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6SDWLDO�GDWD�DQDO\VLV�LV�WKH�DSSOLFD�
WLRQ�RI�RSHUDWLRQV�WR�FRRUGLQDWH�DQG�
UHODWHG�DWWULEXWH�GDWD��RIWHQ�WR�VROYH�D�
SUREOHP��:H�PD\�ZLVK�WR�LGHQWLI\�KLJK�
FULPH�DUHDV��WR�JHQHUDWH�D�OLVW�RI�URDG�VHJ�
PHQWV�WKDW�QHHG�UHSDYLQJ��RU�ILQG�WKH�EHVW�
DUHD�WR�SODFH�ZLQG�WXUELQHV��7KHUH�DUH�
KXQGUHGV�RI�VSDWLDO�RSHUDWLRQV�RU�VSDWLDO�
IXQFWLRQV�XVHG�LQ�VSDWLDO�DQDO\VLV��DQG�DOO�
LQYROYH�FDOFXODWLRQV�ZLWK�FRRUGLQDWHV�RU�
DWWULEXWHV�

6SDWLDO�RSHUDWLRQV�DUH�RIWHQ�DSSOLHG�
VHTXHQWLDOO\�WR�VROYH�D�SUREOHP��WKH�RXW�
SXW�RI�HDFK�VSDWLDO�RSHUDWLRQ�VHUYLQJ�DV�
WKH�LQSXW�RI�WKH�QH[W��)LJXUH�������3DUW�RI�
WKH�FKDOOHQJH�LQ�JHRJUDSKLF�DQDO\VLV�LV�
VHOHFWLQJ�DSSURSULDWH�VSDWLDO�RSHUDWLRQV��
DQG�DSSO\LQJ�WKHP�LQ�WKH�DSSURSULDWH�
RUGHU�

7KH�WDEOH�PDQLSXODWLRQV�ZH�GHVFULEHG�
LQ�&KDSWHU���DUH�LQFOXGHG�LQ�RXU�GHILQLWLRQ�
RI�D�VSDWLDO�RSHUDWLRQ��,QGHHG��WKH�VHOHF�
WLRQ�DQG�PRGLILFDWLRQ�RI�DWWULEXWH�GDWD�LQ�
VSDWLDO�GDWD�OD\HUV�DUH�LQFOXGHG�DW�VRPH�

WLPH�LQ�QHDUO\�DOO�FRPSOH[�VSDWLDO�DQDO\�
VHV��0DQ\�RSHUDWLRQV�LQFRUSRUDWH�ERWK�WKH�
DWWULEXWH�DQG�FRRUGLQDWH�GDWD��DQG�WKH�
DWWULEXWHV�PXVW�EH�IXUWKHU�VHOHFWHG�DQG�
PRGLILHG�LQ�WKH�FRXUVH�RI�D�VSDWLDO�DQDO\�
VLV��

7KH�GLVFXVVLRQ�LQ�WKH�SUHVHQW�FKDSWHU�
ZLOO�H[SDQG�RQ�UDWKHU�WKDQ�UHSHDW�WKH�
VHOHFWLRQ�RSHUDWLRQV�WUHDWHG�LQ�&KDSWHU����
7KLV�FKDSWHU�GHVFULEHV�VSDWLDO�GDWD�DQDO\�
VHV�WKDW�LQYROYH�VRUW��VHOHFWLRQ��FODVVLILFD�
WLRQ��DQG�VSDWLDO�RSHUDWLRQV�WKDW�DUH�
DSSOLHG�WR�ERWK�FRRUGLQDWH�DQG�DVVRFLDWHG�
DWWULEXWH�GDWD�

,QSXW��2SHUDWLRQV��DQG�2XWSXW
6SDWLDO�GDWD�DQDO\VLV�W\SLFDOO\�

LQYROYHV�XVLQJ�GDWD�IURP�RQH�RU�PRUH�OD\�
HUV�WR�FUHDWH�RXWSXW��7KH�DQDO\VLV�PD\�
FRQVLVW�RI�D�VLQJOH�RSHUDWLRQ�DSSOLHG�WR�D�
GDWD�OD\HU��RU�PDQ\�RSHUDWLRQV�WKDW�LQWH�
JUDWH�LQSXW�GDWD�IURP�PDQ\�OD\HUV�WR�FUH�
DWH�WKH�GHVLUHG�RXWSXW��

)LJXUH������$�VHTXHQFH�RI�VSDWLDO�RSHUDWLRQV�LV�RIWHQ�DSSOLHG�WR�REWDLQ�D�GHVLUHG�ILQDO�GDWD�OD\HU�
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7KHUH�DUH�DOVR�RSHUDWLRQV�WKDW�JHQHUDWH�
VHYHUDO�RXWSXW�GDWD�OD\HUV�IURP�D�VLQJOH�
LQSXW��7HUUDLQ�DQDO\VLV�IXQFWLRQV�PD\�WDNH�D�
UDVWHU�JULG�RI�HOHYDWLRQV�DV�DQ�LQSXW�GDWD�
OD\HU�DQG�SURGXFH�ERWK�VORSH��ORFDO�VWHHS�
QHVV��DQG�DVSHFW��WKH�VORSH�GLUHFWLRQ���,Q�
WKLV�FDVH��WZR�RXWSXWV�DUH�JHQHUDWHG�IRU�
HDFK�LQSXW�HOHYDWLRQ�GDWD�VHW��

2SHUDWLRQV�PD\�DOVR�WDNH�VHYHUDO�LQSXW�
OD\HUV�WR�JHQHUDWH�D�VLQJOH�RXWSXW�OD\HU��$�
OD\HU�DYHUDJH�LV�DQ�H[DPSOH�RI�WKH�XVH�RI�
PXOWLSOH�LQSXW�OD\HUV�WR�SURGXFH�D�VLQJOH�
RXWSXW�OD\HU��IRU�H[DPSOH��DQQXDO�UDLQIDOO��
IRXQG�E\�VXPPLQJ����PRQWKO\�UDLQIDOO�UDV�
WHU�OD\HUV��)LQDOO\��WKHUH�DUH�VRPH�VSDWLDO�
RSHUDWLRQV�WKDW�UHTXLUH�PDQ\�LQSXW�OD\HUV�
DQG�JHQHUDWH�PDQ\�RXWSXW�OD\HUV�

7KH�RXWSXW�IURP�D�VSDWLDO�RSHUDWLRQ�
PD\�EH�VSDWLDO��FUHDWLQJ�QHZ�VSDWLDO�GDWD�
OD\HUV��RU�QRQVSDWLDO��SURGXFLQJ�VFDODU�YDO�
XHV�RU�D�WDEOH��ZLWK�QR�H[SOLFLW�JHRPHWULF�
GDWD�DWWDFKHG��$�OD\HU�DYHUDJH�IXQFWLRQ�
PD\�VLPSO\�FDOFXODWH�WKH�PHDQ�FHOO�YDOXH�
IRXQG�LQ�D�UDVWHU�GDWD�OD\HU��7KH�LQSXW�LV�D�
VSDWLDO�GDWD�OD\HU��EXW�WKH�RXWSXW�LV�D�VLQJOH�
QXPEHU��

6FRSH
6SDWLDO�GDWD�RSHUDWLRQV�PD\�EH�FKDUDF�

WHUL]HG�E\�WKHLU�VSDWLDO�VFRSH��WKH�H[WHQW�RU�
DUHD�RI�WKH�LQSXW�GDWD�WKDW�DUH�XVHG�LQ�GHWHU�
PLQLQJ�WKH�YDOXHV�DW�RXWSXW�ORFDWLRQV��)LJ�
XUH�������6SDWLDO�RSHUDWLRQV�PD\�EH�
FKDUDFWHUL]HG�DV�ORFDO��QHLJKERUKRRG��RU�
JOREDO��WR�UHIOHFW�WKH�H[WHQW�RI�WKH�LQSXW�DUHD�
XVHG�WR�GHWHUPLQH�WKH�YDOXH�DW�D�JLYHQ�RXW�
SXW�ORFDWLRQ��

/RFDO�RSHUDWLRQV�XVH�RQO\�WKH�GDWD�DW�
RQH�LQSXW�ORFDWLRQ�WR�GHWHUPLQH�WKH�YDOXH�DW�
WKDW�VDPH�RXWSXW�ORFDWLRQ��)LJXUH������WRS���
$WWULEXWHV�RU�YDOXHV�DW�DGMDFHQW�ORFDWLRQV�
DUH�QRW�XVHG�LQ�WKH�RSHUDWLRQ��

1HLJKERUKRRG�RSHUDWLRQV�XVH�GDWD�
IURP�ERWK�DQ�LQSXW�ORFDWLRQ�SOXV�QHDUE\�
ORFDWLRQV�WR�GHWHUPLQH�WKH�RXWSXW�YDOXH�
�)LJXUH������FHQWHU���7KH�H[WHQW�DQG�UHODWLYH�
LPSRUWDQFH�RI�YDOXHV�LQ�WKH�QHDUE\�UHJLRQ�

PD\�YDU\��EXW�WKH�YDOXH�DW�DQ�RXWSXW�ORFD�
WLRQ�LV�LQIOXHQFHG�E\�PRUH�WKDQ�MXVW�WKH�
YDOXH�RI�GDWD�IRXQG�DW�WKH�FRUUHVSRQGLQJ�
LQSXW�ORFDWLRQ��

*OREDO�RSHUDWLRQV�XVH�GDWD�YDOXHV�IURP�
WKH�HQWLUH�LQSXW�OD\HU�WR�GHWHUPLQH�HDFK�RXW�
SXW�YDOXH��7KH�YDOXH�DW�HDFK�ORFDWLRQ�
GHSHQGV�LQ�SDUW�RQ�WKH�YDOXHV�DW�DOO�LQSXW�
ORFDWLRQV��)LJXUH������ERWWRP��

7KH�VHW�RI�DYDLODEOH�VSDWLDO�RSHUDWLRQV�
GHSHQGV�RQ�WKH�GDWD�PRGHO�DQG�W\SH�RI�VSD�
WLDO�GDWD�XVHG�DV�LQSXW��6RPH�RSHUDWLRQV�
PD\�EH�HDVLO\�DSSOLHG�WR�UDVWHU�RU�YHFWRU�
GDWD��:KLOH�WKH�GHWDLOV�RI�WKH�VSHFLILF�
LPSOHPHQWDWLRQ�PD\�FKDQJH��WKH�FRQFHSW�
RI�WKH�RSHUDWLRQ�GRHV�QRW��2WKHU�RSHUDWLRQV�
PD\�EH�SRVVLEOH�LQ�RQO\�RQH�GDWD�PRGHO��

&KDUDFWHULVWLFV�RI�D�GDWD�PRGHO�ZLOO�
GHWHUPLQH�KRZ�DQ\�JLYHQ�RSHUDWLRQ�LV�
DSSOLHG��7KH�VSHFLILF�LPSOHPHQWDWLRQ�RI�
PDQ\�RSHUDWLRQV��IRU�H[DPSOH��PXOWLOD\HU�
DGGLWLRQ��GHSHQGV�RQ�WKH�VSHFLILF�GDWD�
PRGHO��$�UDVWHU�RSHUDWLRQ�PD\�SURGXFH�D�
GLIIHUHQW�RXWFRPH�WKDQ�D�YHFWRU�RSHUDWLRQ��
HYHQ�LI�WKH�WKHPHV�DUH�PHDQW�WR�UHSUHVHQW�
WKH�VDPH�IHDWXUHV��,Q�D�OLNH�PDQQHU��WKH�VSH�
FLILF�VHW�DQG�VHTXHQFH�RI�RSHUDWLRQV�LQ�D�
VSDWLDO�DQDO\VLV�ZLOO�GHSHQG�RQ�WKH�GDWD�
PRGHO�XVHG�DQG�WKH�VSHFLILF�RSHUDWLRQV�
DYDLODEOH�LQ�WKH�*,6�VRIWZDUH��

6SDWLDO�VFRSH�SURYLGHV�D�JRRG�H[DPSOH�
RI�WKLV�LQIOXHQFH�RI�GDWD�PRGHOV��&HOOV�LQ�D�
UDVWHU�GDWD�VHW�KDYH�XQLIRUP�VL]H�DQG�VKDSH��
$�ORFDO�RSHUDWLRQ�DSSOLHG�WR�D�UDVWHU�GDWD�
OD\HU�KDV�D�ZHOO�GHILQHG��UHSHDWDEOH�DUHD��,Q�
FRQWUDVW��SRO\JRQV�XVXDOO\�YDU\�LQ�VL]H�DQG�
VKDSH��$�ORFDO�RSHUDWLRQ�IRU�D�YHFWRU�SRO\�
JRQ�GDWD�VHW�LV�OLNHO\�WR�KDYH�YDULDEOH�VL]H�
DQG�VKDSH�IURP�RQH�ORFDWLRQ�WR�DQRWKHU��,Q�
)LJXUH������WKH�ORFDO�RSHUDWLRQ�IROORZV�D�
VWDWH�ERXQGDU\��7KHUHIRUH��WKH�RSHUDWLRQ�
DSSOLHV�WR�D�GLIIHUHQW�VL]H�DQG�VKDSH�IRU�
HDFK�VWDWH��

1HLJKERUKRRG�DQDO\VHV�DUH�DIIHFWHG�E\�
WKH�VKDSH�RI�DGMDFHQW�VWDWHV�LQ�D�VLPLODU�
PDQQHU��6XPPDU\�YDOXHV�VXFK�DV�SRSXOD�
WLRQV�RI�DGMDFHQW�VWDWHV�PD\�EH�JUHDWO\�
LQIOXHQFHG�E\�FKDQJHV�LQ�QHLJKERUKRRG�
VL]H��VR�JUHDW�FDUH�PXVW�EH�WDNHQ�ZKHQ�
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LQWHUSUHWLQJ�WKH�UHVXOWV�RI�D�VSDWLDO�RSHUD�
WLRQ��.QRZOHGJH�RI�WKH�DOJRULWKP�EHKLQG�
WKH�RSHUDWLRQ�LV�WKH�EHVW�DLG�WR�LQWHUSUHWLQJ�
WKH�UHVXOWV��

:KLOH�PRVW�RSHUDWLRQV�PLJKW�EH�FRQ�
FHSWXDOO\�FRPSDWLEOH�ZLWK�PRVW�VSDWLDO�GDWD�
PRGHOV��VRPH�RSHUDWLRQV�DUH�HDVLHU�WR�DSSO\�
LQ�VRPH�PRGHOV��0RVW�QHLJKERUKRRG�RSHUD�
WLRQV�DUH�TXLWH�HDV\�WR�SURJUDP�ZKHQ�XVLQJ�

UDVWHU�GDWD�PRGHOV��DQG�TXLWH�GLIILFXOW�ZKHQ�
XVLQJ�YHFWRU�GDWD�PRGHOV��7KH�UHYHUVH�LV�
WUXH�IRU�QHWZRUN�RSHUDWLRQV��ZKLFK�DUH�JHQ�
HUDOO\�HDVLHU�WR�DSSO\�LQ�YHFWRU�PRGHOV��,Q�
PDQ\�LQVWDQFHV��LW�LV�PRUH�HIILFLHQW�WR�FRQ�
YHUW�WKH�GDWD�EHWZHHQ�GDWD�PRGHOV�DQG�
DSSO\�WKH�GHVLUHG�RSHUDWLRQV�DQG��LI�QHFHV�
VDU\��FRQYHUW�WKH�UHVXOWV�EDFN�WR�WKH�RULJLQDO�
GDWD�PRGHO��

)LJXUH������/RFDO��QHLJKERUKRRG��DQG�JOREDO�RSHUDWLRQV��6SHFLILF�LQSXW�DQG�RXWSXW�UHJLRQV�DUH�VKRZQ�
IRU�8WDK��WKH�VKDGHG�DUHD�RQ�WKH�ULJKW�VLGH�RI�WKH�ILJXUH��6KDGHG�DUHDV�RQ�WKH�OHIW�FRQWULEXWH�WR�WKH�YDO�
XHV�VKRZQ�LQ�WKH�VKDGHG�DUHD�RQ�WKH�ULJKW��/RFDO�RSHUDWLRQ�RXWSXW��WRS�ULJKW��GHSHQGV�RQO\�RQ�GDWD�DW�
WKH�FRUUHVSRQGLQJ�LQSXW�ORFDWLRQ��WRS�OHIW���1HLJKERUKRRG�RSHUDWLRQ�RXWSXW��PLGGOH�ULJKW��GHSHQGV�RQ�
LQSXW�IURP�WKH�ORFDO�DQG�VXUURXQGLQJ�DUHDV��PLGGOH�OHIW���*OREDO�RSHUDWLRQ�RXWSXW��ERWWRP�ULJKW��
GHSHQGV�RQ�DOO�IHDWXUHV�LQ�WKH�LQSXW�GDWD�OD\HU��ERWWRP�OHIW���
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6HOHFWLRQ�DQG�&ODVVLILFDWLRQ
6HOHFWLRQ�RSHUDWLRQV�LGHQWLI\�IHDWXUHV�

WKDW�PHHW�RQH�WR�VHYHUDO�FRQGLWLRQV�RU�FULWH�
ULD��,Q�WKHVH�RSHUDWLRQV��DWWULEXWHV�RU�JHRP�
HWU\�RI�IHDWXUHV�DUH�FKHFNHG�DJDLQVW�FULWHULD��
DQG�WKRVH�WKDW�VDWLVI\�WKH�FULWHULD�DUH�
VHOHFWHG��7KHVH�VHOHFWHG�IHDWXUHV�PD\�WKHQ�
EH�ZULWWHQ�WR�D�QHZ�RXWSXW�GDWD�OD\HU��RU�WKH�
JHRPHWU\�RU�DWWULEXWH�GDWD�PD\�EH�PDQLSX�
ODWHG�LQ�VRPH�PDQQHU�

)LJXUH�����VKRZV�DQ�H[DPSOH�RI�D�
VHOHFWLRQ�RSHUDWLRQ�WKDW�LQYROYHV�WKH�DWWUL�
EXWHV�RI�D�VSDWLDO�GDWD�VHW��7ZR�FRQGLWLRQV�
DUH�DSSOLHG��DQG�WKH�IHDWXUHV�WKDW�VDWLVI\�
ERWK�FRQGLWLRQV�DUH�LQFOXGHG�LQ�WKH�VHOHFWHG�
VHW�7KLV�H[DPSOH�VKRZV�WKH�VHOHFWLRQ�RI�
WKRVH�VWDWHV�LQ�WKH�³ORZHU���´�8QLWHG�6WDWHV�
WKDW�DUH�D��HQWLUHO\�QRUWK�RI�$UNDQVDV��DQG�
E��KDYH�DQ�DUHD�JUHDWHU�WKDQ��������NP���
7KH�FRPSOHWH�VHW�RI�IHDWXUHV�WKDW�ZLOO�EH�
FRQVLGHUHG�LV�VKRZQ�DW�WKH�WRS�RI�WKH�ILJXUH��
7KLV�VHW�LV�FRPSRVHG�RI�WKH�ORZHU����VWDWHV��
ZLWK�WKH�VWDWH�RI�$UNDQVDV�LQGLFDWHG�E\�
VKDGLQJ��7KH�QH[W�WZR�PDSV�RI�)LJXUH�����
VKRZ�WKRVH�VWDWHV�WKDW�PDWFK�WKH�LQGLYLGXDO�
FULWHULD��7KH�VHFRQG�PDS�IURP�WKH�WRS�
VKRZV�WKRVH�VWDWHV�WKDW�DUH�HQWLUHO\�QRUWK�RI�
$UNDQVDV��ZKLOH�WKH�WKLUG�PDS�VKRZV�DOO�
WKRVH�VWDWHV�WKDW�DUH�JUHDWHU�WKDQ��������
NP���7KH�ERWWRP�SDUW�RI�)LJXUH�����VKRZV�
WKRVH�VWDWHV�WKDW�VDWLVI\�ERWK�FRQGLWLRQV��
7KLV�ILJXUH�LOOXVWUDWHV�WZR�EDVLF�FKDUDFWHU�
LVWLFV�RI�VHOHFWLRQ�RSHUDWLRQV��)LUVW��WKHUH�LV�
D�VHW�RI�IHDWXUHV�WKDW�DUH�FDQGLGDWHV�IRU�
VHOHFWLRQ��DQG�VHFRQG��WKHVH�IHDWXUHV�DUH�
VHOHFWHG�EDVHG�VLQJO\�RU�RQ�VRPH�FRPELQD�
WLRQ�RI�WKH�JHRJUDSKLF�DQG�DWWULEXWH�GDWD��

7KH�VLPSOHVW�IRUP�RI�VHOHFWLRQ�LV�DQ�
RQ�VFUHHQ�TXHU\��$�GDWD�OD\HU�LV�GLVSOD\HG��
DQG�IHDWXUHV�DUH�VHOHFWHG�E\�D�KXPDQ�RSHUD�
WRU��7KH�RSHUDWRU�XVHV�D�SRLQWLQJ�GHYLFH�WR�
ORFDWH�D�FXUVRU�RYHU�D�IHDWXUH�RI�LQWHUHVW�DQG�
VHQGV�D�FRPPDQG�WR�VHOHFW��RIWHQ�YLD�D�
PRXVH�FOLFN�RU�NH\ERDUG�HQWU\��2Q�VFUHHQ�
�RU�LQWHUDFWLYH��TXHU\�LV�XVHG�WR�JDWKHU�
LQIRUPDWLRQ�DERXW�VSHFLILF�IHDWXUHV��DQG�LV�
RIWHQ�XVHG�IRU�LQWHUDFWLYH�XSGDWHV�RI�DWWUL�
EXWH�RU�VSDWLDO�GDWD��)RU�H[DPSOH��LW�LV�FRP�

PRQ�WR�VHW�XS�D�SURFHVV�VXFK�WKDW�ZKHQ�D�
IHDWXUH�LV�VHOHFWHG��WKH�DWWULEXWH�LQIRUPDWLRQ�
IRU�WKH�IHDWXUH�LV�GLVSOD\HG��7KHVH�DWWULEXWH�
GDWD�PD\�WKHQ�EH�HGLWHG�DQG�WKH�FKDQJHV�
VDYHG�

4XHULHV�PD\�DOVR�EH�VSHFLILHG�E\�
DSSO\LQJ�FRQGLWLRQV�VROHO\�WR�WKH�DVSDWLDO�
FRPSRQHQWV�RI�VSDWLDO�GDWD��7KHVH�VHOHF�
WLRQV�DUH�PRVW�RIWHQ�EDVHG�RQ�WKH�DWWULEXWH�
GDWD�WDEOHV�IRU�D�OD\HU�RU�OD\HUV��7KHVH�
VHOHFWLRQ�RSHUDWLRQV�DUH�DSSOLHG�WR�D�VHW�RI�
IHDWXUHV�LQ�D�GDWD�OD\HU�RU�OD\HUV��7KH�DWWUL�
EXWHV�IRU�HDFK�IHDWXUH�DUH�FRPSDUHG�WR�D�VHW�
RI�FRQGLWLRQV��,I�WKH�DWWULEXWHV�PDWFK�WKH�
FRQGLWLRQV��WKH\�DUH�VHOHFWHG��LI�WKH�DWWUL�
EXWHV�IDLO�WR�PDWFK�WKH�FRQGLWLRQV��WKH\�DUH�
SODFHG�LQ�DQ�XQVHOHFWHG�VHW��,Q�WKLV�PDQQHU��
VHOHFWLRQ�VSOLWV�WKH�GDWD�LQWR�HLWKHU�WKH�
VHOHFWHG�VHW�RU�WKH�XQVHOHFWHG�VHW��7KH�
VHOHFWHG�GDWD�DUH�WKHQ�W\SLFDOO\�DFWHG�RQ�LQ�
VRPH�ZD\��RIWHQ�VDYHG�WR�D�VHSDUDWH�ILOH��
GHOHWHG��RU�FKDQJHG�LQ�VRPH�PDQQHU��

6HOHFWLRQ�RSHUDWLRQV�RQ�WDEOHV�ZHUH�
GHVFULEHG�LQ�JHQHUDO�LQ�&KDSWHU����7KH�
GHVFULSWLRQ�KHUH�H[SDQGV�RQ�WKDW�LQIRUPD�
WLRQ�DQG�GUDZV�DWWHQWLRQ�WR�VSHFLILF�FKDUDF�
WHULVWLFV�RI�VHOHFWLRQV�DSSOLHG�WR�VSDWLDOO\�
UHODWHG�GDWD��7DEOH�VHOHFWLRQV�KDYH�VSDWLDO�
UHOHYDQFH�EHFDXVH�HDFK�UHFRUG�LQ�D�WDEOH�LV�
DVVRFLDWHG�ZLWK�D�JHRJUDSKLF�IHDWXUH��
6HOHFWLQJ�D�UHFRUG�LQ�D�WDEOH�VLPXOWDQHRXVO\�
VHOHFWV�WKH�DVVRFLDWHG�VSDWLDO�IHDWXUHV��FHOOV��
SRLQWV��OLQHV��RU�DUHDV��6SDWLDO�VHOHFWLRQV�
PD\�EH�FRPELQHG�ZLWK�WDEOH�VHOHFWLRQV�WR�
LGHQWLI\�D�VHW�RI�VHOHFWHG�JHRJUDSKLF�IHD�
WXUHV�

6HW�$OJHEUD
6HOHFWLRQ�FRQGLWLRQV�DUH�RIWHQ�IRUPDO�

L]HG�XVLQJ�VHW�DOJHEUD��6HW�DOJHEUD�XVHV�WKH�
RSHUDWLRQV�OHVV�WKDQ�(<)��JUHDWHU�WKDQ�(>)��
HTXDO�WR�(=)��DQG�QRW�HTXDO�WR (< >)��7KHVH�
VHOHFWLRQ�FRQGLWLRQV�PD\�EH�DSSOLHG�HLWKHU�
DORQH�RU�LQ�FRPELQDWLRQ�WR�VHOHFW�IHDWXUHV�
IURP�D�VHW��
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)LJXUH������$Q�H[DPSOH�RI�D�VHOHFWLRQ�RSHUDWLRQ�EDVHG�RQ�VLQJOH�RU�PXOWLSOH�FRQGLWLRQV�
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�)LJXUH�����VKRZV�IRXU�VHW�DOJHEUDLF�
H[SUHVVLRQV�DQG�WKH�VHOHFWLRQ�UHVXOWV�IRU�D�
VHW�RI�FRXQWLHV�LQ�WKH�QRUWKHDVWHUQ�8QLWHG�
6WDWHV��7KH�XSSHU�WZR�VHOHFWLRQV�VKRZ�
HTXDO�WR�(=)�DQG�QRW�HTXDO�WR�(< >)�VHOHF�
WLRQV��7KH�XSSHU�OHIW�VKRZV�DOO�FRXQWLHV�
ZLWK�D�YDOXH�IRU�WKH�DWWULEXWH�state�WKDW�
HTXDOV�Vermont��ZKLOH�WKH�XSSHU�ULJKW�
VKRZV�DOO�FRXQWLHV�ZLWK�D�YDOXH�IRU�state�
WKDW�DUH�QRW�HTXDO�WR�New York��7KH�ORZHU�
VHOHFWLRQV�LQ�)LJXUH�����VKRZ�H[DPSOHV�RI�
RUGLQDO�FRPSDULVRQV��7KH�OHIW�ILJXUH�VKRZV�
DOO�FRXQWLHV�ZLWK�D�VL]H�JUHDWHU�WKDQ�RU�
HTXDO�WR��> =��������PL���ZKLOH�WKH�ULJKW�
VLGH�VKRZV�DOO�FRXQWLHV�ZLWK�D�SRSXODWLRQ�
GHQVLW\�OHVV�WKDQ��<������SHUVRQV�SHU�PL��

7KH�VHW�DOJHEUD�RSHUDWLRQV�JUHDWHU�WKDQ�
(>)�RU�OHVV�WKDQ�(<)�PD\�QRW�EH�DSSOLHG�WR�
QRPLQDO�GDWD��EHFDXVH�WKHUH�LV�QR�LPSOLHG�
RUGHU�LQ�QRPLQDO�GDWD��*UHHQ�LV�QRW�JUHDWHU�
WKDQ�\HOORZ��DQG�UHG�LV�QRW�OHVV�WKDQ�EOXH��
2QO\�WKH�VHW�DOJHEUD�RSHUDWLRQV�HTXDO�WR�(=)�
DQG�QRW�HTXDO�WR�(< >)�DSSO\�WR�WKHVH�QRPL�
QDO�YDULDEOHV��$OO�VHW�DOJHEUD�RSHUDWLRQV�
PD\�EH�DSSOLHG�WR�RUGLQDO�GDWD��DQG�DOO�DUH�
RIWHQ�DSSOLHG�WR�LQWHUYDO�UDWLR�GDWD��

%RROHDQ�$OJHEUD
%RROHDQ�DOJHEUD�XVHV�WKH�FRQGLWLRQV�

OR��AND��DQG�NOT�WR�VHOHFW�IHDWXUHV��%RROHDQ�
H[SUHVVLRQV�DUH�PRVW�RIWHQ�XVHG�WR�FRPELQH�
VHW�DOJHEUD�FRQGLWLRQV�DQG�FUHDWH�FRP�
SRXQG�VHOHFWLRQV��7KH�%RROHDQ�H[SUHVVLRQ�
FRQVLVWV�RI�D�VHW�RI�%RROHDQ�RSHUDWRUV��YDUL�
DEOHV��DQG�SHUKDSV�FRQVWDQWV�RU�VFDODU�YDO�
XHV�

%RROHDQ�H[SUHVVLRQV�DUH�HYDOXDWHG�E\�
DVVLJQLQJ�DQ�RXWFRPH��WUXH�RU�IDOVH��WR�HDFK�
FRQGLWLRQ��)LJXUH�����VKRZV�WKUHH�H[DP�
SOHV�RI�%RROHDQ�H[SUHVVLRQV��7KH�ILUVW�LV�DQ�
H[SUHVVLRQ�XVLQJ�D�%RROHDQ�AND��ZLWK�WZR�
DUJXPHQWV�IRU�WKH�H[SUHVVLRQ��7KH�ILUVW�
DUJXPHQW�VSHFLILHV�D�FRQGLWLRQ�RQ�D�YDUL�
DEOH�QDPHG�area��DQG�WKH�VHFRQG�DUJXPHQW�
D�FRQGLWLRQ�RQ�D�YDULDEOH�QDPHG�farm_in-

come��)HDWXUHV�DUH�VHOHFWHG�LI�WKH\�VDWLVI\�
ERWK�DUJXPHQWV��WKDW�LV��LI�WKHLU area�LV�
ODUJHU�WKDQ�100,000�AND�farm_income�LV�OHVV�
WKDQ�10 billion�

([SUHVVLRQ���LQ�)LJXUH�����LOOXVWUDWHV�D�
%RROHDQ�NOT�H[SUHVVLRQ��7KLV�FRQGLWLRQ�
VSHFLILHV�WKDW�DOO�IHDWXUHV�ZLWK�D�YDULDEOH�
state�ZKLFK�LV�QRW�HTXDO�WR�Texas�ZLOO�UHWXUQ�
D�WUXH�YDOXH��DQG�KHQFH�EH�VHOHFWHG��NOT�LV�
DOVR�RIWHQ�NQRZQ�DV�WKH�QHJDWLRQ�RSHUDWRU��
7KLV�LV�EHFDXVH�ZH�PLJKW�LQWHUSUHW�WKH�
DSSOLFDWLRQ�RI�D�NOT�RSHUDWLRQ�DV�H[FKDQJ�

)LJXUH������([DPSOHV�
RI�H[SUHVVLRQV�LQ�VHW�
DOJHEUD�DQG�WKHLU�RXW�
FRPH��6HOHFWHG�IHD�
WXUHV�DUH�VKDGHG��
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LQJ�WKH�VHOHFWHG�VHW�IRU�WKH�XQVHOHFWHG�VHW��
7KH�DUJXPHQW�RI�H[SUHVVLRQ���LQ�)LJXUH�����
LV�LWVHOI�D�VHW�DOJHEUD�H[SUHVVLRQ��:KHQ�
DSSOLHG�WR�D�VHW�RI�IHDWXUHV��WKLV�H[SUHVVLRQ�
ZLOO�VHOHFW�DOO�IHDWXUHV�IRU�ZKLFK�WKH�YDUL�
DEOH�state�LV�HTXDO�WR�WKH�YDOXH�Texas��7KH�
NOT�RSHUDWLRQ�UHYHUVHV�WKLV��DQG�VHOHFWV�DOO�
IHDWXUHV�IRU�ZKLFK�WKH�YDULDEOH�state�LV�QRW�
HTXDO�WR�Texas��

7KH�WKLUG�H[SUHVVLRQ�LQ�)LJXUH�����
VKRZV�D�FRPSRXQG�%RROHDQ�H[SUHVVLRQ��
FRPELQLQJ�IRXU�VHW�DOJHEUD�H[SUHVVLRQV�
ZLWK�AND��OR��DQG�NOT��7KLV�H[DPSOH�VKRZV�
ZKDW�PLJKW�EH�D�QDLYH�DWWHPSW�WR�VHOHFW�
DUHDV�IRU�UHWLUHPHQW��2XU�JUDQGSDUHQW�LV�

LQWHUHVWHG�LQ�VHOHFWLQJ�DUHDV�WKDW�KDYH�KLJK�
UDLQIDOO�DQG�ORZ�WD[HV��D�JDUGHQHU�RQ�D�
IL[HG�LQFRPH���RU�ORZ�KRXVLQJ�FRVW�DQG�ORZ�
FULPH��

�7KH�VSDWLDO�RXWFRPHV�RI�VSHFLILF�%RRO�
HDQ�H[SUHVVLRQV�DUH�VKRZQ�LQ�)LJXUH������
7KH�ILJXUH�VKRZV�WKUHH�RYHUODSSLQJ�FLUFX�
ODU�UHJLRQV��ODEHOHG�A��B��DQG�C��$UHDV�PD\�
IDOO�LQ�PRUH�WKDQ�RQH�UHJLRQ��IRU�H[DPSOH��
WKH�FHQWHU��ZKHUH�DOO�WKUHH�UHJLRQV�RYHUODS��
LV�LQ�A��B��DQG�C��$V�VKRZQ�LQ�WKH�ILJXUH��
%RROHDQ�AND��OR��RU�NOT�PD\�EH�XVHG�WR�
VHOHFW�DQ\�FRPELQDWLRQ�RU�SRUWLRQV�RI�WKHVH�
UHJLRQV�

OR�FRQGLWLRQV�UHWXUQ�D�YDOXH�RI�WUXH LI�
HLWKHU�DUJXPHQW�LV�WUXH��$UHDV�LQ�HLWKHU�
UHJLRQ�A�RU�UHJLRQ�B�DUH�VHOHFWHG�DW�WKH�WRS�
FHQWHU�RI�)LJXUH������AND�UHTXLUHV�WKH�FRQ�
GLWLRQV�RQ�ERWK�VLGHV�RI�WKH�RSHUDWLRQ�EH�
PHW��DQ�AND�RSHUDWLRQ�UHVXOWV�LQ�D�UHGXFHG�
VHOHFWLRQ�VHW��WRS�ULJKW��)LJXUH�������NOT�LV�
WKH�QHJDWLRQ�RSHUDWRU��LW�IOLSV�WKH�HIIHFW�RI�
WKH�SUHYLRXV�RSHUDWLRQV��LW�WXUQV�WUXH�WR�
IDOVH�DQG�IDOVH�WR�WUXH��7KH�NOT�VKRZQ�LQ�
WKH�ORZHU�OHIW�SRUWLRQ�RI�)LJXUH�����UHWXUQV�
WKH�DUHD�WKDW�LV�RQO\�LQ�UHJLRQ�C��1RWH�WKDW�
WKLV�LV�WKH�FRQYHUVH��RU�RSSRVLWH�VHW�WKDW�LV�
UHWXUQHG�ZKHQ�XVLQJ�WKH�FRPSDUDWLYH�OR��
VKRZQ�LQ�WKH�WRS�FHQWHU�RI�)LJXUH������7KH�
NOT�RSHUDWLRQ�LV�RIWHQ�DSSOLHG�LQ�FRPELQD�
WLRQ�ZLWK�WKH�AND�%RROHDQ�RSHUDWRU��DV�
VKRZQ�DW�WKH�ERWWRP�FHQWHU�RI�)LJXUH������
$JDLQ��WKLV�VHOHFWV�WKH�FRQYHUVH��RU�FRP�

)LJXUH������([DPSOHV�RI�%RROHDQ�H[SUHV�
VLRQV�

)LJXUH������([DPSOHV�RI�
H[SUHVVLRQV�LQ�%RROHDQ�
DOJHEUD��DQG�WKHLU�RXW�
FRPHV��6XEDUHDV�RI�WKUHH�
UHJLRQV�DUH�VHOHFWHG�E\�
FRPELQLQJ�AND� OR��
DQG�NOT�FRQGLWLRQV�LQ�
%RROHDQ�H[SUHVVLRQV��
$Q\�VXE�DUHD�RU�JURXS�
RI�VXE�DUHDV�PD\�EH�
VHOHFWHG�E\�WKH�FRUUHFW�
%RROHDQ�FRPELQDWLRQ�
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SOHPHQW��RI�WKH�FRUUHVSRQGLQJ�AND��&RP�
SDUH�WKH�ERWWRP�FHQWHU�VHOHFWLRQ�WR�WKH�WRS�
ULJKW�VHOHFWLRQ�LQ�)LJXUH������NOTV��ANDV��
DQG�ORV�PD\�EH�IXUWKHU�FRPELQHG�WR�VHOHFW�
VSHFLILF�FRPELQDWLRQV�RI�DUHDV��DV�VKRZQ�LQ�
WKH�ORZHU�ULJKW�RI�)LJXUH������

1RWH�WKDW�DV�ZLWK�WDEOH�VHOHFWLRQ�GLV�
FXVVHG�LQ�&KDSWHU����WKH�RUGHU�RI�DSSOLFD�
WLRQ�RI�WKHVH�%RROHDQ�RSHUDWLRQV�LV�
LPSRUWDQW��,Q�PRVW�FDVHV��\RX�ZLOO�QRW�
VHOHFW�WKH�VDPH�VHW�ZKHQ�DSSO\LQJ�WKH�RSHU�
DWLRQV�LQ�D�GLIIHUHQW�RUGHU��3DUHQWKHVHV��
EUDFNHWV��RU�RWKHU�GHOLPLWHUV�VKRXOG�EH�XVHG�
WR�VSHFLI\�WKH�RUGHU�RI�DSSOLFDWLRQ��7KH�
H[SUHVVLRQ�A�AND B OR�C�ZLOO�JLYH�GLIIHUHQW�
UHVXOWV�ZKHQ�LQWHUSUHWHG�DV��A�AND�B��OR�C��
DV�VKRZQ�LQ�)LJXUH������WKDQ�ZKHQ�LQWHU�
SUHWHG�DV�A�AND��B�OR�C���9HULI\�WKLV�DV�DQ�
H[HUFLVH��:KLFK�DUHDV�GRHV�WKH�VHFRQG�
%RROHDQ�H[SUHVVLRQ�VHOHFW"

)LJXUH�����VKRZV�D�UHDO�ZRUOG�H[DPSOH�
RI�D�%RROHDQ�VHOHFWLRQ��&RXQWLHV�RIWHQ�PXVW�
LGHQWLI\�DUHDV�IRU�WUHDWPHQW��LQ�WKLV�FDVH�D�
SRUWLRQ�RI�WKH�&DQQRQ�5LYHU��D�WULEXWDU\�RI�
WKH�0LVVLVVLSSL�5LYHU��WDUJHWHG�IRU�SROOXWLRQ�
UHGXFWLRQ��&RXQWLHV�DUH�ODEHOHG��ZLWK�

ERXQGDULHV�VKRZQ�DV�WKLFN�VROLG�OLQHV��7KH�
&DQQRQ�5LYHU�ZDWHUVKHG�LV�VKRZQ�LQ�GDUNHU�
VKDGHV�RI�JUD\��$�%RROHDQ�AND RSHUDWLRQ�
ZDV�DSSOLHG�WR�D�GDWD�OD\HU�FRQWDLQLQJ�ERWK�
ZDWHUVKHG�DQG�FRXQW\�ERXQGDULHV��VHOHFWLQJ�
WKH�DUHDV�WKDW�DUH�ERWK�ZLWKLQ�WKH�&DQQRQ�
5LYHU�ZDWHUVKHG�DQG�ZLWKLQ�5LFH�&RXQW\�

6SDWLDO�6HOHFWLRQ�2SHUDWLRQV
0DQ\�VSDWLDO�RSHUDWLRQV�VHOHFW�VHWV�RI�

IHDWXUHV��7KHVH�RSHUDWLRQV�DUH�DSSOLHG�WR�D�
VSDWLDO�GDWD�OD\HU�DQG�UHWXUQ�D�VHW�RI�IHD�
WXUHV�WKDW�PHHW�D�VSHFLILHG�FRQGLWLRQ��$GMD�
FHQF\�DQG�FRQWDLQPHQW�DUH�FRPPRQO\�XVHG�
VSDWLDO�VHOHFWLRQ�RSHUDWLRQV��

$GMDFHQF\�VHOHFWLRQ�RSHUDWLRQV�DUH�
XVHG�WR�LGHQWLI\�WKRVH�IHDWXUHV�WKDW�³WRXFK´�
RWKHU�IHDWXUHV��)HDWXUHV�DUH�W\SLFDOO\�FRQ�
VLGHUHG�WR�WRXFK�ZKHQ�WKH\�VKDUH�D�ERXQG�
DU\��DV�ZKHQ�WZR�SRO\JRQV�VKDUH�DQ�HGJH��$�
WDUJHW�RU�NH\�VHW�RI�SRO\JRQ�IHDWXUHV�LV�
LGHQWLILHG��DQG�DOO�IHDWXUHV�WKDW�VKDUH�D�
ERXQGDU\�ZLWK�WKH�WDUJHW�IHDWXUHV�DUH�
SODFHG�LQ�WKH�VHOHFWHG�VHW�

)LJXUH������$Q�H[DPSOH�
RI�D�%RROHDQ�VHOHFWLRQ�
DSSOLHG�WR�D�VHW�RI�FRXQ�
WLHV�DQG�ZDWHUVKHGV�LQ�WKH�
PLGZHVWHUQ�8QLWHG�
6WDWHV��7KH�PLG�VKDGHG�
DUHD�LV�ZLWKLQ�WKH�&DQQRQ�
5LYHU�ZDWHUVKHG��D�WULEX�
WDU\�RI�WKH�0LVVLVVLSSL�
5LYHU��ZKLOH�WKH�GDUNHVW�
VKDGHG�DUHD�LV�DOVR�ZLWKLQ�
5LFH�&RXQW\��0LQQHVRWD�

(County = Rice)

AND

(Wshed = Cannon)
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)LJXUH����a�VKRZV�DQ�H[DPSOH�RI�D�
VHOHFWLRQ�EDVHG�RQ�SRO\JRQ�DGMDFHQF\��7KH�
VWDWH�RI�0LVVRXUL�LV�VKDGHG�RQ�WKH�OHIW�VLGH�
RI�)LJXUH����a��DQG�VWDWHV�DGMDFHQW�WR�0LV�
VRXUL�DUH�VKDGHG�RQ�WKH�ULJKW�SRUWLRQ�RI�)LJ�
XUH����a��6WDWHV�DUH�VHOHFWHG�EHFDXVH�WKH\�
LQFOXGH�D�FRPPRQ�ERUGHU�ZLWK�0LVVRXUL��

7KHUH�DUH�PDQ\�ZD\V�WKH�VKDUHG�ERUGHU�
PD\�EH�GHWHFWHG��:LWK�D�UDVWHU�GDWD�OD\HU��
DQ�H[KDXVWLYH�FHOO�E\�FHOO�FRPSDULVRQ�PD\�
EH�FRQGXFWHG�WR�LGHQWLI\�DGMDFHQW�SDLUV�ZLWK�
GLIIHUHQW�VWDWH�YDOXHV��9HFWRU�DGMDFHQF\�
PD\�EH�LGHQWLILHG�E\�REVHUYLQJ�WKH�WRSR�
ORJLFDO�UHODWLRQVKLSV��VHH�&KDSWHU���IRU�D�
GLVFXVVLRQ�RI�WRSRORJ\���/LQH�DQG�SRO\JRQ�
WRSRORJ\�W\SLFDOO\�UHFRUGV�WKH�SRO\JRQ�
LGHQWLILHUV�RQ�HDFK�VLGH�RI�D�OLQH��$OO�OLQHV�
ZLWK�0LVVRXUL�RQ�RQH�VLGH�DQG�D�GLIIHUHQW�
VWDWH�RQ�WKH�RWKHU�VLGH�PD\�EH�IODJJHG��DQG�
WKH�OLVW�RI�VWDWHV�DGMDFHQW�WR�0LVVRXUL�
H[WUDFWHG��

$GMDFHQF\�LV�GHILQHG�LQ�)LJXUH����a�DV�
VKDULQJ�D�ERXQGDU\�IRU�VRPH�GLVWDQFH�
JUHDWHU�WKDQ�]HUR��)LJXUH����b�VKRZV�KRZ�D�
GLIIHUHQW�GHILQLWLRQ�RI�DGMDFHQF\�PD\�DIIHFW�
VHOHFWLRQ��7KH�OHIW�RI�)LJXUH����b�VKRZV�WKH�
VWDWH�RI�$UL]RQD�DQG�D�VHW�RI�DGMDFHQW�
�VKDGHG��ZHVWHUQ�VWDWHV��%\�WKH�GHILQLWLRQ�
RI�DGMDFHQF\�XVHG�LQ�)LJXUH����a��$UL]RQD�
DQG�&RORUDGR�DUH�QRW�DGMDFHQW��EHFDXVH�
WKH\�GR�QRW�VKDUH�D�ERXQGDU\�DORQJ�D�OLQH�
VHJPHQW��$UL]RQD�DQG�&RORUDGR�VKDUH�D�
ERUGHU�DW�D�SRLQW��FDOOHG�)RXU�&RUQHUV��
ZKHUH�WKH\�MRLQ�ZLWK�8WDK�DQG�1HZ�0H[�
LFR��:KHQ�D�GLIIHUHQW�GHILQLWLRQ�RI�DGMD�
FHQF\�LV�XVHG��ZLWK�D�VKDUHG�QRGH�
TXDOLI\LQJ�DV�DGMDFHQW��WKHQ�&RORUDGR�LV�
DGGHG�WR�WKH�VHOHFWHG�DGMDFHQW�VHW��ULJKW��
)LJXUH����b���7KLV�LV�DQRWKHU�LOOXVWUDWLRQ�RI�
DQ�REVHUYDWLRQ�PDGH�HDUOLHU��WKHUH�DUH�RIWHQ�
VHYHUDO�YDULDWLRQV�RI�DQ\�VLQJOH�VSDWLDO�

)LJXUH������([DPSOHV�RI�VHOHFWLRQV�EDVHG�RQ�DGMDFHQF\��D��0LVVRXUL��86$�LV�VKRZQ�RQ�WKH�OHIW�DQG�DOO�VWDWHV�
DGMDFHQW�WR�0LVVRXUL�VKRZQ�RQ�WKH�ULJKW��E��'LIIHUHQW�GHILQLWLRQV�RI�DGMDFHQF\�UHVXOW�LQ�GLIIHUHQW�VHOHFWLRQV��
&RORUDGR�LV�QRW�DGMDFHQW�WR�$UL]RQD�ZKHQ�OLQH�DGMDFHQF\�LV�UHTXLUHG��OHIW���EXW�LV�ZKHQ�QRGH�DGMDFHQF\�LV�
DFFHSWHG��ULJKW���

a)

b)
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RSHUDWLRQ��&DUH�PXVW�EH�WDNHQ�WR�WHVW�WKH�
RSHUDWLRQ�XQGHU�FRQWUROOHG�FRQGLWLRQV�XQWLO�
WKH�VSHFLILF�LPSOHPHQWDWLRQ�RI�D�VSDWLDO�
RSHUDWLRQ�LV�ZHOO�XQGHUVWRRG�

)HDWXUHV�PD\�EH�VHOHFWHG�EDVHG�RQ�
SUR[LPLW\��3UR[LPLW\�VHOHFWLRQ�W\SLFDOO\�
UHTXLUHV�D�VHW�RI�VHOHFWLQJ�IHDWXUHV�DQG�D�VHW�
RI�WDUJHW�IHDWXUHV��$OO�WKH�WDUJHW�IHDWXUHV�
ZLWKLQ�D�VSHFLILHG�GLVWDQFH�RI�WKH�VHOHFWLQJ�
IHDWXUHV�ZLOO�EH�FKRVHQ��H�J���DOO�ZHDWKHU�
VWDWLRQV�ZLWKLQ����NP�RI�D�ZDWHUVKHG�PD\�
EH�VHOHFWHG�WR�HVWLPDWH�UDLQIDOO��)LJXUH���
����6HOHFWLQJ�RQO\�VWDWLRQV�ZLWKLQ�WKH�ZDWHU�
VKHG�PD\�SURYLGH�SRRU�HVWLPDWHV�RI�UDLQIDOO�
QHDU�WKH�HGJH�RI�WKH�SRO\JRQ��EXW�XVLQJ�DOO�
JDJHV�LV�LQHIILFLHQW�EHFDXVH�LQIRUPDWLRQ�
IURP�JDJHV�YHU\�IDU�DZD\�RIWHQ�LVQ¶W�KHOS�
IXO��$Q�DGHTXDWH�H[WHULRU�SUR[LPLW\�LV�FKR�
VHQ��XVXDOO\�E\�YLVXDO�LQVSHFWLRQ��SUHYLRXV�
H[SHULHQFH��RU�SUHOLPLQDU\�WHVWV��DQG�WKH�
SUR[LPLW\�VHOHFWLRQ�DSSOLHG��3UR[LPLW\�LV�
XVXDOO\�FDOFXODWHG�LPSOLFLWO\�ZLWKLQ�WKH�
RSHUDWLRQ��LQ�WKDW�ILUVW�WKH�VRXUFH�IHDWXUHV�
DQG�VHOHFWDEOH�IHDWXUHV�DUH�SURYLGHG��D�
SUR[LPLW\�GLVWDQFH�DQG�PHWKRG�VSHFLILHG��
DQG�RQ�UXQQLQJ�WKH�RSHUDWLRQ��WKH�VHOHFWHG�
VHW�LV�LGHQWLILHG��/HVV�IUHTXHQWO\��VRIWZDUHV�
UHTXLUH�D�PXOWL�VWHS�SURFHVV�LQ�ZKLFK�WKH�
VRXUFH�IHDWXUHV�DQG�VHOHFWLRQ�OD\HUV�DUHD�

LGHQWLILHG��DQG�D�VHOHFWLRQ�OD\HU�LV�FUHDWHG��
7KLV�FUHDWHG�OD\HU�XVXDOO\�FRQWDLQV�SRO\�
JRQV�GHILQLQJ�WKH�DUHD�ZLWKLQ�WKH�VSHFLILHG�
GLVWDQFH�RI�WKH�VRXUFH�IHDWXUHV��7KLV�SRO\�
JRQ�OD\HU�LV�WKHQ�XVHG�WR�VHOHFW�IHDWXUHV�
IURP�WKH�WDUJHW�VHW��

7KHUH�DUH�VHYHUDO�YDULDQWV�RI�SUR[LPLW\�
VHOHFWLRQ��2QH�YDULDQW�VHOHFWV�DOO�IHDWXUHV�
WKDW�DUH�DW�OHDVW�SDUWLDOO\�ZLWKLQ�D�JLYHQ�GLV�
WDQFH�RI�D�VHW�RI�IHDWXUHV��$QRWKHU�YDULDQW�
VHOHFWV�RQO\�IHDWXUHV�WKDW�DUH�HQWLUHO\�LQVLGH�
D�JLYHQ�GLVWDQFH�RI�WKH�RXWHU�ERXQGDULHV�RI�
D�VHW�RI�SRO\JRQV��$�WKLUG�YDULDQW�VHOHFWV�
RQO\�WKRVH�IHDWXUHV�WKDW�DUH�HQWLUHO\�ZLWKLQ�
D�JLYHQ�GLVWDQFH�RI�D�VHW�RI�SRO\JRQV��EXW�
QRW�WKRVH�WKDW�DUH�ZLWKLQ�WKH�VHW�RI�SRO\JRQV�
WKHPVHOYHV��8VHUV�VKRXOG�FOHDUO\�LGHQWLI\�
WKH�VHOHFWLRQ�WRRO�IXQFWLRQ�DQG�RXWSXWV�

�3UR[LPLW\�VHOHFWLRQ��DQG�PRVW�VHOHF�
WLRQ�SURFHVVHV��W\SLFDOO\�RQO\�VHOHFW�IHD�
WXUHV�WKDW�PHHW�D�JLYHQ�VHW�RI�FULWHULD��7KH�
SURFHVV�RIWHQ�GRHV�QRW�FUHDWH�D�VHSDUDWH��
QHZ�GDWD�OD\HU�RI�WKH�VHOHFWHG�IHDWXUHV��
6HOHFWHG�IHDWXUHV�DUH�PDUNHG�RQ�VFUHHQ�DQG�
LQ�WKH�FRUUHVSRQGLQJ�GDWD�WDEOH��EXW�VWLOO�DUH�
SDUW�RI�WKH�VRXUFH�GDWD�VHW��7KHUH�LV�RIWHQ�DQ�
DGGLWLRQDO�H[SRUW�VWHS�LI�WKHVH�VHOHFWHG�IHD�
WXUHV�DUH�GHVWLQHG�IRU�D�QHZ�GDWD�VHW��7KLV�
H[SOLFLW�FUHDWLRQ�DSSURDFK�LV�XVXDOO\�

)LJXUH������$Q�H[DPSOH�RI�D�VSDWLDO�VHOHFWLRQ�EDVHG�RQ�SUR[LPLW\��ZKHUH�UDLQIDOO�PHDVXUHG�DW�JDJHV��SRLQWV��
OHIW�SDQHO��ZLWK�PHDQ�ODEHO��QHDU�D�ZDWHUVKHG�DUH�VHOHFWHG��$OO�JDJHV�DUH�LGHQWLILHG�ZLWKLQ�D����NP�SUR[LPLW\�
RI�WKH�ZDWHUVKHG�ERXQGDU\��ULJKW�SDQHO��OLJKW�VTXDUHV��
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DGRSWHG�EHFDXVH�VHOHFWLRQ�LV�RIWHQ�D�PXOWL�
VWHS�SURFHVV��ZLWK�YDULRXV�GLIIHUHQW�VHOHF�
WLRQ�WRROV�DSSOLHG�VXFFHVVLYHO\�WR�DUULYH�DW�D�
WDUJHW�VHW�RI�IHDWXUHV�

:H�RIWHQ�DGG�LQGLFDWRU�RU�FODVVLILFDWLRQ�
YDULDEOHV�WR�RXU�GDWD�WDEOHV�ZKHQ�ZH�KDYH�D�
FRPSOH[�VHW�RI�VHOHFWLRQ�FULWHULD��SDUWLFX�
ODUO\�ZKHQ�FRPELQLQJ�ERWK�VSDWLDO�DQG�WDE�
XODU�VHOHFWLRQV��7KHVH�LQGLFDWRU�YDULDEOHV�
UHFRUG�WKH�PHPEHUVKLS�RI�IHDWXUHV�LQ�
JURXSV�WKDW�PDWFK�RU�GRQ¶W�PDWFK�D�VHW�RI�
FRQGLWLRQV��)LJXUH������LOOXVWUDWHV�D�VHOHF�
WLRQ�IRU�D�VHW�RI�FRXQWLHV�WKDW�ERWK�FRQWDLQ�
SDUW�RI�D�WDUJHW�ZDWHUVKHG�DQG�KD]DUGRXV�
PDWHULDOV��+D]PDW��VWRUDJH�VLWHV��$�PXQLFL�
SDOLW\�PLJKW�XQGHUWDNH�DQ�XSVWUHDP�LQYHQ�
WRU\�LI�WKH\�PHDVXUH�D�VSLNH�LQ�WR[LF�
FKHPLFDOV�LQ�WKHLU�ZDWHU�VXSSO\��+D]PDW�
VLWHV�DUH�GLVWULEXWHG�WKURXJKRXW�WKH�VWDWH�RI�
*HRUJLD��7KH�$OWDPDKD�5LYHU�GUDLQV�PXFK�
RI�WKH�FHQWUDO�SRUWLRQ�RI�WKH�VWDWH��$�VSDWLDO�

VHOHFWLRQ�LGHQWLILHV�FRXQWLHV�WKDW�FRQWDLQ�D�
SRUWLRQ�RI�WKH�ZDWHUVKHG��DQG�D�WDEOH�VHOHF�
WLRQ��GHVFULEHG�LQ�&KDSWHU����DSSOLHG�WR�WKH�
VHOHFWHG�FRXQWLHV�UHGXFHV�WKH�VHW�WR�WKRVH�
WKDW�PLJKW�EH�FRQWULEXWLQJ�WR�GRZQVWUHDP�
SROOXWLRQ�IURP�+D]PDW�VLWHV��$�FROXPQ�
PD\�EH�DGGHG�WR�WKH�FRXQW\�WDEOH�DQG�YDO�
XHV�DVVLJQHG�WR�UHFRUG�WKLV�VHW�RI�SRWHQWLDO�
VRXUFH�FRXQWLHV��WR�EH�XVHG�LQ�VXEVHTXHQW�
DQDO\VLV��

)LJXUH������VKRZV�RQH�IORZFKDUW�RI�WKH�
JHRSURFHVVLQJ�DQDO\VLV�LQ�)LJXUH�������
:KLOH�WKH�DQDO\VLV�LV�UHODWLYHO\�VLPSOH��DQG�
WKH�VWHSV�SULPDULO\�RSHUDWLRQV�RQ�WKH�WDEX�
ODU�GDWD��WKH�IORZFKDUW�VKRZV�WKH�GDWD��VSD�
WLDO�RSHUDWLRQV��DQG�RUGHU�LQ�D�VXFFLQFW�
PDQQHU��,W�LV�JRRG�SUDFWLFH�WR�IORZFKDUW�DOO�
PXOWL�VWHS�VSDWLDO�DQDO\VHV��DQG�WKH�YDOXH�RI�
WKH�IORZFKDUW�JURZV�ZLWK�WKH�FRPSOH[LW\�RI�
WKH�DQDO\VLV��

)LJXUH�������$Q�H[DPSOH�RI�LQGLFDWRU�YDULDEOHV�WR�UHFRUG�VHW�PHPEHUVKLS��:H�ZLVK�WR�LGHQWLI\�FRXQWLHV�ZLWK�
KD]DUGRXV�PDWHULDOV�VLWHV��+D]PDW��XSSHU�OHIW��WKDW�FRQWDLQ�SDUW�RI�WKH�$OWDPDKD�5LYHU�ZDWHUVKHG��XSSHU�FHQ�
WHU���:H�PD\�ILUVW�DSSO\�D�VSDWLDO�VHOHFWLRQ�RQ�FRXQWLHV�ZLWK�WKH�ZDWHUVKHG�ERXQGDU\��XSSHU�ULJKW���WKHQ�D�
WDEOH�VHOHFWLRQ�RQ�WKH�FRLQFLGHQW�FRXQWLHV�WR�LGHQWLI\�WKRVH�ZLWK�+D]PDW�VLWHV��ORZHU�OHIW���$�FROXPQ��KHUH�
QDPHG�,Q6HW��PD\�EH�DGGHG�WR�LGHQWLI\�WKH�VHOHFWHG�FRXQWLHV�LQ�IXUWKHU�SURFHVVLQJ��ERWWRP�FHQWHU�DQG�ULJKW��
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&DXWLRQ�LV�KHOSIXO�ZKHQ�DSSO\LQJ�VXE�
VHTXHQW�VSDWLDO�RSHUDWLRQV�WR�D�GDWD�VHW�ZLWK�
VHOHFWHG�IHDWXUHV��H�J���WKH�UDLQIDOO�JDJHV�LQ�
WKH�ULJKW�SDQHO�RI�)LJXUH������,�PLJKW�UHFDO�
FXODWH�YDOXHV�LQ�WKH�DWWULEXWH�WDEOH��FRS\�
IHDWXUHV��RU�DSSO\�DQRWKHU�VSDWLDO�RSHUDWLRQ��
6RPH�RSHUDWLRQV�E\�GHIDXOW�RQO\�DFW�RQ�
VHOHFWHG�IHDWXUHV��ZKLOH�RWKHU�RSHUDWLRQV�
DSSO\�WR�WKH�HQWLUH�GDWD�VHW��7KH�FKRLFHV�DUH�
VRIWZDUH�GHSHQGHQW��DQG�VR�\RX�VKRXOG�
FRQVXOW�WKH�GRFXPHQWDWLRQ�RU�WHVW�HDFK�QHZ�
VSDWLDO�RSHUDWLRQ�ZKHQ�ILUVW�XVLQJ�LW��WR�
DYRLG�XQLQWHQGHG�UHVXOWV�

&RQWDLQPHQW�LV�DQRWKHU�VSDWLDO�VHOHF�
WLRQ�RSHUDWLRQ��&RQWDLQPHQW�VHOHFWLRQ�LGHQ�
WLILHV�DOO�IHDWXUHV�WKDW�FRQWDLQ�RU�VXUURXQG�D�
VHW�RI�WDUJHW�IHDWXUHV��)RU�H[DPSOH��WKH�&DO�
LIRUQLD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�PD\�
ZLVK�WR�LGHQWLI\�DOO�FRXQWLHV��FLWLHV��RU�RWKHU�
JRYHUQPHQWDO�ERGLHV�WKDW�FRQWDLQ�VRPH�
SRUWLRQ�RI�+LJKZD\�����EHFDXVH�WKH\�ZLVK�
WR�LPSURYH�URDG�VDIHW\��$�VSDWLDO�VHOHFWLRQ�
PD\�EH�XVHG�WR�LGHQWLI\�WKHVH�JRYHUQPHQWDO�
ERGLHV��

�)LJXUH������LOOXVWUDWHV�D�FRQWDLQPHQW�
VHOHFWLRQ�EDVHG�RQ�WKH�0LVVLVVLSSL�5LYHU�LQ�
1RUWK�$PHULFD��:H�ZLVK�WR�LGHQWLI\�VWDWHV�
WKDW�FRQWDLQ�VRPH�SRUWLRQ�RI�WKH�ULYHU�DQG�

LWV�WULEXWDULHV��$�TXHU\�LV�SODFHG��LGHQWLI\�
LQJ�WKH�IHDWXUHV�WKDW�DUH�FRQWDLQHG��KHUH�WKH�
0LVVLVVLSSL�5LYHU�QHWZRUN��DQG�WKH�WDUJHW�
IHDWXUHV�WKDW�PD\�SRWHQWLDOO\�EH�VHOHFWHG��
7KH�WDUJHW�VHW�LQ�WKLV�H[DPSOH�FRQVLVWV�RI�
WKH�ORZHU����VWDWHV�RI�WKH�8QLWHG�6WDWHV��$OO�
VWDWHV�WKDW�FRQWDLQ�D�SRUWLRQ�RI�WKH�0LVVLV�
VLSSL�5LYHU�RU�LWV�WULEXWDULHV�DUH�VKDGHG�DV�
SDUW�RI�WKH�VHOHFWHG�VHW��

&ODVVLILFDWLRQ
&ODVVLILFDWLRQ�LV�D�VSDWLDO�GDWD�RSHUD�

WLRQ�WKDW�LV�RIWHQ�XVHG�LQ�FRQMXQFWLRQ�ZLWK�
VHOHFWLRQ��$�FODVVLILFDWLRQ��DOVR�NQRZQ�DV�D�
UHFODVVLILFDWLRQ�RU�UHFRGLQJ��ZLOO�FDWHJRUL]H�
JHRJUDSKLF�REMHFWV�EDVHG�RQ�D�VHW�RI�FRQGL�
WLRQV��)RU�H[DPSOH��DOO�WKH�SRO\JRQV�ODUJHU�
WKDQ�RQH�VTXDUH�PLOH�PD\�EH�DVVLJQHG�D�
size�YDOXH�HTXDO�WR�Large��DOO�SRO\JRQV�IURP�
����WR���VTXDUH�PLOH�PD\�EH�DVVLJQHG�D�size�
HTXDO�WR�Mid��DQG�DOO�SRO\JRQV�VPDOOHU�WKDQ�
����VTXDUH�PLOHV�PD\�EH�DVVLJQHG�D�size�
HTXDO�WR�Small��)LJXUH��������&ODVVLILFD�
WLRQV�PD\�DGG�WR�RU�PRGLI\�WKH�DWWULEXWH�
GDWD�IRU�HDFK�JHRJUDSKLF�REMHFW��7KHVH�
PRGLILHG�DWWULEXWHV�PD\�LQ�WXUQ�EH�XVHG�LQ�
IXUWKHU�DQDO\VHV��VXFK�DV�IRU�PRUH�FRPSOH[�
FRPELQDWLRQV�LQ�DGGLWLRQDO�FODVVLILFDWLRQ�

)LJXUH�������$Q�H[DPSOH�IORZFKDUW�IRU�WKH�$OWDPDKD�+D]0DW�VLWH�DQDO\VLV��:KLOH�VLPSOH��WKLV�VKRZV�
KRZ�VSDWLDO�DQG�WDEXODU�RSHUDWLRQV�PLJKW�EH�UHSUHVHQWHG�JUDSKLFDOO\�LQ�D�GLDJUDP�
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&ODVVLILFDWLRQ�PD\�EH�XVHG�IRU�PDQ\�
RWKHU�SXUSRVHV��2QH�FRPPRQ�HQG�LV�WR�
JURXS�REMHFWV�IRU�GLVSOD\�RU�PDS�SURGXF�
WLRQ��7KHVH�REMHFWV�KDYH�D�FRPPRQ�SURS�
HUW\��DQG�WKH�JRDO�LV�WR�GLVSOD\�WKHP�ZLWK�D�
XQLIRUP�FRORU�RU�V\PERO�VR�WKH�VLPLODU�
REMHFWV�DUH�LGHQWLILHG�DV�D�JURXS��7KH�GLV�
SOD\�FRORU�DQG�RU�SDWWHUQ�LV�W\SLFDOO\�
DVVLJQHG�EDVHG�XSRQ�WKH�YDOXHV�RI�DQ�DWWUL�
EXWH�RU�DWWULEXWHV��$�UDQJH�RI�GLVSOD\�
VKDGHV�PD\�EH�FKRVHQ��DQG�FRUUHVSRQGLQJ�
YDOXHV�IRU�D�VSHFLILF�DWWULEXWH�DVVLJQHG��7KH�
PDS�LV�WKHQ�GLVSOD\HG�EDVHG�RQ�WKLV�FODVVL�
ILFDWLRQ��

$�FODVVLILFDWLRQ�PD\�EH�YLHZHG�DV�DQ�
DVVLJQPHQW�RI�IHDWXUHV�IURP�DQ�H[LVWLQJ�VHW�
RI�FODVVHV�WR�D�QHZ�VHW�RI�FODVVHV��:H�LGHQ�
WLI\�IHDWXUHV�WKDW�KDYH�D�JLYHQ�VHW�RI�YDOXHV��
IRU�H[DPSOH��SDUFHOV�WKDW�DUH�DERYH�D�FHU�
WDLQ�VL]H��DQG�DVVLJQ�WKHP�DOO�D�FODVVLILFD�
WLRQ�YDOXH��LQ�WKLV�FDVH�WKH�FODVV�³ODUJH�´�
3DUFHOV�LQ�DQRWKHU�UDQJH�RI�VL]HV�PD\�EH�
DVVLJQHG�GLIIHUHQW�FODVV�YDOXHV��IRU�H[DP�
SOH��³PLG´�DQG�³VPDOO�´�7KH�DWWULEXWH�WKDW�
VWRUHV�WKH�SDUFHO�DUHD�LV�XVHG�DV�D�JXLGH�WR�
DVVLJQLQJ�WKH�QHZ�FODVV�YDOXH�IRU�VL]H�

)LJXUH�������$Q�H[DPSOH�RI�D�VHOHFWLRQ�EDVHG�RQ�FRQWDLQPHQW��$OO�VWDWHV�FRQWDLQLQJ�D�
SRUWLRQ�RI�WKH�0LVVLVVLSSL�5LYHU�RU�LWV�WULEXWDULHV�DUH�VHOHFWHG��

)LJXUH�������/DQG�SDUFHOV�UH�FODVVLILHG�E\�DUHD�
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7KH�DVVLJQPHQW�IURP�LQSXW�DWWULEXWH�
YDOXHV��DUHD��WR�QHZ�FODVV�YDOXHV��KHUH��
VL]H��PD\�EH�GHILQHG�PDQXDOO\��RU�WKH�
DVVLJQPHQW�PD\�EH�GHILQHG�DXWRPDWLFDOO\��
)RU�PDQXDO�FODVVLILFDWLRQV��WKH�FODVV�WUDQVL�
WLRQV�DUH�VSHFLILHG�HQWLUHO\�E\�WKH�KXPDQ�
DQDO\VW��

&ODVVLILFDWLRQV�DUH�RIWHQ�VSHFLILHG�E\�D�
WDEOH�RU�DUUD\��7KH�WDEOH�LGHQWLILHV�WKH�LQSXW�
FODVV�RU�YDOXHV��DV�ZHOO�DV�WKH�RXWSXW�FODVV�
IRU�HDFK�RI�WKLV�VHW�RI�LQSXW�YDOXHV��)LJXUH�
�����LOOXVWUDWHV�WKH�XVH�RI�D�FODVVLILFDWLRQ�
WDEOH�WR�VSHFLI\�FODVV�DVVLJQPHQW��,QSXW�YDO�
XHV�RI�A�RU�B�OHDG�WR�DQ�RXWSXW�FODVV�YDOXH�
RI�1��DQ�LQSXW�YDOXH�RI�E�OHDGV�WR�DQ�RXWSXW�
YDOXH�RI�2��DQG�DQ�LQSXW�YDOXH�RI�I�OHDGV�WR�
DQ�RXWSXW�YDOXH�RI�3��7KH�WDEOH�SURYLGHV�D�
FRPSOHWH�VSHFLILFDWLRQ�IRU�HDFK�FODVVLILFD�
WLRQ�DVVLJQPHQW��

)LJXUH������LOOXVWUDWHV�D�FODVVLILFDWLRQ�
EDVHG�RQ�D�PDQXDOO\�GHILQHG�WDEOH��$�
KXPDQ�DQDO\VW�VSHFLILHV�WKH�In�LWHPV�IRU�WKH�
VRXUFH�GDWD�OD\HU�YLD�D�FODVVLILFDWLRQ�WDEOH��
DV�ZHOO�DV�WKH�FRUUHVSRQGLQJ�RXWSXW�YDOXH�
IRU�HDFK�In�YDULDEOH��Out�YDOXHV�PXVW�EH�

VSHFLILHG�IRU�HDFK�LQSXW�YDOXH�RU�WKHUH�ZLOO�
EH�XQGHILQHG�IHDWXUHV�LQ�WKH�RXWSXW�OD\HU��
0DQXDOO\�GHILQLQJ�WKH�FODVVLILFDWLRQ�WDEOH�
SURYLGHV�WKH�JUHDWHVW�FRQWURO�RYHU�FODVV�
DVVLJQPHQW��$OWHUQDWLYHO\��FODVVLILFDWLRQ�
WDEOHV�PD\�EH�DXWRPDWLFDOO\�DVVLJQHG��LQ�
WKDW�D�QXPEHU�RI�FODVVHV�PD\�EH�VSHFLILHG�
DQG�VRPH�UXOH�HPERGLHG�LQ�D�FRPSXWHU�
DOJRULWKP�XVHG�WR�DVVLJQ�RXWSXW�FODVVHV�IRU�
HDFK�RI�WKH�LQSXW�FODVVHV�

$�ELQDU\�FODVVLILFDWLRQ�LV�SHUKDSV�WKH�
VLPSOHVW�IRUP�RI�FODVVLILFDWLRQ��$�ELQDU\�
FODVVLILFDWLRQ�SODFHV�REMHFWV�LQWR�WZR�
FODVVHV����DQG����WUXH�DQG�IDOVH��A�DQG�B��RU�
VRPH�RWKHU�WZR�OHYHO�FODVVLILFDWLRQ��$�VHW�
RI�IHDWXUHV�LV�VHOHFWHG�DQG�DVVLJQHG�D�YDOXH��
DQG�WKH�FRPSOHPHQW�RI�WKH�VHW��DOO�UHPDLQ�
LQJ�IHDWXUHV�LQ�WKH�GDWD�OD\HU��LV�DVVLJQHG�
WKH�GLIIHUHQW�ELQDU\�YDOXH��

$�ELQDU\�FODVVLILFDWLRQ�LV�RIWHQ�XVHG�WR�
VWRUH�WKH�UHVXOWV�RI�D�FRPSOH[�VHOHFWLRQ�
RSHUDWLRQ��$�VHTXHQFH�RI�%RROHDQ�DQG�VHW�
DOJHEUD�H[SUHVVLRQV�PD\�EH�XVHG�WR�VHOHFW�D�
VHW�RI�IHDWXUHV��$�VSHFLILF�WDUJHW�DWWULEXWH�LV�
LGHQWLILHG�IRU�WKH�VHOHFWHG�VHW�RI�IHDWXUHV��

)LJXUH�������7KH�FODVVLILFDWLRQ�RI�D�WKHPDWLF�OD\HU��9DOXHV�DUH�JLYHQ�WR�VSHFLILF�DWWULEXWHV�LQ�D�FODVVLILFD�
WLRQ�WDEOH��ZKLFK�LV�XVHG��LQ�WXUQ��WR�DVVLJQ�FODVVHV�LQ�DQ�RXWSXW�OD\HU��
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7KLV�WDUJHW�DWWULEXWH�LV�DVVLJQHG�D�XQLTXH�
YDOXH��7KH�WDUJHW�DWWULEXWH�LV�DVVLJQHG�D�GLI�
IHUHQW�YDOXH�IRU�DOO�XQVHOHFWHG�IHDWXUHV��
7KLV�FUHDWHV�D�FROXPQ�WKDW�LGHQWLILHV�WKH�
VHOHFWHG�VHW��IRU�H[DPSOH��DOO�FRXQWLHV�WKDW�
DUH�VPDOO��EXW�ZLWK�D�ODUJH�SRSXODWLRQ��

)RU�H[DPSOH��ZH�PD\�ZLVK�WR�VHOHFW�
VWDWHV�DW�OHDVW�SDUWLDOO\�ZHVW�RI�WKH�0LVVLV�
VLSSL�5LYHU�DV�DQ�LQWHUPHGLDWH�VWHS�LQ�DQ�
DQDO\VLV��)LJXUH��������:H�PD\�EH�XVLQJ�
WKLV�FODVVLILFDWLRQ�LQ�PDQ\�VXEVHTXHQW�VSD�
WLDO�RSHUDWLRQV��7KXV��ZH�ZLVK�WR�VWRUH�WKLV�
FKDUDFWHULVWLF��ZKHWKHU�WKH�VWDWH�LV�ZHVW�RU�
HDVW�RI�WKH�0LVVLVVLSSL�5LYHU��6WDWHV�DUH�
VHOHFWHG�EDVHG�RQ�ORFDWLRQ�DQG�UHFODVVLILHG��
:H�UHFRUG�WKLV�FODVVLILFDWLRQ�E\�FUHDWLQJ�D�
QHZ�DWWULEXWH�DQG�DVVLJQLQJ�D�ELQDU\�YDOXH�
WR�WKLV�DWWULEXWH����IRU�WKRVH�SDUFHOV�WKDW�VDW�
LVI\�WKH�FULWHULD��DQG���IRU�WKRVH�WKDW�GR�QRW�

�)LJXUH��������7KH�YDULDEOH�is_west�UHFRUGV�
WKH�VWDWH�ORFDWLRQ�UHODWLYH�WR�WKH�0LVVLVVLSSL�
5LYHU��$GGLWLRQDO�VHOHFWLRQ�RSHUDWLRQV�PD\�
EH�DSSOLHG��DQG�WKH�FUHDWHG�ELQDU\�YDULDEOH�
SUHVHUYHV�WKH�LQIRUPDWLRQ�JHQHUDWHG�LQ�WKH�
LQLWLDO�VHOHFWLRQ��

3UHYLRXV�H[DPSOHV�KDYH�VKRZQ�YHFWRU�
GDWD��EXW�ZH�PD\�DOVR�UHFODVVLI\�UDVWHU�GDWD��
,I�WKH�LQSXW�UDVWHU�YDOXHV�DUH�QRPLQDO�RU�
RUGLQDO�GDWD��WKH�UHFODVVLILFDWLRQ�ZLOO�ORRN�
YHU\�VLPLODU�WR�WKH�YHFWRU�H[DPSOHV�VKRZQ�
LQ�)LJXUH�������$�OLVW�RI�LQSXW�DQG�FRUUH�
VSRQGLQJ�RXWSXWV�DUH�SURYLGHG��DQG�WKH�
UHFODVVLILFDWLRQ�RSHUDWHV�RQ�D�FHOO�E\�FHOO�
EDVLV��:KHQ�LQWHUYDO�UDWLR�UDVWHU�GDWD�DUH�
XVHG�DV�LQSXW��WKHQ�LQSXW�UDQJHV�DUH�
UHTXLUHG�UDWKHU�WKDQ�VSHFLILF�LQSXW�YDOXHV��
7KLV�GLVWLQFWLRQ�LV�GHVFULEHG�LQ�GHWDLO�LQ�
&KDSWHU����

)LJXUH�������$Q�H[DPSOH�RI�D�ELQDU\�FODVVLILFDWLRQ��)HDWXUHV�DUH�SODFHG�LQWR�WZR�FODVVHV�LQ�D�ELQDU\�FODVVLIL�
FDWLRQ��ZHVW��1��DQG�HDVW��0��RI�WKH�0LVVLVVLSSL�5LYHU��7KH�FODVVLILFDWLRQ�WDEOH�FRGLILHV�WKH�DVVLJQPHQW��
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'DWD�GHILQHG�&ODVVLILFDWLRQ
0DQXDOO\�GHILQLQJ�WKH�FODVVLILFDWLRQ�

WDEOH�PD\�QRW�DOZD\V�EH�QHFHVVDU\��DQG�
PD\�EH�WHGLRXV�RU�FRPSOH[��6XSSRVH�ZH�
ZLVK�WR�DVVLJQ�D�VHW�RI�GLVSOD\�FRORUV�WR�D�
VHW�RI�HOHYDWLRQ�YDOXHV��7KHUH�PD\�EH�WKRX�
VDQGV�RI�GLVWLQFW�HOHYDWLRQ�YDOXHV�LQ�WKH�
GDWD�OD\HU��DQG�LW�ZRXOG�EH�LQFRQYHQLHQW�DW�
EHVW�WR�DVVLJQ�HDFK�FRORU�PDQXDOO\��'DWD�
GHILQHG�FODVVLILFDWLRQ�PHWKRGV��ZKHUH�FODVV�
LQWHUYDOV�DUH�DXWRPDWLFDOO\�GHULYHG�IURP�
UXOHV�DSSOLHG�WR�WKH�LQSXW�GDWD��DUH�RIWHQ�
XVHG�LQ�WKHVH�LQVWDQFHV��

$Q�DXWRPDWLF�FODVVLILFDWLRQ�XVHV�VRPH�
UXOH�WR�VSHFLI\�WKH�LQSXW�FODVV�WR�RXWSXW�
FODVV�DVVLJQPHQWV��7KH�LQSXW�DQG�RXWSXW�
FODVV�ERXQGDULHV�DUH�RIWHQ�EDVHG�RQ�D�VHW�RI�
SDUDPHWHUV�XVHG�WR�JXLGH�FODVV�GHILQLWLRQ�

�$�SRWHQWLDO�GUDZEDFN�IURP�DQ�DXWR�
PDWHG�FODVV�DVVLJQPHQW�VWHPV�IURP�RXU�
LQDELOLW\�WR�SUHFLVHO\�VSHFLI\�FODVV�ERXQGDU�
LHV��$�PDWKHPDWLFDO�IRUPXOD�RU�DOJRULWKP�

GHILQHV�WKH�FODVV�ERXQGDULHV��DQG�VR�VSH�
FLILF�FODVVHV�RI�LQWHUHVW�PD\�EH�VSOLW��7KXV��
WKH�DQDO\VW�VDFULILFHV�SUHFLVH�FRQWURO�RYHU�
FODVV�VSHFLILFDWLRQ�ZKHQ�DQ�DXWRPDWHG�FODV�
VLILFDWLRQ�LV�XVHG�

)LJXUH������GHVFULEHV�D�GDWD�OD\HU�ZH�
ZLOO�XVH�WR�LOOXVWUDWH�DXWRPDWLF�FODVV�DVVLJQ�
PHQW��7KH�ILJXUH�VKRZV�D�VHW�RI�³QHLJKERU�
KRRGV´�ZLWK�SRSXODWLRQV�WKDW�UDQJH�IURP���
WR�������:H�ZLVK�WR�GLVSOD\�WKH�QHLJKERU�
KRRGV�DQG�SRSXODWLRQV�LQ�WKUHH�GLVWLQFW�
FODVVHV��KLJK��PHGLXP��DQG�ORZ�SRSXODWLRQ��
+LJK�ZLOO�EH�VKRZQ�LQ�EODFN��PHGLXP�LQ�
JUD\��DQG�ORZ�LQ�ZKLWH��:H�PXVW�GHFLGH�
KRZ�WR�DVVLJQ�WKH�FDWHJRULHV�²�ZKDW�SRSX�
ODWLRQ�OHYHOV�GHILQH�KLJK��PHGLXP��DQG�
ORZ"�,Q�PDQ\�DSSOLFDWLRQV��WKH�FODVVLILFD�
WLRQ�OHYHOV�DUH�SUHYLRXVO\�GHILQHG��7KHUH�
PD\�EH�DQ�DJUHHG�XSRQ�VWDQGDUG�IRU�KLJK�
SRSXODWLRQ��DQG�ZH�ZRXOG�VLPSO\�XVH�WKLV�
OHYHO��+RZHYHU��LQ�PDQ\�LQVWDQFHV�WKH�
FODVVHV�DUH�QRW�GHILQHG��DQG�ZH�PXVW�
FKRRVH�WKHP�

)LJXUH�������1HLJKERUKRRG�SRO\JRQV�DQG�SRSXODWLRQ�OHYHOV�XVHG�LQ�VXEVHTXHQW�H[DPSOHV�RI�FODVVLILFDWLRQ�
DVVLJQPHQW��7KH�SRSXODWLRQV�IRU�WKHVH�������QHLJKERUKRRGV�UDQJH�IURP���WR��������7KH�KLVWRJUDP�DW�WKH�
ORZHU�ULJKW�VKRZV�WKH�IUHTXHQF\�GLVWULEXWLRQ��1RWH�WKDW�WKHUH�LV�D�EUHDN�LQ�WKH�FKDUW�EHWZHHQ�������DQG�
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)LJXUH������LQFOXGHV�D�EDU�JUDSK�
GHSLFWLQJ�WKH�SRSXODWLRQ�IUHTXHQF\�GLVWUL�
EXWLRQ��WKLV�W\SH�RI�EDU�JUDSK�LV�FRPPRQO\�
FDOOHG�D�KLVWRJUDP��7KH�IUHTXHQF\�KLVWR�
JUDP�VKRZV�WKH�QXPEHU�RI�QHLJKERUKRRGV�
WKDW�DUH�IRXQG�LQ�HDFK�EDU��RU�³ELQ´��RI�D�VHW�
RI�YHU\�QDUURZ�SRSXODWLRQ�FDWHJRULHV��)RU�
H[DPSOH��ZH�PD\�FRXQW�WKH�QXPEHU�RI�
QHLJKERUKRRGV�WKDW�KDYH�D�SRSXODWLRQ�
EHWZHHQ�������WR���������$SSUR[LPDWHO\�
�����RI�WKH�QHLJKERUKRRGV�KDYH�D�SRSXOD�
WLRQ�LQ�WKLV�UDQJH��VR�D�YHUWLFDO�EDU�FRUUH�
VSRQGLQJ�WR�����XQLWV�KLJK�LV�SORWWHG��:H�
FRXQW�DQG�SORW�WKH�KLVWRJUDP�YDOXHV�IRU�
HDFK�RI�RXU�QDUURZ�FDWHJRULHV��H�J���WKH�
QXPEHU�IURP���WR������IURP�����WR������
IURP�����WR�������XQWLO�WKH�KLJKHVW�SRSXOD�
WLRQ�YDOXH�LV�SORWWHG�

2XU�SULPDU\�GHFLVLRQ�LQ�FODVV�DVVLJQ�
PHQW�LV�ZKHUH�WR�SODFH�WKH�FODVV�ERXQGDU�
LHV��6KRXOG�ZH�SODFH�WKH�ERXQGDU\�EHWZHHQ�
WKH�ORZ�DQG�PHGLXP�SRSXODWLRQ�FODVVHV�DW�

�������RU�DW������"�:KHUH�VKRXOG�WKH�
ERXQGDU\�EHWZHHQ�PHGLXP�DQG�KLJK�SRSX�
ODWLRQ�FODVVHV�EH�SODFHG"�7KH�ORFDWLRQ�RI�
WKH�FODVV�ERXQGDULHV�ZLOO�FKDQJH�WKH�
DSSHDUDQFH�RI�WKH�PDS��DQG�DOVR�WKH�UHVXOW�
LQJ�FODVVLILFDWLRQ��

2QH�FRPPRQ�PHWKRG�IRU�DXWRPDWLF�
FODVVLILFDWLRQ�VSHFLILHV�WKH�QXPEHU�RI�RXW�
SXW�FODVVHV�DQG�UHTXHVWV�HTXDO�LQWHUYDO�
FODVVHV�RYHU�WKH�UDQJH�RI�LQSXW�YDOXHV��7KLV�
HTXDO�LQWHUYDO�FODVVLILFDWLRQ�VLPSO\�VXE�
WUDFWV�WKH�ORZHVW�YDOXH�RI�WKH�FODVVLILFDWLRQ�
YDULDEOH�IURP�WKH�KLJKHVW�YDOXH��DQG�
GHILQHV�HTXDO�ZLGWK�ERXQGDULHV�WR�ILW�WKH�
GHVLUHG�QXPEHU�RI�FODVVHV�LQWR�WKH�UDQJH��

)LJXUH������LOOXVWUDWHV�DQ�HTXDO�LQWHU�
YDO�FODVVLILFDWLRQ�IRU�WKH�SRSXODWLRQ�YDUL�
DEOH��7KUHH�FODVVHV�DVVLJQHG�RYHU�WKH�UDQJH�
RI���WR�������DUH�VSHFLILHG��(DFK�LQWHUYDO�LV�
DSSUR[LPDWHO\�RQH�WKLUG�RI�WKLV�UDQJH��7KLV�
UDQJH�LV�HYHQO\�GLYLGHG�E\��������7KH�VPDOO�

)LJXUH�������$Q�HTXDO�LQWHUYDO�FODVVLILFDWLRQ��7KH�UDQJH���WR�������LV�VSOLW�LQWR�WKUHH�HTXDO�SDUWV��
&RORUV�DUH�DVVLJQHG�DV�VKRZQ�LQ�WKH�PDS�RI�WKH�OD\HU��OHIW���DQG�LQ�WKH�IUHTXHQF\�SORW��ULJKW���1RWH�
WKH�UHODWLYHO\�IHZ�SRO\JRQV�DVVLJQHG�WR�WKH�KLJK�FODVVHV�LQ�EODFN��$�IHZ�QHLJKERUKRRGV�ZLWK�SRSXOD�
WLRQV�QHDU�������VKLIW�WKH�FODVV�ERXQGDULHV�XSZDUG�
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FODVV�H[WHQGV�IURP���WR��������WKH�PHGLXP�
FODVV�IURP�������WR��������DQG�WKH�ODUJH�
FODVV�IURP�������WR��������3RSXODWLRQ�FDWH�
JRULHV�DUH�VKRZQ�FRORUHG�DFFRUGLQJO\�RQ�
WKH�PDS�DQG�WKH�EDU�JUDSK��ZLWK�WKH�VPDOO�
�ZKLWH���PHGLXP��JUD\���DQG�ODUJH��EODFN��
FODVVHV�VKRZQ��

1RWH�WKDW�WKH�ORZ�SRSXODWLRQ�FODVV�
VKRZQ�LQ�ZKLWH�GRPLQDWHV�WKH�PDS��PRVW�RI�
WKH�QHLJKERUKRRGV�IDOO�LQ�WKLV�SRSXODWLRQ�
FODVV��7KLV�RIWHQ�KDSSHQV�ZKHQ�WKHUH�DUH�
IHDWXUHV�WKDW�KDYH�YDOXHV�PXFK�KLJKHU�WKDQ�
WKH�QRUP��7KHUH�DUH�D�IHZ�QHLJKERUKRRGV�
ZLWK�SRSXODWLRQV�DERYH��������WR�WKH�ULJKW�
RI�WKH�EUHDN�LQ�WKH�SRSXODWLRQ�D[LV�RI�WKH�
EDU�JUDSK���ZKLOH�PRVW�QHLJKERUKRRGV�KDYH�
SRSXODWLRQV�EHORZ��������7KH�RXWOLHUV�VKLIW�
WKH�FODVV�ERXQGDULHV�WR�KLJKHU�YDOXHV�������
DQG��������UHVXOWLQJ�LQ�PRVW�QHLJKERUKRRGV�
IDOOLQJ�LQ�WKH�VPDOO�SRSXODWLRQ�FDWHJRU\��

�$QRWKHU�FRPPRQ�PHWKRG�IRU�FODVV�
DVVLJQPHQW�UHVXOWV�LQ�DQ�HTXDO�DUHD�FODVVL�
ILFDWLRQ��)LJXUH��������&ODVV�ERXQGDULHV�DUH�
GHILQHG�WR�SODFH�DQ�HTXDO�SURSRUWLRQ�RI�WKH�
VWXG\�DUHD�LQWR�HDFK�RI�D�VSHFLILHG�QXPEHU�
RI�FODVVHV��7KLV�XVXDOO\�OHDGV�WR�D�YLVXDOO\�
EDODQFHG�PDS�EHFDXVH�DOO�FODVVHV�KDYH�
DSSUR[LPDWHO\�HTXDO�H[WHQWV��(TXDO�DUHD�
FODVVHV�DUH�RIWHQ�GHVLUDEOH��IRU�H[DPSOH��
ZKHQ�UHVRXUFHV�QHHG�WR�EH�GLVWULEXWHG�RYHU�
HTXDO�DUHDV��RU�ZKHQ�HTXDOO\�VL]HG�RYHUODS�
SLQJ�VDOHV�WHUULWRULHV�PD\�EH�VSHFLILHG��

&ODVV�ZLGWK�PD\�FKDQJH�FRQVLGHUDEO\�
ZLWK�DQ�HTXDO�DUHD�FODVVLILFDWLRQ��$Q�HTXDO�
DUHD�FODVVLILFDWLRQ�VHWV�FODVV�ERXQGDULHV�VR�
WKDW�HDFK�FODVV�FRYHUV�DSSUR[LPDWHO\�WKH�
VDPH�DUHD��$�FODVV�PD\�FRQVLVW�RI�D�IHZ�RU�
HYHQ�RQH�ODUJH�SRO\JRQ��7KLV�UHVXOWV�LQ�D�
VPDOO�UDQJH�IRU�WKH�ODUJH�SRO\JRQ�FODVVHV��
&ODVVHV�DOVR�WHQG�WR�KDYH�D�QDUURZ�UDQJH�RI�
YDOXHV�QHDU�WKH�SHDNV�LQ�WKH�KLVWRJUDP��
0DQ\�SRO\JRQV�DUH�UHSUHVHQWHG�DW�WKH�KLV�

)LJXUH�������(TXDO�DUHD�FODVVLILFDWLRQ��&ODVV�ERXQGDULHV�DUH�VHW�VXFK�WKDW�HDFK�FODVV�KDV�DSSUR[L�
PDWHO\�WKH�VDPH�WRWDO�DUHD��7KLV�RIWHQ�OHDGV�WR�D�VPDOOHU�UDQJH�ZKHQ�JURXSV�RI�IUHTXHQW�FODVVHV�DUH�
IRXQG��,Q�WKLV�LQVWDQFH�WKH�PHGLXP�FODVV�VSDQV�D�VPDOO�UDQJH��IURP�����WR��������ZKLOH�WKH�KLJK�SRS�
XODWLRQ�FODVV�VSDQV�D�UDQJH�WKDW�LV�DOPRVW����WLPHV�EURDGHU��IURP�������WR�������
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WRJUDP�SHDNV��DQG�VR�WKHVH�PD\�FRUUHVSRQG�
WR�ODUJH�DUHDV��%RWK�RI�WKHVH�HIIHFWV�DUH�
LOOXVWUDWHG�LQ�)LJXUH�������7KH�PLGGOH�FODVV�
RI�WKH�HTXDO�DUHD�FODVVLILFDWLRQ�RFFXUV�DW�
SRSXODWLRQ�YDOXHV�EHWZHHQ�����DQG�������
7KLV�UDQJH�RI�SRSXODWLRQV�LV�QHDU�WKH�SHDN�
LQ�WKH�IUHTXHQF\�KLVWRJUDP��DQG�WKHVH�SRS�
XODWLRQ�OHYHOV�DUH�DVVRFLDWHG�ZLWK�ODUJHU�
SRO\JRQV��7KLV�PLGGOH�FODVV�VSDQV�D�UDQJH�
RI�DSSUR[LPDWHO\�����SRSXODWLRQ�XQLWV��
ZKLOH�WKH�VPDOO�DQG�ODUJH�FODVVHV�VSDQ�QHDU�
����DQG�������SRSXODWLRQ�XQLWV��UHVSHF�
WLYHO\��

(TXDO�DUHD�DVVLJQPHQWV�PD\�EH�KLJKO\�
VNHZHG�ZKHQ�WKHUH�DUH�D�IHZ�SRO\JRQV�ZLWK�
ODUJH�DUHDV��DQG�WKHVH�SRO\JRQV�KDYH�VLPL�
ODU�YDOXHV��$OWKRXJK�QRW�RFFXUULQJ�LQ�RXU�
H[DPSOH��WKHUH�PD\�EH�D�UHODWLRQVKLS�
EHWZHHQ�WKH�SRSXODWLRQ�DQG�DUHD�IRU�D�IHZ�
QHLJKERUKRRGV��6XSSRVH�LQ�D�GDWD�VHW�VLPL�
ODU�WR�RXUV�WKHUH�LV�RQH�YHU\�ODUJH�QHLJKERU�
KRRG�GRPLQDWHG�E\�ODUJH�SDUNV��7KLV�

QHLJKERUKRRG�KDV�ERWK�WKH�ORZHVW�SRSXOD�
WLRQV�DQG�ODUJHVW�DUHD��$Q�HTXDO�DUHD�FODVVL�
ILFDWLRQ�PD\�SODFH�WKLV�QHLJKERUKRRG�LQ�LWV�
RZQ�FODVV��,I�D�ODUJH�SDUFHO�DOVR�RFFXUV�ZLWK�
KLJK�SRSXODWLRQ�OHYHOV��ZH�PD\�JHW�WKUHH�
FODVVHV��RQH�SDUFHO�LQ�WKH�VPDOO�FODVV��RQH�
SDUFHO�LQ�WKH�KLJK�SRSXODWLRQ�FODVV��DQG�DOO�
WKH�UHPDLQLQJ�SDUFHOV�LQ�WKH�PHGLXP�SRSX�
ODWLRQ�FODVV��:KLOH�PRVW�HTXDO�DUHD�FODVVLIL�
FDWLRQV�DUH�QRW�WKLV�H[WUHPH��XQLTXH�SDUFHOV�
PD\�VWURQJO\�DIIHFW�FODVV�UDQJHV�LQ�DQ�
HTXDO�DUHD�FODVVLILFDWLRQ�

:H�ZLOO�FRYHU�D�ILQDO�PHWKRG�IRU�DXWR�
PDWHG�FODVVLILFDWLRQ��D�PHWKRG�EDVHG�RQ�
QDWXUDO�EUHDNV��RU�JDSV��LQ�WKH�GDWD��)LJXUH�
�������1DWXUDO�EUHDNV�FODVVLILFDWLRQ�ORRNV�
IRU�³REYLRXV´�EUHDNV��,W�DWWHPSWV�WR�LGHQWLI\�
QDWXUDOO\�RFFXUULQJ�FOXVWHUV�RI�GDWD��QRW�
FOXVWHUV�EDVHG�RQ�WKH�VSDWLDO�UHODWLRQVKLSV��
EXW�UDWKHU�FOXVWHUV�EDVHG�RQ�DQ�RUGHULQJ�
YDULDEOH�

)LJXUH�������1DWXUDO�EUHDNV�FODVVLILFDWLRQ��%RXQGDULHV�EHWZHHQ�FODVVHV�DUH�SODFHG�ZKHUH�QDWXUDO�JDSV�
RU�ORZ�SRLQWV�RFFXU�LQ�WKH�IUHTXHQF\�GLVWULEXWLRQ�
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7KHUH�DUH�YDULRXV�PHWKRGV�XVHG�WR�
LGHQWLI\�QDWXUDO�EUHDNV��/DUJH�JDSV�LQ�DQ�
RUGHUHG�OLVW�RI�YDOXHV�DUH�RQH�FRPPRQ�
PHWKRG��7KH�YDOXHV�DUH�OLVWHG�IURP�ORZHVW�
WR�KLJKHVW��DQG�WKH�ODUJHVW�JDSV�LQ�YDOXHV�
VHOHFWHG��%DUULQJ�JDSV��ORZ�SRLQWV�LQ�WKH�
IUHTXHQF\�KLVWRJUDP�PD\�EH�LGHQWLILHG��
7KHUH�LV�XVXDOO\�DQ�HIIRUW�WR�EDODQFH�WKH�
QHHG�IRU�UHODWLYHO\�ZLGH�DQG�HYHQO\�GLVWULE�
XWHG�FODVVHV�DQG�WKH�VHDUFK�IRU�QDWXUDO�JDSV��
0DQ\�QDUURZ�FODVVHV�DQG�RQH�ODUJH�FODVV�
PD\�QRW�EH�DFFHSWDEOH�LQ�PDQ\�LQVWDQFHV��
DQG�WKHUH�PD\�EH�FDVHV�ZKHUH�WKH�VSHFLILHG�
QXPEHU�RI�JDSV�GRHV�QRW�RFFXU�LQ�WKH�GDWD�
KLVWRJUDP��0RUH�FODVVHV�PD\�EH�UHTXHVWHG�
WKDQ�REYLRXV�JDSV��VR�VRPH�QDWXUDO�EUHDN�
PHWKRGV�LQFOXGH�DQ�DOWHUQDWLYH�PHWKRG��IRU�
H[DPSOH��HTXDOO\�VSDFHG�LQWHUYDOV��IRU�SRU�
WLRQV�RI�WKH�KLVWRJUDP�ZKHUH�QR�QDWXUDO�
JDSV�RFFXU��

)LJXUH������LOOXVWUDWHV�D�QDWXUDO�EUHDN�
FODVVLILFDWLRQ��7ZR�EUHDNV�DUH�HYLGHQW�LQ�
WKH�KLVWRJUDP��RQH�QHDU������DQG�RQH�QHDU�
�����SHUVRQV�SHU�QHLJKERUKRRG��6PDOO��
PHGLXP��DQG�ODUJH�SRSXODWLRQV�DUH�
DVVLJQHG�DW�WKHVH�MXQFWXUHV��

)LJXUH������WKURXJK�)LJXUH������LOOXV�
WUDWH�DQ�LPSRUWDQW�SRLQW��\RX�PXVW�EH�FDUH�
IXO�ZKHQ�LQWHUSUHWLQJ�FODVV�PDSV��EHFDXVH�
WKH�DSSDUHQW�UHODWLYH�LPSRUWDQFH�RI�FDWHJR�
ULHV�PD\�EH�PDQLSXODWHG�E\�DOWHULQJ�WKH�
VWDUWLQJ�DQG�HQGLQJ�YDOXHV�LQ�HDFK�FODVV��
)LJXUH������VXJJHVWV�PRVW�QHLJKERUKRRGV�
DUH�ORZ�SRSXODWLRQ��)LJXUH������VXJJHVWV�
WKDW�KLJK�SRSXODWLRQ�QHLJKERUKRRGV�FRYHU�
WKH�ODUJHVW�DUHDV�DQG�WKDW�WKH\�DUH�ZHOO�
PL[HG�ZLWK�DUHDV�RI�ORZHU�SRSXODWLRQ��
ZKLOH�)LJXUH������LQGLFDWHV�WKH�DUHD�LV�
GRPLQDWHG�E\�ORZ�DQG�PHGLXP�SRSXODWLRQ�
QHLJKERUKRRGV��3UHFLVHO\�EHFDXVH�WKHUH�DUH�
QR�REMHFWLYHO\�GHILQHG�SRSXODWLRQ�ERXQGDU�
LHV��ZH�KDYH�JUHDW�IOH[LELOLW\�LQ�PDQLSXODW�
LQJ�WKH�LPSUHVVLRQ�ZH�FUHDWH��7KH�OHJHQG�LQ�
FODVV�PDSV�VKRXOG�EH�VFUXWLQL]HG��DQG�WKH�
UDQJH�EHWZHHQ�FODVV�ERXQGDULHV�QRWHG����

7KH�0RGLILDEOH�$UHDO�8QLW�3URE�
OHP�

:KHQ�WKHUH�DUH�QR�REMHFWLYHO\�UHFRJQL]�
DEOH�FDWHJRULHV��SRO\JRQV�PD\�EH�UHFODVVL�
ILHG�DQG�JURXSHG�LQ�PDQ\�ZD\V�7KH�
DJJUHJDWH�YDOXHV�IRU�WKH�FODVVLILHG�SRO\JRQV��
VXFK�DV�FODVV�SRSXODWLRQ��DJH��DQG�LQFRPH��
ZLOO�GHSHQG�RQ�WKH�VL]H��VKDSH��DQG�ORFDWLRQ�
RI�WKH�DJJUHJDWHG�SRO\JRQV��)LJXUH��������
7KLV�JHQHUDO�SKHQRPHQRQ��NQRZQ�DV�WKH�
PRGLILDEOH�DUHDO�XQLW�SUREOHP�RU�0$83��KDV�
EHHQ�H[SORLWHG�E\�SROLWLFLDQV�WR�UHGUDZ�SROLW�
LFDO�ERXQGDULHV�WR�RQH�SDUW\�RU�DQRWKHU¶V�²�
EXW�JHQHUDOO\�QRW�WKH�FRXQWU\¶V�²�DGYDQWDJH��
7KH�SURFHVV�RI�DJJUHJDWLQJ�QHLJKERUKRRGV�
WR�FUHDWH�PDMRULW\�EORFNV�IRU�SROLWLFDO�DGYDQ�
WDJH�ZDV�QDPHG�JHUU\PDQGHULQJ�DIWHU�0DV�
VDFKXVHWWV�JRYHUQRU�(OEULGJH�*HUU\��ZKHQ�KH�
FUDIWHG�D�SROLWLFDO�GLVWULFW�VKDSHG�OLNH�D�VDOD�
PDQGHU�

7KHUH�DUH�WZR�SULPDU\�FKDUDFWHULVWLFV�RI�
WKH�0$83�WKDW�PD\�EH�PDQLSXODWHG�WR�DIIHFW�
DJJUHJDWH�SRO\JRQ�YDOXHV��7KH�ILUVW�LV�WKH�
]RQLQJ�HIIHFW��WKDW�DJJUHJDWH�VWDWLVWLFV�PD\�
FKDQJH�E\�WKH�VKDSH�RI�WKH�XQLWV��DQG�WKH�VHF�
RQG�LV�WKH�VL]H�HIIHFW��WKDW�DJJUHJDWH�VWDWLVWLFV�
PD\�FKDQJH�ZLWK�WKH�DUHD�RI�WKH�XQLWV��)RU�
H[DPSOH��WKH�PHDQ�LQFRPH�RI�D�XQLW�ZLOO�
FKDQJH�ZKHQ�WKH�ERXQGDULHV�RI�D�XQLW�
FKDQJH��HLWKHU�EHFDXVH�RI�D�FKDQJH�LQ�]RQH�
RU�D�FKDQJH�LQ�VL]H�

0$83�HIIHFWV�PD\�VXEVWDQWLDOO\�LQIOX�
HQFH�WKH�YDOXHV�IRU�HDFK�XQLW��DQG�KHQFH�VXE�
VHTXHQW�DQDO\VLV��2SHQVKDZ�DQG�7D\ORU�
SXEOLVKHG�UHVXOWV�LQ������WKDW�LOOXVWUDWH�
0$83�GHSHQGHQFLHV�SDUWLFXODUO\�ZHOO��7KH\�
DQDO\]HG�WKH�SHUFHQWDJH�RI�HOGHUO\�YRWHUV�
DQG�WKH�QXPEHU�RI�5HSXEOLFDQ�YRWHUV�IRU�WKH�
���FRXQWLHV�LQ�,RZD��7KH\�VKRZHG�WKDW�WKH�
FRUUHODWLRQ�EHWZHHQ�WKH�HOGHUO\�YRWHUV�DQG�
5HSXEOLFDQ�YRWHU�QXPEHUV�UDQJHG�IURP������
WR�������E\�YDU\LQJ�WKH�VFDOH�DQG�DJJUHJDWLRQ�
XQLWV�WKDW�JURXSHG�FRXQWLHV��$GGLWLRQDO�ZRUN�
KDV�VKRZQ�WKDW�PXOWLYDULDWH�VWDWLVWLFDO�PRG�
HOV�EDVHG�RQ�DJJUHJDWH�GDWD�DUH�VLPLODUO\�
GHSHQGHQW�RQ�WKH�DJJUHJDWLRQ�XQLWV��OHDGLQJ�
WR�FRQWUDGLFWRU\�UHVXOWV�SUHGLFWLRQV�

1XPHURXV�VWXGLHV�RI�WKH�0$83�KDYH�
VKRZQ�KRZ�WR�LGHQWLI\�DQG�RU�UHGXFH�WKH�SUL�



� &KDSWHU����%DVLF�6SDWLDO�$QDO\VHV ���

PDU\�QHJDWLYH�LPSDFWV�RI�WKH�]RQLQJ�DQG�VL]H�
HIIHFWV��7KH�SULPDU\�UHFRPPHQGDWLRQ�LV�WR�
ZRUN�ZLWK�WKH�EDVLF�XQLWV�RI�PHDVXUH��,Q�RXU�
FHQVXV�H[DPSOH��WKLV�ZRXOG�EH�WR�FROOHFW�DQG�
PDLQWDLQ�LQIRUPDWLRQ�RQ�WKH�LQGLYLGXDO�SHU�
VRQ�RU�KRXVHKROG��7KLV�LV�RIWHQ�QRW�SRVVLEOH��
IRU�H[DPSOH��DJJUHJDWLRQ�LV�VSHFLILFDOO\�
UHTXLUHG�WR�PDLQWDLQ�WKH�DQRQ\PLW\�RI�WKH�
FHQVXV�UHVSRQGHQWV��+RZHYHU��PDQ\�HIIRUWV�
DOORZ�UHFRUGLQJ�DQG�PDLQWDLQLQJ�GDWD�RQ�WKH�
SULPDU\�XQLWV�ZLWKLQ�D�*,6�IUDPHZRUN��DQG�
WKLV�VKRXOG�EH�LPSOHPHQWHG�ZKHQ�SRVVLEOH�

$�VHFRQG�ZD\�WR�DGGUHVV�WKH�0$83�LV�
EDVHG�RQ�RSWLPDO�]RQLQJ��=RQHV�DUH�GHVLJQHG�
WR�PD[LPL]H�YDULDWLRQ�EHWZHHQ�]RQHV�ZKLOH�
PLQLPL]LQJ�YDULDWLRQ�ZLWKLQ�]RQHV��2SWLPDO�
]RQHV�DUH�GLIILFXOW�WR�GHILQH�IRU�PRUH�WKDQ�
RQH�YDULDEOH��EHFDXVH�YDULDEOHV�RIWHQ�GR�QRW�
FKDQJH�LQ�FRQFHUW��)RU�H[DPSOH��DQ�RSWLPDO�
VHW�RI�]RQHV�IRU�GHWHUPLQLQJ�WUDIILF�GHQVLWLHV�
PD\�QRW�EH�DQ�RSWLPDO�IRU�DYHUDJH�DJH��2OG�
SHRSOH�DUH�QR�PRUH�QRU�OHVV�OLNHO\�WR�OLYH�

QHDU�EXV\�RU�ORZ�WUDIILF�URDGV��2SWLPXP�
]RQLQJ�DSSURDFKHV�DUH�EHVW�DSSOLHG�ZKHQ�
LQWHUHVW�LQ�RQH�YDULDEOH�SUHGRPLQDWHV�

$QRWKHU�DSSURDFK�WR�VROYLQJ�WKH�0$83�
LQYROYHV�FRQGXFWLQJ�D�VHW�RI�VHQVLWLYLW\�DQDO�
\VHV��8QLWV�DUH�DJJUHJDWHG�DQG�UH]RQHG�
DFURVV�D�UDQJH�RI�VL]HV�DQG�VKDSHV�DQG�WKH�
DQDO\VHV�SHUIRUPHG�IRU�HDFK�VHW��&KDQJHV�LQ�
WKH�UHVXOWV�DUH�REVHUYHG��DQG�WKH�VHQVLWLYLW\�
WR�]RQH�ERXQGDULHV�DQG�VL]HV�QRWHG��7KHVH�
WHVWV�PD\�LGHQWLI\�WKH�UHODWLYH�VHQVLWLYLWLHV�RI�
GLIIHUHQW�YDULDEOHV�WR�VL]H�DQG�]RQLQJ�HIIHFWV��
5REXVW�UHVXOWV�PD\�EH�LGHQWLILHG��IRU�H[DP�
SOH��DYHUDJH�DJH�PD\�QRW�FKDQJH�RYHU�D�
UDQJH�RI�VL]HV�DQG�XQLW�FRPELQDWLRQV��\HW�
PD\�FKDQJH�VXEVWDQWLDOO\�RYHU�D�QDUURZ�
UDQJH�RI�VL]HV�LQ�VRPH�DUHDV��7KLV�DSSURDFK�
UHTXLUHV�PDQ\�FRPSXWDWLRQV��EHFDXVH�LW�XVHV�
UHSOLFDWHG�UXQV�IRU�HDFK�VHW�RI�YDULDEOHV��
]RQH�OHYHOV��DQG�VKDSHV��7KLV�RIWHQ�RYHU�
ZKHOPV�WKH�DYDLODEOH�FRPSXWLQJ�UHVRXUFHV�
IRU�PDQ\�SUREOHPV�DQG�DJHQFLHV��

)LJXUH�������$Q�H[DPSOH�RI�WKH�PRGLILDEOH�DUHDO�XQLW�SUREOHP��0$83���&HQVXV�EORFNV��XSSHU�OHIW��KDYH�
EHHQ�DJJUHJDWHG�LQ�YDULRXV�ZD\V�WR�SURGXFH�XQLWV�WKDW�VKRZ�GLIIHUHQW�PHDQ�SRSXODWLRQ�DJH��$OO�XQLWV�DUH�
DSSUR[LPDWHO\�HTXDO�LQ�VL]H��1RWH�WKDW�WKH�QXPEHU�RI�]RQHV�ZLWK�D�PHDQ�DJH�RYHU����FDQ�EH�RQH��XSSHU�
ULJKW���WZR��ORZHU�OHIW���RU�WKUHH��ORZHU�ULJKW���DQG�WKDW�DQ�LQGLYLGXDO�EORFN��VPDOO�FLUFOH��XSSHU�OHIW�TXDG�
UDQW��PD\�EH�LQ�D�SRO\JRQ�ZLWK�D�PHDQ�DJH�LQ�WKH���V����V��RU���V��GHSHQGLQJ�RQ�XQLW�VKDSH�
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'LVVROYH
$�GLVVROYH�IXQFWLRQ�LV�SULPDULO\�XVHG�WR�

FRPELQH�VLPLODU�IHDWXUHV�ZLWKLQ�D�GDWD�
OD\HU��$GMDFHQW�SRO\JRQV�PD\�KDYH�LGHQWL�
FDO�YDOXHV�IRU�DQ�DWWULEXWH��)RU�H[DPSOH��D�
ZHWODQGV�GDWD�OD\HU�PD\�VSHFLI\�SRO\JRQV�
ZLWK�VHYHUDO�VXEFODVVHV��VXFK�DV�ZRRGHG�
ZHWODQGV��KHUEDFHRXV�ZHWODQGV��RU�RSHQ�
ZDWHU��,I�DQ�DQDO\VLV�UHTXLUHV�ZH�LGHQWLI\�
RQO\�WKH�ZHWODQG�DUHDV�YV��WKH�XSODQG�DUHDV��
WKHQ�ZH�PD\�ZLVK�WR�GLVVROYH�DOO�ERXQGDU�
LHV�EHWZHHQ�DGMDFHQW�ZHWODQGV��:H�DUH�RQO\�
LQWHUHVWHG�LQ�SUHVHUYLQJ�WKH�ZHWODQG�XSODQG�
ERXQGDULHV��

'LVVROYH�RSHUDWLRQV�DUH�XVXDOO\�DSSOLHG�
EDVHG�RQ�D�VSHFLILF�³GLVVROYH´�DWWULEXWH�
DVVRFLDWHG�ZLWK�HDFK�IHDWXUH��$�YDOXH�RU�VHW�
RI�YDOXHV�LV�LGHQWLILHG�WKDW�EHORQJV�LQ�WKH�
VDPH�JURXSLQJ��(DFK�OLQH�WKDW�VHUYHV�DV�D�
ERXQGDU\�EHWZHHQ�WZR�SRO\JRQ�IHDWXUHV�LV�

DVVHVVHG��7KH�YDOXHV�IRU�WKH�GLVVROYH�DWWUL�
EXWH�DUH�FRPSDUHG�DFURVV�WKH�ERXQGDU\�
OLQH��,I�WKH�YDOXHV�DUH�WKH�VDPH��WKH�ERXQG�
DU\�OLQH�LV�UHPRYHG��RU�GLVVROYHG�DZD\��,I�
WKH�YDOXHV�IRU�WKH�GLVVROYH�DWWULEXWH�GLIIHU�
DFURVV�WKH�ERXQGDU\��WKH�ERXQGDU\�OLQH�LV�
OHIW�LQWDFW��

)LJXUH������LOOXVWUDWHV�WKH�GLVVROYH�
RSHUDWLRQ�WKDW�SURGXFHV�D�ELQDU\�FODVVLILFD�
WLRQ��7KLV�FODVVLILFDWLRQ�SODFHV�HDFK�VWDWH�RI�
WKH�FRQWLJXRXV�8QLWHG�6WDWHV�LQWR�RQH�RI�
WZR�FDWHJRULHV��WKRVH�HQWLUHO\�ZHVW�RI�WKH�
0LVVLVVLSSL�5LYHU��1��DQG�WKRVH�HDVW�RI�WKH�
0LVVLVVLSSL�5LYHU��0���7KH�DWWULEXWH�QDPHG�
is_west�FRQWDLQV�YDOXHV�LQGLFDWLQJ�ORFDWLRQ��
$�GLVVROYH�RSHUDWLRQ�DSSOLHG�RQ�WKH�YDUL�
DEOH�is_west�UHPRYHV�DOO�VWDWH�ERXQGDULHV�
EHWZHHQ�VLPLODU�VWDWHV��7KLV�UHGXFHV�WKH�VHW�
IURP����SRO\JRQV�WR�WZR�SRO\JRQV��

)LJXUH�������$Q�LOOXVWUDWLRQ�RI�D�GLVVROYH�RSHUDWLRQ��%RXQGDULHV�DUH�UHPRYHG�ZKHQ�WKH\�VHSDUDWH�VWDWHV�
ZLWK�WKH�VDPH�YDOXH�IRU�WKH�GLVVROYH�DWWULEXWH�is_west�
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'LVVROYH�RSHUDWLRQV�DUH�RIWHQ�QHHGHG�
SULRU�WR�DSSO\LQJ�DQ�DUHD�EDVHG�VHOHFWLRQ�LQ�
VSDWLDO�DQDO\VLV��)RU�H[DPSOH��ZH�PD\�ZLVK�
WR�VHOHFW�DUHDV�IURP�WKH�QDWXUDO�EUHDNV�FODV�
VLILFDWLRQ�VKRZQ�RQ�WKH�OHIW�RI�)LJXUH�������
:H�VHHN�SRO\JRQV�WKDW�DUH�JUHDWHU�WKDQ���
PL��LQ�DUHD�DQG�KDYH�D�PHGLXP�SRSXODWLRQ��
7KH�SRO\JRQV�PD\�EH�FRPSRVHG�RI�PXOWL�
SOH�QHLJKERUKRRGV��:H�W\SLFDOO\�PXVW�GLV�
VROYH�WKH�ERXQGDULHV�EHWZHHQ�DGMDFHQW��
PHGLXP�VL]HG�QHLJKERUKRRGV�SULRU�WR�
DSSO\LQJ�WKH�VL]H�WHVW��2WKHUZLVH��WZR�DGMD�
FHQW��PHGLXP�SRSXODWLRQ�QHLJKERUKRRGV�
PD\�EH�GLVFDUGHG�EHFDXVH�ERWK�FRYHU�
DSSUR[LPDWHO\���PL���7KHLU�WRWDO�DUHD�LV���
PL���DERYH�WKH�VSHFLILHG�WKUHVKROG��\HW�WKH\�
ZLOO�QRW�EH�VHOHFWHG�XQOHVV�D�GLVVROYH�LV�
DSSOLHG�ILUVW��

�'LVVROYHV�DUH�DOVR�KHOSIXO�LQ�UHPRYLQJ�
XQQHHGHG�LQIRUPDWLRQ��$IWHU�WKH�FODVVLILFD�
WLRQ�LQWR�VPDOO��PHGLXP��DQG�ODUJH�VL]H�
FODVVHV��PDQ\�ERXQGDULHV�PD\�EHFRPH�
UHGXQGDQW��8QQHHGHG�ERXQGDULHV�PD\�
LQIODWH�VWRUDJH�DQG�VORZ�SURFHVVLQJ��$�GLV�
VROYH�KDV�WKH�DGYDQWDJH�RI�UHPRYLQJ�
XQQHHGHG�JHRJUDSKLF�DQG�WDEXODU�GDWD��
WKHUHE\�VLPSOLI\LQJ�GDWD��LPSURYLQJ�SUR�
FHVVLQJ�VSHHG��DQG�UHGXFLQJ�GDWD�YROXPHV��

)LJXUH������LOOXVWUDWHV�WKH�VSDFH�VDYLQJ�
DQG�FRPSOH[LW\�UHGXFWLRQ�FRPPRQ�ZKHQ�
DSSO\LQJ�D�GLVVROYH�IXQFWLRQ��7KH�QXPEHU�
RI�SRO\JRQV�LV�UHGXFHG�DSSUR[LPDWHO\�QLQH�
IROG�E\�WKH�GLVVROYH��IURP�������RQ�WKH�OHIW�
WR�����SRO\JRQV�RQ�WKH�ULJKW�RI�)LJXUH������

)LJXUH�������$Q�H[DPSOH�RI�D�GLVVROYH�RSHUDWLRQ��1RWH�WKH�UHPRYDO�RI�OLQHV�VHSDUDWLQJ�SRO\�
JRQV�RI�WKH�VDPH�VL]H�FODVV��7KLV�JUHDWO\�UHGXFHV�WKH�QXPEHU�RI�SRO\JRQV�
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$WWULEXWH�$JJUHJDWLRQ�LQ�D�'LV�
VROYH�2SHUDWLRQ

:H�RIWHQ�ZLVK�WR�WUDQVIHU�LQIRUPDWLRQ�
LQ�WKH�DWWULEXWH�WDEOH�ZKHQ�DSSO\LQJ�D�GLV�
VROYH�IXQFWLRQ��)RU�H[DPSOH��ZH�PD\�ZLVK�
WR�ILQG�WKH�WRWDO�SRSXODWLRQ�RI�D�VHW�RI�
QHLJKERUKRRGV�WKDW�DUH�ZLWKLQ�ZDONLQJ�GLV�
WDQFH�RI�D�VHW�RI�EXV�VWRSV��(DFK�QHLJKERU�
KRRG�SRO\JRQ�FRQWDLQV�D�SRSXODWLRQ�FRXQW�
DWWULEXWH��DQG�ZH�ZLVK�WR�VXP�WKH�YDOXHV�
DFURVV�WKH�QHLJKERUKRRGV�WKDW�FRUUHVSRQG�
WR�HDFK�EXV�VWRS��7KH�QHZ�GLVVROYHG�SRO\�
JRQV��UHSUHVHQWLQJ�WKH�QHLJKERUKRRGV�FORV�
HVW�WR�HDFK�EXV�VWRS��ZLOO�FRQWDLQ�D�VXPPHG�
SRSXODWLRQ�YDULDEOH��:H�PLJKW�WKHQ�GR�IXU�
WKHU�DQDO\VLV�WR�LGHQWLI\�DUHDV�ZKHUH�QHZ�
EXV�VWRSV�PLJKW�EH�QHHGHG��RU�WR�UHFRP�
PHQG�D�FKDQJH�LQ�EXV�IUHTXHQF\�

$JJUHJDWLRQ�IXQFWLRQV�DOORZ�XV�WR�SUH�
VHUYH�LQIRUPDWLRQ�LQ�D�GLVVROYH�RSHUDWLRQ��
7\SLFDOO\�ZH�PD\�VXP��DYHUDJH��FDOFXODWH�
WKH�UDQJH��PD[LPXP��PLQLPXP��RU�RWKHU�
FRPPRQ�VWDWLVWLFV��DQG�DVVLJQ�WKHVH�WR�WKH�
RXWSXW�SRO\JRQV��7KH�IXQFWLRQV�ILUVW�LGHQ�
WLI\�WKH�DGMDFHQW�SRO\JRQV�WKDW�ZLOO�EH�FRP�
ELQHG�WR�IRUP�WKH�QHZ�SRO\JRQV��DQG�WKHQ�
DSSO\�WKH�VSHFLILHG�RSHUDWLRQ�WR�WDUJHW�DWWUL�
EXWH�YDULDEOHV��)LJXUH������GLDJUDPV�D�GLV�
VROYH�WKDW�VXPV�FRVW�DFURVV�LQSXW�SRO\JRQV��
$GMDFHQW�SRO\JRQV�RI�WKH�VDPH�W\SH�DUH�
FRPELQHG��DQG�WKH�YDOXHV�RI�WKH�FRPSRQHQW�
SRO\JRQV�VXPPHG��'LIIHUHQW�DQDO\VHV�
PLJKW�UHTXLUH�GLIIHUHQW�DJJUHJDWLRQ�VWDWLV�
WLFV��H�J���DYHUDJH��PD[LPXP��RU�UDQJH�
�)LJXUH�������

6RPH�RI�WKH�YDULDEOHV�PLJKW�EH�QRQ�
VHQVLFDO�DV�LQSXWV�RU�DV�RXWSXWV��VR�FDUH�
PXVW�EH�WDNHQ�ZKHQ�DJJUHJDWLQJ�GXULQJ�D�
GLVVROYH��7KLV�LV�SDUWLFXODUO\�WUXH�IRU�DUHD�
DYHUDJHG�YDOXHV��RU�IRU�FDWHJRULFDO�RU�RUGL�

)LJXUH�������$Q�H[DPSOH�DJJUHJDWLRQ�GXULQJ�D�GLVVROYH�RSHUDWLRQ��$GMDFHQW�SRO\JRQV�RI�WKH�VDPH�W\SH�DUH�
FRPELQHG��)RU�HDFK�FRPELQDWLRQ��WKH�LQSXW�SRO\JRQV�FRVWV�DUH�VXPPHG�DQG�WKLV�VXP�DVVLJQHG�WR�D�FRVW�YDUL�
DEOH�IRU�WKH�DJJUHJDWHG�SRO\JRQ�LQ�WKH�RXWSXW�GDWD�OD\HU�
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QDO�YDOXHV�DV�LQSXWV��,I�,�DYHUDJH�WKH�DYHU�
DJH�SRSXODWLRQ�RI�WZR�LQSXW�SRO\JRQV��,�
ZLOO�JHW�DQ�HUURQHRXV�DYHUDJH�IRU�WKH�RXWSXW�
SRO\JRQ��H[FHSW�LQ�WKH�UDUH�FDVH�ZKHQ�ERWK�
SRO\JRQV�KDYH�WKH�VDPH�DUHD��3URRI�RI�WKLV�

LV�OHIW�WR�WKH�UHDGHU��$JJUHJDWHV�RI�FDWHJRUL�
FDO�RU�RUGLQDO�YDULDEOHV�DOVR�UHTXLUH�FDX�
WLRQ��DV�WKH�DYHUDJH�RU�VXP�RI�RUGLQDO�RU�
FDWHJRU\�YDOXHV�KDV�PHDQLQJ�LQ�UHODWLYHO\�
IHZ�DSSOLFDWLRQV��

)LJXUH�������'LIIHUHQW�DJJUHJDWLRQ�RSHUDWLRQV�PD\�EH�DSSOLHG��DQG�DSSURSULDWH��IRU�GLIIHUHQW�LQSXW�YDULDEOHV��
+HUH�DUH�H[DPSOHV�RI�VXP��DYHUDJH��DQG�PD[LPXP�RSHUDWLRQV�DSSOLHG�GXULQJ�D�GLVVROYH�RSHUDWLRQ�
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3UR[LPLW\�)XQFWLRQV�DQG�%XIIHULQJ
3UR[LPLW\�IXQFWLRQV�RU�RSHUDWLRQV�DUH�

DPRQJ�WKH�PRVW�SRZHUIXO�DQG�FRPPRQ�
VSDWLDO�DQDO\VLV�WRROV��0DQ\�LPSRUWDQW�
TXHVWLRQV�KLQJH�RQ�SUR[LPLW\��WKH�GLVWDQFH�
EHWZHHQ�IHDWXUHV�RI�LQWHUHVW��+RZ�FORVH�DUH�
VFKRROV�WR�DQ�RLO�UHILQHU\��ZKDW�QHLJKERU�
KRRGV�DUH�IDU�IURP�FRQYHQLHQFH�VWRUHV��DQG�
ZKLFK�KRPHV�ZLOO�EH�DIIHFWHG�E\�DQ�
LQFUHDVH�LQ�IUHHZD\�QRLVH"�0DQ\�TXHVWLRQV�
UHJDUGLQJ�SUR[LPLW\�DUH�DQVZHUHG�WKURXJK�
VSDWLDO�DQDO\VHV�LQ�D�*,6��+HUH�ZH�IRFXV�RQ�
SUR[LPLW\�IXQFWLRQV�WKDW�FUHDWH�QHZ�IHD�
WXUHV�DQG�OD\HUV��UDWKHU�WKDQ�SUR[LPLW\�
VHOHFWLRQ��GHVFULEHG�HDUOLHU��

3UR[LPLW\�IXQFWLRQV�PRGLI\�H[LVWLQJ�
IHDWXUHV�RU�FUHDWH�QHZ�IHDWXUHV�WKDW�GHSHQG�
LQ�VRPH�ZD\�RQ�GLVWDQFH��)RU�H[DPSOH��RQH�
VLPSOH�SUR[LPLW\�IXQFWLRQ�FUHDWHV�D�UDVWHU�
RI�WKH�PLQLPXP�GLVWDQFH�IURP�D�VHW�RI�IHD�
WXUHV��)LJXUH��������7KH�ILJXUH�VKRZV�D�GLV�
WDQFH�IXQFWLRQ�DSSOLHG�WR�ZDWHU�KROHV�LQ�D�
ZLOGOLIH�UHVHUYH��:DWHU�LV�D�FUXFLDO�UHVRXUFH�
IRU�QHDUO\�DOO�DQLPDOV��DQG�WKH�UHVHUYH�PDQ�
DJHUV�PD\�ZLVK�WR�HQVXUH�WKDW�PRVW�RI�WKH�
DUHD�LV�ZLWKLQ�D�VKRUW�GLVWDQFH�RI�ZDWHU��,Q�
WKLV�LQVWDQFH�SRLQW�IHDWXUHV�DUH�HQWHUHG�WKDW�
UHSUHVHQW�WKH�ORFDWLRQ�RI�SHUPDQHQW�ZDWHU��

:DWHU�KROHV�DUH�UHSUHVHQWHG�E\�LQGLYLGXDO�
SRLQWV��DQG�ULYHUV�E\�D�JURXS�RI�SRLQWV�VHW�
DORQJ�WKH�ULYHU�FRXUVH��$�SUR[LPLW\�IXQF�
WLRQ�FDOFXODWHV�WKH�GLVWDQFH�WR�DOO�ZDWHU�
SRLQWV�IRU�HDFK�UDVWHU�FHOO��7KH�PLQLPXP�
GLVWDQFH�LV�VHOHFWHG�DQG�SODFHG�LQ�DQ�RXWSXW�
UDVWHU�GDWD�OD\HU��)LJXUH��������7KH�GLV�
WDQFH�IXQFWLRQ�FUHDWHV�D�PRVDLF�RI�ZKDW�
DSSHDU�WR�EH�RYHUODSSLQJ�FLUFOHV��$OWKRXJK�
WKH�VKDGLQJ�VFKHPH�VKRZV�DSSDUHQWO\�
DEUXSW�WUDQVLWLRQV��WKH�UDVWHU�FHOOV�FRQWDLQ�D�
VPRRWK�JUDGLHQW�LQ�GLVWDQFH�DZD\�IURP�
HDFK�ZDWHU�IHDWXUH��

'LVWDQFH�YDOXHV�DUH�PRVW�RIWHQ�FDOFX�
ODWHG�EDVHG�RQ�WKH�3\WKDJRUHDQ�IRUPXOD�
�)LJXUH��������7KHVH�YDOXHV�DUH�W\SLFDOO\�
FDOFXODWHG�IURP�FHOO�FHQWHU�WR�FHOO�FHQWHU�
ZKHQ�DSSOLHG�WR�D�UDVWHU�GDWD�VHW��$OWKRXJK�
DQ\�GLVWDQFH�LV�SRVVLEOH��WKH�GLVWDQFHV�
EHWZHHQ�DGMDFHQW�FHOOV�FKDQJH�LQ�GLVFUHWH�
LQWHUYDOV�UHODWHG�WR�WKH�FHOO�VL]H��1RWH�WKDW�
GLVWDQFHV�DUH�QRW�UHVWULFWHG�WR�HYHQ�PXOWL�
SOHV�RI�WKH�FHOO�VL]H��EHFDXVH�GLVWDQFHV�PHD�
VXUHG�RQ�GLDJRQDO�DQJOHV�DUH�QRW�HYHQ�
PXOWLSOHV�RI�WKH�FHOO�GLPHQVLRQ��7KHUH�PD\�

)LJXUH�������$Q�H[DPSOH�RI�D�GLVWDQFH�IXQFWLRQ��7KLV�GLVWDQFH�IXQFWLRQ�LV�DSSOLHG�WR�D�SRLQW�GDWD�OD\HU�DQG�
FUHDWHV�D�UDVWHU�GDWD�OD\HU��7KH�UDVWHU�OD\HU�FRQWDLQV�WKH�GLVWDQFH�WR�WKH�QHDUHVW�ZDWHU�IHDWXUH��
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EH�QR�FHOOV�WKDW�DUH�H[DFWO\�VRPH�IL[HG�GLV�
WDQFH�DZD\�IURP�WKH�WDUJHW�IHDWXUHV��KRZ�
HYHU��WKHUH�PD\�EH�PDQ\�FHOOV�OHVV�WKDQ�RU�
JUHDWHU�WKDQ�WKDW�IL[HG�GLVWDQFH��

%XIIHUV
�%XIIHULQJ�LV�RQH�RI�WKH�PRVW�FRP�

PRQO\�XVHG�SUR[LPLW\�IXQFWLRQV��$�EXIIHU�
LV�D�UHJLRQ�WKDW�LV�OHVV�WKDQ�RU�HTXDO�WR�D�
VSHFLILHG�GLVWDQFH�IURP�RQH�RU�PRUH�IHD�
WXUHV��)LJXUH��������%XIIHUV�PD\�EH�GHWHU�
PLQHG�IRU�SRLQW��OLQH��RU�DUHD�IHDWXUHV��DQG�
IRU�UDVWHU�RU�YHFWRU�GDWD��%XIIHULQJ�LV�WKH�
SURFHVV�RI�FUHDWLQJ�EXIIHUV��%XIIHUV�W\SL�
FDOO\�LGHQWLI\�DUHDV�WKDW�DUH�³RXWVLGH´�VRPH�
JLYHQ�WKUHVKROG�GLVWDQFH�FRPSDUHG�WR�WKRVH�
³LQVLGH´�VRPH�WKUHVKROG�GLVWDQFH��

%XIIHUV�DUH�XVHG�RIWHQ�EHFDXVH�PDQ\�
VSDWLDO�DQDO\VHV�DUH�FRQFHUQHG�ZLWK�GLV�
WDQFH�FRQVWUDLQWV��)RU�H[DPSOH��HPHUJHQF\�
SODQQHUV�PLJKW�ZLVK�WR�NQRZ�ZKLFK�
VFKRROV�DUH�ZLWKLQ�����NLORPHWHUV�RI�DQ�
HDUWKTXDNH�IDXOW��D�SDUN�SODQQHU�PD\�ZLVK�
WR�LGHQWLI\�DOO�ODQGV�PRUH�WKDQ����NLORPH�
WHUV�IURP�WKH�QHDUHVW�KLJKZD\��RU�D�EXVLQHVV�
RZQHU�PD\�ZLVK�WR�LGHQWLI\�DOO�SRWHQWLDO�
FXVWRPHUV�ZLWKLQ�D�JLYHQ�UDGLXV�RI�KHU�
VWRUH��$OO�WKHVH�TXHVWLRQV�PD\�EH�DQVZHUHG�
ZLWK�WKH�DSSURSULDWH�XVH�RI�EXIIHULQJ��

)LJXUH�������$�GLVWDQFH�IXQFWLRQ�DSSOLHG�WR�D�
UDVWHU�GDWD�VHW��

)LJXUH�������([DPSOHV�RI�YHFWRU�DQG�UDVWHU�EXIIHUV�GHULYHG�IURP�SRO\JRQDO�IHDWXUHV��$�EXIIHU�LV�GHILQHG�
E\�WKRVH�DUHDV�WKDW�DUH�ZLWKLQ�VRPH�EXIIHU�GLVWDQFH�IURP�WKH�LQSXW�IHDWXUHV�
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5DVWHU�%XIIHUV
%XIIHU�RSHUDWLRQV�RQ�UDVWHU�GDWD�HQWDLO�

FDOFXODWLQJ�WKH�GLVWDQFH�IURP�HDFK�VRXUFH�
FHOO�FHQWHU�WR�DOO�RWKHU�FHOO�FHQWHUV��2XWSXW�
FHOOV�DUH�DVVLJQHG�DQ�in�YDOXH�ZKHQHYHU�WKH�
FHOO�WR�FHOO�GLVWDQFH�LV�OHVV�WKDQ�WKH�VSHFL�
ILHG�EXIIHU�GLVWDQFH��7KRVH�FHOOV�WKDW�DUH�
IXUWKHU�WKDQ�WKH�EXIIHU�GLVWDQFH�DUH�
DVVLJQHG�DQ�out�YDOXH��)LJXUH�������

5DVWHU�EXIIHUV�FRPELQH�D�PLQLPXP�
GLVWDQFH�IXQFWLRQ�DQG�D�ELQDU\�FODVVLILFD�
WLRQ�IXQFWLRQ��$�PLQLPXP�GLVWDQFH�IXQF�
WLRQ�FDOFXODWHV�WKH�VKRUWHVW�GLVWDQFH�IURP�D�
VHW�RI�WDUJHW�IHDWXUHV�DQG�VWRUHV�WKLV�GLV�
WDQFH�LQ�D�UDVWHU�GDWD�OD\HU��7KH�ELQDU\�FODV�
VLILFDWLRQ�IXQFWLRQ�VSOLWV�WKH�UDVWHU�FHOOV�LQWR�
WZR�FODVVHV��WKRVH�ZLWK�D�GLVWDQFH�JUHDWHU�
WKDQ�WKH�WKUHVKROG�YDOXH��DQG�WKRVH�ZLWK�D�
GLVWDQFH�OHVV�WKDQ�RU�HTXDO�WR�D�WKUHVKROG�
YDOXH�

�%XIIHULQJ�ZLWK�UDVWHU�GDWD�PD\�SUR�
GXFH�D�³VWDLU�VWHS´�ERXQGDU\��EHFDXVH�WKH�
GLVWDQFH�IURP�IHDWXUHV�LV�PHDVXUHG�EHWZHHQ�
FHOO�FHQWHUV��:KHQ�WKH�EXIIHU�GLVWDQFH�UXQV�
SDUDOOHO�DQG�QHDU�D�VHW�RI�FHOO�ERXQGDULHV��
WKH�EXIIHU�ERXQGDU\�PD\�³MXPS´�IURP�RQH�
URZ�RI�FHOOV�WR�WKH�QH[W��)LJXUH��������7KLV�
SKHQRPHQRQ�LV�PRVW�RIWHQ�D�SUREOHP�ZKHQ�
WKH�UDVWHU�FHOO�VL]H�LV�ODUJH�UHODWLYH�WR�WKH�
EXIIHU�GLVWDQFH��$�EXIIHU�GLVWDQFH�RI�����P�
PD\�EH�DSSUR[LPDWHG�ZKHQ�DSSOLHG�WR�D�
UDVWHU�ZLWK�D�FHOO�VL]H�RI����P��$�VPDOOHU�
FHOO�VL]H�UHODWLYH�WR�WKH�EXIIHU�GLVWDQFH�
UHVXOWV�LQ�OHVV�REYLRXV�³VWDLU�VWHSSLQJ�´�7KH�
FHOO�VL]H�VKRXOG�EH�VPDOO�UHODWLYH�WR�WKH�VSD�
WLDO�DFFXUDF\�RI�WKH�GDWD��DQG�VPDOO�UHODWLYH�
WR�WKH�EXIIHU�GLVWDQFH��,I�WKLV�UXOH�LV�IRO�
ORZHG��WKHQ�VWDLU�VWHSSLQJ�VKRXOG�QRW�EH�D�
SUREOHP��EHFDXVH�EXIIHU�VL]HV�VKRXOG�EH�
PDQ\�WLPHV�JUHDWHU�WKDQ�WKH�XQFHUWDLQW\�
LQKHUHQW�LQ�WKH�GDWD�

9HFWRU�%XIIHUV
9HFWRU�EXIIHULQJ�PD\�EH�DSSOLHG�WR�

SRLQW��OLQH��RU�DUHD�IHDWXUHV��EXW�UHJDUGOHVV�
RI�LQSXW��EXIIHULQJ�DOZD\V�SURGXFHV�DQ�RXW�
SXW�VHW�RI�DUHD�IHDWXUHV��)LJXUH��������7KHUH�
DUH�PDQ\�YDULDWLRQV�LQ�YHFWRU�EXIIHULQJ��
6LPSOH�EXIIHULQJ��DOVR�NQRZQ�DV�IL[HG�GLV�
WDQFH�EXIIHULQJ��LV�WKH�PRVW�FRPPRQ�IRUP�
RI�YHFWRU�EXIIHULQJ��)LJXUH��������6LPSOH�
EXIIHULQJ�LGHQWLILHV�DUHDV�WKDW�DUH�D�IL[HG�
GLVWDQFH�RU�JUHDWHU�IURP�D�VHW�RI�LQSXW�IHD�
WXUHV��6LPSOH�EXIIHULQJ�GRHV�QRW�GLVWLQJXLVK�
EHWZHHQ�UHJLRQV�WKDW�DUH�FORVH�WR�RQH�IHD�
WXUH�IURP�WKRVH�WKDW�DUH�FORVH�WR�PRUH�WKDQ�
RQH�IHDWXUH��$�ORFDWLRQ�LV�HLWKHU�ZLWKLQ�D�
JLYHQ�GLVWDQFH�IURP�DQ\�RQH�RI�D�VHW�RI�IHD�
WXUHV��RU�IDUWKHU�DZD\��

6LPSOH�EXIIHULQJ�XVHV�D�XQLIRUP�EXIIHU�
GLVWDQFH�IRU�DOO�IHDWXUHV��$�EXIIHU�GLVWDQFH�
RI�����PHWHUV�VSHFLILHG�IRU�D�URDGV�OD\HU�
PD\�EH�DSSOLHG�WR�HYHU\�URDG�LQ�WKH�OD\HU��
LUUHVSHFWLYH�RI�URDG�VL]H��VKDSH��RU�ORFDWLRQ��
,Q�D�VLPLODU�PDQQHU��EXIIHU�GLVWDQFHV�IRU�DOO�
SRLQWV�LQ�D�SRLQW�OD\HU�ZLOO�EH�XQLIRUP��DQG�
EXIIHU�GLVWDQFHV�IRU�DOO�DUHD�IHDWXUHV�ZLOO�EH�
IL[HG�

)LJXUH�������5DVWHU�EXIIHULQJ�DV�D�FRPELQDWLRQ�
RI�GLVWDQFH�DQG�FODVVLILFDWLRQ��+HUH��FHOOV�OHVV�
WKDQ����XQLWV�IURP�WKH�WDUJHW�FHOOV�DUH�LGHQWLILHG�
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%XIIHULQJ�RQ�YHFWRU�SRLQW�GDWD�LV�EDVHG�
RQ�WKH�FUHDWLRQ�RI�FLUFOHV�DURXQG�HDFK�SRLQW�
LQ�D�GDWD�VHW��7KH�HTXDWLRQ�IRU�D�FLUFOH�ZLWK�
DQ�RULJLQ�DW�x=0��y=0�LV�

(9.1)

ZKHUH�r�LV�WKH�EXIIHU�GLVWDQFH��7KH�PRUH�
JHQHUDO�HTXDWLRQ�IRU�D�FLUFOH�ZLWK�D�FHQWHU�
DW�x1��y1��LV�

(9.2)

(TXDWLRQ�������UHGXFHV�WR�HTXDWLRQ�������DW�
WKH�RULJLQ��ZKHUH�x1� ����DQG�y1� ����7KH�
JHQHUDO�HTXDWLRQ�FUHDWHV�D�FLUFOH�FHQWHUHG�
RQ�WKH�FRRUGLQDWHV�x1��y1��ZLWK�D�EXIIHU�GLV�
WDQFH�HTXDO�WR�WKH�UDGLXV��r��3RLQW�EXIIHUV�
DUH�FUHDWHG�E\�DSSO\LQJ�WKLV�FLUFOH�HTXDWLRQ�
VXFFHVVLYHO\�WR�HDFK�SRLQW�IHDWXUH�LQ�D�GDWD�

OD\HU��7KH�x�DQG�y�FRRUGLQDWH�ORFDWLRQV�RI�
HDFK�SRLQW�IHDWXUH�DUH�XVHG�IRU�x1�DQG�y1��
SODFLQJ�WKH�SRLQW�IHDWXUH�DW�WKH�FHQWHU�RI�D�
FLUFOH��

%XIIHUHG�FLUFOHV�PD\�RYHUODS��DQG�LQ�
VLPSOH�EXIIHULQJ��WKH�FLUFOH�ERXQGDULHV�WKDW�
RFFXU�LQ�RYHUODS�DUHDV�DUH�UHPRYHG��)RU�
H[DPSOH��DUHDV�ZLWKLQ����NP�RI�KD]DUGRXV�
ZDVWH�VLWHV�PD\�EH�LGHQWLILHG�E\�FUHDWLQJ�D�
EXIIHU�OD\HU��:H�PD\�KDYH�D�GDWD�OD\HU�LQ�
ZKLFK�KD]DUGRXV�ZDVWH�VLWHV�DUH�UHSUH�
VHQWHG�DV�SRLQWV��)LJXUH�����a���$�FLUFOH�
ZLWK�D����NP�UDGLXV�LV�GUDZQ�DURXQG�HDFK�
SRLQW��:KHQ�WZR�RU�PRUH�FLUFOHV�RYHUODS��
LQWHUQDO�ERXQGDULHV�DUH�GLVVROYHG��UHVXOWLQJ�
LQ�QRQFLUFXODU�SRO\JRQV��)LJXUH�����b��

0RUH�FRPSOH[�EXIIHULQJ�PHWKRGV�PD\�
EH�DSSOLHG��7KHVH�PHWKRGV�PD\�LGHQWLI\�
EXIIHU�DUHDV�E\�WKH�QXPEHU�RI�IHDWXUHV�
ZLWKLQ�WKH�JLYHQ�EXIIHU�GLVWDQFH��RU�DSSO\�
YDULDEOH�EXIIHU�GLVWDQFHV�GHSHQGLQJ�RQ�WKH�
FKDUDFWHULVWLFV�RI�WKH�LQSXW�IHDWXUHV��:H�
PD\�EH�LQWHUHVWHG�LQ�DUHDV�WKDW�DUH�QHDU�
PXOWLSOH�KD]DUGRXV�ZDVWH�VLWHV��7KHVH�DUHDV�
QHDU�PXOWLSOH�KD]DUGRXV�VLWHV�PD\�HQWDLO�
DGGHG�ULVN�DQG�WKHUHIRUH�UHTXLUH�VSHFLDO�
PRQLWRULQJ�RU�WUHDWPHQW��:H�PD\�EH�PDQ�
GDWHG�WR�LGHQWLI\�DOO�DUHDV�ZLWKLQ�D�EXIIHU�

)LJXUH�������9HFWRU�EXIIHUV�SURGXFHG�IURP�SRLQW��OLQH��RU�SRO\JRQ�LQSXW�IHDWXUHV��,Q�DOO�FDVHV��WKH�RXWSXW�LV�
D�VHW�RI�SRO\JRQ�IHDWXUHV�

r x
2

y
2� 

r x x1±( )2
y y1±( )2+ 
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GLVWDQFH�RI�D�KD]DUGRXV�ZDVWH�VLWH��DQG�WKH�
QXPEHU�RI�VLWHV��,Q�PRVW�DSSOLFDWLRQV��PRVW�
RI�WKH�GDQJHURXV�DUHDV�ZLOO�EH�FORVH�WR�RQH�
KD]DUGRXV�ZDVWH�VLWH��EXW�VRPH�ZLOO�EH�
FORVH�WR�WZR��WKUHH��RU�PRUH�VLWHV��7KH�VLP�
SOH�EXIIHU��GHVFULEHG�DERYH��ZLOO�QRW�SUR�
YLGH�WKH�UHTXLUHG�LQIRUPDWLRQ��

$�EXIIHULQJ�YDULDQW��UHIHUUHG�WR�KHUH�DV�
FRPSRXQG�EXIIHULQJ��SURYLGHV�WKH�QHHGHG�
LQIRUPDWLRQ��&RPSRXQG�EXIIHUV�PDLQWDLQ�
DOO�RYHUODSSLQJ�ERXQGDULHV��)LJXUH�����c���
$OO�FLUFOHV�GHILQHG�E\�WKH�IL[HG�UDGLXV�EXI�
IHU�GLVWDQFH�DUH�JHQHUDWHG��7KHVH�FLUFOHV�DUH�
WKHQ�LQWHUVHFWHG�WR�IRUP�D�SODQDU�JUDSK��)RU�
HDFK�DUHD��DQ�DWWULEXWH�LV�FUHDWHG�WKDW�
UHFRUGV�WKH�QXPEHU�RI�IHDWXUHV�ZLWKLQ�WKH�
VSHFLILHG�EXIIHU�GLVWDQFH�

1HVWHG��RU�PXOWLULQJ��EXIIHULQJ�LV�
DQRWKHU�FRPPRQ�EXIIHULQJ�YDULDQW��)LJXUH�
����d���:H�PD\�UHTXLUH�EXIIHUV�DW�PXOWLSOH�
GLVWDQFHV��,Q�RXU�KD]DUGRXV�ZDVWH�VLWH�
H[DPSOH��VXSSRVH�WKUHVKROG�OHYHOV�KDYH�
EHHQ�HVWDEOLVKHG�ZLWK�YDULRXV�DFWLRQV�
UHTXLUHG�IRU�HDFK�WKUHVKROG��$UHDV�YHU\�
FORVH�WR�KD]DUGRXV�ZDVWH�VLWHV�UHTXLUH�HYDF�

XDWLRQ��LQWHUPHGLDWH�GLVWDQFH�UHTXLUH�UHPH�
GLDWLRQ��DQG�DUHDV�IDUWKHU�DZD\�UHTXLUH�
PRQLWRULQJ��7KHVH�]RQHV�PD\�EH�GHILQHG�
E\�QHVWHG�EXIIHUV��

%XIIHULQJ�RQ�YHFWRU�OLQH�DQG�SRO\JRQ�
GDWD�LV�DOVR�TXLWH�FRPPRQ��7KH�IRUPDWLRQ�
RI�OLQH�EXIIHUV�PD\�EH�HQYLVLRQHG�DV�D�
VHTXHQFH�RI�VWHSV��)LUVW��FLUFOHV�DUH�FUHDWHG�
WKDW�DUH�FHQWHUHG�DW�HDFK�QRGH�RU�YHUWH[�
�)LJXUH��������7DQJHQW�OLQHV�DUH�WKHQ�JHQHU�
DWHG��7KHVH�OLQHV�DUH�SDUDOOHO�WR�WKH�LQSXW�
IHDWXUH�OLQHV�DQG�WDQJHQW�WR�WKH�FLUFOHV�WKDW�
DUH�FHQWHUHG�DW�HDFK�QRGH�RU�YHUWH[��7KH�
WDQJHQW�OLQHV�DQG�FLUFOHV�DUH�MRLQHG�DQG�
LQWHULRU�FLUFOH�VHJPHQWV�GLVVROYHG�

�9DULDEOH�GLVWDQFH�EXIIHUV��)LJXUH���
����DUH�DQRWKHU�FRPPRQ�YDULDQW�RI�YHFWRU�
EXIIHULQJ��$V�LQGLFDWHG�E\�WKH�QDPH��WKH�
EXIIHU�GLVWDQFH�LV�YDULDEOH��DQG�PD\�FKDQJH�
DPRQJ�IHDWXUHV��7KH�EXIIHU�GLVWDQFH�PD\�
LQFUHDVH�LQ�VWHSV��IRU�H[DPSOH��ZH�PD\�
KDYH�RQH�EXIIHU�GLVWDQFH�IRU�D�JLYHQ�VHW�RI�
IHDWXUHV��DQG�D�GLIIHUHQW�EXIIHU�GLVWDQFH�IRU�
WKH�UHPDLQLQJ�IHDWXUHV��,Q�FRQWUDVW��WKH�EXI�

)LJXUH�������9DULRXV�W\SHV�RI�SRLQW�EXIIHUV��6LPSOH�EXIIHUV�GLVVROYH�DUHDV�QHDU�PXOWLSOH�IHDWXUHV��PRUH�
FRPSOH[�EXIIHUV�GR�QRW��0XOWLULQJ�EXIIHUV�SURYLGH�GLVWDQFH�GHILQHG�]RQHV�DURXQG�HDFK�IHDWXUH�
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IHU�GLVWDQFH�PD\�YDU\�VPRRWKO\��IRU�H[DP�
SOH��WKH�EXIIHU�GLVWDQFH�DURXQG�D�FLW\�PD\�
EH�D�IXQFWLRQ�RI�WKH�SRSXODWLRQ�GHQVLW\�LQ�
WKH�FLW\�

7KHUH�DUH�PDQ\�LQVWDQFHV�IRU�ZKLFK�ZH�
PD\�UHTXLUH�D�YDULDEOH�GLVWDQFH�EXIIHU��:H�
PD\�ZLVK�WR�VSHFLI\�D�ODUJHU�EXIIHU�]RQH�
DURXQG�ODUJH�IXHO�VWRUDJH�IDFLOLWLHV�ZKHQ�
FRPSDUHG�WR�VPDOOHU�IXHO�VWRUDJH�IDFLOLWLHV��

:H�RIWHQ�UHTXLUH�PRUH�VWULQJHQW�SURWHFWLRQV�
IXUWKHU�DZD\�IURP�ODUJH�ULYHUV�WKDQ�IRU�
VPDOO�ULYHUV��DQG�JLYH�ODUJH�ODQGILOOV�D�
ZLGHU�EHUWK�WKDQ�VPDOO�ODQGILOOV�

)LJXUH������LOOXVWUDWHV�WKH�FUHDWLRQ�RI�
EXIIHUV�DURXQG�D�ULYHU�QHWZRUN��ZKHUH�GLV�
WDQFH�YDULHV�E\�ULYHU�VL]H��7KH�LQFUHDVH�LQ�
GLVWDQFH�PD\�EH�PRWLYDWHG�E\�DQ�LQFUHDVHG�
OLNHOLKRRG�RI�IORRGLQJ�GRZQVWUHDP�RU�DQ�
LQFUHDVHG�VHQVLWLYLW\�WR�SROOXWLRQ��:H�PD\�
VSHFLI\�D�EXIIHU�GLVWDQFH�RI����NP�IRU�VPDOO�
ULYHUV�����NP�IRU�LQWHUPHGLDWH�VL]H�ULYHUV��
DQG�����NP�IRU�ODUJH�ULYHUV��7KHUH�DUH�
PDQ\�RWKHU�LQVWDQFHV�ZKHQ�YDULDEOH�GLV�
WDQFH�EXIIHUV�DUH�UHTXLUHG��IRU�H[DPSOH��
URDG�QRLVH��VPRNH�VWDFNV��RU�ODQGILOOV�

7KH�YDULDEOH�EXIIHU�GLVWDQFH�LV�RIWHQ�
VSHFLILHG�E\�DQ�DWWULEXWH�LQ�WKH�LQSXW�GDWD�
OD\HU��)LJXUH��������$�SRUWLRQ�RI�WKH�DWWUL�
EXWH�WDEOH�IRU�WKH�ULYHU�GDWD�OD\HU�LV�VKRZQ��
7KH�DWWULEXWH�WDEOH�FRQWDLQV�WKH�ULYHU�QDPH�
LQ�river_identifier�DQG�WKH�EXIIHU�GLVWDQFH�LV�
VWRUHG�LQ�buffdist��7KH�DWWULEXWH�buffdist�LV�
DFFHVVHG�GXULQJ�EXIIHU�FUHDWLRQ��DQG�WKH�
VL]H�RI�WKH�EXIIHU�DGMXVWHG�DXWRPDWLFDOO\�IRU�
HDFK�OLQH�VHJPHQW��1RWH�KRZ�WKH�EXIIHU�VL]H�
GHSHQGV�RQ�WKH�YDOXH�LQ�buffdist�

)LJXUH�������7KH�FUHDWLRQ�RI�D�OLQH�EXIIHU�DW�D�
IL[HG�GLVWDQFH�r�

)LJXUH�������$Q�LOOXVWUDWLRQ�RI�D�YDULDEOH�GLVWDQFH�EXIIHU��$�OLQH�EXIIHU�LV�VKRZQ�ZLWK�D�YDULDEOH�EXIIHU�GLV�
WDQFH�EDVHG�RQ�D�river_identifier��$�YDULDEOH�EXIIHU�GLVWDQFH��buffdist��LV�VSHFLILHG�LQ�D�WDEOH�DQG�DSSOLHG�IRU�
HDFK�ULYHU�VHJPHQW�
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2YHUOD\
2YHUOD\�RSHUDWLRQV�DUH�SRZHUIXO�VSD�

WLDO�DQDO\VLV�WRROV��DQG�ZHUH�DQ�LPSRUWDQW�
GULYLQJ�IRUFH�EHKLQG�WKH�GHYHORSPHQW�RI�
*,6�WHFKQRORJLHV��2YHUOD\V�LQYROYH�FRP�
ELQLQJ�VSDWLDO�DQG�DWWULEXWH�GDWD�IURP�WZR�
RU�PRUH�VSDWLDO�GDWD�OD\HUV��DQG�WKH\�DUH�
DPRQJ�WKH�PRVW�FRPPRQ�DQG�SRZHUIXO�
VSDWLDO�GDWD�RSHUDWLRQV��)LJXUH��������0DQ\�
SUREOHPV�UHTXLUH�WKH�RYHUOD\�RI�WKHPDWL�
FDOO\�GLIIHUHQW�GDWD��)RU�H[DPSOH��ZH�PD\�
ZLVK�WR�NQRZ�ZKHUH�WKHUH�DUH�LQH[SHQVLYH�
KRXVHV�LQ�JRRG�VFKRRO�GLVWULFWV��ZKHUH�
ZKDOH�IHHGLQJ�JURXQGV�RYHUODS�ZLWK�SUR�
SRVHG�RLO�GULOOLQJ�DUHDV��RU�WKH�ORFDWLRQ�RI�
IDUP�ILHOGV�WKDW�DUH�RQ�KLJKO\�HURGLEOH�VRLOV��
,Q�WKH�ODWWHU�H[DPSOH��D�VRLOV�GDWD�OD\HU�PD\�
EH�XVHG�WR�LGHQWLI\�KLJKO\�HURGLEOH�VRLOV��
DQG�D�FXUUHQW�ODQG�XVH�OD\HU�PD\�EH�XVHG�WR�
LGHQWLI\�WKH�ORFDWLRQV�RI�IDUP�ILHOGV��7KH�
ERXQGDULHV�RI�HURGLEOH�VRLOV�ZLOO�QRW�FRLQ�
FLGH�ZLWK�WKH�ERXQGDULHV�RI�WKH�IDUP�ILHOGV�
LQ�PRVW�LQVWDQFHV��VR�WKHVH�VRLOV�DQG�ODQG�
XVH�GDWD�PXVW�VRPHKRZ�EH�FRPELQHG��
2YHUOD\�LV�WKH�SULPDU\�PHDQV�RI�SURYLGLQJ�
WKLV�FRPELQDWLRQ�

$Q�RYHUOD\�RSHUDWLRQ�UHTXLUHV�WKDW�GDWD�
OD\HUV�XVH�D�FRPPRQ�FRRUGLQDWH�V\VWHP��
2YHUOD\�XVHV�WKH�FRRUGLQDWHV�WKDW�GHILQH�
HDFK�VSDWLDO�IHDWXUH�WR�FRPELQH�WKH�GDWD�
IURP�WKH�LQSXW�GDWD�OD\HUV��7KH�FRRUGLQDWHV�
IRU�DQ\�SRLQW�RQ�WKH�(DUWK�GHSHQG�RQ�WKH�
FRRUGLQDWH�V\VWHP�XVHG��&KDSWHU�����,I�WKH�
FRRUGLQDWH�V\VWHPV�XVHG�LQ�WKH�YDULRXV�OD\�
HUV�DUH�QRW�H[DFWO\�WKH�VDPH��WKH�IHDWXUHV�LQ�
WKH�GDWD�OD\HUV�ZLOO�QRW�DOLJQ�FRUUHFWO\��

2YHUOD\�PD\�EH�YLHZHG�DV�WKH�YHUWLFDO�
VWDFNLQJ�DQG�PHUJHU�RI�VSDWLDO�GDWD��)LJXUH�
�������)HDWXUHV�LQ�HDFK�GDWD�OD\HU�DUH�VHW�
RQH�³RQ�WRS´�DQRWKHU��DQG�WKH�SRLQWV��OLQHV��
RU�DUHD�IHDWXUH�ERXQGDULHV�DUH�PHUJHG�LQWR�
D�VLQJOH�GDWD�OD\HU��7KH�DWWULEXWH�GDWD�DUH�
DOVR�FRPELQHG�VR�WKDW�WKH�QHZ�GDWD�OD\HU�
LQFOXGHV�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�HDFK�
LQSXW�GDWD�OD\HU��

)LJXUH�������6SDWLDO�GDWD�RYHUOD\��2YHUOD\�FRPELQHV�ERWK�WKH�FRRUGLQDWH�LQIRUPDWLRQ�DQG�WKH�DWWULEXWH�
LQIRUPDWLRQ�DFURVV�GLIIHUHQW�GDWD�OD\HUV�
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9HFWRU�2YHUOD\
2YHUOD\�ZKHQ�XVLQJ�D�YHFWRU�GDWD�

PRGHO�LQYROYHV�FRPELQLQJ�WKH�SRLQW��OLQH��
DQG�SRO\JRQ�JHRPHWU\�DQG�DVVRFLDWHG�DWWUL�
EXWH�GDWD��7KLV�RYHUOD\�FUHDWHV�QHZ�JHRPH�
WU\��2YHUOD\�LQYROYHV�WKH�PHUJHU�RI�ERWK�WKH�
FRRUGLQDWH�DQG�DWWULEXWH�GDWD�IURP�WZR�YHF�
WRU�OD\HUV�LQWR�D�QHZ�GDWD�OD\HU��7KH�FRRUGL�
QDWH�PHUJHU�PD\�UHTXLUH�WKH�LQWHUVHFWLRQ�
DQG�VSOLWWLQJ�RI�OLQHV�RU�DUHDV�DQG�WKH�FUH�
DWLRQ�RI�QHZ�IHDWXUHV��

)LJXUH������LOOXVWUDWHV�WKH�RYHUOD\�RI�
WZR�YHFWRU�SRO\JRQ�GDWD�OD\HUV��7KLV�RYHU�
OD\�UHTXLUHV�WKH�LQWHUVHFWLRQ�RI�SRO\JRQ�
ERXQGDULHV�WR�FUHDWH�QHZ�SRO\JRQV��7KH�
RYHUOD\�FRPELQHV�DWWULEXWH�GDWD�GXULQJ�
SRO\JRQ�RYHUOD\��7KH�GDWD�OD\HU�RQ�WKH�OHIW�
LV�FRPSRVHG�RI�WZR�SRO\JRQV��7KHUH�DUH�
RQO\�WZR�DWWULEXWHV�IRU�Layer 1��RQH�DQ�LGHQ�
WLILHU��ID���DQG�WKH�RWKHU�VSHFLI\LQJ�YDOXHV�
IRU�D�YDULDEOH�QDPHG�class��7KH�VHFRQG�
LQSXW�GDWD�OD\HU��Layer 2��DOVR�FRQWDLQV�WZR�
SRO\JRQV��DQG�WZR�DWWULEXWHV��ID�DQG�cost��
1RWH�WKDW�WKH�WZR�WDEOHV�KDYH�DQ�DWWULEXWH�
ZLWK�WKH�VDPH�QDPH��ID��7KHVH�WZR�ID�DWWUL�
EXWHV�VHUYH�WKH�VDPH�IXQFWLRQ�LQ�WKHLU�
UHVSHFWLYH�GDWD�OD\HUV��EXW�WKH\�DUH�QRW�

UHODWHG��$�YDOXH�RI�1�IRU�WKH�ID�DWWULEXWH�LQ�
Layer 1�KDV�QRWKLQJ�WR�GR�ZLWK�WKH�ID�YDOXH�
RI�1�LQ�Layer 2��,W�VLPSO\�LGHQWLILHV�D�XQLTXH�
FRPELQDWLRQ�RI�DWWULEXWHV�LQ�WKH�output 
layer��

9HFWRU�RYHUOD\�RI�WKHVH�WZR�SRO\JRQ�
GDWD�OD\HUV�UHVXOWV�LQ�IRXU�QHZ�SRO\JRQV��
(DFK�QHZ�SRO\JRQ�FRQWDLQV�WKH�DWWULEXWH�
LQIRUPDWLRQ�IURP�WKH�FRUUHVSRQGLQJ�DUHD�LQ�
WKH�LQSXW�GDWD�OD\HUV��)RU�H[DPSOH��QRWH�
WKDW�WKH�SRO\JRQ�LQ�WKH�RXWSXW�GDWD�OD\HU�
ZLWK�WKH�ID�RI 1�KDV�D�class�DWWULEXWH�ZLWK�D�
YDOXH�RI�0 DQG�D�cost�DWWULEXWH�ZLWK�D�YDOXH�
RI�10��7KHVH�YDOXHV�FRPH�IURP�WKH�YDOXHV�
IRXQG�LQ�WKH�FRUUHVSRQGLQJ�LQSXW�OD\HUV��
7KH�ERXQGDU\�IRU�WKH�SRO\JRQ�ZLWK�DQ�ID�
YDOXH�RI�1�LQ�WKH�RXWSXW�GDWD�OD\HU�LV�D�FRP�
SRVLWH�RI�WKH�ERXQGDULHV�IRXQG�LQ�WKH�WZR�
LQSXW�GDWD�OD\HUV��7KH�VDPH�KROGV�WUXH�IRU�
WKH�RWKHU�WKUHH�SRO\JRQV�LQ�WKH�RXWSXW�GDWD�
OD\HU��7KHVH�SRO\JRQV�DUH�D�FRPSRVLWH�RI�
JHRJUDSKLF�DQG�DWWULEXWH�GDWD�LQ�WKH�LQSXW�
GDWD�OD\HUV��

7KH�WRSRORJ\�RI�YHFWRU�RYHUOD\�RXWSXW�
ZLOO�OLNHO\�EH�GLIIHUHQW�IURP�WKDW�RI�WKH�
LQSXW�GDWD�OD\HUV��9HFWRU�RYHUOD\�IXQFWLRQV�
W\SLFDOO\�LGHQWLI\�OLQH�LQWHUVHFWLRQV�GXULQJ�

)LJXUH�������$Q�H[DPSOH�RI�YHFWRU�SRO\JRQ�RYHUOD\��,Q�WKLV�H[DPSOH��RXWSXW�GDWD�FRQWDLQ�D�FRPELQDWLRQ�RI�
WKH�JHRJUDSKLF��FRRUGLQDWH��GDWD�DQG�WKH�DWWULEXWH�GDWD�RI�WKH�LQSXW�GDWD�OD\HUV��1HZ�IHDWXUHV�PD\�EH�FUHDWHG�
ZLWK�WRSRORJLFDO�UHODWLRQVKLSV�GLVWLQFW�IURP�WKRVH�IRXQG�LQ�WKH�LQSXW�GDWD�OD\HUV�
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RYHUOD\��,QWHUVHFWLQJ�OLQHV�DUH�VSOLW�DQG�D�
QRGH�SODFHG�DW�WKH�LQWHUVHFWLRQ�SRLQW��7KXV�
WRSRORJ\�PXVW�EH�UHFUHDWHG�LI�LW�LV�QHHGHG�LQ�
IXUWKHU�SURFHVVLQJ��

$Q\�W\SH�RI�YHFWRU�IHDWXUH�PD\�EH�
RYHUODLG�ZLWK�DQ\�RWKHU�W\SH�RI�YHFWRU�IHD�
WXUH��DOWKRXJK�VRPH�RYHUOD\�RSHUDWLRQV�
UDUHO\�SURYLGH�XVHIXO�LQIRUPDWLRQ�DQG�DUH�
SHUIRUPHG�LQIUHTXHQWO\��,Q�WKHRU\��SRLQWV�
PD\�EH�RYHUODLG�RQ�SRLQW��OLQH��RU�SRO\JRQ�
IHDWXUH�OD\HUV��OLQHV�RQ�DOO�WKUHH�W\SHV��DQG�
SRO\JRQV�RQ�DOO�WKUHH�W\SHV��3RLQW�RQ�SRLQW�
RU�SRLQW�RQ�OLQH�RYHUOD\�UDUHO\�UHVXOWV�LQ�
LQWHUVHFWLQJ�IHDWXUHV��DQG�VR�WKH\�DUH�UDUHO\�
DSSOLHG��/LQH�RQ�OLQH�RYHUOD\�LV�VRPHWLPHV�
UHTXLUHG��IRU�H[DPSOH��ZKHQ�ZH�ZLVK�WR�

LGHQWLI\�WKH�LQWHUVHFWLRQV�RI�WZR�QHWZRUNV�
VXFK�DV�URDG�DQG�UDLOURDGV��EXW�WKHVH�DOVR�
DUH�UDUH�RFFXUUHQFHV��2YHUOD\V�LQYROYLQJ�
SRO\JRQV�DUH�WKH�PRVW�FRPPRQ�E\�IDU�

2YHUOD\�RXWSXW�W\SLFDOO\�WDNHV�WKH�ORZ�
HVW�GLPHQVLRQ�RI�WKH�LQSXWV��7KLV�PHDQV�
SRLQW�LQ�SRO\JRQ�RYHUOD\�UHVXOWV�LQ�SRLQW�
RXWSXW��DQG�OLQH�LQ�SRO\JRQ�RYHUOD\�UHVXOWV�
LQ�OLQH�RXWSXW��7KLV�DYRLGV�SUREOHPV�ZKHQ�
PXOWLSOH�ORZHU�GLPHQVLRQ�IHDWXUHV�LQWHUVHFW�
ZLWK�KLJKHU�GLPHQVLRQ�IHDWXUHV��

)LJXUH������LOOXVWUDWHV�DQ�LQVWDQFH�
ZKHUH�PXOWLSOH�SRLQWV�LQ�RQH�OD\HU�IDOO�
ZLWKLQ�D�VLQJOH�SRO\JRQ�LQ�DQ�RYHUOD\�OD\HU��
2XWSXW�DWWULEXWH�GDWD�IRU�D�IHDWXUH�DUH�D�
FRPELQDWLRQ�RI�WKH�LQSXW�GDWD�DWWULEXWHV��,I�
SRO\JRQV�DUH�RXWSXW��)LJXUH�������ULJKW��

)LJXUH�������2YHUOD\�RXWSXW�W\SLFDOO\�WDNHV�WKH�GLPHQVLRQ�
RI�WKH�ORZHVW�RUGHU�LQSXW��3RO\JRQ�RXWSXW�IURP�SRLQW�DQG�
SRO\JRQ�RYHUOD\��ULJKW��WRS��UHVXOWV�LQ�XQFHUWDLQW\�EHFDXVH�
WKHUH�DUH�VHYHUDO�SRLQWV�WKDW�IDOO�ZLWKLQ�HDFK�SRO\JRQ��3RLQW�
RXWSXW�LV�XQDPELJXRXV��ERWWRP�ULJKW��
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WRS���WKHUH�LV�DPELJXLW\�UHJDUGLQJ�ZKLFK�
SRLQW�DWWULEXWH�GDWD�WR�UHFRUG��(DFK�SRLQW�
IHDWXUH�KDV�D�YDOXH�IRU�DQ�DWWULEXWH�QDPHG�
class��,W�LV�QRW�FOHDU�ZKLFK�YDOXH�VKRXOG�EH�
UHFRUGHG�LQ�WKH�RXWSXW�SRO\JRQ��WKH�class�
YDOXH�IURP�SRLQW�A��SRLQW�B��RU�SRLQW�C��
:KHQ�D�SRLQW�OD\HU�LV�RXWSXW��)LJXUH�������
ULJKW��ERWWRP���WKHUH�LV�QR�DPELJXLW\��(DFK�
RXWSXW�SRLQW�IHDWXUH�FRQWDLQV�WKH�RULJLQDO�
SRLQW�DWWULEXWH�LQIRUPDWLRQ��SOXV�WKH�LQSXW�
SRO\JRQ�IHDWXUH�DWWULEXWHV��

�2QH�PHWKRG�IRU�FUHDWLQJ�SRO\JRQ�RXW�
SXW�IURP�SRLQW�LQ�SRO\JRQ�RYHUOD\�LQYROYHV�
UHFRUGLQJ�WKH�DWWULEXWHV�IRU�RQH�SRLQW�
VHOHFWHG�DUELWUDULO\�IURP�WKH�SRLQWV�WKDW�IDOO�
ZLWKLQ�D�SRO\JRQ��7KLV�LV�XVXDOO\�QRW�VDWLV�
IDFWRU\�EHFDXVH�LPSRUWDQW�LQIRUPDWLRQ�PD\�
EH�ORVW��$Q�DOWHUQDWLYH�LQYROYHV�DGGLQJ�FRO�
XPQV�WR�WKH�RXWSXW�SRO\JRQ�WR�SUHVHUYH�
PXOWLSOH�SRLQWV�SHU�SRO\JRQ��+RZHYHU��WKLV�
ZRXOG�VWLOO�UHVXOW�LQ�VRPH�DPELJXLW\��VXFK�
DV��ZKDW�VKRXOG�EH�WKH�RUGHU�RI�GXSOLFDWH�
DWWULEXWHV"�,W�PD\�DOVR�DGG�D�VXEVWDQWLDO�
QXPEHU�RI�VSDUVHO\�XVHG�LWHPV��WKXV�
LQFUHDVLQJ�ILOH�VL]H�LQHIILFLHQWO\��)RUFLQJ�
WKH�ORZHU�RUGHU�RXWSXW�GXULQJ�RYHUOD\�
DYRLGV�WKHVH�SUREOHPV��DV�VKRZQ�LQ�WKH�
ORZHU�ULJKW�RI�)LJXUH�������

�1RWH�WKDW�WKH�QXPEHU�RI�DWWULEXWHV�LQ�
WKH�RXWSXW�OD\HU�LQFUHDVHV�DIWHU�HDFK�RYHU�
OD\��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH�������ZLWK�
WKH�FRPELQDWLRQ�RI�D�SRLQW�DQG�SRO\JRQ�
OD\HU�LQ�DQ�RYHUOD\��7KH�RXWSXW�SRLQW�DWWUL�
EXWH�WDEOH�VKRZQ�LQ�WKH�ORZHU�ULJKW�SRUWLRQ�
RI�WKH�ILJXUH�FRQWDLQV�IRXU�LWHPV��7KLV�RXW�
SXW�DWWULEXWH�WDEOH�LV�D�FRPSRVLWH�RI�WKH�
LQSXW�DWWULEXWH�WDEOHV��

/DUJH�DWWULEXWH�WDEOHV�PD\�UHVXOW�LI�
RYHUOD\�RSHUDWLRQV�DUH�XVHG�WR�FRPELQH�
PDQ\�GDWD�OD\HUV��:KHQ�WKH�RXWSXW�IURP�DQ�
RYHUOD\�SURFHVV�LV�LQ�WXUQ�XVHG�DV�DQ�LQSXW�
IRU�D�VXEVHTXHQW�RYHUOD\��WKH�QXPEHU�RI�
DWWULEXWHV�LQ�WKH�QH[W�RXWSXW�OD\HU�ZLOO�XVX�
DOO\�LQFUHDVH��$V�WKH�QXPEHU�RI�DWWULEXWHV�
JURZV��WDEOHV�PD\�EHFRPH�XQZLHOG\��DQG�
ZH�RIWHQ�GHOHWH�UHGXQGDQW�DWWULEXWHV��

2YHUOD\V�WKDW�LQFOXGH�D�SRO\JRQ�OD\HU�
DUH�PRVW�FRPPRQ��:H�DUH�RIWHQ�LQWHUHVWHG�
LQ�WKH�FRPELQDWLRQ�RI�SRO\JRQ�IHDWXUHV�
ZLWK�RWKHU�SRO\JRQV��RU�LQ�ILQGLQJ�WKH�FRLQ�
FLGHQFH�RI�SRLQW�RU�OLQH�IHDWXUHV�ZLWK�SRO\�
JRQV��:KDW�FRXQWLHV�LQFOXGH�KD]DUGRXV�
ZDVWH�VLWHV"�:KLFK�QHLJKERUKRRGV�GRHV�
RQH�SDVV�WKURXJK�RQ�(�6WUHHW"�:KHUH�DUH�
WKHUH�VKDOORZ�DTXLIHUV�EHORZ�FRUQILHOGV"�
$OO�WKHVH�H[DPSOHV�LQYROYH�WKH�RYHUOD\�RI�
DUHD�IHDWXUHV��HLWKHU�ZLWK�RWKHU�DUHD�IHD�
WXUHV��RU�ZLWK�SRLQW�RU�OLQH�IHDWXUHV�

&OLS��,QWHUVHFW��DQG�8QLRQ��6SH�
FLDO�&DVHV�RI�2YHUOD\

7KHUH�DUH�WKUHH�FRPPRQ�ZD\V�RYHUOD\�
RSHUDWLRQV�DUH�DSSOLHG��DV�D�FOLS��DQ�LQWHU�
VHFWLRQ��RU�D�XQLRQ��

7KH�EDVLF�OD\HU�RQ�OD\HU�FRPELQDWLRQ�
LV�WKH�VDPH�IRU�DOO�WKUHH��7KH\�GLIIHU�LQ�WKH�
JHRJUDSKLF�H[WHQW�IRU�ZKLFK�YHFWRU�GDWD�DUH�
UHFRUGHG��DQG�LQ�KRZ�GDWD�IURP�WKH�DWWUL�
EXWH�OD\HUV�DUH�FRPELQHG��,QWHUVHFWLRQ�DQG�
XQLRQ�DUH�GHULYHG�IURP�JHQHUDO�VHW�WKHRU\�
RSHUDWLRQV��7KH�LQWHUVHFWLRQ�RSHUDWLRQ�PD\�
EH�FRQVLGHUHG�LQ�VRPH�ZD\V�WR�EH�D�VSDWLDO�
AND��ZKLOH�WKH�XQLRQ�RSHUDWLRQ�LV�UHODWHG�WR�
D�VSDWLDO�OR��7KH�FOLS�RSHUDWLRQ�PD\�EH�
FRQVLGHUHG�D�FRPELQDWLRQ�RI�DQ�LQWHUVHFWLRQ�
DQG�DQ�HOLPLQDWLRQ��$OO�WKUHH�DUH�FRPPRQ�
DQG�VXSSRUWHG�LQ�VRPH�PDQQHU�DV�VWDQG�
DORQH�IXQFWLRQV�E\�PRVW�*,6�VRIWZDUH�
SDFNDJHV��

$�FOLS�PD\�EH�FRQVLGHUHG�D�³FRRNLH�
FXWWHU´�RYHUOD\��)LJXUH��������$�ERXQGLQJ�
SRO\JRQ�OD\HU�LV�XVHG�WR�GHILQH�WKH�DUHDV�IRU�
ZKLFK�IHDWXUHV�ZLOO�EH�RXWSXW��7KLV�ERXQG�
LQJ�SRO\JRQ�OD\HU�GHILQHV�WKH�FOLSSLQJ�
UHJLRQ��3RLQW��OLQH��RU�SRO\JRQ�GDWD�LQ�D�VHF�
RQG�OD\HU�DUH�³FOLSSHG´�ZLWK�WKH�ERXQGLQJ�
OD\HU��,Q�PRVW�YHUVLRQV�RI�WKH�FOLS�IXQFWLRQ��
WKH�DWWULEXWHV�IRU�WKH�FOLSSLQJ�OD\HU�DUH�QRW�
LQFOXGHG�LQ�WKH�RXWSXW�GDWD�OD\HU��$�FOLS�LV�
PRVW�RIWHQ�XVHG�ZKHQ�VXE�VHWWLQJ�GDWD�JHR�
JUDSKLFDOO\��WR�UHGXFH�GDWD�YROXPHV�ZKHQ�
ZRUNLQJ�RQ�D�VPDOO�DUHD�LQFOXGHG�LQ�ODUJHU�
GDWD�OD\HUV��$�FLW\�PDQDJHU�PD\�RQO\�ZLVK�
WKH�VHW�RI�VWUHHWV�ZLWKLQ�WKHLU�FLW\�ERXQGDU�
LHV��FOLSSHG�IURP�D�VWDWHZLGH�URDGV�OD\HU�
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,Q�RXU�H[DPSOH�VKRZQ�LQ�)LJXUH�������
WKH�ERXQGLQJ�RU�FOLSSLQJ�GDWD�OD\HU�FRQVLVWV�
RI�VHYHQ�FRXQW\�SRO\JRQV��DQG�WKH�WDUJHW�RU�
FOLSSHG�GDWD�OD\HU�FRQWDLQV�PDQ\�VPDOO�
FDWFKPHQW�ERXQGDULHV��7KH�SUHVHQFH�RI�
SRO\JRQ�DWWULEXWHV�LQ�WKH�ERXQGLQJ�OD\HU�LV�
LQGLFDWHG�E\�WKH�GLIIHUHQW�VKDGHV�IRU�WKH�
GLIIHUHQW�FRXQW\�SRO\JRQV��7KH�RXWSXW�IURP�
WKH�FOLS�FRQVLVWV�RI�WKRVH�SRUWLRQV�RI�FDWFK�
PHQWV�ZLWKLQ�WKH�FOLS�OD\HU�ERXQGDU\��1RWH�
WKDW�WKH�FOLS�OD\HU�ERXQGDULHV��KHUH�FRXQ�
WLHV��DUH�QRW�LQFOXGHG�LQ�WKH�RXWSXW�GDWD�
OD\HU��$OVR�QRWH�WKDW�RQO\�WKH�DWWULEXWHV�IRU�
WKH�FOLSSHG�FDWFKPHQW�OD\HU�DUH�RXWSXW�

8VHUV�VKRXOG�EH�FHUWDLQ�WKDW�WUDQVIHUUHG�
YDULDEOHV�VWLOO�KDYH�YDOLG�YDOXHV�DIWHU�D�FOLS��
,I�DQ�DUHD�ILHOG�LV�LQFOXGHG�LQ�WKH�LQSXW�
OD\HU��WKH�YDOXH�PD\�EH�ZURQJ�LI�LW�LV�QRW�UH�
FDOFXODWHG��2WKHU�DUHD�EDVHG�YDOXHV�PD\�
DOVR�EH�LQ�HUURU��H�J���D�SRO\JRQ�GHQVLW\�RU�
FRXQWV�RI�LQFOXGHG�IHDWXUHV��6LQFH�VRIWZDUH�
GHIDXOWV�YDU\��WKH�EHKDYLRU�RI�WKH�VSHFLILF�
VRIWZDUH�WRRO�VKRXOG�EH�LGHQWLILHG�

)LJXUH�������$�FOLS�LV�D�FRPPRQ�YDULDWLRQ�RI�RYHUOD\�RSHUDWLRQV��7KH�FOLS�SUHVHUYHV�LQIRUPDWLRQ�RQO\�IURP�
WKH�FOLSSHG��RU�WDUJHW��GDWD�OD\HU�DQG�RQO\�IRU�WKH�DUHD�RI�WKH�FOLSSLQJ��RU�ERXQGLQJ�OD\HU���7KH�DWWULEXWH�WDEOH�
RI�WKH�RXWSXW�OD\HU�W\SLFDOO\�FRQWDLQV�DOO�WKH�DWWULEXWHV�RI�WKH�FOLSSHG�OD\HU��KHUH��&DWFKPHQWV���DQG�QRQH�
IURP�WKH�FOLSSLQJ�OD\HU��&RXQWLHV��
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$Q�LQWHUVHFWLRQ�LV�DQRWKHU�PXOWL�OD\HU�
FRPELQDWLRQ��DQG�PD\�EH�GHILQHG�DV�DQ�
RYHUOD\�WKDW�IXVHV�GDWD�IURP�ERWK�OD\HUV��
EXW�RQO\�IRU�WKH�DUHD�ZKHUH�ERWK�OD\HUV�FRQ�
WDLQ�GDWD��)LJXUH��������)HDWXUHV�ERXQGDU�
LHV�IURP�ERWK�GDWD�OD\HUV�DUH�FRPELQHG��
%RWK�OD\HUV�VHUYH�DV�GDWD�DQG�DV�ERXQGLQJ�
OD\HUV��VR�WKDW�DQ\�SDUWV�RI�SRO\JRQV�WKDW�
DUH�LQ�RQH�OD\HU�EXW�QRW�DQRWKHU�DUH�FOLSSHG�
DQG�GLVFDUGHG��

7KH�VDPH�FDXWLRQ�RQ�UHOHYDQF\�DQG�
UHFDOFXODWLRQ�RI�FRPELQHG��DUHD�EDVHG�YDUL�
DEOHV�DSSOLHV�WR�WKH�RXWSXW�IURP�LQWHUVHF�
WLRQ�RSHUDWLRQV�DV�DSSOLHG�WR�FOLS�

RSHUDWLRQV��6LQFH�QHZ�JHRJUDSKLHV�ZLWK�
GLIIHULQJ�DUHDV�DUH�FUHDWHG��DWWULEXWHV�WUDQV�
IHUUHG�IURP�WKH�FRPSRQHQW�IHDWXUHV�PD\�
QHHG�QHZ�LQWHUSUHWDWLRQV��0RVW�LPSOHPHQ�
WDWLRQV�VLPSO\�FRS\�WKH�YDOXHV�IURP�WKH�
LQSXW�IHDWXUHV�WR�WKH�FRLQFLGHQW�RXWSXW�IHD�
WXUHV��)RU�H[DPSOH��D�FRXQW\�DUHD�IRU�HDFK�
SRO\JRQ�ZLOO�FRPH�IURP�WKH�LQSXW�FRXQW\�
SRO\JRQ��:KLOH�WKLV�ZDV�YDOLG�IRU�HDFK�
LQSXW�FRXQW\�LQ�)LJXUH�������LW�ZLOO�EH�UHSOL�
FDWHG�IRU�HDFK�SRO\JRQ�LQ�WKH�RXWSXW�OD\HU��
DQG�VKRXOG�EH�LQWHUSUHWHG�DV�WKH�DUHD�IRU�WKH�
FRQWULEXWLQJ�FRXQW\��QRW�WKH�DUHD�IURP�WKDW�
FRXQW\�LQ�WKH��XVXDOO\�VPDOOHU��RXWSXW�SRO\�
JRQ���6XPPLQJ�DFURVV�SRO\JRQV�ZLWK�D�

)LJXUH�������$Q�LQWHUVHFWLRQ�LV�DQRWKHU�FRPPRQ�RYHUOD\�RSHUDWLRQ��%RWK�WKH�ERXQGDULHV�DQG�GDWD�DUH�
FRPELQHG�LQ�WKH�RXWSXW��EXW�RQO\�IRU�WKH�DUHDV�WKDW�DUH�FRQWDLQHG�LQ�WKH�FOLSSLQJ�OD\HU��&RXQWLHV�LQ�WKLV�
H[DPSOH��7KH�SDUWLFXODU�VRIWZDUH�WRRO�W\SLFDOO\�UHTXLUHV�\RX�H[SOLFLWO\�LGHQWLI\�WKH�FOLSSLQJ�OD\HU�
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JLYHQ�FRXQW\�YDOXH�ZLOO��XVXDOO\�QRW�JLYH�DQ�
DFFXUDWH�FRXQW\�DUHD��(DFK�RXWSXW�YDULDEOH�
VKRXOG�EH�VFUXWLQL]HG�DQG�WKH�YDOXH�RULJLQ�
DQG�FRQWHQWV�FOHDUO\�XQGHUVWRRG�

$�XQLRQ�LV�DQRWKHU�NLQG�RI�RYHUOD\��,W�
UHWDLQV�DOO�GDWD�IURP�ERWK�WKH�ERXQGLQJ�DQG�
GDWD�OD\HUV��)LJXUH��������1R�JHRJUDSKLF�
GDWD�DUH�GLVFDUGHG�LQ�WKH�XQLRQ�RSHUDWLRQ��
DQG�FRUUHVSRQGLQJ�DWWULEXWH�GDWD�DUH�VDYHG�
IRU�DOO�UHJLRQV��1HZ�SRO\JRQV�DUH�IRUPHG�
E\�WKH�FRPELQDWLRQ�RI�FRRUGLQDWH�GDWD�IURP�
HDFK�GDWD�OD\HU�

1RWH�WKDW�WKHUH�DUH�RIWHQ�PDQ\�QXOO�RU�
HPSW\�DWWULEXWH�YDOXHV�LQ�XQLRQ�RXWSXW�OD\�
HUV��'DWD�LQ�QRQ�RYHUODSSLQJ�DUHDV�DUH�
DEVHQW�DQG�VR�FDQQRW�EH�DVVLJQHG��H�J���RXW�
VLGH�WKH�FRXQW\�OD\HU�ERXQGV�EXW�ZLWKLQ�WKH�
ZDWHUVKHG�OD\HU�ERXQGV�LQ�)LJXUH�������7KH�
SUHVHQFH�RI�QXOO�YDOXHV�PD\�DOWHU�VXEVH�
TXHQW�RSHUDWLRQV�

0DQ\�VRIWZDUH�SDFNDJHV�VXSSRUW�DGGL�
WLRQDO�YDULDQWV�RI�RYHUOD\�RSHUDWLRQV��6RPH�
VXSSRUW�DQ�(UDVH�RU�VLPLODUO\�QDPHG�IXQF�
WLRQ��ZKLFK�LV�WKH�FRPSOHPHQW�WR�WKH�FOLS�
IXQFWLRQ��,Q�DQ�(UDVH�IXQFWLRQ��DUHDV�FRY�
HUHG�E\�WKH�LQSXW�OD\HU�DUH�³FXW�RXW´�RU�

)LJXUH�������$�XQLRQ�RSHUDWLRQ��'DWD�IURP�WZR�OD\HUV�DUH�FRPELQHG��LQFOXGLQJ�DQ\�DUHDV�WKDW�DUH�FRQWDLQHG�
E\�RQH�EXW�QRW�ERWK�GDWD�OD\HUV��1R�DUHDV�QRU�DWWULEXWH�GDWD�DUH�GLVFDUGHG��RU�³FOLSSHG�´�DV�LQ�WKH�LQWHUVHFWLRQ�
DQG�FOLS�RSHUDWLRQV��%ODQN�RU�QXOO�YDOXHV�DUH�W\SLFDOO\�DVVLJQHG�LQ�WKH�DUHDV�FRQWDLQHG�LQ�RQH�EXW�QRW�WKH�RWKHU�
OD\HU��H�J���LQ�WKH�H[DPSOH�ZKHUH�WKH�FRXQW\�LV�OLVWHG�DV�³8QNQRZQ�´�
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HUDVHG�IURP�WKH�ERXQGLQJ�OD\HU��)LJXUH���
�����(UDVXUHV�PD\�FXW�H[LVWLQJ�SRO\JRQV�
DSDUW�RU��ZKHUH�WKHUH�DUH�FRLQFLGHQW�OLQHV�LQ�
WKH�WZR�GDWD�OD\HUV��PD\�SUHVHUYH�WKH�HGJH�
RI�H[LVWLQJ�SRO\JRQV��,Q�VRPH�YHUVLRQV��
WKHUH�LV�D�WROHUDQFH�GLVWDQFH�WKDW�DOORZV�IRU�
OLQHV�WKDW�DUHQ¶W�H[DFWO\�FRLQFLGHQW�LQ�GLI�
IHUHQW�OD\HUV��EXW�DUH�PHDQW�WR�EH��WR�EH�UHS�
UHVHQWHG�RQO\�RQFH�LQ�WKH�RXWSXW��7KLV�
WROHUDQFH�GLVWDQFH�HIIHFWLYHO\�VHUYHV�DV�D�
VQDSSLQJ�GLVWDQFH��DQG�PRYHV�WKH�YHUWLFHV�
LQ�RQH�OD\HU�RQ�D�QHDUO\�FRLQFLGHQW�HGJH�WR�

PDWFK�YHUWLFHV�LQ�WKH�RWKHU�OD\HU��$V�ZLWK�
VQDSSLQJ�GXULQJ�GLJLWL]DWLRQ�RU�RWKHU�RYHU�
OD\V��WKLV�PD\�KHOS�UHGXFH�LQFRUUHFW�RU�
XQZDQWHG�JHRPHWULHV��

7KH�(UDVH�IXQFWLRQ�LV�SDUWLFXODUO\�XVH�
IXO�ZKHQ�XSGDWLQJ�D�SRUWLRQ�RI�D�GDWD�OD\HU��
LQ�WKDW�ROG��RXW�RI�GDWH��SRRUHU�TXDOLW\��RU�
RWKHUZLVH�LQIHULRU�GDWD�PD\�EH�FOLSSHG�RXW�
RI�D�VHFWLRQ�DQG�QHZHU�GDWD�VXEVWLWXWHG��
(UDVH�LV�DOVR�RIWHQ�XVHIXO�LQ�VSDWLDO�DQDO\VHV�
WKDW�LQFOXGH�FULWHULD�VSHFLI\LQJ�DUHDV�WKDW�
DUH�JUHDWHU�WKDQ�VRPH�GLVWDQFH�IURP�D�VHW�RI�

)LJXUH�������$Q�H[DPSOH�RI�DQ�(UDVH�RSHUDWLRQ��)HDWXUHV�LQ�DQ�LQSXW�OD\HU�DUH�³HUDVHG´�EDVHG�RQ�WKH�
RXWHU�ERXQGDU\�RI�DQ�HUDVLQJ�SRO\JRQ��7KLV�RSHUDWLRQ�LV�RIWHQ�XVHG�LQ�HGLWLQJ�RU�FDUWRJUDSKLF�PRGHOV�
WKDW�VSHFLI\�DUHD�UHPRYDO�EDVHG�RQ�D�EXIIHUHG�OD\HU�



��� *,6�)XQGDPHQWDOV

IHDWXUHV��$�EXIIHU�IXQFWLRQ�LGHQWLILHV�DUHDV�
WKDW�DUH�OHVV�WKDQ�WKH�WDUJHW�GLVWDQFH��DQG�
WKHVH�PD\�WKHQ�EH�UHPRYHG�IURP�FRQVLGHU�
DWLRQ�XVLQJ�DQ�HUDVH�RSHUDWLRQ�

7KHUH�DUH�RWKHU�YDULDQWV�RQ�XQLRQV�RU�
LQWHUVHFWLRQV��0RVW�RI�WKHVH�VSHFLDOL]HG�
RYHUOD\�RSHUDWLRQV�PD\�EH�FUHDWHG�IURP�WKH�
DSSOLFDWLRQ�RI�XQLRQ�RU�RYHUOD\�RSHUDWLRQV�
LQ�FRPELQDWLRQ�ZLWK�VHOHFWLRQ�RSHUDWLRQV�

9HFWRU�RYHUOD\�LV�RIWHQ�D�WLPH�FRQVXP�
LQJ�FRPSXWDWLRQDO�SURFHVV��GXH�WR�WKH�ODUJH�
QXPEHU�RI�OLQHV�WKDW�PXVW�EH�FRPSDUHG��$�
YHFWRU�RYHUOD\�W\SLFDOO\�UHTXLUHV�UHSHDWHG�
WHVWV�RI�OLQH�LQWHUVHFWLRQ��D�UHODWLYHO\�VLPSOH�
VHW�RI�FDOFXODWLRQV��EXW�WKHUH�LV�RIWHQ�D�ODUJH�
QXPEHU�RI�OLQH�VHJPHQWV�LQ�D�GDWD�VHW��(DFK�
OLQH�VHJPHQW�PXVW�EH�FKHFNHG�DJDLQVW�
HYHU\�RWKHU�OLQH�VHJPHQW��UHTXLULQJ�SHUKDSV�
ELOOLRQV�RI�WHVWV�IRU�OLQH�LQWHUVHFWLRQ��

$�3UREOHP�LQ�9HFWRU�2YHUOD\
3RO\JRQ�RYHUOD\V�RIWHQ�VXIIHU�ZKHQ�

WKHUH�DUH�FRPPRQ�IHDWXUHV�WKDW�DUH�UHSUH�
VHQWHG�LQ�ERWK�LQSXW�GDWD�OD\HUV��:H�GHILQH�
D�FRPPRQ�IHDWXUH�DV�D�GLIIHUHQW�UHSUHVHQWD�
WLRQ�RI�WKH�VDPH�SKHQRPHQRQ��)LJXUH������
LOOXVWUDWHV�WKLV�SUREOHP��$�FRXQW\�ERXQGDU\�
PD\�FRLQFLGH�ZLWK�D�VWDWH�ERXQGDU\��+RZ�
HYHU��GLIIHUHQW�YHUVLRQV�RI�WKH�VWDWH�DQG�
FRXQW\�ERXQGDULHV�PD\�EH�FUHDWHG�LQGH�
SHQGHQWO\�IURP�WZR�DGMDFHQW�VWDWHV��XVLQJ�
GLIIHUHQW�VRXUFH�PDWHULDOV��DW�GLIIHUHQW�
WLPHV��DQG�XVLQJ�GLIIHUHQW�V\VWHPV��7KXV��
WKHVH�WZR�UHSUHVHQWDWLRQV�PD\�GLIIHU�HYHQ�
WKRXJK�WKH\�LGHQWLI\�WKH�VDPH�ERXQGDU\�RQ�
WKH�HDUWK�VXUIDFH��

,Q�PRVW�GDWD�OD\HUV��WKH�GLIIHUHQFHV�ZLOO�
EH�TXLWH�VPDOO��DQG�ZLOO�QRW�EH�YLVLEOH�
H[FHSW�DW�YHU\�ODUJH�GLVSOD\�VFDOHV��IRU�
H[DPSOH��ZKHQ�WKH�RQ�VFUHHQ�]RRP�LV�TXLWH�

)LJXUH�������6OLYHU�SRO\JRQV�PD\�RFFXU�ZKHQ�WZR�UHSUHVHQWDWLRQV�RI�D�IHDWXUH�DUH�FRPELQHG��$�FRPPRQ�
ERXQGDU\�EHWZHHQ�WZR�IHDWXUHV�KDV�EHHQ�GHULYHG�IURP�GLIIHUHQW�VRXUFHV��7KH�UHSUHVHQWDWLRQV�GLIIHU�
VOLJKWO\��7KLV�UHVXOWV�LQ�VPDOO�JDSV�DQG�³VOLYHU´�SRO\JRQV�DORQJ�WKH�PDUJLQ�EHWZHHQ�WKHVH�WZR�OD\HUV��
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KLJK��7KH�GLIIHUHQFHV�DUH�VKRZQ�LQ�WKH�
ODUJHU�VFDOH�LQVHW�LQ�)LJXUH�������:KHQ�WKH�
FRXQW\�DQG�VWDWH�GDWD�OD\HUV�DUH�RYHUODLG��
PDQ\�VPDOO�SRO\JRQV�DUH�IRUPHG�DORQJ�WKH�
ERXQGDU\��7KHVH�SRO\JRQV�DUH�TXLWH�VPDOO��
EXW�WKH\�DUH�RIWHQ�TXLWH�QXPHURXV��

7KHVH�³VOLYHU´�SRO\JRQV�FDXVH�SURE�
OHPV�EHFDXVH�WKHUH�LV�DQ�HQWU\�LQ�WKH�DWWUL�
EXWH�WDEOH�IRU�HDFK�SRO\JRQ��2QH�KDOI�RU�
PRUH�RI�WKH�SRO\JRQV�LQ�WKH�RXWSXW�GDWD�
OD\HU�PD\�EH�WKHVH�VOLYHUV��6OLYHUV�DUH�D�
EXUGHQ�EHFDXVH�WKH\�WDNH�XS�VSDFH�LQ�WKH�
DWWULEXWH�WDEOH�EXW�DUH�QRW�RI�DQ\�LQWHUHVW�RU�
XVH��$QDO\VHV�RI�ODUJH�GDWD�VHWV�DUH�KLQ�
GHUHG�EHFDXVH�DOO�VHOHFWLRQV��VRUWV��RU�RWKHU�
RSHUDWLRQV�PXVW�WUHDW�DOO�SRO\JRQV��LQFOXG�
LQJ�WKH�VOLYHUV��3URFHVVLQJ�WLPHV�RIWHQ�
LQFUHDVH�H[SRQHQWLDOO\�ZLWK�WKH�QXPEHU�RI�
SRO\JRQV�

7KHUH�DUH�VHYHUDO�PHWKRGV�WR�UHGXFH�
WKH�RFFXUUHQFH�RI�WKHVH�VOLYHUV��2QH�LGHQWL�
ILHV�DOO�FRPPRQ�ERXQGDULHV�DFURVV�GLIIHU�
HQW�OD\HUV��7KH�ERXQGDU\�ZLWK�WKH�KLJKHVW�
FRRUGLQDWH�DFFXUDF\�LV�VXEVWLWXWHG�LQWR�DOO�
RWKHU�GDWD�OD\HUV��UHSODFLQJ�WKH�OHVV�DFFX�
UDWH�UHSUHVHQWDWLRQV��7KLV�LQYROYHV�FRQVLG�
HUDEOH�HGLWLQJ��DQG�PRVW�FRPPRQ�ZKHQ�
GHYHORSLQJ�QHZ�GDWD�OD\HUV��

$QRWKHU�PHWKRG�LQYROYHV�PDQXDOO\�
LGHQWLI\LQJ�DQG�UHPRYLQJ�VOLYHUV��6PDOO�
SRO\JRQV�PD\�EH�VHOHFWHG��RU�SRO\JRQV�
ZLWK�WZR�ERXQGLQJ�DUFV��FRPPRQ�IRU�VOLYHU�
SRO\JRQV��%RXQGLQJ�OLQHV�PD\�WKHQ�EH�
DGMXVWHG�RU�UHPRYHG��+RZHYHU��PDQXDO�
UHPRYDO�LV�QRW�SUDFWLFDO�IRU�PDQ\�GDWD�VHWV�
GXH�WR�WKH�KLJK�QXPEHU�RI�VOLYHU�SRO\JRQV��

$�WKLUG�PHWKRG�IRU�VOLYHU�UHGXFWLRQ�
LQYROYHV�GHILQLQJ�D�VQDS�GLVWDQFH�GXULQJ�
RYHUOD\��0XFK�DV�ZLWK�D�VQDS�GLVWDQFH�XVHG�
GXULQJ�GDWD�GHYHORSPHQW��GHVFULEHG�LQ�
&KDSWHU�����WKLV�IRUFHV�QRGHV�RU�OLQHV�WR�EH�
FRLQFLGHQW�LI�WKH\�DUH�ZLWKLQ�D�VSHFLILHG�
SUR[LPLW\�GXULQJ�RYHUOD\��$V�ZLWK�GDWD�
HQWU\��WKLV�VQDS�GLVWDQFH�VKRXOG�EH�VPDOO�
UHODWLYH�WR�WKH�VSDWLDO�DFFXUDF\�RI�WKH�LQSXW�
OD\HUV�DQG�WKH�UHTXLUHG�DFFXUDF\�RI�WKH�RXW�
SXW�GDWD�OD\HUV��,I�WKH�WZR�UHSUHVHQWDWLRQV�
RI�D�OLQH�DUH�ZLWKLQ�WKH�VQDS�GLVWDQFH�WKHQ�
WKHUH�ZLOO�EH�QR�VOLYHU�SRO\JRQV��,Q�SUDF�
WLFH��QRW�DOO�VOLYHU�SRO\JRQV�DUH�UHPRYHG��
EXW�WKHLU�QXPEHUV�DUH�VXEVWDQWLDOO\�
UHGXFHG��WKHUHE\�UHGXFLQJ�WKH�WLPH�VSHQW�
RQ�PDQXDO�HGLWLQJ�

$XWRPDWLF�VOLYHU�GHWHFWLRQ�DQG�
UHPRYDO�VKRXOG�EH�DSSOLHG�FDUHIXOO\��DV�
WKH\�PD\�GHOHWH�YDOXDEOH�GDWD��2QO\�VPDOO�
VOLYHUV�VKRXOG�EH�UHPRYHG��ZLWK�VPDOO�
GHILQHG�DV�VPDOOHU�WKDQ�DQ�DUHD��OHQJWK��RU�
ZLGWK�WKDW�LV�ZRUWK�WUDFNLQJ��7KLV�GLVWDQFH�
PD\�EH�VHW�E\�WKH�DFFXUDF\�RI�WKH�GDWD�FRO�
OHFWLRQ��RU�E\�WKH�UHTXLUHPHQWV�RI�WKH�DQDO�
\VLV��,I�SRO\JRQ�HGJH�ORFDWLRQV�DUH�RQO\�
GLJLWL]HG�WR�ZLWKLQ�RQH�PHWHU�RI�WKHLU�WUXH�
SRVLWLRQ��LW�PDNHV�OLWWOH�VHQVH�WR�PDLQWDLQ�
SRO\JRQV�WKDW�DUH�OHVV�WKDQ�D�PHWHU�LQ�DQ\�
GLPHQVLRQ��+RZHYHU��LI�VOLYHUV�DUH�UHPRYHG�
WKDW�DUH�VXEVWDQWLDOO\�ZLGHU�DQG�ORQJHU�WKDQ�
D�PHWHU��VRPH�YDOXDEOH�LQIRUPDWLRQ�PD\�EH�
ORVW��


