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$� QRYHO� FDUGLDF� PDJQHWLF� UHVRQDQFH� LPDJLQJ� �05,��

DFFHOHUDWLRQ�VWUDWHJ\�FDOOHG�³1R4XLVW´�LV�SUHVHQWHG�KHUH��

8VLQJ� WKLV� QHZ� WHFKQLTXH�� D� PRUH� VSDUVHO\� VDPSOHG�

G\QDPLF� LPDJH� VHTXHQFH� LV� FRUUHFWO\� UHFRQVWUXFWHG�

ZLWKRXW�1\TXLVW�IROGRYHU�DUWLIDFW�E\�UHGXFWLRQV�LQ�WKH�VL]H�

RI�WKH�)RXULHU�PRGHO�RI�WKH�N�VSDFH�GDWD�IRU�WKH�G\QDPLF�

LPDJH�� ,W� GRHV� QRW� UHO\� HLWKHU� RQ� VXEVWLWXWLRQ RU�

LQWHUSRODWLRQ� WR� DUULYH� DW� D� GDWD� VHW� VXIILFLHQW� IRU�

UHFRQVWUXFWLRQ�RI�WKH�G\QDPLF�VHTXHQFH�

7KH� SURSRVHG�³1R4XLVW´�PHWKRG�DOORZV� UHGXFWLRQ� RI�

DFTXLVLWLRQ�WLPH�LQ�G\QDPLF�05,�VFDQV�E\�HOLPLQDWLQJ�WKH�

GDWD� UHGXQGDQF\� WKDW� LV� DVVRFLDWHG�ZLWK� WKH� SUHVHQFH RI�

VWDWLF� UHJLRQV� LQ� WKH� G\QDPLF� VFHQH�� � $� UHGXFWLRQ� RI�

DFTXLVLWLRQ�WLPH�FDQ�EH�DFKLHYHG��DV\PSWRWLFDOO\�HTXDO�WR�

WKH�VWDWLF�IUDFWLRQ�RI�WKH�ILHOG�RI�YLHZ��)29���E\�RPLWWLQJ�

DFTXLVLWLRQ� RI� D� VWUDWHJLFDOO\� VHOHFWHG� VXEVHW� RI� SKDVH�

HQFRGLQJ� YLHZV� IURP� D� FRQYHQWLRQDO� HTXLGLVWDQW�

&DUWHVLDQ�DFTXLVLWLRQ�JULG���

�� ,QWURGXFWLRQ

,Q� FDUGLDF� LPDJLQJ� RI� D� SDWLHQW� ZLWK� D� VHYHUH�

FDUGLRYDVFXODU� GLVHDVH�� WKH� VKRUWHU� EUHDWK� KROG� WLPH�

UHTXLUHG� WR� FRPSOHWH� D� ZKROH� PRYLH� ZLOO� LQFUHDVH� WKH�

VXFFHVV� UDWH� LQ� LPDJLQJ� LW��7KLV� IDFW�� DVVRFLDWHG�ZLWK� WKH�

FRQVWDQW�PRWLRQ�RI� WKH�KHDUW��DUH� WKH�PDLQ�SUREOHPV�VWLOO�

HQFRXQWHUHG�LQ�FDUGLDF�05,�

7KXV��IDVWHU�DFTXLVLWLRQ�LV�GHVLUDEOH�VLQFH�LW�DOORZV�WKH�

VDPH� LPDJH� WR� EH� DFTXLUHG� LQ� D� VKRUWHU� EUHDWK� KROG��

$OWHUQDWLYHO\�� LW� DOVR� DOORZV� KLJKHU�UHVROXWLRQ� LPDJHV� LQ�

WKH� VDPH� EUHDWK� KROG� WLPH�� RU� FRPSOHWH� PXOWL�VOLFH�

FRYHUDJH�RI�DQDWRP\�LQ�IHZHU�EUHDWK�KROGV�

7KLV� LV� ZK\� D� UHGXFWLRQ� RI� LPDJLQJ� WLPH� UHPDLQV� RI�

JUHDW�LQWHUHVW�LQ�PDQ\�DSSOLFDWLRQV�RI�G\QDPLF�05,��DQG�

PDLQO\�LQ�FDUGLDF�LPDJLQJ�

$�UHSHDWHG�DFTXLVLWLRQ�RI� LPDJH�SODQHV� LQ�ZKLFK�RQO\�

SDUW� RI� WKH� ILHOG�RI�YLHZ� �)29�� FKDQJHV� RYHU� WLPH� LV�

LQYROYHG� LQ� PDQ\� LPSRUWDQW� G\QDPLF� 05� LPDJLQJ�

DSSOLFDWLRQV�� $� FOHDU� H[DPSOH� LV� FLQH�LPDJLQJ� RI� WKH�

KHDUW��ZKHUH�LQ�D�EUHDWK�KHOG�DFTXLVLWLRQ��WKH�KHDUW�PRYHV

GXULQJ� WKH�FDUGLDF�F\FOH��EXW� WKH� OXQJV�DQG� VKRXOGHUV�GR�

QRW� PRYH�� )RU� HDFK� LPDJH� RI� D� FRQYHQWLRQDO� G\QDPLF�

DFTXLVLWLRQ� WHFKQLTXH�� DOO� WKH� UDZ� GDWD� VSDFH�� FDOOHG� N�

VSDFH�� ZLOO� EH� DFTXLUHG�� 9DULRXV� DSSURDFKHV� KDYH� EHHQ�

SURSRVHG�WR�WUDGH�WKH�DVVRFLDWHG�UHGXQGDQF\�IRU�UHGXFWLRQ�

LQ� DFTXLVLWLRQ� WLPH� RU�� DOWHUQDWLYHO\�� LQFUHDVH� WHPSRUDO�

UHVROXWLRQ��7KHVH�H[LVWLQJ�WHFKQLTXHV�KDYH�LQ�FRPPRQ�WKH�

IDFW� WKDW� LPSURYHPHQW� RI� DFTXLVLWLRQ� HIILFLHQF\� LV�

DFKLHYHG� E\� UHGXFWLRQ� RI� VSDWLDO� VDPSOLQJ� GHQVLW\��

IROORZHG� E\� RQH� IRUP� RU� DQRWKHU� RI� WHPSRUDO�

LQWHUSRODWLRQ� RU� ILOWHULQJ� RI� WKH� GDWD� SRLQWV� LQ� RUGHU� WR�

HOLPLQDWH� WKH� IROGRYHU� DUWLIDFW� >���@�� $� FRPPRQ� IHDWXUH�

RI�PRVW�UHGXFHG�)29�WHFKQLTXHV�WR�GDWH�LV�WKH�DVVRFLDWHG�

WLPH�VDYLQJV��,I�WKH�VL]H�RI�WKH�G\QDPLF�UHJLRQ�UHSUHVHQWV�

D IUDFWLRQ���.�RI�WKH�WRWDO�)29��WKH�SURSRVHG�WHFKQLTXHV�

DOO� RIIHU� DFTXLVLWLRQ� HIILFLHQF\� LPSURYHPHQW� E\� D� IDFWRU�

H[DFWO\�RU�DSSUR[LPDWHO\�H[DFWO\�HTXDO�WR�.�

7KH� QRYHO� DFFHOHUDWLRQ� VWUDWHJ\� LQWURGXFHG� KHUH� GRHV�

QRW�UHO\�RQ�VXEVWLWXWLRQ�RU�LQWHUSRODWLRQ��$�PRUH�VSDUVHO\�

VDPSOHG� G\QDPLF� LPDJH� VHTXHQFH� LV� FRUUHFWO\�

UHFRQVWUXFWHG� ZLWKRXW� 1\TXLVW� IROGRYHU� DUWLIDFW� E\�

UHGXFWLRQV�LQ�WKH�VL]H�RI�WKH�)RXULHU�PRGHO�RI�WKH�N�VSDFH�

GDWD� IRU� WKH� G\QDPLF� LPDJH��7KH� LPDJH� LV� UHFRQVWUXFWHG�

E\� GLUHFW� LQYHUVLRQ� RI� WKLV� UHGXFHG� PRGHO�� ,W� LV� PRUH�

JHQHUDO� DQG� IOH[LEOH� WKDQ� WKH� DSSURDFK� LQWURGXFHG� LQ� >�@�

EHFDXVH� LW� GRHV� QRW� UHTXLUH� H[SOLFLW� V\QWKHVLV� RI� RPLWWHG�

FRQYHQWLRQDO�JULG� GDWD�� � $V� D� UHVXOW�� WKH� 1R4XLVW�

DSSURDFK� DFFRPPRGDWHV� YDULDWLRQV� LQ� WKH� G\QDPLF�

IUDFWLRQ�RI�WKH�ILHOG�RI�YLHZ�QDWXUDOO\�

�� 0DWHULDOV�DQG�PHWKRGV

���� 7KHRU\

7KH� QRYHO� WHFKQLTXH� SUHVHQWHG� KHUH� LV� EDVHG� RQ� WKH�

IRUPXODWLRQ� RI� WKH� LPDJH� UHFRQVWUXFWLRQ� DV� DQ� LQYHUVH�

SUREOHP��,Q�D�VLQJOH��VWDWLF�� WZR�GLPHQVLRQDO����'��05,�

LPDJH�� WKH�XQNQRZQ�LPDJH�IXQFWLRQ�I�[�\� WKDW� LV�GHVLUHG�
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WR�EH�UHFRQVWUXFWHG�LV�E\�JRRG�DSSUR[LPDWLRQ�>�@�UHODWHG�

WR� WKH� PHDVXUHG� N�VSDFH� GDWD�)�N[�N\� WKURXJK� D� )RXULHU�

WUDQVIRUP��

7KH� IRUPXODWLRQ�RI� WKH� LPDJH� UHFRQVWUXFWLRQ�SUREOHP�

FDQ� EH� UHGXFHG� WR� D� ��'� FDVH�� 7KLV� LV� GRQH� IRU� EHWWHU�

FODULW\ DQG�EHFDXVH�LPDJLQJ�WLPH�FRQVWUDLQWV�LQ�VSLQ�ZDUS�

LPDJLQJ�LV�W\SLFDOO\�GRPLQDWHG�E\�VDPSOLQJ�LQ�WKH�SKDVH�

HQFRGLQJ� GLUHFWLRQ� LQ� WKH� VHSDUDEOH� FDVH� RI� ��'� LPDJH�

UHFRQVWUXFWLRQ�� 7KH� )RXULHU� UHODWLRQ� EHWZHHQ� WKH�

PHDVXUHG� N�VSDFH� GDWD� ) DQG� WKH� LGHDO� LPDJH� I FDQ� EH�

H[SUHVVHG�DV�
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,Q� IDFW�� RQO\� D� VDPSOHG�GDWD� YHUVLRQ� RI� )�N�� LV�

DFFHVVLEOH� DQG� ERWK� WKH� GDWD� VDPSOLQJ� LQ� N�VSDFH� DQG�

WUXQFDWLRQ� RI� WKH� VDPSOH� WUDLQ� KDYH� DQ� LPSDFW� RQ� WKH�

UHFRQVWUXFWHG� LPDJH�� $IWHU� QRUPDOL]LQJ� WKH� N�VSDFH�

VDPSOLQJ�LQWHUYDO�DQG�WKH�SL[HO�VL]H�LQ�WKH�UHFRQVWUXFWLRQ��

WKH� UHFRQVWUXFWHG� LPDJH� ��[I 3 LV� UHODWHG� WR� WKH� GDWD��

��[)3
E\� D� GLVFUHWH� )RXULHU� 7UDQVIRUP� �')7��� ,WV�

LQYHUVH�ZLOO�EH�FDOOHG�WKH�³GDWD�PRGHOLQJ´�RSHUDWLRQ�
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)RU� FODULW\�� UHODWLRQ� ���� FDQ� EH� UHZULWWHQ� LQ� YHFWRU�

IRUPDW��DQG�WKH�UHFRQVWUXFWHG�LPDJH�FDQ�EH�GHQRWHG�E\�I

LQVWHDG�RI� ��[I 3 �

I0)  ���

,Q����� ) LV�DQ�1�GLPHQVLRQDO�YHFWRU�ZKRVH�HOHPHQWV�

UHSUHVHQW�WKH�N�VSDFH�GDWD�SRLQWV��6LPLODUO\��WKH�YHFWRU� I

UHSUHVHQWV�WKH�')7�UHFRQVWUXFWHG�LPDJH��7KH�HOHPHQWV�RI�

WKH� VTXDUH� GDWD� PRGHOLQJ� PDWUL[� 0 FRQWDLQ� WKH� ')7�

FRHIILFLHQWV�P[N�
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&RQYHUVHO\�� WKH� LPDJH� UHFRQVWUXFWLRQ� PDWUL[�
��0

GHILQHV�WKH�LPDJH�UHFRQVWUXFWLRQ�

)0I �� ���

7KLV�IRUPXODWLRQ�UHTXLUHV�HTXDO�QXPEHUV�RI�GDWD�SRLQWV�

DQG� LPDJH� SRLQWV�� QRW� WDNLQJ� LQWR� DFFRXQW� VXEVHTXHQW�

LQWHUSRODWLRQ�WR�ODUJHU�LPDJH�JULG�VL]HV�

������ '\QDPLF�LPDJLQJ

,Q� WKH� IROORZLQJ�� D� VLWXDWLRQ� ZKHUH� RQO\� SDUW� RI� WKH�

)29�RI�WKH�LPDJH�FKDQJHV�RYHU�WLPH�ZLOO�EH�FRQVLGHUHG��

,Q� FDUGLDF� LPDJLQJ� WKH� KHDUW� PRYHV� GXULQJ� WKH� FDUGLDF�

F\FOH�EXW� ODUJH�DUHDV�LQ�WKH�DGMDFHQW� OXQJV�DQG�VKRXOGHUV�

RIWHQ�VWD\�LQ�WKH�VDPH�SRVLWLRQ�DQG�GR�QRW�FKDQJH�LPDJH�

LQWHQVLW\�� � ,Q� IXQFWLRQDO� 05,� RQO\� D� VPDOO� SDUW� RI� WKH�

LPDJH� LV� H[SHFWHG� WR� UHVSRQG� WR� D� FHUWDLQ� DFWLYDWLRQ�

H[SHULPHQW��7KH�LQWHUHVW�LQ�FRQWUDVW�DJHQW�XSWDNH�LPDJLQJ�

RIWHQ� LQYROYHV� UHODWLYHO\� VPDOO� DUHDV� RI� HDUO\�

HQKDQFHPHQW�LQ�DQ�XQFKDQJHG�UHPDLQGHU�RI� WKH�)29��,Q�

RUGHU� WR� WDNH� DGYDQWDJH� RI� WKHVH� REVHUYDWLRQV� IRU�

DFFHOHUDWLQJ� DFTXLVLWLRQ� LQ� G\QDPLF� LPDJLQJ�� WKH� WRWDO�

)29�ZLOO�EH�SDUWLWLRQHG�LQWR�D��VWDWLF��SDUW�ZLWK�16 SRLQWV�

WKDW� UHPDLQV� XQFKDQJHG� WKURXJKRXW� WKH� G\QDPLF� VFHQH��

DQG� D� �G\QDPLF�� SDUW� ZLWK� 1' SRLQWV� WKDW� FRQWDLQV� DOO�

SL[HOV�WKDW�FKDQJH�LQ�LQWHQVLW\�GXULQJ�WKH�VFDQ��VHH�)LJ����

)LJXUH��� 3KDVH�HQFRGLQJ��YHUWLFDO��)29�RI� VL]H�1 ZLWK�

VWDWLF�UHJLRQ�RI�VL]H�16��DQG�G\QDPLF�UHJLRQ�RI�VL]H�1'�

������ 1R4XLVW�DOJRULWKP

,Q� RUGHU� WR� HOLPLQDWH� WKH� DVVRFLDWHG� GDWD� UHGXQGDQF\��

³1R4XLVW��SURSRVHV�WR�UHGXFH�WKH�GDWD�DFTXLVLWLRQ�RI� WKH�

V\VWHP� E\� PLQLPL]LQJ� WKH� WRWDO� QXPEHU� RI� GDWD� SRLQWV�

ZKLOH� UHWDLQLQJ� WKH� FULWLFDO� UHTXLUHPHQW� RI�0 RI� EHLQJ�

LQYHUWLEOH� ����� ,I� WKH� QXPEHU� RI� GDWD� SRLQWV� LV� UHGXFHG�

EHORZ� WKH� QXPEHU� RI� LPDJH� SRLQWV� WKLV� UHTXLUHPHQW�

FDQQRW� EH� PHW�� :KHQ� WKH� UHFRQVWUXFWLRQ� PDWUL[� LV�

XQLTXHO\� GHILQHG�� VHYHUDO� UHFRQVWUXFWLRQV� RI� WKH� LPDJH�

VHTXHQFH� ZLWK� H[DFWO\� WKLV� PLQLPXP� GDWD� UHTXLUHPHQW�

KDYH� EHHQ� LQYHVWLJDWHG�� )RU� WKH� FDVH� RI� FDUGLDF�JDWHG�

FLQH�LPDJLQJ�� DOO� WLPH� VDPSOHV� VKRXOG� UHSUHVHQW� D�

SDUWLWLRQLQJ� RI� WKH� FDUGLDF� F\FOH� LQWR� 7� HTXDO� LQWHUYDOV��

7KLV�LPSOLHV�DFTXLVLWLRQ�RI�

1IUDPH  �1QT ��7 ���

VDPSOHV� SHU� IUDPH�� ZKHUH� 1QT FRUUHVSRQGV� WR� WKH�

QXPEHU�RI�LPDJH�SRLQWV�IRU�D�1R4XLVW�UHFRQVWUXFWLRQ�
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������ 'DWD�VHOHFWLRQ

7KH� FRQGLWLRQ� RI� WKH� UHFRQVWUXFWLRQ� SUREOHP��

TXDQWLILHG� E\� WKH� FRQGLWLRQLQJ� QXPEHU� RI� WKH� GDWD�

PRGHOLQJ�PDWUL[�0��ZLOO�EH�GHWHUPLQHG�E\� WKH�FKRLFH�RI�
N�VSDFH� YLHZV�� $Q\� VHOHFWLRQ� WKDW� \LHOGV D� QRQ�VLQJXODU�

PDWUL[� 0 LV� D� IHDVLEOH� VROXWLRQ�� 6HYHUDO� KHXULVWLF�

DOJRULWKPV� IRU� VHOHFWLRQ� RI� DQ� DSSURSULDWH� VXEVHW� RI� N�

VSDFH� GDWD� SRLQWV� KDYH� EHHQ� GHVLJQHG� DQG� WHVWHG�� $V� D�

UXOH��DOJRULWKPV�KDYH�EHHQ�GHVLJQHG�XSRQ� WKH�FRQMHFWXUH�

WKDW� IRU� VWDELOLW\� WKH� VDPSOLQJ� JULG� VKRXOG� LGHDOO\� EH�

HTXDOO\�GHQVH�DFURVV�WKH�HQWLUH�ILHOG�RI�YLHZ�LQ�N�VSDFH�

������ 6WDELOLW\�DQG�QRLVH�SURSDJDWLRQ

7KH�FRQGLWLRQ�RI�WKH�GDWD�PRGHOLQJ�PDWUL[�GHILQHV�WKH�

SURSDJDWLRQ� RI� GDWD� QRLVH� LQWR� WKH� UHFRQVWUXFWHG� LPDJH���

$VVXPLQJ� D� FRQVWDQW� QRLVH� OHYHO� GXULQJ� N�VSDFH�

DFTXLVLWLRQ�� DOO� HOHPHQWV� RI� WKH� GDWD� YHFWRU� LQ� ) ZLOO�

KDYH� DQ� LGHQWLFDOO\� DQG� QRUPDOO\� GLVWULEXWHG� ]HUR�PHDQ�

XQFRUUHODWHG� FRPSOH[�GDWD� QRLVH� WHUP� Q GHILQHG� E\�

VWDQGDUG� GHYLDWLRQ� V�� $� SL[HO� LQ� WKH� LPDJH� ZLWK� SKDVH�

HQFRGLQJ�GLUHFWLRQ�FRRUGLQDWH�[ LQ�WKH�LPDJH�YHFWRU� I LV�

UHFRQVWUXFWHG� E\� D� OLQHDU� V\VWHP� 0
��

�ZLWK� PDWUL[�

HOHPHQWV�P[N���

¦
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7KH� QRLVH� WHUPV� Q�N� LQ� WKH� PHDVXUHG� GDWD�

������Ö NN)N) Q� SURSDJDWH�LQWR�LPDJH�QRLVH�I�[��

6LQFH� I[ LV� D� OLQHDU� FRPELQDWLRQ� RI� QRUPDOO\�

GLVWULEXWHG� UDQGRP� YDULDEOHV�� LW� LV� DOVR� D� QRUPDOO\�

GLVWULEXWHG�ZKLWH� QRLVH� WHUP��8VLQJ� WKH�H[SUHVVLRQ�RI� LWV�

YDULDQFH�� DQG� WKH� H[SUHVVLRQ� RI� WKH� QRLVH� YDULDQFH� RI� D�

FRQYHQWLRQDO� ')7� UHFRQVWUXFWLRQ�� LW� LV� SRVVLEOH� WR�

FDOFXODWH� D� OLQHDU� QRLVH� DPSOLILFDWLRQ� IDFWRU� ��[) IRU�

1R4XLVW� UHFRQVWUXFWLRQ� DW� ORFDWLRQ� [�� UHODWLYH� WR� ')7�

UHFRQVWUXFWLRQ� EXW� LQGHSHQGHQW� RI� WKH� 615� RI� WKH� GDWD�

DQG�WKH�FRQWHQWV�RI�WKH�LPDJH�

^ `
^ ` ¦
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&RQVWUXFWLRQ� RI� WKH� GDWD� PRGHOLQJ� PDWUL[� DQG� DOO�

LPDJH�UHFRQVWUXFWLRQV�VKRZQ�KHUH�KDV�EHHQ�LPSOHPHQWHG�

LQ�0$7/$%������0DWK:RUNV��,QF���1DWLFN��0$��86$���

$OO�05,� LPDJH�GDWD� VKRZQ� LQ� LOOXVWUDWLRQV�KDYH�EHHQ�

DFTXLUHG� RQ� D� 3KLOLSV� *\URVFDQ ,QWHUD� VFDQQHU� �3KLOLSV�

0HGLFDO� 6\VWHPV�� ,QF��� VRIWZDUH� UHOHDVH� ������� XVLQJ� D�

EDODQFHG� )DVW� )LHOG� (FKR� �E))(�� VWHDG\�VWDWH� IUHH�

SUHFHVVLRQ� VHTXHQFH� DQG� D� ILYH�HOHPHQW� SKDVHG�DUUD\�

UHFHLYHU� FRLO� GHVLJQHG� IRU� FDUGLDF� DSSOLFDWLRQV�� � 7\SLFDO�

SDUDPHWHUV� DUH�� �������� SKDVH� HQFRGLQJV�� 75�� ���� PV��

7(�� ���� PV�� IOLS� DQJOH�� ��� GHJUHHV�� )29�� �������� PP�

ZLWK�RYHUVDPSOLQJ��������IUDPHV�SHU�FDUGLDF�F\FOH���

�� 5HVXOWV�DQG�GLVFXVVLRQ

���� 05,�UHFRQVWUXFWLRQ

)LJXUH� �� VKRZV� IUDPH� �� RI� D� ���IUDPH� D[LDO� PRYLH�

ZLWK� ���� SKDVH� HQFRGLQJV� SHU� IUDPH� XVLQJ� D� ��HOHPHQW�

FDUGLDF�VXUIDFH�FRLO��

�E�

�D�

�F�

)LJXUH��� )LUVW�RI����IUDPHV�LQ�DQ�D[LDO�E))(�PRYLH�ZLWK�

���[���� LPDJH� JULG� IURP� ���� SKDVH�HQFRGLQJV�� 7KH�

FHQWHU� ���� RI� WKH� )29� LV� WUHDWHG� DV� G\QDPLF� IRU�

1R4XLVW�� �D�� )XOO�JULG� FRQYHQWLRQDO� UHFRQVWUXFWLRQ�� �E��

1R4XLVW� UHGXFHG�GDWD� UHFRQVWUXFWLRQ� XVLQJ� ���� RI� WKH�

GDWD�� �F��5HGXFHG�GDWD� FRQYHQWLRQDO� UHFRQVWUXFWLRQ� IURP�

���� RI� WKH� GDWD�� ,PDJHV� �E�� DQG� �F�� KDYH� HTXDO�

K\SRWKHWLFDO�DFTXLVLWLRQ�WLPHV���

)LJXUH� ��D�� GLVSOD\V� WKH� IXOO�JULG� UHFRQVWUXFWLRQ��

)LJXUH���E��VKRZV�WKH�1R4XLVW�UHFRQVWUXFWLRQ� IURP�����

RI� IXOO�JULG� GDWD� RU� ����SKDVH� HQFRGLQJV� SHU� IUDPH��7KH�

���� G\QDPLF� SRUWLRQ� RI� WKH� )29� LV� ORFDWHG� LQWR� WKH�

FHQWHU� KDOI� RI� WKH� )29�� )LJXUH� ��F�� UHSUHVHQWV� D�

FRQYHQWLRQDO� UHFRQVWUXFWLRQ� IURP� ���� ORZ� VSDWLDO�

IUHTXHQF\� SKDVH� HQFRGLQJV�� 7KH� FRQYHQWLRQDO� UHGXFHG�

GDWD�UHFRQVWUXFWLRQ�VKRZV�VXEVWDQWLDO�ORVV�RI�LPDJH�GHWDLO��

SUHVHUYHG� LQ� WKH� 1R4XLVW� UHFRQVWUXFWLRQ� JHQHUDWHG� IURP�

DQ�HTXDO�QXPEHU�RI�GDWD�SRLQWV���
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���� 6KRUW�D[LV�LPDJH

7KH� UHFRQVWUXFWLRQV� RI� D� VKRUW� D[LV� VOLFH� WKURXJK� WKH�

KHDUW� RI� D� QRUPDO� YROXQWHHU� DUH� VKRZQ� LQ� )LJXUH� ����

&RPSDUHG� WR� WKH� FRQYHQWLRQDO� IXOO�JULG� ����� SKDVH�

HQFRGLQJ� YLHZV�� UHFRQVWUXFWLRQ� �VKRZQ� LQ� �D���� 1R4XLVW�

UHFRQVWUXFWLRQV�ZLWK�LQFUHDVLQJ�GDWD�UHGXFWLRQ�OHYHOV�KDYH�

EHHQ� LQYHVWLJDWHG�� 7KH\� VKRZ� IDLWKIXO� SUHVHUYDWLRQ� RI�

LPDJH�GHWDLO��ZLWK�VLJQDO�WR�QRLVH�UDWLR��615��GHFUHDVLQJ�

JUDGXDOO\�ZLWK�LQFUHDVLQJ�GDWD�UHGXFWLRQ��,PDJH��E���XVLQJ�

RQO\� ���� RI� WKH� GDWD�� VWLOO� DSSHDUV� WR� VKRZ� DGHTXDWH�

UHVROXWLRQ� IRU� HYDOXDWLRQ RI� P\RFDUGLDO� IXQFWLRQDO�

SDUDPHWHUV� VXFK� DV� HMHFWLRQ� IUDFWLRQ� DQG� UDGLDO�

WKLFNHQLQJ�� ,W� DOVR� LOOXVWUDWHV� KRZ� PRYLQJ� DUHDV�

�GHVFHQGLQJ�DRUWD�� LQ� LPDJH� ORFDWLRQV�RXWVLGH� WKH� UHJLRQ�

FODVVLILHG� DV� G\QDPLF� IRU� WKH� 1R4XLVW� UHFRQVWUXFWLRQ�

FDXVH� JKRVW� DUWLIDFWV�� VLPLODU� WR� RWKHU� XQFRPSHQVDWHG�

PRWLRQ���,I��DV�LQ�WKH�H[DPSOH��VXFK�JKRVW�DUWLIDFW�FROXPQV�

FDQ� EH� URWDWHG� DZD\� IURP� WKH� DUHDV� RI� LQWHUHVW� E\�

DSSURSULDWH� FKRLFH� RI� SKDVH� HQFRGLQJ� GLUHFWLRQ� WKH�

UHGXFHG�GDWD� LPDJH� PD\� VWLOO� KDYH� XQGLPLQLVKHG�

GLDJQRVWLF� YDOXH� GHVSLWH� ���� UHGXFWLRQ� LQ� DFTXLVLWLRQ�

WLPH���

�D� �E�

)LJXUH� �� )LUVW� RI� ��� IUDPHV� LQ� D� VKRUW�D[LV� VWXG\��

DFTXLUHG� XVLQJ� �� HOHPHQWV� RI� D� SKDVHG�DUUD\� FRLO�� ZLWK�

����SKDVH�HQFRGLQJ�YLHZV�SHU�IUDPH��7KH�SKDVH�HQFRGLQJ�

GLUHFWLRQ� LV�YHUWLFDO�� �$�FRQYHQWLRQDO�))7�UHFRQVWUXFWLRQ�

RQ����[����LPDJH�JULG�LV�VKRZQ�LQ��D����,PDJH��E��VKRZV�

1R4XLVW� UHFRQVWUXFWLRQ� ZLWK� D� ���� RI� GDWD� UHGXFWLRQ�

�����VWDWLF�)29�ZLWK�1IUDPH ����

�� &RQFOXVLRQV

7KH� SURSRVHG� UHFRQVWUXFWLRQ� E\� GLUHFW� )RXULHU�

LQYHUVLRQ� RIIHUV� D� IOH[LEOH� DSSURDFK� WR� DYRLG� FROOHFWLQJ�

UHGXQGDQW�GDWD��$V�VXFK��LW�FDQ�UHGXFH�VFDQ�WLPH�RU�EUHDWK�

KROGLQJ� WLPH�� UHGXFH� GHJUDGDWLRQ� IURP� PRWLRQ� GXULQJ� D�

FDUGLDF�SKDVH��RU�DOORZ�FDUGLDF�LPDJLQJ�RQ�VFDQQHUV�ZLWK�

VORZHU�JUDGLHQWV��1R�LQWHUSRODWLRQ�RU�VXEVWLWXWLRQ�RI�GDWD�

IURP� RWKHU� WLPH� SRLQWV� LV� UHTXLUHG� WR� UHFRQVWUXFW� HDFK�

IUDPH��7KLV�UHGXFHV�WKH�DUWLIDFWV�IURP�UDSLG�PRYHPHQW�LQ�

FRPSDULVRQ� ZLWK� PHWKRGV� WKDW� XVH� LQWHUSRODWLRQ� RU�

VXEVWLWXWLRQ�

7KH� VKRUWHU� EUHDWK� KROG� WLPH� UHTXLUHG� WR� FRPSOHWH� D�

ZKROH� PRYLH� ZLOO� LQFUHDVH� WKH VXFFHVV� UDWH� LQ� LPDJLQJ�

VHYHUH� FDUGLRYDVFXODU� GLVHDVH�� ZKHUH� GLIILFXOW\� ZLWK�

EUHDWK�KROGLQJ� RFFXUV� IUHTXHQWO\�� $OWHUQDWLYHO\��

DFTXLVLWLRQ�RI�PRUH�IUDPHV�SHU�FDUGLDF�F\FOH�LQ�WKH�VDPH�

DFTXLVLWLRQ� WLPH� DOORZV� PRUH� DFFXUDWH� HYDOXDWLRQ� RI�

IXQFWLRQDO� LQGLFHV�� HYHQ� GXULQJ� VWUHVV�� ,W� FDQ� EH� QRWLFHG�

WKDW� D� VKRUWHU� DFTXLVLWLRQ� WLPH� \LHOGV� LQFUHDVHG� LPDJH�

VKDUSQHVV��UHVROXWLRQ�DQG�RU�FRQWUDVW��

$�SHQDOW\�LQ�615�LV�DVVRFLDWHG�ZLWK�WKLV�WHFKQLTXH��$�

UHVROXWLRQ�615� WUDGH�RII� GHSHQGV� RQ� WKH� FKRLFH� RI� N\
YDOXHV�DFTXLUHG�

7KH� SURSRVHG� PHWKRG� FDQ� EH� LPSOHPHQWHG�

LPPHGLDWHO\� LQ� PRVW� RI� WRGD\
V� LPDJLQJ� HTXLSPHQW�

ZLWKRXW� UHTXLULQJ� DGGLWLRQDO� KDUGZDUH�� � 2SWLPL]DWLRQ� RI�

GDWD� VXEVHW� VHOHFWLRQ� PD\� \LHOG� IXUWKHU� 615�

LPSURYHPHQWV�� 7KLV� QRYHO� WHFKQLTXH� KROGV� SURPLVH� IRU�

DFFHOHUDWLRQ� RI� SKDVH� YHORFLW\� HQFRGHG� LPDJLQJ� IRU�

TXDQWLWDWLYH�IORZ�PDSSLQJ�

$FNQRZOHGJHPHQWV

7KH� DXWKRUV�ZLVK� WR� H[SUHVV� WKDQNV� WR� -RKQ�2VKLQVNL�

DQG� 3XQHHW� 6KDUPD� IRU� WKHLU� YDOXDEOH� KHOS� ZLWK� GDWD�

DFTXLVLWLRQ�

7KLV�ZRUN�ZDV� VXSSRUWHG� LQ� SDUW� E\� JUDQWV� /0������
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