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9LGHR� SDUVLQJ� LV� RQH� RI� WKH� VWHSV� QHHGHG� IRU
LQGH[LQJ� ODUJH� YROXPHV� RI� YLGHR� LQ� GLJLWDO
PXOWLPHGLD� OLEUDULHV�� 7KLV� SDSHU� VWDUWV� ZLWK� WKH
GLVFXVVLRQ� DERXW� VRPH� LPSRUWDQW� SUREOHPV� ZKHQ
DSSO\LQJ� WKH� H[LVWLQJ� YLGHR� SDUVLQJ�PHWKRGV� LQ� WKH
SUDFWLFH��7KHVH�SUREOHPV�DUH�HVSHFLDOO\�UHODWHG�WR�WKH
XVHU�IULHQGOLQHVV� RI� KRPH� PDVV� VWRUDJH� V\VWHPV
GHYHORSHG�IRU�LQGLYLGXDO�FRQVXPHUV��,Q�DQ�DWWHPSW�WR
VROYH� WKHVH� SUREOHPV� D� QRYHO� GHWHFWLRQ� PHWKRG� IRU
DEUXSW�VKRW�FKDQJHV�LV�SURSRVHG�LQ�WKH�VHFRQG�SDUW�RI
WKH�SDSHU�

�����,QWURGXFWLRQ

:LWK� WKH�FRQWLQXRXV� LQFUHDVH� LQ�FDSDFLW\�RI�PRGHUQ
VWRUDJH� PHGLD�� WKH� FRQFHSW� RI� GLJLWDO� OLEUDULHV
EHFRPHV� WHFKQLFDOO\� UHDOL]DEOH� >�@�� ,Q� SDUDOOHO� ZLWK
VRPH� RWKHU� ZRUOG�ZLGH� HIIRUWV� UHODWHG� WR� SUDFWLFDO
UHDOL]DWLRQ� RI� VXFK� PDVV� VWRUDJH� V\VWHPV�� WKH
(XURSHDQ� UHVHDUFK� SURMHFW� 60$6+� >KWWS���ZZZ�
LW�HW�WXGHOIW�QO�SGD�VPDVK@� DWWHPSWV� WR� VKRZ� WKH
IHDVLELOLW\� RI� D� ODUJH� FDSDFLW\� KRPH� VWRUDJH� GHYLFH
IRU�PXOWLPHGLD�GDWD�

'XH� WR� WKH� KXJH� DPRXQW� RI� VWRUHG� GDWD� LQ� VXFK
V\VWHPV�� EURZVLQJ�TXHU\� W\SLFDOO\� WDNHV� SODFH� RQ� D
PXFK� VPDOOHU� GDWD� VHW� WKDW�� LQ� RQH� ZD\� RU� DQRWKHU�
FKDUDFWHUL]HV� WKH� VWRUHG� LQIRUPDWLRQ� >�@�� 7KLV
UHSUHVHQWDWLYH� GDWD� VHW� ZH� FDOO� DQ� DEVWUDFW�� :KHQ
ZRUNLQJ�WRZDUGV� WKH� LQFUHDVH� LQ�XVHU�IULHQGOLQHVV�RI

PDVV� VWRUDJH� V\VWHPV�� FHUWDLQ� UHTXLUHPHQWV�PXVW� EH
VHW� RQ� WKH� DEVWUDFW� PDNLQJ� SURFHGXUH�� ZKLFK
SURYLGHV� WKH�PDWHULDO� IRU� WKH� DFWXDO� XVHU�LQWHUDFWLRQ
ZLWK� WKH�V\VWHP��(VSHFLDOO\� LQ�FDVH�RI�KRPH�VWRUDJH
V\VWHPV� WKLV� SURFHGXUH� VKRXOG� EH� FDUULHG� RXW� IXOO\
DXWRPDWLFDOO\�� ZLWK� PLQLPL]HG� LQWHUDFWLRQ� IURP� WKH
VLGH�RI� WKH� FRQVXPHU�� EXW� VWLOO� JLYLQJ� DQ� DFFHSWDEOH
TXDOLW\� RI� WKH� DEVWUDFW�� $QRWKHU� LQFUHDVH� LQ� XVHU�
IULHQGOLQHVV� FDQ� EH� REWDLQHG� E\� VSHHGLQJ�XS� WKLV
SURFHGXUH�� L�H�� E\� SHUIRUPLQJ� DOO� QHFHVVDU\� VWHSV� DW
UHFRUGLQJ� WLPH�� )XUWKHUPRUH�� WKH� LPSOHPHQWHG
DOJRULWKPV�VKRXOG�EH�VHTXHQFH�LQGHSHQGHQW�

7KLV� SDSHU� GHDOV� ZLWK� WKH� ILUVW� VWHS� LQ� PDNLQJ� DQ
DEVWUDFW� IRU� YLGHR� GDWD�� YLGHR� SDUVLQJ�� 'XH� WR� RXU
DFWLYLWLHV�ZLWKLQ�WKH�60$6+�SURMHFW��ZH�DUH���DPRQJ
RWKHU� WRSLFV� �� LQWHUHVWHG� LQ� UHVHDUFK� WRZDUGV� WKH
YLGHR� SDUVLQJ� PHWKRGV� ZKHUH� WKH� PHQWLRQHG
UHTXLUHPHQWV� DUH� IXOILOOHG�� ,Q� FDVH� RI� YLGHR� SDUVLQJ�
HVSHFLDOO\�WKH�VHTXHQFH�SURFHVVLQJ�DW�UHFRUGLQJ�WLPH
�³RQ�WKH�IO\´��DQG�WKH�VHTXHQFH�LQGHSHQGHQFH�RI�WKH
DSSOLHG�SDUVLQJ�DOJRULWKP�DUH�UHTXLUHG�

,Q�WKH�IROORZLQJ�VHFWLRQV��DIWHU�GLVFXVVLRQ�RI�H[LVWLQJ
YLGHR�SDUVLQJ� DSSURDFKHV�ZH�SURSRVH� DQ� DXWRPDWHG
GHWHFWLRQ�PHWKRG�IRU�DEUXSW�VKRW�FKDQJHV�ZKLFK�XVHV
ORFDOO\� FRPSXWHG� WKUHVKROGV� EDVHG� RQ� D� VWDWLVWLFDO
PRGHO�IRU�IUDPH�WR�IUDPH�GLIIHUHQFHV�� ,W�HQDEOHV� WKH
GHWHFWLRQ�GLUHFWO\�RQ�WKH�LQFRPLQJ�YLGHR�VWUHDP��DQG
KDV� VLPLODU� SHUIRUPDQFH� IRU� DQ\� YLGHR� VHTXHQFH�
7KLV� SHUIRUPDQFH� FDQ� EH� HVWLPDWHG� XVLQJ� VWDWLVWLFDO
SDUDPHWHUV� RI� WKH� PRGHO�� ,Q� VHFWLRQ� �� VRPH
FRQFOXVLRQV� UHODWHG� WR� WKH� SURSRVHG�PHWKRG� FDQ� EH
IRXQG�

�����*HQHUDO�SUREOHP�RI�YLGHR�SDUVLQJ



9LGHR� FDQ� EH� VHHQ� DV� DQ� RUGHUHG� FROOHFWLRQ� RI
XQEURNHQ� DQG� FRQWLQXRXV� VHULHV� RI� IUDPHV�� FDOOHG
VKRWV��7KH�ILUVW�VWHS�LQ�WKH�SURFHVV�RI�FUHDWLQJ�D�YLGHR
DEVWUDFW� LV� WKH� GHWHFWLRQ� RI� WKHVH� VKRWV� LQ� WKH� YLGHR
VWUHDP�� 7KLV� WHPSRUDO� VHJPHQWDWLRQ� SURFHVV� LV� DOVR
FDOOHG�YLGHR�SDUVLQJ�

9LGHR� SDUVLQJ� LV� EDVHG� RQ� PHDVXULQJ� FKDQJHV
EHWZHHQ� FRQVHFXWLYH� IUDPHV�� ,Q� PHDVXULQJ� WKHVH
FKDQJHV� RQO\� UHDO� FRQWHQW�FKDQJHV� VKRXOG� EH� WDNHQ
LQWR� DFFRXQW�� )RU� LQVWDQFH�� VPDOO� PRYHPHQWV� RI
REMHFWV�RQ� D� VWDWLF�EDFNJURXQG�� FDPHUD�PRYHPHQWV�
IRFDO� OHQJWK� FKDQJHV�� RU� FKDQJHV� LQ� OXPLQDQFH
VKRXOG�QRW�EH�UHJLVWHUHG�DV�UHOHYDQW�FKDQJHV�>�@��7R
PHDVXUH� UHOHYDQW� FRQWHQWV� FKDQJHV� ZH� QHHG� DQ
DSSURSULDWH�IHDWXUH�GHVFULELQJ�WKH�IUDPH�FRQWHQW�DQG
D� PHWULF� WR� HYDOXDWH� FKDQJHV� RI� WKDW� IHDWXUH�� 7KLV
UHVXOWV� LQ� D� IUDPH�WR�IUDPH�GLIIHUHQFH� WLPH� IXQFWLRQ
))'�N��� 7KH� ZD\� RI� REWDLQLQJ� WKH� ))'�N�� LQ� WKLV
SDSHU�LV�H[SODLQHG�LQ�VHFWLRQ�����

8VLQJ� WKH� ))'�N�� ZH� FDQ� GHWHFW� VKRW� FKDQJHV�
$EUXSW�VKRW�FKDQJHV�FDQ�EH�GHWHFWHG�DV�VKDUS�SHDNV
LQ�WKH�))'�FXUYH��ZKLOH�JUDGXDO�WUDQVLWLRQV�EHWZHHQ
VKRWV� UHTXLUH�PRUH� HODERUDWH� GHWHFWLRQ�PHFKDQLVPV�
([LVWLQJ� GHWHFWLRQ� DSSURDFKHV� GR� QRW� FRPSO\� ZLWK
UHTXLUHPHQWV� QHHGHG� IRU� FRQVXPHU� KRPH� VWRUDJH
V\VWHPV�� 7KLV� LV� WKH� FDVH� HYHQ� IRU� GHWHFWLQJ� VKDUS
SHDNV� LQ� WKH� ))'� FXUYH�� ,Q� WKH� IROORZLQJ� ZH
WKHUHIRUH�FRQFHQWUDWH�RQ� WKH�SUREOHP�RI�DEUXSW� VKRW
FKDQJHV�GHWHFWLRQ�

�� � � �&XUUHQW�DSSURDFKHV� IRU�GHWHFWLRQ�RI
DEUXSW�VKRW�FKDQJHV

2QO\� WZR� WKUHVKROGLQJ� DSSURDFKHV� IRU� GHWHFWLQJ
VKDUS� WUDQVLWLRQV� LQ� WKH� ))'�N�� IXQFWLRQ� FDQ� EH
IRXQG� LQ� WKH� OLWHUDWXUH�� ,Q� >�@� WKH� XVH� RI� D� IL[HG
WKUHVKROG�IRU� WKH�HQWLUH�YLGHR�VHTXHQFH� LV�SURSRVHG�
7KLV� WKUHVKROG� LV� GHWHUPLQHG� XQGHU� WKH� DVVXPSWLRQ
WKDW�))'�N��LV�*DXVVLDQ�GLVWULEXWHG��H[FHSW�IRU�WKRVH
YDOXHV� UHVXOWLQJ� IURP� VKRW� WUDQVLWLRQV� RU� FDPHUD
PRYHPHQWV�� 7KH� GUDZEDFN� RI� WKLV� DSSURDFK� LV� WKDW
VWDWLVWLFDO� LQIRUPDWLRQ�RI� WKH�HQWLUH�))'�N�� IXQFWLRQ
LV� QHHGHG�� LPSO\LQJ� WKDW� WKH� HQWLUH� YLGHR� VHTXHQFH
KDV� EHHQ� VWRUHG�� $QRWKHU� SUREOHP� ZKHQ� XVLQJ� D
JOREDO� WKUHVKROG� DSSHDUV� LQ� FDVHV� ZKHUH� D� YHU\
GLVWLQJXLVKDEOH� EUHDN�SHDN� FDQ� EH� REVHUYHG� LQ� RQH
VWDWLRQDU\�SDUW�RI� WKH� VHTXHQFH��EXW�ZKRVH�KHLJKW� LV
VLPLODU�WR�))'�YDOXHV�DORQJ�D�KLJK�DFWLRQ�VKRW�LQ�DQ
RWKHU� SRUWLRQ� RI� WKH� VHTXHQFH��$Q� H[DPSOH� IRU� WKLV
FDQ�EH�VHHQ�LQ�)LJXUH���

,Q�>�@�D�ORFDO�WKUHVKROG�LV�GHWHUPLQHG�ZLWKLQ�D�VOLGLQJ
ZLQGRZ� FRQWDLQLQJ� VHYHUDO� ODVW� FRPSXWHG� ))'
YDOXHV��7KH�ZLQGRZ�LV�GHWHUPLQHG�VXFK�WKDW�LW�FDQQRW
FRQWDLQ�PRUH� WKDQ�RQH� VKRW�FKDQJH��)RU� WKH�FDVH�RI
VKDUS� VKRW� FKDQJHV� WKH� PLGGOH� ZLQGRZ� SRLQW� LV

DOZD\V�FKHFNHG�����WR�EH�WKH�PD[LPXP�DQG�����WR�EH
;� WLPH�KLJKHU� WKDQ�WKH�VHFRQG�ODUJHVW�))'�YDOXH� LQ
WKH� ZLQGRZ�� &RPSXWLQJ� WKH� WKUHVKROG� ORFDOO\�� L�H�
RQO\� XVLQJ� WKH� LQIRUPDWLRQ� IURP� D� VKRUW� WHPSRUDO
VHJPHQW�KDV�VHYHUDO�LPSRUWDQW�DGYDQWDJHV�

�� WKH� WKUHVKROG� IXQFWLRQ� FKDQJHV� PXFK� PRUH
UDSLGO\��IROORZLQJ�WKH�IXQFWLRQ�))'�N���7KLV�FDQ
HQDEOH�WKH�SURSHU�GHWHFWLRQ�HYHQ�LQ�FDVHV�OLNH�LQ
)LJXUH���ZLWKRXW�FDXVLQJ�IDOVH�DODUPV�

�
�� ,W� LV� VXLWDEOH� IRU� RQ�WKH�IO\� YLGHR� SDUVLQJ� VLQFH

RQO\�WKH�FXUUHQW�LQIRUPDWLRQ�DERXW�WKH�VHTXHQFH
LV�QHHGHG�

�
�� ,W� SRVVHVVHV� WKH� ³IRUJHWWLQJ´� SURSHUW\�� L�H�� WKH

GHWHFWLRQ� SHUIRUPDQFH� LV� QRW� LQIOXHQFHG� E\
PLVVHG� DQG� IDOVH� GHWHFWLRQV� ZKLFK� KDSSHQHG
EHIRUH�
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)LJXUH����3UREOHPV�E\�XVLQJ�JOREDO�WKUHVKROG

+RZHYHU��D�GLVDGYDQWDJH�RI�WKH�PHWKRG�SURSRVHG�LQ
>�@� LV� WKDW� WKH� RYHUDOO� SHUIRUPDQFH� RI� WKH� V\VWHP� LV
UDWKHU� VHQVLWLYH� WR� WKH� VHWWLQJ� RI� WKH� SDUDPHWHU� ;�
ZKLFK�PDNHV�LW�XQVXLWDEOH�IRU�RXU�SXUSRVHV�

�����1RYHO�DSSURDFK

:H� SURSRVH� D� PHWKRG� IRU� GHWHFWLQJ� VKDUS� VKRW
FKDQJHV� XVLQJ� DOO� DGYDQWDJHV� RI� ORFDO� WKUHVKROGLQJ
EXW� EHLQJ� IDU� PRUH� VHTXHQFH�LQGHSHQGHQW� WKDQ� WKH
PHWKRG�IURP�>�@��IRU�DQ\�JLYHQ�SDUDPHWHU�YDOXH��)RU
WKLV�SXUSRVH�ZH�LQWURGXFH�D�JHQHUDO�VWDWLVWLFDO�PRGHO
IRU�WKH�))'�FXUYH��6XFK�D�PRGHO�HQDEOHV�XV�WR�ZRUN
ZLWK� GHWHFWLRQ� SUREDELOLWLHV�� DV� VKRZQ� LQ� VHFWLRQ
������

�������)HDWXUHV�DQG�PHWULFV



3RSXODU� IHDWXUHV� WR� PHDVXUH� JOREDO� IUDPH� FRQWHQWV
DUH� WKH� FRORU� DQG� LQWHQVLW\� KLVWRJUDPV� >��� ��� ��� �@�
:H�KDYH�XVHG�<89�KLVWRJUDPV�ZLWK����ELQV�IRU�WKH
FKURPLQDQFH� DQG� ��� ELQV� IRU� WKH� OXPLQDQFH
LQIRUPDWLRQ�� $V� PHWULF� ZH� XVHG� WKH� VXP� RI� WKH
DEVROXWH� KLVWRJUDP� GLIIHUHQFHV� WR� REWDLQ� ))'
YDOXHV�
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�������6WDWLVWLFDO�PRGHO�IRU�WKH�))'�N��FXUYH

,Q�>�@�LW�ZDV�REVHUYHG�WKDW�))'�N���WKHUH�REWDLQHG�E\
FRPSDULQJ� FRORU� FRGH� KLVWRJUDPV�� FDQ� EH� UHJDUGHG
DV�D�UHDOL]DWLRQ�RI�DQ�XQFRUUHODWHG�*DXVVLDQ�SURFHVV�
LI� QR� VKRW� FKDQJH� RU� PRWLRQ� LV� SUHVHQW�� 7KLV
REVHUYDWLRQ�ZH�OLNH� WR�H[WHQG�WR�DQ\�RWKHU� WHPSRUDO
VHJPHQW� ZLWK� XQLIRUP� FRQWHQW� GHYHORSPHQW�
LQGHSHQGHQW�RI�WKH�SUHVHQW�DPRXQW�RI�DFWLRQ��:LWKLQ
D�VLQJOH�VKRW�WKH�))'�N��FDQ�WKHQ�EH�PRGHOHG�HLWKHU
DV� D� VLQJOH� XQFRUUHODWHG� *DXVVLDQ� SURFHVV� RU� DV� D
WHPSRUDO� FRQFDWHQDWLRQ� RI� PXOWLSOH� XQFRUUHODWHG
*DXVVLDQ� SURFHVVHV�� 6KRWV� WKHPVHOYHV� DUH� VHSDUDWHG
E\�LQGLYLGXDO�ODUJH�YDOXHG�RXWOLHUV��RU�SHDNV�

$V� DQ� LOOXVWUDWLRQ� RI� WKLV�� FRQVLGHU� D� FDPHUD
IROORZLQJ� D� VRFFHU� SOD\HU�� ,I� LQLWLDOO\� WKH� FDPHUD� LV
VWDWLRQDU\�� IUDPH�WR�IUDPH�GLIIHUHQFHV�DUH�FDXVHG�E\
WKH� PRYLQJ� RI� WKH� VRFFHU� SOD\HU� ZLWKLQ� WKH� IUDPH
ZLQGRZ��7KH�UHVXOWLQJ�YDULDWLRQV�RI�))'�N��ZLOO�EH
DURXQG�RQH�PHDQ�YDOXH��DQG�DUH�WKH�UHVXOW�RI�D�ODUJH
QXPEHU� RI� VPDOO� GLIIHUHQFHV�� 7KH� FHQWUDO� OLPLW
WKHRUHP�WHOOV�XV�WKDW�WKH�UHVXOWLQJ�VXPPHG�GLIIHUHQFH
ZLOO�EH�DSSUR[LPDWHO\�*DXVVLDQ��,I� WKH�FDPHUD�VWDUWV
SDQQLQJ�WR�IROORZ�WKH� UXQQLQJ�SOD\HU�� WKH�PHDQ�DQG
YDULDQFH�RI�))'�N��ZLOO�VKLIW�WR�RWKHU�YDOXHV��,I�WKHQ
DQRWKHU� FDPHUD� YLHZ� LV� VHOHFWHG�� D� VKRW� FKDQJH
UHVXOWV��\LHOGLQJ�D�SHDN�LQ�))'�N��IROORZHG�E\�))'
YDOXHV� DURXQG� DQRWKHU� PHDQ� DQG� ZLWK� DQRWKHU
YDULDQFH��$QRWKHU� H[DPSOH�ZRXOG� EH� D� VWLOO� FDPHUD
WDNLQJ� IURP� WKH� FORVH� GLVWDQFH� WKH� UXQQLQJ� FURZG
GXULQJ� WKH�PDUDWKRQ� UDFH��'XH� WR� D�KLJK� DPRXQW�RI
DFWLRQ��))'�YDOXHV�PLJKW�EH� ODUJH��EXW� WKH\� UHPDLQ
JURXSHG� DURXQG� D� �ODUJH��PHDQ� YDOXH� DQG� KDYLQJ� D
�ODUJH��YDULDQFH�

)LJXUH��D�LOOXVWUDWHV�WKH�))'�FXUYH�RI�D�KLJK�DFWLRQ
VKRW�� $W� WKH� RQVHW� DQG� DW� WKH� HQG� RI� WKH� VKRW� WKH
SHDNV�GXH�WR�WKH�VKRW�FKDQJH�FDQ�EH�VHHQ��)LJXUH��E
VKRZV� WKH�))'�N�� KLVWRJUDP� DQG� D�*DXVVLDQ� FXUYH
GHULYHG� IURP� WKH� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ
HVWLPDWHG�IURP�WKH�))'�YDOXHV�

)URP�WKH�PDQ\�UHVXOWV�SXEOLVKHG�LQ�WKH�OLWHUDWXUH�DQG
IURP� RXU� RZQ� H[SHULHQFHV� ZH� FRQFOXGH� WKDW� D

VWDWLVWLFDO� PRGHO� IRU� WKH�))'�N�� IXQFWLRQ� VKRXOG� DW
OHDVW�VKRZ�WKH�IROORZLQJ�SURSHUWLHV�
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)LJXUH� �D�� )UDPH�WR�IUDPH� GLIIHUHQFHV� RI� D� VKRW
ZLWK�VWURQJ�EXW�XQLIRUP�DFWLRQ

)LJXUH� �E�� 'LVWULEXWLRQ� RI� ))'� YDOXHV� DORQJ� WKH
VKRW� DQG� LGHDO� *DXVVLDQ� FXUYH� GHULYHG� IURP� WKH
PHDQ�YDOXH�DQG�VWDQGDUG�GHYLDWLRQ
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7HPSRUDO�D[LV

)LJXUH� ��� ,OOXVWUDWLRQ� RI� D� VWDWLVWLFDOO\� PRGHOHG
ILFWLYH� ))'�N�� FXUYH� ZLWK� VRPH� SRVVLEOH� SRVLWLRQV
�QXPHUDWHG��RI�WKH�VOLGLQJ�ZLQGRZ�

�� ))'�N��KDV�DQ�XQGHUO\LQJ�WZR�VWDWH�PRGHO��ZLWK
VWDWH� ³6´� IRU� EHLQJ� ZLWKLQ� D� *DXVVLDQ� VKRW
VHJPHQW��DQG�ZLWK�VWDWH�³'´�IRU�VKRW�FKDQJHV��$
VWDWH�³6´�FDQ�EH�IROORZHG�E\�DQRWKHU�VWDWH�³6´�RU
E\� VWDWH� ³'´�� 6WDWH� ³'´� LV� DOZD\V� IROORZHG� E\
VWDWH�³6´�

�
�� (DFK�VWDWH�³6´�KDV�WKUHH�SDUDPHWHUV�GHWHUPLQLQJ

WKH� SURFHVV� WKDW� JHQHUDWHV�))'�N�� LQ� WKDW� VWDWH�
QDPHO\�� WKH� GXUDWLRQ� RI� WKH� VWDWH� /�� WKH� PHDQ
DQG� YDULDQFH� RI� WKH� XQFRUUHODWHG� *DXVVLDQ
SURFHVV�))'�N��LQ�WKDW�VWDWH�

�
�� 6WDWH�³'´�KDV�GXUDWLRQ���



,Q� )LJXUH� �� D� VWDWLVWLFDO� PRGHO� RI� D� ILFWLYH� ))'�N�
IXQFWLRQ� FDQ� EH� VHHQ�� ZLWK� HDFK� *DXVVLDQ� VHJPHQW
³6´� UHSUHVHQWHG�E\� LWV�PHDQ�YDOXH�� ,Q�SULQFLSOH�RQH
FRXOG� QRZ� GHYHORS� D� UHFXUVLYH� GHWHFWRU� WKDW
GHWHUPLQHV� WKH� VWDWHV� IURP� ZKLFK� WKH� REVHUYHG
))'�N�� YDOXHV� RULJLQDWH�� 7KLV� ZRXOG� DXWRPDWLFDOO\
OHDG� WR� D� VKRW� FKDQJH� GHWHFWRU�� ,Q� WKH� IROORZLQJ�
KRZHYHU�� ZH� ZLOO� H[WHQG� WKH� VOLGLQJ� ZLQGRZ
WKUHVKROGLQJ� DSSURDFK� IURP� >�@� WR� WDNH� WKH� DERYH
PRGHO�IRU�))'�N��LQWR�DFFRXQW�

�������6OLGLQJ�ZLQGRZ�WKUHVKROGLQJ

,Q� WKH� VOLGLQJ� ZLQGRZ� DSSURDFK�� GHWHFWLRQ� WDNHV
SODFH� RQ� WKH� FHQWHU� YDOXH� RI� WKH� ZLQGRZ� >�@�� 7KH
OHQJWK�RI�WKH�VOLGLQJ�ZLQGRZ�LV�VHOHFWHG�VXFK�WKDW� LW
LV�KLJKO\�XQOLNHO\�WKDW�WZR�VKRW�FKDQJHV�RFFXU�ZLWKLQ
WKH� ZLQGRZ�� 7KHQ�� DW� D� IUDPH�UDWH� RI� Q
IUDPHV�VHFRQG� WKH� OHQJWK� RI� WKH� ZLQGRZ� FDQ� EH
FKRVHQ�DV�QRW� ODUJHU� WKDQ��Q���� LI� LW� LV�DVVXPHG� WKDW
WZR� VKRW� FKDQJHV� ZLWKLQ� RQH� VHFRQG� DUH� UDUH�
$QRWKHU� LVVXH�E\�GHILQLQJ� WKH�ZLQGRZ�GLPHQVLRQ� LV
WKH�PLQLPDO�OHQJWK�RI�HDFK�³6´�VWDWH��:H�DVVXPH�WKDW
WKLV�PLQLPDO� YDOXH� RI� /� FRUUHVSRQGV� WR� RQH� KDOI� RI
WKH�ZLQGRZ�OHQJWK�

'HWHFWLRQ�RI�D�VKRW�FKDQJH�UHTXLUHV� WKH�GHWHFWLRQ�RI
DQ�RXWOLHU�LQ�WKH�ZLQGRZ��7KLV�GHWHFWLRQ�WDNHV�SODFH
LQ�WZR�VWHSV��QDPHO\�

�� WKH� FHQWHU� YDOXH� LQ� WKH� ZLQGRZ� PXVW� EH� WKH
ODUJHVW�))'�YDOXH�LQ�WKH�ZLQGRZ�

�
�� WKH�FHQWHU�YDOXH�PXVW�EH� ODUJHU� WKDQ� WKH� ORFDOO\

FRPSXWHG�WKUHVKROG�

7KH�FHQWUDO�TXHVWLRQ�LV�VWLOO�ZKDW�WKH�WKUHVKROG�YDOXH
LQ�VWHS���VKRXOG�EH��7R�GHWHUPLQH�WKLV� WKUHVKROG�� OHW
XV�FRQVLGHU� WKH�YDULRXV� VLWXDWLRQV� WKDW� FDQ�RFFXU�RQ
WKH� EDVLV� RI� WKH� VWDWLVWLFDO� PRGHO� IRU� ))'�N�
GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��'XH�WR�WKH�VWHS���
WKHUH� LV� QR� QHHG� WR� FRPSXWH� WKH� WKUHVKROG� DQG� VWDUW
WKH�GHWHFWLRQ�SURFHGXUH�LI�WKH�FHQWHU�ZLQGRZ�YDOXH�LV
QRW�WKH�PD[LPXP�RI�WKH�ZLQGRZ��7KHUHIRUH��ZH�DUH
LQWHUHVWHG�PDLQO\�LQ�FDVHV�ZKHUH�WKLV�FRQGLWLRQ�LV��RU
PD\� EH� VDWLVILHG�� ([DPSOHV� RI� WKHVH� FDVHV� FDQ� EH
VHHQ�LQ�)LJXUH���DQG�FDQ�EH�GLYLGHG�LQ�WZR�FODVVHV�

�� &ODVV� ��� DOO� FDVHV� ZLWK� WZR� ³6´� VWDWHV
VXUURXQGLQJ� WKH� PLGGOH� RI� WKH� ZLQGRZ
�SRVLWLRQV������DQG���

�
�� &ODVV� ��� DOO� RWKHU� FDVHV� WKDQ� LQ�&ODVV� �� ZKHUH

WKH�PLGGOH�ZLQGRZ�SRLQW� LV�RQO\�E\�FKDQFH� WKH
PD[LPXP��SRVVLEOH�LQ�SRVLWLRQV���DQG����

���������'LVFXVVLRQ�RQ�&ODVV��

$VVXPLQJ� WKDW� 3� LV� WKH� JLYHQ� SUREDELOLW\� IRU� IDOVH
GHWHFWLRQ� RI� D� VKRW� FKDQJH�� WKH� WKUHVKROG�7� IRU� WKH
VOLGLQJ�ZLQGRZ�LQ�WKLV�FDVH�FDQ�EH�GHWHUPLQHG�DV�WKH
VROXWLRQ�RI�WKH�LQWHJUDO�HTXDWLRQ

��������� ( )3 S ] S ] G]OHIW ULJKW
7
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ZLWK� S ]OHIW ULJKW� � � �EHLQJ�WKH�IXQFWLRQ�RI�WKH�*DXVVLDQ

GLVWULEXWLRQ�IRU�WKH�OHIW�ULJKW�VLGH�RI�WKH�ZLQGRZ��3�LV
WKH� RQO\� SDUDPHWHU� WR� EH� LQVHUWHG� PDQXDOO\�� ,W
GHWHUPLQHV� WKH� SUREDELOLW\� WKDW� D� ))'� YDOXH
EHORQJLQJ�WR�D�³6´�VWDWH�LV�KLJKHU�WKDQ�WKH�FRPSXWHG
WKUHVKROG��ZKLFK�ZRXOG�OHDG�WR�IDOVH�GHWHFWLRQ��$OVR
DQ� DSSUR[LPDWH� VROXWLRQ� IRU� WKLV� WKUHVKROG� FDQ� EH
XVHG��ZKHUH�RQO\� WKH�GRPLQDQW� LQWHJUDO�FRQWULEXWLRQ
LQ���D��LV�WDNHQ�LQWR�DFFRXQW�

��������������������� 3 S ] G]GRP
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7KH� WKUHVKROG� 7� LV� WKHQ� REWDLQ� DV� WKH� VROXWLRQ� RI
HTXDWLRQ���E��DV

������������������ 7 = + *m a s ������������������������������

ZLWK� WKH� SDUDPHWHU� a � FRUUHVSRQGLQJ� WR� WKH� JLYHQ
SUREDELOLW\�3�DQG�WKH�VWDWLVWLFDO�SDUDPHWHUV�WDNHQ�IRU
WKH� QRUPDOL]HG� GRPLQDQW� *DXVVLDQ� FXUYH� S ]

GRP
� � �

:H� IRXQG� WKH� GHWHFWLRQ� SHUIRUPDQFH� IRU� WKLV
DSSUR[LPDWH� WKUHVKROG� YDOXH� WR� EH� IXOO\� DFFHSWDEOH�
FRPSDUHG� ZLWK� WKH� H[DFWO\� FRPSXWHG� WKUHVKROG�
0RUH� GHWDLOHG� GLVFXVVLRQ� GHDOLQJ� ZLWK� PLVVHG
GHWHFWLRQV�FDQ�EH�IRXQG�LQ�VHFWLRQ�����

����� 'LVFXVVLRQ�RQ�&ODVV��

7KH� PDLQ� SUREOHP� LQ� FDVHV� EHORQJLQJ� WR� WKLV� FODVV
FRPHV� IURP� WKH� DWWHPSW� WR� GHWHUPLQH� WKH� WKUHVKROG�
DV�GHVFULEHG�LQ�VHFWLRQ��������ZKHUHE\�DW�OHDVW�RQ�RQH
ZLQGRZ� VLGH� D� WUDQVLWLRQ� EHWZHHQ� WZR� *DXVVLDQ
VHJPHQWV� FDQ� EH� IRXQG�� )RU� WKDW� ZLQGRZ� VLGH� WKH
XVDJH� RI� LQWURGXFHG� IRUPXODV� LV� H[SHFWHG� WR� JLYH
XQSUHGLFWDEOH� UHVXOWV�� ZKLFK� PD\� OHDG� WR� IDOVH
GHWHFWLRQV�IRU�WKHVH�ZLQGRZ�SRVLWLRQV�

���� 'LVFXVVLRQ� RQ� WKH� RYHUDOO� GHWHFWLRQ
SHUIRUPDQFH

$OWKRXJK� WKH� FDVHV� IURP� WKH� &ODVV� �� FDQ� EH
XQGHUVWRRG� DV� D� VRXUFH� RI� SRVVLEOH� SUREOHPV� LQ� WKH
GHWHFWLRQ�� ZH� IRXQG� WKDW� WKHLU� LQIOXHQFH� RQ� WKH
RYHUDOO� GHWHFWLRQ� SHUIRUPDQFH� LV� QRW� ODUJH�� DSDUW



IURP� D� VOLJKW� LQFUHDVH� LQ� WKH� IDOVH� DODUP� UDWH� �RQH
IDOVH�DODUP�LQ�H[SHULPHQWDO�UHVXOWV��VHFWLRQ������

7KLV� OHDYHV� XV� WKH� ZHOO� PRGHOHG� &ODVV� ��� DV
GHVFULEHG� LQ� VHFWLRQ� ������� WR� EH� GLVFXVVHG� LQ�PRUH
GHWDLOV�

7KH� SHUIRUPDQFH� RI� D� GHWHFWLRQ� DOJRULWKP� LV
HYDOXDWHG�E\�HVWLPDWLQJ�WKH�SUREDELOLW\�IRU�IDOVH�DQG
PLVVHG� GHWHFWLRQV�� 7KH� SUREDELOLW\� IRU� IDOVH
GHWHFWLRQV� LV� LQ� &ODVV� �� GLUHFWO\� FRQWUROOHG� E\� WKH
SDUDPHWHU� 3�� ,I� WKH� WKUHVKROG� FRPSXWDWLRQ� ���� LV
XVHG��HDFK�JLYHQ�YDOXH�IRU�3�UHVXOWV�LQ�DQ�DSSURSULDWH
YDOXH�IRU�a ��'XH�WR�XQNQRZQ�JHQHUDO�GLVWULEXWLRQ�RI
YDOXHV� EHORQJLQJ� WR� ³'´� VWDWHV�� LW� LV� GLIILFXOW� WR
IRUPXODWH� WKH� VLPLODU� VHTXHQFH�LQGHSHQGHQW
SUREDELOLW\� IRU� PLVVHG� GHWHFWLRQ�� +RZHYHU�� LI� WKH
SHDNV� LQ� WKH� ))'�N�� IXQFWLRQ� DUH� GLVWLQJXLVKDEOH
HQRXJK�IURP�DOO�RWKHU�))'�YDOXHV�LQ�D�VHTXHQFH��WKH
GLVWULEXWLRQ� RI� ³'´� VWDWHV� LV� DOVR� VWURQJO\� VHSDUDWHG
IURP� DQ\� *DXVVLDQ� GLVWULEXWLRQ� RI� ³6´� VWDWHV�� $
³XQLYHUVDO´� WKUHVKROG� SURYLGLQJ� DQ� DFFHSWDEOH
SHUIRUPDQFH� IRU� ERWK� IDOVH� DODUPV� DQG� PLVVHG
GHWHFWLRQV��FDQ�EH�VHW�LQ�WKH�LGHDO�FDVH�LQ�WKH�DUHD�LQ�
EHWZHHQ��ZKHUH� ERWK� GLVWULEXWLRQV� JR� WRZDUGV� ]HUR�
$� QHDU�WR�LGHDO� FDVH� FDQ� EH� DSSURDFKHG� E\� XVLQJ
ZHOO� VHOHFWHG� IHDWXUHV� DQG� PHWULFV� IRU� PHDVXULQJ
))'� YDOXHV��8VLQJ� WKLV� DQDO\VLV� DQG�PHWULF� �����ZH
REWDLQHG�DFFHSWDEOH�UHVXOWV�IRU�a �EHWZHHQ���DQG���

����������6HTXHQFH����������������/HQJWK�����������6KRW���������������0LVVHG������������)DOVH

������������������������������������������IUDPHV�������&KDQJHV���������'HWHFWLRQV�������$ODUPV

�0RYLH�������������������������������������������������������������������������������������������������

�0RYLH�������������������������������������������������������������������������������������������������

�'RFXPHQWDU\�YLGHR�����������������������������������������������������������������������������

7DEOH� ��� 5HVXOWV� RI� GHWHFWLQJ� DEUXSW� VKRW� FKDQJHV
XVLQJ�WKH�SURSRVHG�VWDWLVWLFDO�DOJRULWKP��a  ��

,Q� WKH� PHWKRG� IURP� >�@� D� SURSHU� FKRLFH� IRU� WKH
SDUDPHWHU�;�FDQ� EH�PDGH� WR� RSWLPL]H� WKH� GHWHFWLRQ
IRU� D� OLPLWHG� VHW� RI� WHVW�VHTXHQFHV�� EXW� QR
FRQFOXVLRQV� DERXW� WKH� SHUIRUPDQFH� FDQ� EH� PDGH� LI
DQ\� RWKHU� VHTXHQFH� LV� WDNHQ�� QRW� EHORQJLQJ� WR� WKDW
VHW�� 7KHUHIRUH�� LW� FDQQRW� SURYLGH� WKH� JHQHUDOLW\� DQG
UREXVWQHVV�RI�WKH�GHWHFWLRQ�SHUIRUPDQFH��UHTXLUHG�IRU
IXOO\� DXWRPDWHG� V\VWHPV�� DV� LW� LV� SRVVLEOH� ZLWK� RXU
QRYHO�DSSURDFK�IRU�DQ\�JLYHQ�SDUDPHWHU�3�

2QH�SRVVLEOH�ZHDN�SRLQW�RI�WKH�SURSRVHG�PHWKRG�ZH
VHH�LQ�WKH�IDFW�WKDW�WKH�QXPEHU�RI�))'�YDOXHV�ZLWKLQ
WKH�ZLQGRZ�PD\�QRW�EH�ODUJH�HQRXJK�IRU�EXLOGLQJ�D
UHOLDEOH�VWDWLVWLFV��7KHUHIRUH�ZH�PXVW�WDON�KHUH�DERXW
DSSUR[LPDWHG�VWDWLVWLFDO�SDUDPHWHUV�RI�HDFK�*DXVVLDQ
VHJPHQW�RI�WKH�VHTXHQFH�

�������([SHULPHQWDO�UHVXOWV

7KH�SHUIRUPDQFH�RI�WKH�GHWHFWLRQ�DOJRULWKP�KDV�EHHQ
HYDOXDWHG� RQ� ³UHDO�PRYLH´� VHTXHQFHV� ZLWK� ��[��
VXEVDPSOHG� IUDPHV�� 6HTXHQFHV� XVHG� LQ� WHVWV� KDYH
YDULDEOH� JOREDO� FRQWHQW� GHYHORSPHQWV�� DQG� FRQWDLQ
VWDWLRQDU\� DV� ZHOO� DV� KLJK�DFWLRQ� VKRWV�� $OVR� WKH
FDVHV� ZLWK� GLIIHUHQW� FRQWHQW� GHYHORSPHQWV� ZLWKLQ
RQH�DQG�WKH�VDPH�VKRW�ZHUH�QRW�UDUH��7HVWV�KDYH�EHHQ
PDGH� XVLQJ� WKH� DSSUR[LPDWH� WKUHVKROG� FRPSXWDWLRQ
GHVFULEHG� LQ� VHFWLRQ� ������� ,Q� YLHZ� RI� WKH� DQDO\VLV
IURP� WKH� ODVW� VHFWLRQ�� ZH� ZRUNHG� RQO\� ZLWK� RQH
³XQLYHUVDO´� WKUHVKROG�� IRU� ERWK� IDOVH� DODUPV� DQG
PLVVHG�GHWHFWLRQV�

7R�GHPRQVWUDWH�WKH�SHUIRUPDQFH�RI�WKH�DSSURDFK�ZH
FKRVH� a  ��� )URP� WKH� WRWDO� QXPEHU� RI� VKDUS� VKRW
FKDQJHV� RI� ���� LQ� DOO� VHTXHQFHV� WRJHWKHU�� ��PLVVHG
GHWHFWLRQV� ������� DQG� �� IDOVH� DODUP� ������� ZHUH
UHJLVWHUHG�� (DFK� RI� WKHVH� WKUHH� GHWHFWLRQ� PLVWDNHV
KDSSHQHG� LQ� GLIIHUHQW� VHTXHQFHV�� ZKLFK� OHDGV� WR� D
VLPLODU�GHWHFWLRQ�SHUIRUPDQFH�LQ�HDFK�RI�WKHP�IRU�WKH
JLYHQ�YDOXH�RI�a ��7KH�ZLQGRZ�OHQJWK�ZDV�FKRVHQ�DV
���� 7DEOH� �� VKRZV� WKH� UHVXOWV� IRU� HDFK� VHTXHQFH
VHSDUDWHO\�

������&RQFOXVLRQV

,Q� WKLV� SDSHU� ZH� LQWURGXFHG� D� QRYHO� DSSURDFK� IRU
SHUIRUPLQJ�WKH�YLGHR�SDUVLQJ�SURFHVV�E\�WDNLQJ�LQWR
DFFRXQW� WKH� UHTXLUHPHQWV� IRU� XVHU�IULHQGOLQHVV
PHQWLRQHG� LQ� WKH� LQWURGXFWLRQ� WR� WKLV� SDSHU�� 7KLV
PDNHV� WKH� PHWKRG� DSSOLFDEOH� HVSHFLDOO\� LQ� KRPH
VWRUDJH� V\VWHPV�GHYHORSHG� IRU� LQGLYLGXDO� FRQVXPHU�
OLNH�60$6+�� ,Q� WKH�SURSRVHG�PHWKRG��JRRG� UHVXOWV
DUH� REWDLQHG� XVLQJ� WKH� VWDWLVWLFDO� PRGHO� IRU
JHQHUDOL]LQJ� WKH� SHUIRUPDQFH� RI� WKH� VKRW� FKDQJH
GHWHFWLRQ� SURFHGXUH�� 2XU� LQWHQWLRQ� LQ� IXUWKHU
UHVHDUFK�LV�WR�PDNH�WKH�PRGHO�EH�PRUH�VRSKLVWLFDWHG
DQG�H[WHQG�LW�IRU�WKH�GHWHFWLRQ�RI�JUDGXDO�WUDQVLWLRQV�

�����5HIHUHQFHV

>�@� &20387(5���,(((�&RPSXWHU�0DJD]LQH��9RO�����
,VVXH����0D\������

>�@� %�� <HR�� %�� /LX��� ³5DSLG� 6FHQH� $QDO\VLV� RQ
&RPSUHVVHG� 9LGHR´�� ,(((� 7UDQVDFWLRQV� RQ
&LUFXLWV�DQG�6\VWHPV�IRU�9LGHR�7HFKQRORJ\��9RO���
1R����'HFHPEHU������

>�@� %�� )XUKW�� 6�:�� 6PROLDU�� +�� =KDQJ�� ³9LGHR� DQG
,PDJH�3URFHVVLQJ�LQ�0XOWLPHGLD�6\VWHPV´��.OXZHU
$FDGHPLF�3XEOLVKHUV������

>�@� *�� $KDQJHU�� 7�'�&�� /LWWOH�� ³$� VXUYH\� RI
7HFKQRORJLHV� IRU� 3DUVLQJ� DQG� ,QGH[LQJ� 'LJLWDO
9LGHR´�� -RXUQDO� RI� 9LVXDO� &RPPXQLFDWLRQV� DQG
,PDJH� 5HSUHVHQWDWLRQV�� YRO����� 1R�� ��� SS�� ���
�������

>�@� +�� =KDQJ�� $�� .DQNDQKDOOL�� 6�:�� 6PROLDU�
´$XWRPDWLF� SDUWLWLRQLQJ� RI� IXOO�PRWLRQ� YLGHR´�
0XOWLPHGLD�6\VWHPV��9RO����SS������������



>�@� ,�.�� 6HWKL�� 1�� 3DWHO�� ³$� 6WDWLVWLFDO� $SSURDFK� WR
6FHQH�&KDQJH�'HWHFWLRQ´�� LQ�3URFHHGLQJV�RI�63,(�
9RO��������SS��������������

>�@� $�� +DQMDOLF�� 0�� &HFFDUHOOL�� 5�/�� /DJHQGLMN�� � -�
%LHPRQG�� ³$XWRPDWLRQ� RI� V\VWHP� HQDEOLQJ� VHDUFK
RQ� VWRUHG� YLGHR� GDWD´�� LQ� 3URFHHGLQJV� RI� 63,(
6WRUDJH� DQG� 5HWULHYDO� IRU� ,PDJH� DQG� 9LGHR
'DWDEDVHV�9��9RO��������6DQ�-RVH������
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