ�QRUPDO�RSHUDWLRQ��WKH�5)�VLJQDO�VWUHQJWK�RI�
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