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\N\L#GHVLJQ�XSHQQ�HGX�
�
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�

$%675$&7�
.ULJLQJ� LV�D�JURXS�RI�JHR�VWDWLVWLFDO� WHFKQLTXHV�XVHG�
WR� LQWHUSRODWH� WKH� YDOXH� RI� D� UDQGRP� ILHOG� DW� DQ�
XQREVHUYHG�ORFDWLRQ�IURP�GLVFUHWH�REVHUYHG�YDOXHV�DW�
QHDUE\� ORFDWLRQV�� .ULJLQJ� KDV� EHHQ� GHYHORSHG� WR�
LQWHUSRODWH�FOLPDWH�GDWD�DV�D�SUREDELOLVWLF�PHWKRG���
�
.ULJLQJ� KDV� EHHQ� YHU\� SRSXODU� LQ� RFHDQLF� UHVHDUFK�
XVHG� IRU� SUHGLFWLQJ� WKH� YDULDQFH� RI� JHRJUDSKLFDO�
FRQGLWLRQV�� +RZHYHU�� LW� KDV� EHHQ� GLIILFXOW� WR� ILQG� D�
VLPLODU� DSSOLFDWLRQ� LQ� WKH� EXLOW� HQYLURQPHQW�� 7KLV�
SDSHU� DLPV� WR�XQFRYHU�SRVVLELOLWLHV�RI�XVLQJ�.ULJLQJ�
IRU� EXLOW� HQYLURQPHQW� VWXGLHV�� VSHFLILFDOO\� IRFXVLQJ�
RQ�LQGRRU�OLJKW�OHYHO���
�
.ULJLQJ� LQWHUSRODWHV� ZLWK� WKH� GLVFUHWH� SRLQW� GDWD� RI�
OLJKW�OHYHO�WR�WKH�FRQWLQXRXV�ILHOG��7KLV�PD\�VXJJHVW�D�
QHZ� DSSURDFK� WR� VDYH� FRPSXWDWLRQDO� H[SHQVHV� ZLWK�
UHDVRQDEOH� DFFXUDF\� LQ� FRPSDULVRQ� WR�SK\VLFV�EDVHG�
FRPSXWDWLRQDO�VLPXODWLRQ�UHVXOWV��

,1752'8&7,21�
.ULJLQJ� KDV� EHHQ� GHYHORSHG� WR� LQWHUSRODWH� FOLPDWH�
GDWD�� 7KLV� SUREDELOLVWLF� PHWKRG� LQFRUSRUDWHV�
UDQGRPQHVV� DQG� DOORZV� IRU� WKH� LQFOXVLRQ� RI� WKH�
YDULDQFH� DQG� VWDWLVWLFDO� VLJQLILFDQFH� RI� WKH� SUHGLFWHG�
YDOXHV��,Q�JHRVFLHQFH�DSSOLFDWLRQ��.ULJLQJ�LV�WKH�EHVW�
LQWHUSRODWLRQ�WHFKQLTXH�DYDLODEOH�ZKHQ�GDWD�LV�VSDUVH�
�%XUURXJK�DQG�0F'RQQHOO���������
�
$V� WKH� SULPDU\� SUREDELOLVWLF� PHWKRG� DYDLODEOH��
.ULJLQJ� KDV� EHHQ� VXJJHVWHG� IRU� DQDO\VH� RI� FOLPDWH�
GDWD��:LWK� WKH� JLYHQ� ORZ� UHVROXWLRQ� GDWD� IURP�*,6��
KLJKHU�UHVROXWLRQ�GDWD�FRXOG�EH�JHQHUDWHG�E\�.ULJLQJ�
WHFKQLTXHV��6OXLWHU���������
�
7KH� .ULJLQJ� SURFHVV� VWDUWV� ZLWK� WKH� UHFRJQLWLRQ� RI�
LUUHJXODULWLHV� LQ� VSDWLDO� YDULDWLRQV�� $� 5HJLRQDOL]HG�
YDULDEOH� VXEVWLWXWHV� WKH� VLPSOH� IXQFWLRQ� WR� VROYH� IRU�
WKH� UDQGRP� EHKDYLRXU�� ,Q� JHQHUDO�� .ULJLQJ� LV� D�
UHODWLYHO\� IDVW� LQWHUSRODWRU� WKDW� FDQ� EH� H[DFW� RU�
VPRRWKHG��,VDDNV�DQG�6ULYDVWDYD��������
�
7KH� .ULJLQJ� PHWKRG� FDQ� EH� DSSOLFDEOH� WR� EXLOGLQJ�
VLPXODWLRQ�� HVSHFLDOO\� ZLWK� DQDO\VLV� WKDW� UHTXLUHV� D�
SURILOH� RI� WKH� SORW�� VXFK� DV� OLJKW� OHYHO�� DLUIORZ�� DQG�
WHPSHUDWXUH� GLVWULEXWLRQ�� .ULJLQJ� FRXOG� VWDWLVWLFDOO\�

SUHGLFW� WKH� FRQWLQXRXV� ILHOG� RI� FRQGLWLRQV� ZLWK� D�
VHOHFW� QXPEHU� RI� GDWD� SRLQWV� ZKLFK� VDYHV� RQ�
FRPSXWDWLRQDO� FRVWV� WKDW� LV� RWKHUZLVH� KLJKO\�
H[SHQVLYH� LQ� SK\VLFV�EDVHG� ILHOG� SUHGLFWLRQ� IRU� WKH�
VDPH�DUHD��
�
7KLV�SDSHU�DLPV�WR�ILQG�SRVVLELOLWLHV�RI�XVLQJ�.ULJLQJ�
IRU� WKH� EXLOGLQJ� HQYLURQPHQW�� /LJKW� OHYHO� ZDV�
VHOHFWHG� DV� D� WHVW� GRPDLQ�� VSHFLILFDOO\� FRQFHUQLQJ�
LQGRRU� OLJKW� OHYHO� FKDQJH� DFFRUGLQJ� WR� VXQ�
PRYHPHQWV� DQG� VN\� FRQGLWLRQV� LQ� WKH� GD\WLPH�� )XOO�
SK\VLFV�EDVHG�VLPXODWLRQV�IRU�QDWXUDO�OLJKW�VWXGLHV�DUH�
W\SLFDOO\�FRQGXFWHG�IRU�VHOHFWHG�RFFDVLRQV��WKH�ZRUVW�
FRQGLWLRQV� RI� WKH� \HDU�� RU� DUH� XVHG� ZLWK� D� VPDOO�
QXPEHU� RI� VHOHFWHG� PHDVXUHPHQW� SRLQWV� WR� VWXG\�
LQGRRU� OLJKW� OHYHOV� IRU� WKH� ZKROH� \HDU�� � 7KH� PDMRU�
KHGJH� IRU� OLJKW� VLPXODWLRQ� LV� UHODWHG� WR� WKH�
FRPSXWDWLRQDO�SRZHU�DQG�WLPH�UHTXLUHG� WR�FRQGXFW�D�
IXOO� \HDU� VLPXODWLRQ� LQ� RUGHU� WR� PDS� RXW� �'� RU� �'�
LQGRRU�OLJKW�OHYHO�SURILOHV��
�
&XUUHQWO\�� (QHUJ\3OXV� XVHV� 'D\OLJKW� )DFWRU� �')��
�8,8&� ������ WR� FDSWXUH� WKH� FRPSOH[LW\� RI� GD\OLJKW�
EHKDYLRXU�� +RZHYHU�� ')� KDV� GLIILFXOW\� DGGUHVVLQJ�
UHDOLVWLF�OLJKW�FRQGLWLRQV�EHFDXVH�GLUHFW�VXQOLJKW�LV�QRW�
DFFRXQWHG� IRU� ZKHQ� PDNLQJ� RYHUFDVW� VN\�
DVVXPSWLRQV�� )RU� DQ� DFFXUDWH� SUHGLFWLRQ� RI� QDWXUDO�
OLJKW�� LW� LV� LPSRUWDQW� WDNH� LQWR� DFFRXQW� LOOXPLQDQFH��
WKH�WRWDO�OXPLQRXV�IOX[�LQFLGHQW�RQ�D�VXUIDFH�SHU�XQLW�
DUHD���
�
+RZHYHU�� WKH� PDLQ� REVWDFOH� ZLWK� SK\VLFV� EDVHG�
VLPXODWLRQ� VWLOO� OLHV� ZLWK� LWV� FRPSXWDWLRQDO� H[SHQVH��
ZKLFK� OHG� WR� WKH� GHYHORSPHQW� RI� WKH� 'D\OLJKW�
$XWRQRP\�PHDVXUHPHQW��5HLQKDUW��0DUGDOMHYLF�HW�DO��
�������:LWK�GD\OLJKW�DXWRQRP\��RQO\�D� IHZ�VHOHFWHG�
PHDVXULQJ� SRLQWV� �ORFDWLRQV�� DUH� UHTXLUHG� WR�
XQGHUVWDQG� WKH� \HDUO\� EHKDYLRXU� RI� GD\OLJKW��
,QFUHDVLQJ� WKH� QXPEHU� RI� SRLQWV�ZRXOG� JHQHUDWH� WKH�
FRUUHVSRQGLQJ� DGGLWLRQDO� LQIRUPDWLRQ�� ZKLOH�
HVVHQWLDOO\� LQFUHDVLQJ� WKH� VLPXODWLRQ� WLPH�� 7KXV��
HIILFLHQWO\� LQWHJUDWLQJ� WKH� OLJKW�GRPDLQ�ZLWK� WKHUPDO�
FDOFXODWLRQV� UHPDLQV� D� PDMRU� KXUGOH� IRU� EXLOGLQJ�
HQHUJ\�VLPXODWLRQ� WRROV� �5HLQKDUW��0DUGDOMHYLF�HW�DO��
��������
�
7KH� SDSHU� SURSRVHV� D� SUHGLFWLRQ� PHWKRG� XVLQJ�
.ULJLQJ� WR� LQWHUSRODWH� WKH� SURILOH� RU� GLVWULEXWLRQ� RI�
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LOOXPLQDQFH� IURP� VHOHFW� GDWD� SRLQWV�� 7KLV� SURSRVHG�
PHWKRG� ZLOO� EH� DEOH� WR� SURGXFH� OLJKW� GLVWULEXWLRQ��
VXFK� DV� ')�� EXW� REWDLQ� PRUH� UHDOLVWLF� UHVXOWV� ZKLOH�
UHGXFLQJ� FRPSXWDWLRQDO� H[SHQVH� WKURXJK� VWDWLVWLFDO�
PHWKRGV���

,03/(0(17$7,21�
.ULJLQJ�KDV�D�IHZ�GLIIHUHQW�PRGHOV��,Q�WKLV�SDSHU��WKH�
RUGLQDU\� NULJLQJ� PHWKRG� ZDV� XVHG�� 2WKHU� PRGHOV�
PD\�LQFOXGH�DOJRULWKPV�FDOOHG�VLPSOH��XQLYHUVDO��DQG�
LQGLFDWRU�� 0RUH� GHWDLOV� RI� HDFK� LQGLFDWRUV� FDQ� EH�
IRXQG� LQ� VHYHUDO� H[LVWLQJ� SDSHUV� �$UPVWURQJ� ������
-RXUQHO�DQG�3RVD�������2OHD��������
�
7KH� EDVLF� WHFKQLTXH� XVHG� E\� WKH� RUGLQDU\� NULJLQJ�
PHWKRG� LV� D� ZHLJKWHG� DYHUDJH� RI� QHLJKERXULQJ�
VDPSOHV� WR� HVWLPDWH� WKH� 
XQNQRZQ
� YDOXH� DW� D� JLYHQ�
ORFDWLRQ�� :HLJKWV� DUH� RSWLPL]HG� XVLQJ� WKH� VHPL�
YDULRJUDP�PRGHO��ZKLFK�LQGLFDWHV�WKH�ORFDWLRQ�RI�WKH�
VDPSOHV� DQG� DOO� WKH� UHOHYDQW� LQWHU�UHODWLRQVKLSV�
EHWZHHQ�NQRZQ�DQG�XQNQRZQ�YDOXHV��7KLV�WHFKQLTXH�
DOVR�SURYLGHV�D� �VWDQGDUG� HUURU��ZKLFK�PD\�EH�XVHG�
WR�TXDQWLI\� FRQILGHQFH� OHYHOV��7KH�SDSHU�GHILQHV� WKH�
PRGHOOLQJ� SURFHVV� RI� NULJLQJ� LQ� IRXU� VWDJHV�� ��� GDWD�
SUHSDUDWLRQ�� ��� VHPL�YDULRJUDP�� ��� NULJLQJ�� DQG� ���
YDOLGDWLRQ���
 
�� 'DWD� SUHSDUDWLRQ�� 7KLV� VWDJH� SURYLGHV� WKH� LQSXW�

GDWD� IRU� NULJLQJ�� 7\SLFDOO\�� WKH� GDWD� FRQVLVWV� RI�
�'� RU� �'� &DUWHVLDQ� FRRUGLQDWH� �[�� \�� ]�� SRLQW�
YDOXHV�DQG�HDFK�SRLQW¶V�UHOHYDQW�YDOXH����

�� 6HPL�YDULRJUDP�� 7KH� VHPL�YDULRJUDP� IXQFWLRQ�
TXDQWLILHV�WKH�DVVXPSWLRQ�WKDW�WKLQJV�QHDUE\�WHQG�
WR� EH� PRUH� VLPLODU� WKDQ� WKLQJV� WKDW� DUH� IDUWKHU�
DSDUW�� 6HPL�YDULRJUDP�PHDVXUHV� WKH� VWUHQJWK� RI�
VWDWLVWLFDO�FRUUHODWLRQ�DV�D�IXQFWLRQ�RI�GLVWDQFH���

�� .ULJLQJ�� %DVHG� RQ� WKH� VHPL�YDULRJUDP� IXQFWLRQ�
PHDVXUHG�� YDOXHV� DUH� ZHLJKWHG� WR� GHULYH� D�
SUHGLFWHG� YDOXH� IRU� QHDUE\� VXUURXQGLQJ�
XQPHDVXUHG�ORFDWLRQV��

�� 9DOLGDWLRQ�� 0HDVXUHPHQW� HUURUV� RFFXU� ZKHQ�
VHYHUDO� GLIIHUHQW� REVHUYDWLRQV� DUH� SRVVLEOH� IURP�
WKH� VDPH� ORFDWLRQ�� %DVHG� RQ� WKH� HUURU� DQG� WKH�
NULJLQJ�YDULDQFH� PDS�� UHOLDELOLW\� RI� WKH�
SUHGLFWLRQ�FDQ�EH�IRXQG����

�
%DVHG� RQ� WKH� DERYH� NULJLQJ� PRGHOOLQJ� SURFHVV�� WKH�
SDSHU�SURSRVHV�D�PHWKRG�WR�SUHGLFW�LOOXPLQDQFH�PDS�
VKRZQ� LQ� )LJXUH� ��� 7KH� PHWKRG� FRQVLVWV� RI� WKUHH�
PDMRU� SDUWV� �� SUHSDUDWLRQ�� GD\OLJKW� VLPXODWLRQ� DQG�
NULJLQJ� LQWHUSRODWLRQ�� ,Q� WKH� SUHSDUDWLRQ� VWDJH��
ERXQGDU\� FRQGLWLRQV� VXFK� DV� JHRPHWU\�� PDWHULDO�
SURSHUWLHV�� VN\� FRQGLWLRQV� DQG� LOOXPLQDQFH�
PHDVXUHPHQW�SRLQWV�DUH�GHWHUPLQHG��7KLV�LQIRUPDWLRQ�
LV� WKHQ� SDVVHG� WR� DQ� DGYDQFHG� GD\OLJKW� VLPXODWLRQ�
WRRO� WR� PRGHO� DQG� VLPXODWH� LQGRRU� OLJKW� FRQGLWLRQV��
2QFH� WKH�VLPXODWLRQ� LV�FRPSOHWH�� LOOXPLQDQFH�YDOXHV�
RI� VHOHFWHG� SRLQWV� DQG� WKHLU� ORFDWLRQ� FRRUGLQDWHV� DUH�
SDVVHG� WR� WKH� NULJLQJ� VWDJH�� 1H[W�� WKH� VLPXODWHG�
ORFDWLRQ�FRRUGLQDWHV�DQG�LOOXPLQDQFH�YDOXHV�DUH�XVHG�

DV� LQSXW� GDWD� YDOXHV� IRU� NULJLQJ�� 7KHVH� YDOXHV� DUH�
XVHG�WR�ILQG�WKH�UHODWLYH�ZHLJKWHG�YDOXH�E\�WKH�VHPL�
YDULRJUDP� PRGHO�� 2QFH� WKH� RSWLPL]HG� ZHLJKWV� DUH�
IRXQG�� WKH�NULJLQJ�SURFHVV�SUHGLFWV� WKH�YDOXHV�RI� WKH�
VXUURXQGLQJ� XQPHDVXUHG� ORFDWLRQV�� )ROORZLQJ� WKH�
NULJLQJ� SURFHVV�� WKH� SUHGLFWHG� YDOXHV� DUH� YHULILHG� WR�
GHWHUPLQH�ZKHWKHU�WKH\�DUH�ZLWKLQ�WKH�HUURU�UDQJH������
�
�

�
)LJXUH���.ULJLQJ�SURFHVV�IRU�OLJKW�OHYHO�LQWHUSRODWLRQ��
�
7KH� SURSRVHG� PHWKRG� UHGXFHV� WKH� OLJKW� VLPXODWLRQ�
WLPH�E\�LQWURGXFLQJ�WKH�NULJLQJ�SUHGLFWLRQ�PHWKRG��,Q�
RUGHU� WR� GHWHUPLQH� WKH� SURSRVHG� PHWKRG¶V� DFFXUDF\�
DQG� UREXVWQHVV�� WKH� SDSHU� HYDOXDWHG� LWV� SRWHQWLDO� E\�
WHVWLQJ�D�VLPSOH�FDVH�����

(9$/8$7,21�
$�WHVW�VSDFH�LV�VHOHFWHG�WR�FRPSDUH�WKH�NULJLQJ�UHVXOWV�
ZLWK� W\SLFDO� OLJKW� VLPXODWLRQ� UHVXOWV�� &RPSDULVRQ�
EHWZHHQ� WKH� SURSRVHG� NULJLQJ� PHWKRG� DQG� D�
FRQYHQWLRQDO� VLPXODWLRQ� PHWKRG� VKRZV� WKDW� UHVXOWV�
SURGXFHG� E\� WKH� SURSRVHG� PHWKRG� FRPHV� FORVH� WR�
WKRVH� SURGXFHG� E\� WKH� VLPXODWLRQ� UHVXOW� ZKLFK�
SURYLGHV� DQ� LQ�GHSWK� XQGHUVWDQGLQJ� RI� KRZ� PXFK�
FRPSXWLQJ�WLPH�FDQ�EH�VDYHG����
�
7KH� WHVW� ORFDWLRQ� LV� 3KLODGHOSKLD�� 3$�� 86�� 7KH� WHVW�
VSDFH�LV�ORFDWHG�RQ�WKH�IRXUWK�IORRU�RI�D�EXLOGLQJ�WKDW�

7DEOH���%XLOGLQJ�LQIRUPDWLRQ�
/RFDWLRQ� 3KLODGHOSKLD��3$��86$�
/DWLWXGH��/RQJLWXGH� ��������1����������:�
,QWHULRU�GLPHQVLRQ� ������'��[�������:��[������

�+���PP��
,QWHULRU�
ZDOO�

&RORU� :KLWH�
5HIOHFWDQFH� �����

:LQGRZ�VL]H� �����:��;�������+���PP��
*OD]LQJ�
SURSHUWLHV�

5HIOHFWLYH��� �����
(PLVVLYLW\� �����
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IDFHV� VRXWK�� 7KH� VRXWK� IDoDGH� RI� WKH� VHOHFWHG� WHVW�
VSDFH�KDV�WKUHH�ZLQGRZV�RI�WKH�VDPH�VL]H��7KH�VL]H�RI�
WKH� VSDFH� LV� ���P�ZLGH�� ���P� GHHS�� DQG� ���P� KLJK��
,QWHULRU� VXUIDFHV� DUH�SDLQWHG�ZKLWH�RQ�SODVWHU�ZLWK� D�
UHIOHFWDQFH� RI� ������ 7DEOH� �� DQG� )LJXUH� �� SURYLGHV�
DGGLWLRQDO� GHWDLOV� RI� WKH� ERXQGDU\� DQG� JHRPHWULF�
FRQGLWLRQV�RI�WKH�WHVW�FDVH�����

�
)LJXUH���%XLOGLQJ�JHRPHWU\��XQLW�PP��

�
7KH� WHVW� VSDFH� ZDV� VLPXODWHG� XVLQJ� WZR� GLIIHUHQW�
FDVHV� �� RQH� ZLWK� D� VHOHFWHG� QXPEHU� RI� SRLQWV� DQG�
DQRWKHU� ZLWK� ������ SRLQWV� ���� ;� ��� DQDO\VLV� JULGV�
ZLWK�D�VL]H�RI���PP�;����PP�SHU�JULG���,OOXPLQDQFH�
UHVXOWV� RI� WKH� VHOHFWHG� SRLQWV� FDVH� ZHUH� SDVVHG� WR�
.ULJLQJ�WR�SUHGLFW�WKH�DURXQG�WHVW�SRLQWV¶�LOOXPLQDQFH�
YDOXHV���2QFH�.ULJLQJ�SUHGLFWV�WKH�LOOXPLQDQFH��WKHVH�
YDOXHV� ZHUH� FRPSDUHG� ZLWK� WKH� IXOO� LOOXPLQDQFH�
VLPXODWLRQ�UHVXOW���)LJXUH����
�
7KH� WHVW� XVHG� 5DGLDQFH� DV� D� OLJKW� VLPXODWLRQ� WRRO�
�/%1/�������DQG�(DV\.ULJ����&KX��������5DGLDQFH�
LV�KLJKO\�DFFXUDWH� UD\�WUDFLQJ�VRIWZDUH� IRU�DQDO\VLQJ�
DQG� YLVXDOL]LQJ� OLJKWLQJ� LQ� GHVLJQ�� /XPLQDQFH��
LOOXPLQDQFH� DQG� JODUH� LQGLFHV� FDQ� EH� SURGXFHG� DV�
FRORU� PDSV� ZLWK� WKUHH�GLPHQVLRQDO� JHRPHWU\��
PDWHULDOV��WLPH��GDWD�DQG�VN\�FRQGLWLRQV��:DUG��������
9DOLGDWLRQ� KDV� EHHQ� FRQGXFWHG� WR� VKRZ� WKH�PRGHO
V�
DFFXUDF\�ZLWK�UHDO�FRQGLWLRQV��0DUGDOMHYLF��/RPDV�HW�
DO���������(DV\.ULJ����LV�D�.ULJLQJ�VRIWZDUH�SDFNDJH�
XWLOL]LQJ�WKH�0$7/$%�*UDSKLF�8VHU�,QWHUIDFH��*8,���
2QH�RI�WKH�PDLQ�DGYDQWDJHV�RI�(DV\.ULJ����LV�WKDW�LW�
DXWRPDWLFDOO\�SUHGLFWV� WKH� LQLWLDO�SDUDPHWHUV� WKDW�FDQ�
EH�FKDQJHG�LQ�VXEVHTXHQW�SURFHVVHV����
�

7DEOH���WHVW�VFHQDULR�FDVHV�
6FHQDULR� 'DWH� 7LPH� .ULJLQJ�LQSXW�

SRLQW�QXPEHUV�
�JULG�VL]H��

�� -XQH���VW� 1RRQ� ������;����
�� -XQH���VW� 1RRQ� �����;���
�� -XQH���VW� 1RRQ� �����;���
�� 'HF���VW� 1RRQ� ������;����

�
7KH� HYDOXDWLRQ� SURFHVV� FRQGXFWHG� VHYHUDO� VFHQDULRV��
ZKLFK�DUH�RXWOLQHG�LQ�7DEOH����$OO�VFHQDULRV�XVHG�WKH�
VDPH� VXQQ\� VN\� FRQGLWLRQ�� 7KH� SULPDU\� UHDVRQ� IRU�
WKLV� LV� WR� XWLOL]H� IXOO� LOOXPLQDQFH� VWXGLHV� WR� FRQVLGHU�
GLUHFW� VXQOLJKW� LPSDFW� RQ� LQGRRU� LOOXPLQDQFH� OHYHOV�

ZKLFK�LV�GLIILFXOW� WR�GR�ZLWK�')��6FHQDULRV�RQH�� WZR�
DQG�WKUHH�XVHG�WKH�VDPH�GDWH��WLPH��DQG�VN\�FRQGLWLRQ�
EXW� D� GLIIHUHQW� VHW� RI� SRLQWV� DV� LQSXW� IRU� WKH� NULJLQJ�
SURFHVV�� 5HGXFLQJ� WKH� QXPEHU� RI� LQSXW� SRLQWV�
LQFUHDVHV� WKH� DUHD� WR� EH� SUHGLFWHG� WKHUHE\�SURYLGLQJ�
WKH�SURSHU� UDWLR� WR�EH�XVHG� IRU� VHOHFWLQJ� WKH�QXPEHU�
RI�SRLQWV�WR�SUHGLFW�LOOXPLQDQFH�OHYHOV��6FHQDULR�IRXU�
LV�XVHG� WR� WHVW� WKH�DFFXUDF\�RI� WKH�NULJLQJ�SUHGLFWLRQ�
XQGHU�H[WUHPH�FOLPDWLF�FRQGLWLRQV��

5(68/7�	�',6&866,21�
)LJXUH���VKRZV�WKH�SORW�RI� WKH� LOOXPLQDQFH�OHYHOV�E\�
VLPXODWLQJ�D�IXOO�PHVK�DORQJ�ZLWK�D�W\SLFDO�5DGLDQFH�
VLPXODWLRQ��7KH�UHVXOW�RI�WKLV�VLPXODWLRQ�ZDV�XVHG�DV�
D�EDVH�FDVH� WR�FRPSDUH�ZLWK�VFHQDULRV�RQH�� WZR�DQG�
WKUHH��7KH�UHVXOW� VKRZHG� WKDW�DYHUDJH� LOOXPLQDQFH� LV�
�������OX[���
�

������������� �

���

�

�OX[��

�����

�����

�����

�����

�����

�����

��

)LJXUH���)XOO�JULG�LOOXPLQDQFH�SORW��%DVH�&DVH��
-XQH����ZLWK�5DGLDQFH���

�
)LJXUH� �� LV� WKH� LOOXPLQDQFH� SORW� IRU� VFHQDULR� RQH��
ZKLFK�XVHG�����SRLQWV� WR�SUHGLFW� LOOXPLQDQFH� OHYHOV��

�
)LJXUH���HYDOXDWLRQ�SURFHVV�
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7KH�UHVXOW�VKRZHG�WKDW�DYHUDJH�LOOXPLQDQFH�LV��������
OX[��7KH�DYHUDJH�LOOXPLQDQFH�GLIIHUHQFH�EHWZHHQ� WKH�

EDVH� FDVH� DQG� VFHQDULR� RQH� LV� ����� OX[�� ZKLFK� LV�
������� 7DEOH� �� VKRZV� WKH� RYHUDOO� FRPSDULVRQ�
EHWZHHQ�WKH�EDVH�FDVH�DQG�VFHQDULR�RQH���
�

7DEOH���.ULJLQJ�UHVXOW�±�-XQH����
� %DVH�&DVH� 6FHQDULR�2QH� 'LII��
0D[LPXP�� �������� �������� ������
0LQLPXP� ������ ������ ������
$YHUDJH� ������� ������� ������

1H[W��DQ�HUURU�DQDO\VLV�ZDV�FRQGXFWHG�WR�GHWHUPLQH�
WKH� LQFUHDVH� LQ� GHYLDWLRQ� LI� D� VPDOOHU� QXPEHU� RI�
LQSXW� SRLQWV� DUH� XVHG�� 7KHUHIRUH�� WZR� PRUH� FDVHV�
ZHUH� WHVWHG�HDFK�XVLQJ�D�GLIIHUHQW�QXPEHU�RI� LQSXW�
SRLQWV�������SRLQWV�DQG����SRLQWV��ZLWK�UDWLRV�RI�������
DQG��������UHVSHFWLYHO\��FRPSDUHG�WR�WKH�EDVH�FDVH��� 
)LJXUH� �� VKRZV� WKH� SORW� RI� .ULJLQJ� SUHGLFWHG�
LOOXPLQDQFH� OHYHOV�ZLWK� GLIIHULQJ� QXPEHUV� RI� LQSXW�
SRLQWV�DQG�)LJXUH���VKRZV�WKH�GHYLDWLRQ�RI�.ULJLQJ�
SUHGLFWLRQ� IURP� WKH�EDVH�FDVH�� ,Q� VFHQDULR� WZR�� WKH�
���SRLQWV� FDVH�� XQGHU�HVWLPDWLRQ� RFFXUV�
VLJQLILFDQWO\� QHDU� WKH� ZLQGRZ� ORFDWLRQV� DQG� RYHU�
HVWLPDWLRQ� RFFXUV� DW� LQ�EHWZHHQ� ORFDWLRQV�� ,Q�
VFHQDULR�WKUHH��ZLWK����SRLQWV��RYHU�HVWLPDWLRQ�RFFXUV�
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)LJXUH���.ULJLQJ�LQWHUSRODWHG�LOOXPLQDQFH�SORW�
�VFHQDULR�RQH��-XQH����
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�
)LJXUH���.ULJLQJ�FDVH�RI�����SRLQW�VFHQDULR�ZLWK�SK\VLFV�EDVHG�SUHGLFWLRQ�IRU�DOO�GDWD�SRLQWV��-XQH����
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HYHQ� PRUH� VLJQLILFDQWO\� EHWZHHQ� ZLQGRZV� DQG� WKH�
DIIHFWHG�DUHD�LQFUHDVHV�GHHSHU�LQWR�WKH�VSDFH�WKDQ�WKH�
���SRLQWV�FDVH��+RZHYHU��LQFUHDVLQJ�SRLQW�GHQVLW\�GLG�
QRW� DIIHFW� WKH� GHHSHU� DUHDV� LQ� WKH� URRP�� ZKLFK� LV�
UHODWLYHO\�IDU�IURP�WKH�FRPSOH[�ZLQGRZ�DUHD���
�
7DEOH���(UURU�DQDO\VLV�IRU�GLIIHUHQW�LQSXW�SRLQW�QXPEHUV�

IRU�-XQH����

6FHQDULR� 1XPEHU�RI�
SRLQWV� �� $YHUDJH�

GHYLDWLRQ� ��

%DVH�FDVH� ����� � ������� �
�� ���� ����� ������� ������

�� ��� ����� ������� ������
�� ��� ����� ������� ������

�
)XOO� PHVKHG� UDGLDQFH� VLPXODWLRQ� WRRN� DERXW� ���
VHFRQGV�RQ�D�VWDQGDUG�SHUVRQDO�FRPSXWHU��ZKLFK�LV�D�
ORQJHU� FRPSXWDWLRQDO� WLPH�FRPSDUHG� WR� DQ\�.ULJLQJ�
VFHQDULR��ZKLFK�WDNHV�DERXW�������VHFRQGV��6FHQDULRV�
��DQG���VKRZ�UHDVRQDEOH�DJUHHPHQW�ZLWK�WKH�UDGLDQFH�
UHVXOWV� EXW� VDYHG� ���� DQG� ����� UHVSHFWLYHO\�� RI�
VLPXODWLRQ�WLPH�FRPSDUHG�WR�WKH�EDVH�FDVH��

�
7KH� QH[W� WHVW� FRQGXFWHG� XVHG� D� GLIIHUHQW� GDWH�� 7KH�
EDVH� FDVH� ZDV� VLPXODWHG� XVLQJ� WKH� VDPH� ERXQGDU\�
FRQGLWLRQV� H[FHSW� WKH� GDWH� ZDV� FKDQJHG� IURP� -XQH�
��VW� WR� 'HFHPEHU� ��VW�� � )LJXUH� �� VKRZV� WKH� UHVXOW�
EHWZHHQ� VFHQDULR� IRXU� �.ULJLQJ� LQWHUSRODWLRQ� ZLWK�
����SRLQWV��DQG�WKH�EDVH�FDVH���

�
7DEOH���.ULJLQJ�UHVXOWV�IRU�'HFHPEHU����

� %DVH�&DVH� 6FHQDULR��� 'LII�

0D[LPXP�� ���������� ���������� ������

0LQLPXP� ��������� ��������� ������

$YHUDJH� ��������� ��������� ������

�
5HVXOWV� VKRZ� WKDW� WKH� GLIIHUHQFH� LQ� DYHUDJH�
LOOXPLQDQFH� LQFUHDVHG�FRPSDUH� WR� WKH�-XQH���VW� WHVW��
7KH� EDVH� FDVH� UHVXOW� VKRZV� WKDW� WKH� DYHUDJH�
LOOXPLQDQFH�LV����������OX[��ZKLFK�LV�D�GLIIHUHQFH�RI�
�������� OX[� ������ ��� IURP� WKH� .ULJLQJ� SUHGLFWLRQ��
7DEOH� �� VKRZV� WKH� RYHUDOO� FRPSDULVRQ� EHWZHHQ� WKH�
EDVH�FDVH�DQG�VFHQDULR���IRU�'HFHPEHU���VW���
�

 

)LJXUH����.ULJLQJ�FDVH�RI�����SRLQW�VFHQDULR�ZLWK�SK\VLFV�EDVHG�SUHGLFWLRQ�IRU�DOO�GDWD�SRLQWV��'HF�����
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',6&866,21�
7KLV� SDSHU� SURSRVHG� D� QHZ� PHWKRG� IRU� SUHGLFWLQJ�
LOOXPLQDQFH� FRQGLWLRQV� ZLWKRXW� D� IXOO� DGYDQFHG�
OLJKWLQJ�VLPXODWLRQ��7KH�.ULJLQJ�PHWKRG�ZDV�XWLOL]HG�
WR� SUHGLFW� XQNQRZQ� QHDUE\� ORFDWLRQ� YDOXHV� E\�
LQWHUSRODWLQJ� WKH� VLJQLILFDQWO\� VPDOOHU� QXPEHU� RI�
LQSXW� GDWD� WKDQ� LV� UHTXLUHG� IRU� WKH� IXOO� UDGLDQFH�
VLPXODWLRQ���
�
7KH�RYHUDOO�UHVXOW�VKRZV�WKDW�WKH�DYHUDJH�LOOXPLQDQFH�
EHWZHHQ� 5DGLDQFH� DQG� .ULJLQJ� ZHUH� ZLWKLQ� D�
UHDVRQDEOH�HUURU�UDQJH���������������,Q�WKH�-XQH�WHVWV��
WKH� QXPEHU� RI� LQSXW� SRLQWV� FDQ� EH� UHGXFHG� WR� ���
SRLQWV�ZKLOH�VWLOO�EHLQJ�DEOH� WR�SURGXFH�D�UHDVRQDEOH�
PDWFK� ZLWK� 5DGLDQFH� VLPXODWLRQ� UHVXOWV�� :LWK� WKH�
'HFHPEHU� WHVW�� UHVXOWV� VKRZ� WKDW� LQ� H[WUHPH�
FRQGLWLRQV�� ZKHQ� OLJKW� FRQWUDVW� LV� VLJQLILFDQW�� WKH�
.ULJLQJ�SUHGLFWLRQ�SURGXFHV�D�ELJJHU�HUURU�FRPSDUHG�
WR� WKH� -XQH� FDVHV� DQG� VXJJHVWV� WKDW� D� ILQHU� JULG� RI�
SRLQWV�LV�QHHGHG�IRU�KLJKHU�SUHGLFWLRQ�DFFXUDF\���
�
3UHOLPLQDU\� DQDO\VLV� UHJDUGLQJ� FRPSXWLQJ� WLPH�
EHWZHHQ�5DGLDQFH�DQG�.ULJLQJ�GHPRQVWUDWHV�WKDW�WKH�
SURSRVHG�PHWKRG�FDQ�UHGXFH�FDOFXODWLRQ�WLPH�E\�����
FRPSDUHG� WR� D� W\SLFDO� VLPXODWLRQ�� 5HGXFWLRQ� LQ�
FRPSXWLQJ� WLPH� FDQ� EH� HYHQ� JUHDWHU� LI� WKH� DQDO\VLV�
UHTXLUHV� D� IXOO� \HDU�� KRXUO\� LOOXPLQDQFH� FDOFXODWLRQ��
+RZHYHU�� FRPSXWLQJ� WLPH� UHGXFWLRQ� PD\� YDU\� ZLWK�
FRPSOH[LW\�RI�WKH�JHRPHWU\�DV�ZHOO�DV�RWKHU�XQNQRZQ�
YDULDEOHV�� 7KHUHIRUH�� D� PRUH� DFFXUDWH� GHWHUPLQDWLRQ�

RI� FRPSXWDWLRQDO� HIILFLHQF\� UHTXLUHV� IXUWKHU�
LQYHVWLJDWLRQ���
�
7KLV� SDSHU� ZDV� WKH� ILUVW� DWWHPSW� WR� XQFRYHU�
SRVVLELOLWLHV� RI� XWLOL]LQJ� WKH� .ULJLQJ� PHWKRG� LQ�
%XLOGLQJ� 6LPXODWLRQ��$V� DQ� LQLWLDO� LQYHVWLJDWLRQ�� WKH�
SDSHU� XVHG� D� .ULJLQJ� PRGHO� WR� GHPRQVWUDWH� WKH�
SRVVLELOLW\�RI�GHWHUPLQLQJ�D�EHWWHU�LQGRRU�LOOXPLQDQFH�
OHYHO�FRPSDUHG�WR�WKH�FXUUHQW�GD\OLJKW�IDFWRU�PHWKRG��
ZKLOH�DOVR�UHGXFLQJ�FRPSXWLQJ� WLPH�ZKHQ�FRPSDUHG�
WR� D� IXOO� DGYDQFHG� GD\OLJKWLQJ� VLPXODWLRQ�� � ,Q�
VXPPDU\��IROORZLQJ�DUH�WKH�LQLWLDO�GHYHORSPHQWV�DQG�
DGGLWLRQDO�UHVHDUFK�SURSRVHG�E\�WKLV�SDSHU���
 $� PRUH� DGYDQFH� NULJLQJ� PRGHO� LV� QHHGHG� WR��

LPSURYH�WKH�SUHGLFWLRQ���
 $� GHQVLW\� WHVW� RI� .ULJLQJ� LQSXW� SRLQWV� IRU� D�

FRPSOH[� VKDSH� EXLOGLQJ�� PRUH� GDWD� SRLQWV� IRU�
FRPSOH[� SRUWLRQV� DQG� OHVV� GDWD� IRU� VLPSOH�
SRUWLRQV��

 1HJRWLDWLRQ�EHWZHHQ�DFFXUDF\�DQG�FRPSXWDWLRQDO�
H[SHQVH�IRU�WKH�FRPSOH[�REMHFW��

 $� FRPSUHKHQVLYH� DQDO\VLV� IRU� WKH� YDULDWLRQ� RI�
.ULJLQJ�DFFXUDF\�GXH� WR� WKH�ZLGH�UDQJH�RI�VRODU�
FRQGLWLRQV�LQ�RWKHU�SHULRGV�RI�D�IXOO�\HDU��

 8QFHUWDLQW\� TXDQWLILFDWLRQ� FRPSDULVRQ� EHWZHHQ�
WKH� .ULJLQJ� PHWKRG� DQG� WKH� 'D\OLJKW� )DFWRU�
PHWKRG�LQ�HQHUJ\�FRQVXPSWLRQ��

�

5()(5(1&(6
$UPVWURQJ�� 0�� �������� �3UREOHPV� ZLWK� XQLYHUVDO�

NULJLQJ���0DWKHPDWLFDO�*HRORJ\�����������������
%XUURXJK��3��$��DQG�5��0F'RQQHOO���������3ULQFLSOHV�

RI� JHRJUDSKLFDO� LQIRUPDWLRQ� V\VWHPV�� 2[IRUG�
XQLYHUVLW\�SUHVV�2[IRUG��

&KX�� '�� �������� 7KH� */2%(&� .ULJLQJ� VRIWZDUH�
SDFNDJH� ±� (DV\.ULJ���� ZHEVLWH� ��
KWWS���JOREHF�ZKRL�HGX�VRIWZDUH�NULJLQJ�HDV\BNUL
J�HDV\BNULJ�KWPO�� 7KH� :RRGV� +ROH�
2FHDQRJUDSKLF�,QVWLWXWLRQ��

,VDDNV��(��DQG�5��6ULYDVWDYD����������$Q�LQWURGXFWLRQ�
WR� DSSOLHG� JHRVWDWLVWLFV�� 2[IRUG� 8QLY��� 3UHVV��
1HZ�<RUN�����

-RXUQHO�� $�� *�� DQG� '�� 3RVD� �������� �&KDUDFWHULVWLF�
EHKDYLRU� DQG� RUGHU� UHODWLRQV� IRU� LQGLFDWRU�
YDULRJUDPV��� 0DWKHPDWLFDO� *HRORJ\� �������
�����������

/%1/�� �������� �7KH� 'HVNWRS� 5DGLDQFH� ZHE� VLWH��
KWWS���UDGVLWH�OEO�JRY�GHVNUDG���

0DUGDOMHYLF��-���.��/RPDV��HW�DO�����������µ$GYDQFHG�
'D\OLJKWLQJ� 'HVLJQ� IRU� &RPSOH[� 6SDFHV���
3URFHHGLQJV�RI�&/,0$������������

2OHD�� 5�� $�� �������� *HRVWDWLVWLFDO� JORVVDU\� DQG�
PXOWLOLQJXDO�GLFWLRQDU\��2[IRUG�8QLYHUVLW\�3UHVV��
86$��

5HLQKDUW�� &�� )��� -�� 0DUGDOMHYLF�� HW� DO�� ��������
�'\QDPLF� GD\OLJKW� SHUIRUPDQFH� PHWULFV� IRU�
VXVWDLQDEOH�EXLOGLQJ�GHVLJQ���/HXNRV�������������

6OXLWHU��5�����������,QWHUSRODWLRQ�PHWKRGV�IRU�FOLPDWH�
GDWD��� .10,� LQWHUQ� UDSSRUW�� 5R\DO� 1HWKHUODQGV�
0HWHRURORJLFDO�,QVWLWXWH��'H�%LOW��

8,8&�� /�� �������� (QHUJ\3OXV� (QJLQHHULQJ�
5HIHUHQFH�� 7KH� 5HIHUHQFH� WR� (QHUJ\3OXV�
&DOFXODWLRQV��86�'HSDUWPHQW�RI�(QHUJ\��

:DUG�� *�� -�� �������� 7KH� 5$',$1&(� OLJKWLQJ�
VLPXODWLRQ�DQG�UHQGHULQJ�V\VWHP��3URFHHGLQJV�RI�
WKH� ��VW� DQQXDO� FRQIHUHQFH� RQ� &RPSXWHU�
JUDSKLFV�DQG�LQWHUDFWLYH�WHFKQLTXHV��$&0��
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