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)LJXUH����'HILQLWLRQ�RI�64/��WULJJHUV
7KH�:+(1�FODXVH� VSHFLILHV� DQ� DGGLWLRQDO� FRQGLWLRQ� WR�EH� FKHFNHG� RQFH� WKH� WULJJHU� UXOH� LV� ILUHG� DQG� EHIRUH� WKH�DFWLRQ� LV� H[HFXWHG�� &RQGLWLRQV� DUH� SUHGLFDWHV� RYHU� WKH�GDWDEDVH� VWDWH�� ,I� WKH� :+(1� FODXVH� LV� PLVVLQJ�� WKH�FRQGLWLRQ� LV� VXSSRVHG� WR� EH� WUXH� DQG� WKH� WULJJHU� DFWLRQ� LV�H[HFXWHG�DV�VRRQ�DV�WKH�WULJJHU�HYHQW�RFFXUV��7KH�DFWLRQ� LV�H[HFXWHG�ZKHQ�WKH�UXOH�LV�WULJJHUHG�DQG�LWV�FRQGLWLRQ�LV�WUXH��64/��DOORZV�PXOWLSOH�DFWLRQ�VWDWHPHQWV�LQ�WULJJHUV��HDFK�RI�ZKLFK� LV� H[HFXWHG� DFFRUGLQJ� WR� WKH�RUGHU� WKH\� DUH�ZULWWHQ��$FWLRQV� DUH� VWRUHG� SURFHGXUHV� DQG� PD\� LQFOXGH� 64/�VWDWHPHQWV�� FRQWURO� FRQVWUXFWV�� DQG� FDOOV� WR� XVHU�GHILQHG�IXQFWLRQV�7KH�IROORZLQJ�H[DPSOH�VKRZV�D�WULJJHU�UXOH�WR�LPSRVH�D�FRQVWUDLQW�RQ� WKH�GDWDEDVH� WKDW� WKH� VDODU\�RI� DQ\�HPSOR\HH�PD\�QHYHU�GHFUHDVH�([DPSOH� ��� 7ULJJHU� UXOH� WR� JXDUDQWHH� QR� GHFUHDVH� RQ�HPSOR\HHV¶�VDODULHV�

&5($7(�75,**(5�HPS�VDODU\�QR�GHFUHDVH%()25(�83'$7(�2)�(PSOR\HH)25�($&+�52::+(1��QHZ�6DODU\���ROG�6DODU\�EHJLQ

ORJ�WKH�HYHQW�VLJQDO�HUURU�FRQGLWLRQ�HQG �
7KH�SRWHQWLDO�DSSOLFDWLRQV�RI�WULJJHUV�DUH�VLJQLILFDQW�>�@��VLJQDO� LQWHJULW\� FRQVWUDLQW� YLRODWLRQ� DQG� IRUFH� UROOEDFNV� RIWKH� YLRODWLQJ� WUDQVDFWLRQV�� PDLQWDLQ� FRQVLVWHQF\� DFURVV�V\VWHP�FDWDORJV�RU�RWKHU�PHWDGDWD��QRWLI\�XVHUV�LQ�WKH�IRUP�RI� PHVVDJHV� �DOHUWHUV��� LPSOHPHQW� EXVLQHVV� UXOHV� RU�ZRUNIORZ�PDQDJHPHQW��DQG�PDQ\�PRUH�

� 75,**(5�&21)/,&7�,668(7KH� EHKDYLRU� RI� WULJJHUV� LV� GHILQHG� DV� WKH� ³H[HFXWLRQ�PRGHO�´� ,W� � VSHFLILHV� KRZ� WULJJHU� UXOHV� DUH� HYDOXDWHG� DQG�WUHDWHG� DW� UXQWLPH�� )LJXUH� �� LOOXVWUDWHV� WKH� VWHSV� LQ�SURFHVVLQJ�WULJJHUV�>��@�
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7KH� VLJQDOLQJ�SKDVH�GHWHFWV� DQG� VLJQDOV� WKH�RFFXUUHQFH�RI� DQ� HYHQW�� 7KH� HYHQW� DFWLYDWHV� WKH� FRUUHVSRQGLQJ� WULJJHU�UXOHV�LQ�WKH�WULJJHULQJ�SKDVH��DQG�WKH�FRQGLWLRQ�SDUWV�RI�WKH�WULJJHUHG� UXOHV� DUH� HYDOXDWHG� LQ� WKH� HYDOXDWLRQ� SKDVH�� 7KH�WULJJHU� FRQIOLFW� SUREOHP RFFXUV� ZKHQ� WKH� FRQGLWLRQV� RI�PRUH� WKDQ� RQH� WULJJHU� UXOHV� DUH� HYDOXDWHG� WR� EH� WUXH�� 7KH�VFKHGXOLQJ� SKDVH� LQGLFDWHV� WKH� RUGHU� WR� SURFHVV� FRQIOLFW�

6HOHFWHG�5XOHV

(YHQW�2FFXUUHQFH
7ULJJHUHG�5XOHV

(YDOXDWHG�5XOHV

(YHQW�6RXUFH
6LJQDOLQJ�SKDVH
7ULJJHULQJ�SKDVH
(YDOXDWLRQ�SKDVH
6FKHGXOLQJ�SKDVH
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WULJJHUV�� 7KH� H[HFXWLRQ� SKDVH� SURFHVVHV� WKH� VFKHGXOHG�WULJJHU� UXOHV��2Q� SURFHVVLQJ� UXOH¶V� DFWLRQ�� WKH� FKDQJH� LQ� D�GDWDEDVH�VWDWH�PD\� WULJJHU�DQRWKHU�RU�HYHQ� WKH�VDPH�VHW�RI�UXOHV��$IWHU� WKH�HYDOXDWLRQ�SKDVH��PRUH� WKDQ�RQH� UXOH�PD\�EH�HOLJLEOH� IRU� H[HFXWLRQ�� 7KLV� SUREOHP� LV� NQRZQ� DV� WULJJHU�UXOH� FRQIOLFW >����@�� 7R� VROYH� WKH� SUREOHP�� WKH� GDWDEDVH�PDQDJHPHQW� V\VWHP� PXVW� SURYLGH� D� FRQIOLFW� UHVROXWLRQ�SROLF\ WR� VHOHFW� D� WULJJHU� UXOH� IRU� H[HFXWLRQ�� 7KH� FRPPRQ�FRQIOLFW� UHVROXWLRQ� SROLF\� DGRSWHG� E\� PRVW� V\VWHPV� LV�DVVLJQLQJ� UXOH� SULRULW\� >���� ��@�� 7KH� UXOH� SULRULWL]DWLRQ� LV�EDVHG�RQ�HLWKHU� WKH�UHFHQF\�RI�XSGDWH�RU� WKH�FRPSOH[LW\�RI�WKH� UXOH¶V� FRQGLWLRQ�� 7KH� IRUPHU� DSSURDFK� DVVLJQV� D� KLJK�SULRULW\� WR� WKH� UXOH� WKDW� LV� PRVW� UHFHQWO\� ILUHG�� 7KH� ODWWHU�DSSURDFK� FRQVLGHUV� WKH� SULRULW\� RQ� WKH� VSHFLILFLW\� RI� WKH�UXOH�� 7KH� WZR� DSSURDFKHV� DUH� G\QDPLF��ZKLFK�PHDQV� WKH\�DUH� OHVV� SUDFWLFDO� LQ� WKH� V\VWHP� ZLWK� ODUJH� DQG� FRPSOH[�WULJJHU� UXOH� VHW�� :KHQ� GHWHUPLQLVWLF� EHKDYLRU� LV� KLJKO\�GHVLUDEOH�� WKH� VFKHPH� WR� DVVRFLDWH� UXOHV� ZLWK� SULRULW\�VWDWLFDOO\�LV�PRUH�DSSURSULDWH�6WDWLF� SULRULW\� PHFKDQLVP� GHWHUPLQHV� RUGHU� RI� WULJJHU�UXOHV�HLWKHU�E\�WKH�V\VWHP��H�J���EDVHG�RQ�UXOH�FUHDWLRQ�WLPH��RU� E\� WKH� XVHU� �H�J��� H[SOLFLWO\� DVVRFLDWH� HDFK� UXOH� ZLWK� D�QXPHULF� YDOXH��� � :H� SURSRVH� D� FRQIOLFW� UHVROXWLRQ�PHFKDQLVP� WR� LQFRUSRUDWH� GHULYHG� NQRZOHGJH� �L�H��� WKH�NQRZOHGJH�REWDLQHG�IURP�WKH�GDWDEDVH�FRQWHQW��LQWR�WKH�UXOH�SULRULWL]DWLRQ�VFKHPH�
� $/*25,7+0�72�+$1'/(�75,**(5�&21)/,&7,Q�WKLV�VHFWLRQ��ZH�GHILQH�DQ�DOJRULWKP�WR�KDQGOH�WULJJHU�FRQIOLFW� E\� UHRUJDQL]LQJ� WKH� WULJJHU� UXOHV� LQWR� GLIIHUHQW�OD\HUV�� RU� VWUDWD�� 7KHQ�� DVVRFLDWH� HDFK� VWUDWXP� ZLWK� D�QXPHULF�SULRULW\��7KH�PDMRU�PHFKDQLVP�OHDGLQJ� WR�SULRULW\�DVVLJQLQJ�LV� WKH�LQGXFHG�NQRZOHGJH�UHJDUGLQJ�WKH�GDWDEDVH�VWDWH�PRGLILFDWLRQ��3ULRU�WR�WKH�DOJRULWKP�GHVFULSWLRQ��VRPH�GHILQLWLRQV�RI�WHUPV�DUH�H[SODLQHG�
'HILQLWLRQ� ��� $�VWUDWXP LV� DQ�RUGHUHG�VHW�RI� WULJJHU� UXOHV�WKDW� ORFDOO\� FRQYHUJH��$� VWUDWXP� ORFDOO\� FRQYHUJHV� LI� DIWHU�DQ\� WUDQVDFWLRQ� LQYRNLQJ� WULJJHU� UXOHV�� UXOH� SURFHVVLQJ�WHUPLQDWHV�LQ�D�ILQDO�VWDWH�LQ�ZKLFK�WKH�VHW�RI�WULJJHUHG�UXOHV�LV�HPSW\������� �'HILQLWLRQ� ��� 6WUDWXP�VHW LV� DQ�XQRUGHUHG� VHW� RI� VWUDWD� LQ�ZKLFK�HDFK�VWUDWXP�LV�LQGHSHQGHQW�IURP�RWKHU�VWUDWD�VR�WKDW�WKH� WULJJHU� UXOH� H[HFXWLRQ� LQ� RQH� VWUDWXP� GRHV� QRW� DIIHFW�UXOHV�LQ�RWKHU�VWUDWD�� �7KH� FRQFHSW� RI� VWUDWXP� >�@� LV� DSSOLHG� WR� JXDUDQWHH� WKDW�WULJJHU� UXOH� H[HFXWLRQ� HYHQWXDOO\� WHUPLQDWHV�� 7KH� H[DPSOH�RI� QRQ�WHUPLQDWH� WULJJHU� H[HFXWLRQ� GXH� WR� WKH� F\FOH� LQ�DFWLRQ�WULJJHULQJ�HYHQWV�LV�VKRZQ�LQ�)LJXUH����%UHDNLQJ�WKH�

F\FOH� LQWR� GLIIHUHQW� OD\HUV�� DV� VKRZQ� LQ� )LJXUH� ��� DQG� WKH�ORFDO� FRQYHUJHQFH� ZLWKLQ� HDFK� VWUDWXP� DUH� WZR� VXIILFLHQW�FRQGLWLRQV�IRU�WHUPLQDWLRQ�RQ�WULJJHU�H[HFXWLRQ�

)LJXUH����7KH�F\FOH�DPRQJ�WULJJHU�UXOHV

)LJXUH����2UJDQL]LQJ�F\FOLF�UXOHV�LQWR�VWUDWD
7KH� QH[W� VWHS� LV� WR� VHW SULRULWLHV� DPRQJ� VWUDWD� ZKHQ�VHYHUDO� VWUDWD� DUH� DFWLYDWHG� E\� WKH� RFFXUUHQFH� RI� DQ� HYHQW��:H� SURSRVH� WKH� WULJJHU� FRQIOLFW� UHVROXWLRQ� DOJRULWKP� WR�VROYH� WKH� SUREOHP� RI� PXOWLSOH� VWUDWXP� DFWLYDWLRQ� RQ� DQ�HYHQW� (�� 7KH� NH\� FRQFHSW� LV� WR� DSSO\� NQRZOHGJH� LQGXFHG�IURP� WKH� GDWDEDVH�PRGLILFDWLRQ� DQG� WKH�PHWDGDWD� �L�H��� WKH�VHW� RI� LQWHJULW\� FRQVWUDLQWV�� WR� JXLGH� WKH� SULRULW\� DVVLJQLQJ�VFKHPH��7KH�IXQFWLRQ�WR�FRPSXWH�SULRULW\�IRU�HDFK�VWUDWXP�LV�GHILQHG�DV�LQ�WKH�IROORZLQJ�GHILQLWLRQ�

'HILQLWLRQ� ��� $� 'HJUHHBRIB&RQVWUDLQW )XQFWLRQ� IRU� WKH�LQGXFHG� NQRZOHGJH� .� FRPSDULQJ� WR� WKH� JLYHQ� VHW� RI�LQWHJULW\�FRQVWUDLQWV�,&�LV�GHILQHG�DV�
'HJUHHBRIB&RQVWUDLQW�.���,&��� � ��B� B� $UXOHVWRWDO UXOHVPDWFKHG �
ZKHUH���PDWFKHGBUXOH LV�WKH�QXPEHU�RI�LQGXFHG�NQRZOHGJH��UHSUHVHQWHG� LQ� WKH� IRUPDW� RI� UXOH�� FRPSOHWHO\�PDWFKLQJ� ZLWK� WKH� LQWHJULW\� FRQVWUDLQW� UXOH� �L�H���127��N��$1'�F�\LHOGV�WKH�FRQWUDGLFWLRQ�ZKHQ�N��.�DQG�F�� ,&���



�� WRWDOBUXOHV LV� WKH� WRWDO� QXPEHU� RI� LQGXFHG� NQRZOHGJH�ZKHQ�UHSUHVHQWHG�DV�UXOHV��DQG$�LV�WKH�DYHUDJH�DFFXUDF\�RI�WKH�LQGXFHG�NQRZOHGJH�UXOHV��������1RWH� WKDW� WKH� QXPEHU� ³��´� LV� SURSRVHG� DV� D� GLYLGHU� RI�WKH� DYHUDJH� DFFXUDF\� �L�H��� WKH� SDUW� �$����� LQ� WKH�FRPSXWDWLRQ�RI�'HJUHHBRIB&RQVWUDLQW�� LQ� RUGHU� WR� SUHYHQW�WKH� GRPLQDWLRQ� RI� WKH� DFFXUDF\� RYHU� WKH� SURSRUWLRQ� RI�PDWFKHGBUXOHV DQG�WRWDOBUXOHV�
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