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7KRXJK�GHVLJQLQJ�D�GDWD�ZDUHKRXVH�UHTXLUHV�WHFKQLTXHV�FRPSOHWHO\�GLIIHUHQW�IURP�WKRVH�DGRSWHG�IRU�RSHUDWLRQDO�V\VWHPV��QR�VLJQLILFDQW�HIIRUW�KDV�EHHQ�PDGH�
VR�IDU�WR�GHYHORS�D�FRPSOHWH�DQG�FRQVLVWHQW�GHVLJQ�PHWKRGRORJ\�IRU�GDWD�ZDUHKRXVHV��,Q�WKLV�SDSHU�ZH�RXWOLQH�D�JHQHUDO�PHWKRGRORJLFDO�IUDPHZRUN�IRU�':�GHVLJQ�
GLVFXVVLQJ� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� GLIIHUHQW� VWHSV� DQG� WKH� GLIILFXOWLHV� LQ� FDUU\LQJ� WKHP� RXW��:LWKLQ� WKLV� IUDPHZRUN�� FRQFHSWXDO� GHVLJQ� LV� EDVHG� RQ� WKH�
'LPHQVLRQDO�)DFW�0RGHO��ZKLOH�ORJLFDO�GHVLJQ�H[SORLWV�PXOWLSOH�FRVW�IXQFWLRQV�DW�LQFUHDVLQJ�OHYHOV�RI�GHWDLO�LQ�RUGHU�WR�LPSURYH�ERWK�WKH�HIILFLHQF\�DQG�HIILFDF\�RI�
WKH�DOJRULWKPV��$�ZRUNORDG�LV�FKDUDFWHUL]HG�LQ�WHUPV�RI�GDWD�YROXPHV�DQG�H[SHFWHG�TXHULHV��WR�EH�XVHG�DV�WKH�LQSXW�RI�WKH�ORJLFDO�DQG�SK\VLFDO�GHVLJQ�SKDVHV�ZKRVH�
RXWSXW�LV�WKH�ILQDO�VFKHPH�IRU�WKH�GDWD�ZDUHKRXVH��,Q�SDUWLFXODU��GULOO�DFURVV�TXHULHV�DUH�H[SOLFLWO\�WDNHQ�LQWR�DFFRXQW�WKURXJKRXW�WKH�GHVLJQ�VWHSV��

.H\ZRUGV�
'DWD�ZDUHKRXVH��GHVLJQ�PHWKRGRORJ\��FRQFHSWXDO�PRGHO��FRVW�IXQFWLRQ��ZRUNORDG��

� ,1752'8&7,21�

7KH�GDWDEDVH� FRPPXQLW\� LV�GHYRWLQJ�LQFUHDVLQJ�DWWHQWLRQ�WR� WKH� UHVHDUFK�WKHPHV�FRQFHUQLQJ�GDWD�ZDUHKRXVHV��':V���PRVW�VFLHQWLILF� OLWHUDWXUH�FRQFHUQLQJ�
':V�IRFXVHV�RQ�VSHFLILF�LVVXHV�VXFK�DV�PXOWLGLPHQVLRQDO�GDWD�PRGHOV�>�@�>��@��PDWHULDOL]DWLRQ�RI�YLHZV�>�@�>��@�DQG�LQGH[�VHOHFWLRQ�>��@�>��@��,W�LV�HDV\�WR�QRWH�
WKDW�PRVW�RI�WKH�LQWHUHVW�KDV�EHHQ�JDWKHUHG�E\�WKRVH�SUDFWLFDO�VXEMHFWV�WKDW�PDLQO\�GHWHUPLQH�WKH�':�SHUIRUPDQFHV��ZKLOH�PRUH�FRQFHSWXDO�LVVXHV�OLNH�UHTXLUHPHQW�
VSHFLILFDWLRQ�DQG�FRQFHSWXDO�PRGHOV�KDYH�QRW�EHHQ�LQYHVWLJDWHG�HQRXJK�>��@��7KH�ODFN�RI�LQWHUHVW�LQ�VXFK�DEVWUDFW�LVVXHV�LV�SUREDEO\�D�FRQVHTXHQFH�RI�WKH�SUDFWLFDO�
UHTXLUHPHQWV�RI�HQWHUSULVHV�ZKHUH�HDUO\�':�SURMHFWV�ZHUH�GHYHORSHG��+RZHYHU��ZH�EHOLHYH�WKDW�D�PHWKRGRORJLFDO�IUDPHZRUN�IRU�GHVLJQ�LV�DQ�HVVHQWLDO�UHTXLUHPHQW�
WR�HQVXUH�WKH�VXFFHVV�RI�FRPSOH[�SURMHFWV��7KLV�FDQ�EH�HDVLO\�FRQILUPHG�E\�DQDO\]LQJ�WKH�VWDWLVWLF�UHSRUWV�UHODWHG�WR�':V�SURMHFW�IDLOXUHV�>��@�>��@��ZKLFK�VWDWH�WKDW�
D�PDMRU� FDXVH� OLHV� LQ� WKH� DEVHQFH� RI� D� JOREDO� YLHZ�RI� WKH�GHVLJQ� SURFHVV� DQG�� LQ� RWKHU� WHUPV�� LQ� WKH� DEVHQFH�RI�DQ�RUJDQLF�PHWKRGRORJ\�� ,Q� WKLV�GLUHFWLRQ�� RXU�
UHVHDUFK�LV�DLPHG�DW�GHILQLQJ�WKH�EDVLF�VWHSV�UHTXLUHG�IRU�D�FRUUHFW�':�GHVLJQ��

7R�WKH�EHVW�RI�RXU�NQRZOHGJH��QR�VLJQLILFDQW�HIIRUW�KDV�EHHQ�PDGH�VR�IDU�WR�GHYHORS�D�FRPSOHWH�DQG�FRQVLVWHQW�GHVLJQ�PHWKRGRORJ\�>��@��,Q�>�@�WKH�GLIIHUHQW�
SKDVHV� LQ� ':� GHVLJQ� DUH� GHVFULEHG� LQIRUPDOO\�� EXW� QR� DG� KRF� FRQFHSWXDO� PRGHO� WR� VXSSRUW� WKHP� LV� GHYLVHG�� 0RVW� RI� WKH� WHFKQLTXHV� DGRSWHG� LQ� GHVLJQLQJ�
RSHUDWLRQDO�V\VWHPV�GR�QRW�ILW�':�UHTXLUHPHQWV�DQG�OHDG�WR�PLVV�VRPH�DVSHFWV�ZKLFK�DUH�QRW�UHOHYDQW�LQ�WKH�FRQYHQWLRQDO�V\VWHPV�EXW��GXH�WR�WKH�GLIIHUHQW�WDUJHWV��
EHFRPH�IXQGDPHQWDO�LQ�GDWD�ZDUHKRXVLQJ��)RU�H[DPSOH��WKH�(�5�FRQFHSWXDO�PRGHO��WKDW�LV�ZLGHO\�XVHG�IRU�GHVLJQLQJ�RSHUDWLRQDO�V\VWHPV��GRHV�QRW�H[SOLFLWO\�VKRZ�
ZKLFK�DUH�WKH�KLHUDUFKLHV�DQG�WKH�PHDVXUHV�UHODWHG�WR�D�IDFW��

7KH�DLP�RI�WKLV�SDSHU�LV�WR�RXWOLQH�WKH�EDVLF�SKDVHV�LQ�':�GHVLJQ�PRWLYDWLQJ�WKH�VHTXHQFH�RI�DFWLRQV��GLVFXVVLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�GLIIHUHQW�VWHSV�
DQG� WKH�GLIILFXOWLHV� LQ�FDUU\LQJ�WKHP�RXW��2XU�PHWKRGRORJLFDO�IUDPHZRUN�LV�EDVHG�RQ�WKH�FRQFHSWXDO�':�PRGHO�ZH�GHYHORSHG��FDOOHG�'LPHQVLRQDO�)DFW�0RGHO�
�')0���7KH�PHWKRGRORJ\�ZH�SURSRVH�IHDWXUHV���SKDVHV��EULHIO\�VNHWFKHG�LQ�7DEOH�,�DQG�H[DPLQHG�LQ�WKH�IROORZLQJ��

� $1$/<6,6�2)�7+(�,1)250$7,21�6<67(0�

7KH�DLP�RI�WKLV�SKDVH�LV�WR�FROOHFW�WKH�GRFXPHQWDWLRQ�FRQFHUQLQJ�WKH�SUH�H[LVWLQJ�RSHUDWLRQDO�LQIRUPDWLRQ�V\VWHP��,W�UHSUHVHQWV�D�QHZ�VWHS�ZLWK�UHVSHFW�WR�WKH�
GHVLJQ� RI� RSHUDWLRQDO� V\VWHPV��ZKLFK�GR� QRW� UHTXLUH� D� SUH�H[LVWLQJ�GDWDEDVH� DV� D�GDWD� VRXUFH��7KLV� SKDVH� LQYROYHV� WKH�GHVLJQHU�� LQ� WLJKW�FROODERUDWLRQ�ZLWK� WKH�
SHRSOH�PDQDJLQJ�WKH�LQIRUPDWLRQ�V\VWHP�DQG��LI�SRVVLEOH��ZLWK�LWV�GHVLJQHUV��,W�SURGXFHV�LQ�RXWSXW�WKH��FRQFHSWXDO�RU�ORJLFDO��VFKHPHV�RI�HLWKHU�WKH�ZKROH�RU�SDUW�RI�
WKH� LQIRUPDWLRQ� V\VWHP�� ,Q� SDUWLFXODU�� WKH� FRQFHSWXDO� VFKHPHV� DUH� XVXDOO\� XQUHOLDEOH� DQG� VRPHWLPHV� XQDYDLODEOH� DW� DOO� GXH� WR� D�SRRU� GHVLJQ�RI� WKH�RSHUDWLRQDO�
V\VWHP�RU�DV�WKH�UHVXOW�RI�XQGRFXPHQWHG�FKDQJHV�WR�WKH�GDWDEDVH�VWUXFWXUH��

�

6WHS� ,QSXW� 2XWSXW� ,QYROYHV�

$QDO\VLV�RI�WKH�LQIRUPDWLRQ�V\VWHP� H[LVWLQJ�GRFXPHQWDWLRQ� GDWDEDVH�VFKHPH� GHVLJQHU��PDQDJHUV�RI�WKH�
LQIRUPDWLRQ�V\VWHP��

5HTXLUHPHQW�VSHFLILFDWLRQ� �GDWDEDVH�VFKHPH�� IDFWV��SUHOLPLQDU\�ZRUNORDG� GHVLJQHU��ILQDO�XVHUV�

&RQFHSWXDO�GHVLJQ� GDWDEDVH�VFKHPH��IDFWV��SUHOLPLQDU\�
ZRUNORDG�

GLPHQVLRQDO�VFKHPH� GHVLJQHU�

:RUNORDG�UHILQHPHQW��'LP��
VFKHPH�YDOLGDWLRQ�

GLPHQVLRQDO�VFKHPH��
SUHOLPLQDU\�ZRUNORDG�

ZRUNORDG� GHVLJQHU��ILQDO�XVHUV�

/RJLFDO�GHVLJQ� GLPHQVLRQDO�VFKHPH��WDUJHW�ORJLFDO�
PRGHO��ZRUNORDG�

ORJLFDO�':�VFKHPH� GHVLJQHU�

3K\VLFDO�GHVLJQ� ORJLFDO�':�VFKHPH��WDUJHW�'%06��
ZRUNORDG�

':�SK\VLFDO�VFKHPH� GHVLJQHU�

7DEOH�,��7KH�VL[�SKDVHV�LQ�RXU�':�GHVLJQ�PHWKRGRORJ\��

:KLOH�DQDO\]LQJ�WKH�RSHUDWLRQDO�V\VWHP�WKH�GHVLJQHU�VKRXOG��
�

� ([SORLW�WKH�H[SHULHQFH�RI�WKH�GDWDEDVH�PDQDJHU�LQ�RUGHU�WR�ILQG�RXW�SRVVLEOH�PLVVLQJ�RU�DEQRUPDO�GDWD��,Q�SDUWLFXODU��FRUUHFW�KDQGOLQJ�RI�QXOO�YDOXHV�LV��
�
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DQ�HVVHQWLDO�SUHFRQGLWLRQ�IRU�WKH�TXDOLW\�RI�WKH�TXHU\�DQVZHUV��$�QXOO�YDOXH�PD\�PHDQ�WKDW��DW�WKH�WLPH�WKH�PHDVXUHPHQW�ZDV�WDNHQ��HLWKHU�WKH�YDOXH�GLG�
QRW�H[LVW�RU��FRQYHUVHO\�� WKDW� WKH�PHDVXUHPHQW�SURFHVV� IDLOHG�WR�GHOLYHU� WKH�GDWD�>��@��7KLV�GLIIHUHQFH�PXVW�EH�ZHOO�XQGHUVWRRG�E\�WKH�GHVLJQHU�ZKHQ�
�V�KH�SODQV�WKH�':�ORDGLQJ�SURFHVV��

� 6HOHFW�RSHUDWLRQDO�GDWD�VRXUFHV�E\�FRQVLGHULQJ�WKH�GDWD�TXDOLW\�DQG�WKH�VWDELOLW\�RI�WKHLU�VFKHPHV��2WKHU�HTXLYDOHQW�GDWD�VRXUFHV�VKRXOG�EH�GHWHUPLQHG�DV�
ZHOO�� LQ� RUGHU� WR� DOORZ� WKH� VR�FDOOHG� YLHZ� V\QFKURQL]DWLRQ� WR� WDNH� SODFH�� 9LHZ� V\QFKURQL]DWLRQ� DOJRULWKPV� >��@>��@>��@� H[SORLW�PHWD�GDWD� WR� JDWKHU�
FRQVLVWHQW�LQIRUPDWLRQ�HYHQ�DIWHU�D�FKDQJH�LQ�WKH�RSHUDWLRQDO�V\VWHP�VFKHPH�FDXVHG�WKH�EDVLF�GDWD�VRXUFHV�WR�EH�QR�PRUH�DYDLODEOH��

� 'HWHUPLQH�ZKLFK�GDWD�FDQ�EH�XVHIXOO\� LQWHJUDWHG� LQ�RUGHU� WR�REWDLQ�D�FRPSOHWH�YLHZ�RI� WKH�GDWDEDVH�GRPDLQ�� ,QWHJUDWLRQ�RI�KHWHURJHQHRXV�YLHZV�KDV�
EHHQ�ODUJHO\�GHDOW�ZLWK�LQ�WKH�GDWDEDVH�OLWHUDWXUH��VHH�>��@�IRU�D�FRPSUHKHQVLYH�VXUYH\��

� 'HHSO\�XQGHUVWDQG�WKH�GDWD�VHPDQWLF�LQ�RUGHU�WR�PDNH�FURVV�IRRWLQJ�SRVVLEOH�GXULQJ�WKH�GDWD�VWDJLQJ�SURFHVV��

�

:KLOH�WKH�ORJLFDO�DQG�SK\VLFDO�SKDVHV�DUH�FKDUDFWHUL]HG�E\�D�KLJK�FRPSXWDWLRQDO�FRPSOH[LW\�DQG�FRQFHSWXDO�GHVLJQ�LQYROYHV�PRVW�RI�WKH�FUXFLDO�FKRLFHV��WKH�
DQDO\VLV�RI�WKH�LQIRUPDWLRQ�V\VWHP�ZLOO�UHTXLUH�PRVW�RI�WKH�WLPH�GXH�WR�LWV�FRPSOH[LW\�DQG�WR�WKH�KXJH�YROXPH�RI�GDWD�WKDW�VKRXOG�EH�JDWKHUHG��

� 5(48,5(0(17�63(&,),&$7,21�

:KLOH�WKH�ILUVW�SKDVH�RI�RXU�PHWKRGRORJ\�GHDOV�ZLWK�WKH�LQSXW�IRU�WKH�':�SURFHVV��WKH�VHFRQG�RQH�FRQFHUQV�LWV�RXWSXW��,Q�IDFW��LW�FRQVLVWV�LQ�FROOHFWLQJ�DQG�
ILOWHULQJ�WKH�XVHU�UHTXLUHPHQWV��,W�LQYROYHV�WKH�GHVLJQHU�DQG�WKH�ILQDO�XVHUV�RI�WKH�':��DQG�SURGXFHV�LQ�RXWSXW�WKH�VSHFLILFDWLRQV�FRQFHUQLQJ�WKH�FKRLFH�RI�IDFWV�RQ�
WKH�RQH�KDQG��SUHOLPLQDU\�LQGLFDWLRQV�FRQFHUQLQJ�WKH�ZRUNORDG�RQ�WKH�RWKHU���

,Q� SDUWLFXODU�� WKH� FKRLFH� RI� IDFWV� LV� EDVHG� RQ� WKH�GRFXPHQWDWLRQ�RQ� WKH� LQIRUPDWLRQ� V\VWHP�SURGXFHG� DW� WKH�SUHYLRXV� VWHS��)DFWV� DUH� FRQFHSWV� RI� SULPDU\�
LQWHUHVW�IRU�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��DQG�W\SLFDOO\�FRUUHVSRQG�WR�HYHQWV�RFFXUULQJ�G\QDPLFDOO\�LQ�WKH�HQWHUSULVH�ZRUOG��,I�WKH�RSHUDWLRQDO�LQIRUPDWLRQ�V\VWHP�LV�
GRFXPHQWHG�E\�(�5�VFKHPHV��D�IDFW�PD\�EH�UHSUHVHQWHG�HLWKHU�E\�DQ�HQWLW\�RU�E\�DQ�Q�DU\�UHODWLRQVKLS��FRQYHUVHO\��LI�LW�LV�UHSUHVHQWHG�E\�UHODWLRQDO�VFKHPHV��IDFWV�
FRUUHVSRQG� WR� UHODWLRQ� VFKHPHV�� ,Q� JHQHUDO�� HQWLWLHV� RU� UHODWLRQ� VFKHPHV� UHSUHVHQWLQJ� IUHTXHQWO\� XSGDWHG� DUFKLYHV� DUH�JRRG�FDQGLGDWHV� IRU�GHILQLQJ� IDFWV�� WKRVH�
UHSUHVHQWLQJ�VWUXFWXUDO�SURSHUWLHV�RI�WKH�GRPDLQ��FRUUHVSRQGLQJ�WR�QHDUO\�VWDWLF�DUFKLYHV��DUH�QRW��

,W� LV� ZHOO�NQRZQ� WKDW� PRVW� TXHULHV� RQ�':V� DUH� H[WHPSRUDU\�� QHYHUWKHOHVV�� ZH� EHOLHYH� WKDW� ORJLFDO� DQG� SK\VLFDO� GHVLJQ� VKRXOG� EH�EDVHG� RQ� DQ� H[SHFWHG�
ZRUNORDG�LQFOXGLQJ�DW�OHDVW�DOO�WKH�TXHULHV�XVHG�LQ�WKH�HQWHUSULVH�WR�JHQHUDWH�SHULRGLFDO�UHSRUWV��7KH�SUHOLPLQDU\�ZRUNORDG�LV�H[SUHVVHG�LQ�SVHXGR�QDWXUDO�ODQJXDJH�
DQG�LV�DLPHG�DW�HQDEOLQJ�WKH�GHVLJQHU�WR�LGHQWLI\�GLPHQVLRQV�DQG�PHDVXUHV�GXULQJ�FRQFHSWXDO�GHVLJQ��IRU�HDFK�IDFW��LW�VKRXOG�VSHFLI\�WKH�PRVW�LQWHUHVWLQJ�PHDVXUHV�
DQG�DJJUHJDWLRQV��%\�FRPSDULQJ�WKH�DYDLODELOLW\�RI�GDWD�FROOHFWHG�LQ�WKH�SUHYLRXV�SKDVH�DQG�WKH�SUHOLPLQDU\�ZRUNORDG��LW�LV�DOVR�SRVVLEOH�WR�XQGHUVWDQG�ZKLFK�RI�WKH�
XVHU�UHTXLUHPHQWV�FDQ�EH�VDWLVILHG��7KLV�NQRZOHGJH�WULJJHUV�RII�DQ�LWHUDWLYH�GLDORJXH�EHWZHHQ�WKH�GHVLJQHU�DQG�WKH�XVHUV��DLPHG�DW�ILQGLQJ�RXW�DOWHUQDWLYH�VROXWLRQV�
ZKHQ�XQDYDLODELOLW\�RI�GDWD�PDNHV�XVHU�UHTXLUHPHQWV�XQDFKLHYDEOH��

� &21&(378$/�'(6,*1�

:KLOH�LW�LV�XQLYHUVDOO\�UHFRJQL]HG�WKDW�D�':�OHDQV�RQ�D�PPXXOOWWLLGGLLPPHHQQVVLLRRQQDDOO��PPRRGGHHOO��OLWWOH�LV�VDLG�DERXW�KRZ�WR�FDUU\�RXW�LWV�FRQFHSWXDO�GHVLJQ�VWDUWLQJ�IURP�WKH�
XVHU�UHTXLUHPHQWV��

'HVSLWH�LWV� LPSRUWDQFH��FRQFHSWXDO�GHVLJQ�LV�RQH�RI�WKH�OHVV�GLVFXVVHG�VXEMHFWV�ZLWKLQ�WKH�':�OLWHUDWXUH��,Q�IDFW��EHVLGHV�RXU�HDUO\�ZRUNV�>�@>��@��RQO\�IHZ�
SDSHUV� IRFXV�RQ� WKLV� LVVXH�� ,Q� >�@� WKH�DXWKRUV�SURSRVH�DV�D�FRQFHSWXDO�PRGHO�DQ� H[WHQVLRQ�RI� WKH�PXOWLGLPHQVLRQDO�PRGHO�GHVFULEHG� LQ� >�@��D�GHFODUDWRU\�TXHU\�
ODQJXDJH� LV� LQWURGXFHG� DQG� LWV� H[SUHVVLYHQHVV� LV� HYDOXDWHG�� +RZHYHU�� IDFW� WDEOHV� DUH� XVHG� WR� VXSSRUW� FRQFHSWXDO� GHVLJQ�� WKXV� EOXUULQJ� WKH� ERUGHUV� EHWZHHQ�
FRQFHSWXDO� DQG� ORJLFDO� GHVLJQ�� ,Q� >��@� DQ� REMHFW�RULHQWHG�PRGHO� FDOOHG�1HVWHG�0XOWLGLPHQVLRQDO� 'DWD�0RGHO� KDV� EHHQ� SURSRVHG��ZKLFK� H[WHQGV� WKH� FODVVLFDO�
PXOWLGLPHQVLRQDO�PRGHO�WR�DOORZ�FRPSOH[�2/$3�VFHQDULRV�WR�EH�PRGHOHG��,Q�>��@�WKH�DXWKRUV�SUHVHQW�DQ�REMHFW�RULHQWHG�FRQFHSWXDO�PRGHO�EDVHG�RQ�WKH�IDFW�FODVV�
DQG�GLPHQVLRQ�FODVV�FRQFHSWV��LQFOXGLQJ�ERWK�VWDWLF�DQG�G\QDPLF�SURSHUWLHV���

:LWKLQ�RXU�PHWKRGRORJ\��LI�WKH�WZR�SUHYLRXV�SKDVHV�KDYH�EHHQ�VXFFHVVIXOO\�FDUULHG�RXW��WKH�RSHUDWLRQDO�V\VWHP�VFKHPH�DQG�WKH�SUHOLPLQDU\�ZRUNORDG�VKRXOG�
EH�DYDLODEOH� WR� WKH�GHVLJQHU�ZKR�ZLOO�EH�DEOH� WR�FDUU\�RXW�FRQFHSWXDO�GHVLJQ�DOPRVW�DXWRQRPRXVO\��$VVXPLQJ�WKDW�WKH�RSHUDWLRQDO�V\VWHP�LV�UHODWLRQDO��LQ�>�@�ZH�
SURSRVHG�D�VHPL�DXWRPDWHG�WHFKQLTXH�WR�FDUU\�RXW�FRQFHSWXDO�PRGHOLQJ�VWDUWLQJ��UHVSHFWLYHO\��IURP�WKH�(�5�VFKHPHV�DQG�IURP�WKH�ORJLFDO�VFKHPHV�GHVFULELQJ�LW��,Q�
ERWK�FDVHV��WKH�IROORZLQJ�VWHSV�PXVW�EH�H[HFXWHG�IRU�HDFK�IDFW��

�

D�� %XLOGLQJ�WKH�DWWULEXWH�WUHH�

E�� 3UXQLQJ�DQG�JUDIWLQJ�WKH�DWWULEXWH�WUHH�

F�� 'HILQLQJ�GLPHQVLRQV�

G�� 'HILQLQJ�PHDVXUHV�

H�� 'HILQLQJ�KLHUDUFKLHV�

�

6WHSV�E��F�DQG�G�DUH�VXSSRUWHG�E\�WKH�SUHOLPLQDU\�ZRUNORDG�GHILQHG�WRJHWKHU�ZLWK�WKH�ILQDO�XVHUV�RU�GHULYHG�E\�DQDO\]LQJ�WKH�UHSRUWV�WKH�':�XVHUV�PRVW�IUHTXHQWO\�
DVN�IRU��

7KH�'LPHQVLRQDO�)DFW�0RGHO�

7KH�UHSUHVHQWDWLRQ�RI�UHDOLW\�EXLOW�XVLQJ�WKH�')0�LV�FDOOHG�GLPHQVLRQDO�VFKHPH�DQG�FRQVLVWV�RI�D�VHW�RI�IDFW�VFKHPHV��RQH�IRU�HDFK�IDFW��ZKRVH�EDVLF�HOHPHQWV�
DUH�IDFWV��GLPHQVLRQV�DQG�KLHUDUFKLHV��7KH�GLPHQVLRQDO�IDFW�PRGHO�LV�DLPHG�DW��

�

� (IILFLHQWO\�VXSSRUWLQJ�FRQFHSWXDO�GHVLJQ�

� 3URYLGLQJ�DQ�H[SUHVVLYH�HQYLURQPHQW�ZKHUH�WKH�XVHU�FDQ�LQWXLWLYHO\�IRUPXODWH�TXHULHV�

� $OORZLQJ�WKH�GHVLJQHU�DQG�WKH�XVHUV�WR�GLVFXVV�FRQVWUXFWLYHO\�LQ�RUGHU�WR�UHILQH�WKH�UHTXLUHPHQW�VSHFLILFDWLRQ�

� 5HSUHVHQWLQJ�D�VROLG�SODWIRUP�IRU�WKH�ORJLFDO�GHVLJQ�SKDVH�

� 3URYLGLQJ�D�QRQ�DPELJXRXV�DQG�H[SUHVVLYH�D�SRVWHULRUL�GRFXPHQWDWLRQ��

�

�
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'HILQLWLRQ����/HW� J �9�(��EH� D�GLUHFWHG�� DF\FOLF� DQG�ZHDNO\�FRQQHFWHG�JUDSK��:H�VD\�J�LV�D�TXDVL�WUHH�ZLWK�URRW� LQ�Y�³9�LI�HDFK�RWKHU�YHUWH[�YM³9�FDQ�EH�
UHDFKHG�IURP�Y��WKURXJK�DW�OHDVW�RQH�GLUHFWHG�SDWK��:H�ZLOO�GHQRWH�ZLWK�SDWKLM�J� ²J�D�GLUHFWHG�SDWK��LI�LW�H[LVWV��VWDUWLQJ�LQ�YL�DQG�HQGLQJ�LQ�YM��ZH�ZLOO�GHQRWH�
ZLWK�VXE�YL�±J�WKH�TXDVL�WUHH�URRWHG�LQ�YL�Y���

'HILQLWLRQ����$�IDFW�VFKHPH�LV�D�VL[�WXSOH�

I� ��0��$��1��5��2��6��

ZKHUH��

� 0�LV�D� VHW�RI�PHDVXUHV�� HDFK�PHDVXUH�PL³0�LV�GHILQHG�E\�D�QXPHULFDO� RU�%RROHDQ�H[SUHVVLRQ�ZKLFK� LQYROYHV�YDOXHV�DFTXLUHG� IURP� WKH�RSHUDWLRQDO�
LQIRUPDWLRQ�V\VWHP��

� $�LV�D�VHW�RI�GLPHQVLRQ�DWWULEXWHV��(DFK�GLPHQVLRQ�DWWULEXWH�DL³$�LV�FKDUDFWHUL]HG�E\�D�GLVFUHWH�GRPDLQ�RI�YDOXHV��'RP�DL���

� 1�LV�D�VHW�RI�QRQ�GLPHQVLRQ�DWWULEXWHV��

� 5�LV�D�VHW�RI�RUGHUHG�FRXSOHV��HDFK�KDYLQJ�WKH�IRUP��DL�DM��ZKHUH�DL³$­^D�`�DQG�DM³$­1��DL�DM���VXFK�WKDW�WKH�JUDSK�TW�I�=& �$­N­^D�`�5��LV�D�TXDVL�
WUHH�ZLWK�URRW�D���D��LV�D�GXPP\�DWWULEXWH�SOD\LQJ�WKH�UROH�RI�WKH�IDFW�RQ�ZKLFK�WKH�VFKHPH�LV�FHQWUHG��7KH�FRXSOH��DL�DM��PRGHOV�D��WR�RQH�UHODWLRQVKLS�

EHWZHHQ�DWWULEXWHV�DL�DQG�DM��:H�FDOO�GLPHQVLRQ�SDWWHUQ�WKH�VHW�'LP�I�� =& ^DL³$�_�$�D��DL�³5`��HDFK�HOHPHQW�LQ�'LP�I��LV�FDOOHG�D�GLPHQVLRQ��:KHQ�ZH�
QHHG�WR�HPSKDVL]H�WKDW�D�GLPHQVLRQ�DWWULEXWH�DL�LV�D�GLPHQVLRQ��ZH�ZLOO�GHQRWH�LW�DV�GL��:H�FDOO�KLHUDUFK\�RQ�GLPHQVLRQ�GL³'LP�I��WKH�TXDVL�WUHH�VXE�GL���

� 2±5�LV�D�VHW�RI�RSWLRQDO�UHODWLRQVKLSV��

� 6�LV�D�VHW�RI�DJJUHJDWLRQ�VWDWHPHQWV��HDFK�FRQVLVWLQJ�RI�D�WULSOH��PM��GL��W��ZKHUH�PM³0��GL³'LP�I��DQG�W�LV�DQ�DJJUHJDWLRQ�RSHUDWRU��6WDWHPHQW��PM��
GL��W�³6�GHFODUHV�WKDW�PHDVXUH�PM�FDQ�EH�DJJUHJDWHG�DORQJ�GLPHQVLRQ�GL�E\�PHDQV�RI�W��,I�QR�DJJUHJDWLRQ�VWDWHPHQW�H[LVWV�IRU�D�JLYHQ�SDLU��PM��GL���WKHQ�
PM�FDQQRW�EH�DJJUHJDWHG�DW�DOO�DORQJ�GL��

�
,Q�WKH�IROORZLQJ�ZH�ZLOO�GLVFXVV�WKH�GLIIHUHQW�FRPSRQHQWV�LQWURGXFHG�DERYH�ZLWK�UHIHUHQFH�WR�WKH�IDFW�VFKHPH�6$/(��VKRZQ�LQ�)LJXUH����ZKLFK�GHVFULEHV�WKH�

VDOHV�LQ�D�FKDLQ�VWRUH���

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH����7KH�6$/(�IDFW�VFKHPH��

)URP�D�JUDSKLFDO�SRLQW�RI�YLHZ��D�IDFW�VFKHPH�LV�VWUXFWXUHG�DV�D�TXDVL�WUHH�ZKRVH�URRW�LV�D�IDFW��$�IDFW�LV�UHSUHVHQWHG�E\�D�ER[�ZKLFK�UHSRUWV�WKH�IDFW�QDPH�
DQG��W\SLFDOO\��RQH�RU�PRUH�QXPHULF�DQG�FRQWLQXRXVO\�YDOXHG�PHDVXUHV��LQ�WKH�VDOH�VFKHPH��TXDQWLW\�VROG��UHYHQXH�DQG�QR��RI�FXVWRPHUV���

'LPHQVLRQ�DWWULEXWHV�DUH�UHSUHVHQWHG�E\�FLUFOHV�DQG�PD\�DVVXPH�D�GLVFUHWH�VHW�RI�YDOXHV��(DFK�GLPHQVLRQ�DWWULEXWH�GLUHFWO\�DWWDFKHG�WR�WKH�IDFW�LV�D�GLPHQVLRQ��
GLPHQVLRQV�GHWHUPLQH�WKH�JUDQXODULW\�DGRSWHG�IRU�UHSUHVHQWLQJ�IDFWV��7KH�GLPHQVLRQ�SDWWHUQ�RI�WKH�VDOH�VFKHPH�LV�^GDWH��SURGXFW��VWRUH`��

6XE�WUHHV� URRWHG� LQ� GLPHQVLRQV� DUH� KLHUDUFKLHV�� DQG� GHWHUPLQH� KRZ� IDFW� LQVWDQFHV�PD\� EH� DJJUHJDWHG� DQG� VHOHFWHG� VLJQLILFDQWO\� IRU� WKH�GHFLVLRQ�PDNLQJ�
SURFHVV��7KH�GLPHQVLRQ�LQ�ZKLFK�D�KLHUDUFK\�LV� URRWHG�GHILQHV� LWV�ILQHVW�DJJUHJDWLRQ�JUDQXODULW\�� WKH�GLPHQVLRQ�DWWULEXWHV� LQ� WKH�YHUWLFHV�DORQJ�HDFK�SDWK�RI� WKH�
KLHUDUFK\�VWDUWLQJ�IURP�WKH�GLPHQVLRQ�GHILQH�SURJUHVVLYHO\�FRDUVHU�JUDQXODULW\��7KH�DUF�FRQQHFWLQJ�WZR�DWWULEXWHV�UHSUHVHQWV�D��WR�RQH�UHODWLRQVKLS�EHWZHHQ�WKHP�
�IRU� LQVWDQFH�� WKHUH� LV� D� PDQ\�WR�RQH� UHODWLRQVKLS� EHWZHHQ� FLW\� DQG� FRXQW\��� WKXV�� HYHU\� GLUHFWHG� SDWK� ZLWKLQ� RQH� KLHUDUFK\� QHFHVVDULO\� UHSUHVHQWV� D� �WR�RQH�
UHODWLRQVKLS�EHWZHHQ� WKH� VWDUWLQJ� DQG� WKH� HQGLQJ� DWWULEXWHV��:H�GHQRWH�ZLWK�aL�DM� WKH�YDOXH� RI� DM� GHWHUPLQHG�E\�YDOXH�aL³'RP�DL�� DVVXPHG�E\� DL� �IRU� LQVWDQFH��
Venice�VWDWH�GHQRWHV�Italy���

7KH� IDFW� VFKHPH�PD\�QRW� EH�D� WUHH�� LQ�IDFW�� WZR�RU�PRUH�GLVWLQFW�SDWKV�PD\�FRQQHFW� WZR�GLPHQVLRQ�DWWULEXWHV�ZLWKLQ�D�KLHUDUFK\��SURYLGHG� WKDW�VWLOO�HYHU\�
GLUHFWHG�SDWK�UHSUHVHQWV�D��WR�RQH�UHODWLRQVKLS��&RQVLGHU�IRU�LQVWDQFH�WKH�KLHUDUFK\�RQ�GLPHQVLRQ�VWRUH��VWDWHV�DUH�SDUWLWLRQHG�LQWR�FRXQWLHV�DQG�VDOH�GLVWULFWV��DQG�QR�
UHODWLRQVKLS�H[LVWV�EHWZHHQ�WKHP��QHYHUWKHOHVV��D�VWRUH�EHORQJV�WR�WKH�VDPH�VWDWH�ZKLFKHYHU�RI�WKH�WZR�SDWKV�LV�IROORZHG��L�H���FLW\�GHWHUPLQHV�VWDWH���7KXV��QRWDWLRQ�
aL�DM�H[SODLQHG�DERYH�LV�VWLOO�QRW�DPELJXRXV�HYHQ� LI� WZR�RU�PRUH�SDWKV�FRQQHFW�DL� WR�DM��:KHQHYHU� WZR�RU�PRUH�DUFV�HQWHU� WKH�VDPH�DWWULEXWH��DUURZV�DUH�XVHG�WR�
FRQYH\�WKH�GLUHFWLRQ�RI�WKH��WR�RQH�UHODWLRQVKLSV��

6RPH�WHUPLQDO�YHUWLFHV�LQ�WKH�IDFW�VFKHPH�PD\�EH�UHSUHVHQWHG�E\�OLQHV�LQVWHDG�RI�FLUFOHV��IRU�LQVWDQFH��DGGUHVV�LQ�)LJXUH�����WKHVH�YHUWLFHV�FRUUHVSRQG�WR�WKH�
QRQ�GLPHQVLRQ� DWWULEXWHV�� $� QRQ�GLPHQVLRQ� DWWULEXWH� FRQWDLQV� DGGLWLRQDO� LQIRUPDWLRQ� DERXW� DQ� DWWULEXWH� RI� WKH� KLHUDUFK\�� DQG� LV� FRQQHFWHG� WR� LW� E\� D� �WR�RQH�
UHODWLRQVKLS��GLIIHUHQWO\�IURP�WKH�DWWULEXWHV�RI�WKH�KLHUDUFK\��LW�FDQQRW�EH�XVHG�IRU�DJJUHJDWLRQ��

7KH�DUFV�PDUNHG�E\�D�GDVK�H[SUHVV�RSWLRQDO�UHODWLRQVKLSV�EHWZHHQ�SDLUV�RI�DWWULEXWHV��)RU�LQVWDQFH��DWWULEXWH�GLHW�WDNHV�D�YDOXH�RQO\�IRU�IRRG�SURGXFWV��
$�PHDVXUH�LV�DJJUHJDEOH�RQ�D�GLPHQVLRQ�LI�LWV�YDOXHV�FDQ�EH�DJJUHJDWHG�DORQJ�WKH�FRUUHVSRQGLQJ�KLHUDUFK\�E\�DW�OHDVW�RQH�RSHUDWRU��DQ�DJJUHJDEOH�PHDVXUH�LV�

DGGLWLYH� LI� LWV�YDOXHV�FDQ�EH� DJJUHJDWHG�E\� WKH�VXP�RSHUDWRU��6LQFH�PRVW�PHDVXUHV�DUH�DGGLWLYH�� LQ�RUGHU� WR� VLPSOLI\� WKH�JUDSKLF�QRWDWLRQ�LQ� WKH�')0��RQO\�WKH�
H[FHSWLRQV�DUH�UHSUHVHQWHG�H[SOLFLWO\��,Q�SDUWLFXODU��LI�PM�LV�QRW�DGGLWLYH�DORQJ�GL��PM�DQG�GL�DUH�FRQQHFWHG�E\�D�GDVKHG�OLQH�ODEHOHG�ZLWK�DOO�RSHUDWRUV�W��LI�DQ\��VXFK�
WKDW��PM��GL��W�³6��IRU�LQVWDQFH��LQ�)LJXUH����PHDVXUH�QR��RI�FXVWRPHUV�LV�QRW�DJJUHJDEOH�DORQJ�GLPHQVLRQ�SURGXFW���

state�

SALE�

product�

category�

type�

quarter� month�

store�

city� county�

sales manager�

address�

fact�

dimension�

hierarchy�

non-dimension �
attribute�measure�

dimension �
attribute�

year�

phone�

sale district�

date�

holiday�

day of week�

season�

manager�
marketing �

group�

department�

weight�

brand�

diet�

manager�

non-additivity�

qty sold �
revenue �
no. of customers�

city�
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)DFW�LQVWDQFHV�

*LYHQ�D�IDFW�VFKHPH�I��HDFK�Q�SOH�RI�YDOXHV�WDNHQ�IURP�WKH�GRPDLQV�RI�LWV�Q�GLPHQVLRQV�GHILQHV�DQ�HOHPHQWDO�FHOO�ZKHUH�RQH�XQLW�RI�LQIRUPDWLRQ�IRU�WKH�':�
FDQ�EH�UHSUHVHQWHG��:H�FDOO�SULPDU\�IDFW�LQVWDQFHV�WKH�XQLWV�RI�LQIRUPDWLRQ�SUHVHQW�ZLWKLQ�WKH�':��HDFK�FKDUDFWHUL]HG�E\�H[DFWO\�RQH�YDOXH�IRU�HDFK�PHDVXUH��:H�
GHQRWH�ZLWK�SI�a�����aQ��WKH�SULPDU\�IDFW�LQVWDQFH�FRUUHVSRQGLQJ�WR�WKH�FRPELQDWLRQ�RI�YDOXHV��a�����aQ� ³'RP�G�� �«� 'RP�GQ���,Q�WKH�VDOH�VFKHPH��HDFK�SULPDU\�
LQVWDQFH�GHVFULEHV�WKH�VDOHV�RI�RQH�SURGXFW�GXULQJ�RQH�GD\�LQ�RQH�VWRUH��

6LQFH� DQDO\]LQJ� GDWD� DW� WKH� PD[LPXP� OHYHO� RI� GHWDLO� LV� RIWHQ� RYHUZKHOPLQJ�� LW� PD\� EH� XVHIXO� WR� DJJUHJDWH� SULPDU\� IDFW� LQVWDQFHV� DW� GLIIHUHQW� OHYHOV� RI�
DEVWUDFWLRQ��HDFK�FRUUHVSRQGLQJ�WR�DQ�DJJUHJDWLRQ�SDWWHUQ��

'HILQLWLRQ����*LYHQ�D�IDFW�VFKHPH�I�ZLWK�Q�GLPHQVLRQV��D�Y�GLPHQVLRQDO�DJJUHJDWLRQ�SDWWHUQ�LV�D�VHW�3�RI�Y�GLPHQVLRQDO�DWWULEXWHV�VXFK�WKDW�QR�GLUHFWHG�SDWK�
H[LVWV�ZLWKLQ�TW�I��EHWZHHQ�HDFK�SDLU�RI�DWWULEXWHV�LQ�3��WKDW�LV��HDFK�DWWULEXWH�LQ�3�LV�IXQFWLRQDOO\�LQGHSHQGHQW�RI�WKH�RWKHUV���$�GLPHQVLRQ�GL³'LP�I��LV�VDLG�WR�EH�
KLGGHQ�ZLWKLQ�3�LI�QR�DWWULEXWH�RI�LWV�KLHUDUFK\�DSSHDUV�ZLWKLQ�3��$Q�DJJUHJDWLRQ�SDWWHUQ�3�LV�OHJDO�ZLWK�UHIHUHQFH�WR�PHDVXUH�PM³0�LI�

6G����6��G�P�_G NNMN ³³W$" �

([DPSOHV�RI�DJJUHJDWLRQ�SDWWHUQV�LQ�WKH�VDOH�VFKHPH�DUH�^SURGXFW�FRXQW\�PRQWK`��^VWDWH�GDWH`�ZKHUH�SURGXFW�LV�KLGGHQ��^`�ZKHUH�DOO�GLPHQVLRQV�DUH�KLGGHQ��
3DWWHUQ�^EUDQG�PRQWK`�LV�LOOHJDO�ZLWK�UHIHUHQFH�WR�QR��RI�FXVWRPHUV�VLQFH�WKH�ODWWHU�FDQQRW�EH�DJJUHJDWHG�DORQJ�WKH�SURGXFW�KLHUDUFK\��

$Q�DJJUHJDWLRQ�SDWWHUQ�GHFODUHV�KRZ�SULPDU\�IDFW�LQVWDQFHV�VKRXOG�EH�DJJUHJDWHG��,I�D�JLYHQ�GLPHQVLRQ�LV�QRW�LQWHUHVWLQJ�IRU�WKH�FXUUHQW�DQDO\VLV��DJJUHJDWLRQ�
LV�FDUULHG�RXW�RYHU�DOO�WKH�SRVVLEOH�YDOXHV�WKH�FRUUHVSRQGLQJ�GLPHQVLRQ�FDQ�DVVXPH��/HW�3 ^D�����DY`�EH�DQ�DJJUHJDWLRQ�SDWWHUQ��DQG�GK
�GHQRWH�WKH�GLPHQVLRQ�ZKRVH�
KLHUDUFK\�LQFOXGHV�DK³3��7KH�VHFRQGDU\�IDFW�LQVWDQFH�VI�b�����bY��FRUUHVSRQGLQJ�WR�WKH�FRPELQDWLRQ�RI�YDOXHV��b�����bY�³'RP�D�������'RP�DY��DJJUHJDWHV�WKH�VHW�RI�
SULPDU\�IDFW�LQVWDQFHV��

� ^�SI(a�����aQ��_�"N³^�����Q` aN³'RP�GN� ¾ "K³^�����Y`�aK
�DK bK�`�

DQG�LV�FKDUDFWHUL]HG�E\�H[DFWO\�RQH�YDOXH�IRU�HDFK�PHDVXUH�IRU�ZKLFK�3�LV�OHJDO��7KLV�YDOXH�LV�FDOFXODWHG�E\�DSSO\LQJ�DQ�DJJUHJDWLRQ�RSHUDWRU�WR�WKH�YDOXHV�WKDW�WKH�
PHDVXUH�DVVXPHV�ZLWKLQ�WKH�SULPDU\�IDFW�LQVWDQFHV�DJJUHJDWHG��,Q�WKH�VDOH�VFKHPH��DQ�H[DPSOH�RI�VHFRQGDU\�LQVWDQFH�LV�WKH�RQH�GHVFULELQJ�WKH�VDOHV�RI�SURGXFWV�RI�
D� JLYHQ� FDWHJRU\�GXULQJ�RQH� GD\� LQ� D� FLW\��)LJXUH� �� VKRZV� WKH� FRUUHVSRQGLQJ�SULPDU\� IDFW� LQVWDQFHV��PHDVXUH�QR�� RI� FXVWRPHUV� LV� QRW� UHSRUWHG�VLQFH� LW� LV� QRQ�
DJJUHJDEOH�DORQJ�WKH�SURGXFW�GLPHQVLRQ��
�

 
�

�

�

�

)LJXUH����7KH�SULPDU\�IDFW�LQVWDQFHV�DJJUHJDWHG�E\�D�VHFRQGDU\�IDFW�LQVWDQFH��

,Q�WKH�IROORZLQJ��ZH�ZLOO�XVH�VRPHWLPHV�WKH�WHUP�SDWWHUQ�WR�GHQRWH�HLWKHU�WKH�GLPHQVLRQ�SDWWHUQ�RU�DQ�DJJUHJDWLRQ�SDWWHUQ��

2YHUODSSLQJ�IDFW�VFKHPHV�

,Q� WKH�')0��GLIIHUHQW� IDFWV�DUH� UHSUHVHQWHG�LQ�GLIIHUHQW�IDFW� VFKHPHV��+RZHYHU��SDUW�RI� WKH�TXHULHV�WKH�XVHU�IRUPXODWHV�RQ�WKH�':�PD\�UHTXLUH�FRPSDULQJ�
PHDVXUHV� WDNHQ� IURP� GLVWLQFW�� WKRXJK� UHODWHG�� VFKHPHV� �GULOO�DFURVV��� ,Q� WKLV� VXEVHFWLRQ�ZH� VKRZ� KRZ� WZR� UHODWHG� IDFW� VFKHPHV� FDQ� EH� FRPELQHG� LQWR� D� QHZ�
VFKHPH�� VLQFH� WKH� VDPH�DWWULEXWH� DL�PD\� DSSHDU�ZLWKLQ�GLIIHUHQW� IDFW� VFKHPHV�� SRVVLEO\�ZLWK�GLIIHUHQW� GRPDLQV��ZH�ZLOO�GHQRWH�ZLWK�'RPI�DL�� WKH�GRPDLQ�RI�DL�
ZLWKLQ�VFKHPH�I��

'HILQLWLRQ����7ZR�IDFW� VFKHPHV�I� 
� �0
�$
�1
�5
�2
�6
��DQG�I� �0��$��1��5��2��6���DUH�VDLG�WR�EH�FRPSDWLEOH� LI� WKH\�VKDUH�DW� OHDVW�RQH�GLPHQVLRQ�DWWULEXWH��
$
¬$��«��$WWULEXWH�DL�LV�FRQVLGHUHG�WR�EH�FRPPRQ�WR�I
�DQG�I��LI��ZLWKLQ�WKH�WZR�VFKHPHV��LW�KDV�WKH�VDPH�VHPDQWLFV�DQG�LI�'RPI
�DL�¬'RPI��DL��«��

'HILQLWLRQ� ��� *LYHQ� D� TXDVL�WUHH� W �9­^D�`�(�� ZLWK� URRW� D��� DQG� D� VXEVHW� RI� YHUWLFHV� ,²9�� ZH� GHILQH� WKH� FRQWUDFWLRQ� RI� W� RQ� ,� DV� WKH� TXDVL�WUHH��
FQW�W�,�� =& �, ­^D�`�(


��ZKHUH�

(
� �^�DL�DM��_�DL³,­^D�`�¾�DM³,�¾�$SDWKLM�W��¾ "DN³,-^DL�DM`�DN´SDWKLM�W�`�

7KH�DUFV�RI�FQW�W�,��DUH�WKH�GLUHFWHG�SDWKV�ZKLFK��LQVLGH�W��FRQQHFW�SDLUV�RI�YHUWLFHV�RI�,�ZLWKRXW�LQFOXGLQJ�RWKHU�YHUWLFHV�RI�,��

)LJXUH���VKRZV�D�TXDVL�WUHH�DQG�LWV�FRQWUDFWLRQ�RQ�D�VXEVHW�RI�WKH�YHUWLFHV��

 
�

�

�

�

�

�

� �D�� �E��

)LJXUH����$�TXDVL�WUHH��D��DQG�LWV�FRQWUDFWLRQ�RQ�WKH�JUH\�YHUWLFHV��E���WKH�URRW�LV�LQ�EODFN��

'HILQLWLRQ����/HW�WZR�FRPSDWLEOH�IDFW�VFKHPHV�I
 �0
�$
�1
�5
�2
�6
��DQG�I� �0��$��1��5��2��6���EH�JLYHQ��DQG�OHW�, $
¬$���6FKHPHV�I
�DQG�I��DUH�VDLG�WR�EH�
VWULFWO\�FRPSDWLEOH�LI�FQW�TW�I
��,��DQG�FQW�TW�I���,��DUH�HTXDO��

1� 2� 3�

4� 5� 6� 7� 8�

10� 11�9�

5� 7�

3�

10�9�

qty sold = ... �
revenue = ... �
no. of customers = ...�

date� product�

store� qty sold = �S�... �
revenue = �S�...�

category�

city�
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7ZR�FRPSDWLEOH�VFKHPHV�I
�DQG�I��PD\�EH�RYHUODSSHG�WR�FUHDWH�D�UHVXOWLQJ�VFKHPH�I
©I���LI�WKH�FRPSDWLELOLW\�LV�VWULFW��WKH�LQWHU�DWWULEXWH�GHSHQGHQFLHV�LQ�WKH�WZR�

VFKHPHV�DUH�QRW�FRQIOLFWLQJ�DQG�I
©I��PD\�EH�GHILQHG�DV�IROORZV��

'HILQLWLRQ����*LYHQ�WZR�VWULFWO\�FRPSDWLEOH�VFKHPHV�I
�DQG�I���ZH�GHILQH�WKH�RYHUODS�RI�I
�DQG�I��DV�WKH�VFKHPH�I
©I� �0�$�1�5�2�6��ZKHUH��

0� �0
­0��
$� �$
¬$��
"DL³$��'RPI
©I��DL�� �'RPI
�DL�¬'RPI��DL���
1� �1
¬1��
5� �^�DL�DM��_��DL�DM)³FQW�TW�I
��$�`� �^�DL�DM��_��DL�DM)³FQW�TW�I���$�`�
2� �^�DL�DM)³5�_�$�DZ�D])³2
�_��DZ�D])³SDWKLM�TW�I
���¿ $(DZ�D])³2��_��DZ�D])³SDWKLM�TW�I���`�
6� �^�PM�GL�W��_�GL³'LP�I
©I���¾��$�PM�GN�W�³6
�¾�GL³VXE�TW�I
��GN���¿��$�PM�GN�W�³6��¾�GL³VXE�TW�I���GN��`�

)LJXUH� �� VKRZV� WKH� RYHUODSSLQJ� EHWZHHQ� WKH� WZR� VWULFWO\� FRPSDWLEOH� VFKHPHV� ,19(1725<� DQG� 6+,30(17�� ZKLFK� VKDUH� WKH� WLPH� DQG� WKH� SURGXFW�
GLPHQVLRQV��7KH�VFKHPH�UHVXOWLQJ�IURP�RYHUODSSLQJ�FDQ�EH�XVHG��IRU�LQVWDQFH��WR�FRPSDUH�WKH�TXDQWLWLHV�VKLSSHG�DQG�VWRUHG�IRU�HDFK�SURGXFW��

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

)LJXUH����7KH�6+,30(17�VFKHPH��D���WKH�,19(1725<�VFKHPH��E��DQG�WKHLU�RYHUODS��F���

� :25./2$'�5(),1(0(17�$1'�6&+(0(�9$/,'$7,21�

7KLV� SKDVH� LV� SULPDULO\� DLPHG� DW� UHILQLQJ� WKH� SUHOLPLQDU\�ZRUNORDG� E\� UHIRUPXODWLQJ� LW� LQ� GHHSHU� GHWDLO� RQ� WKH� GLPHQVLRQDO� VFKHPH�� WKH� QH[W� VXEVHFWLRQ�
GHILQHV�D�VLPSOH�ODQJXDJH�WR�GHQRWH�TXHULHV�DFFRUGLQJ�WR�WKH�')0��$QRWKHU�VLJQLILFDQW�DVSHFW�FRQFHUQV�WKH�FRPSXWDWLRQ�RI�WKH�H[SHFWHG�GDWD�YROXPHV��%RWK�WKH�
TXHU\�ZRUNORDG�DQG�WKH�GDWD�YROXPHV�ZLOO�KDYH�D�FUXFLDO�UROH�LQ�JXLGLQJ�ORJLFDO�DQG�SK\VLFDO�GHVLJQ��

7KLV�SKDVH� LV�DOVR�DLPHG�DW�YDOLGDWLQJ�WKH�FRQFHSWXDO�VFKHPH�SURGXFHG�DW�WKH�SUHYLRXV�VWHS��LQ�IDFW��WKH�TXHU\�ZRUNORDG�FDQ�EH�H[KDXVWLYHO\�DQG�FRUUHFWO\�
H[SUHVVHG�RQO\�LI�WKH�GLPHQVLRQV�DQG�PHDVXUHV�KDYH�EHHQ�SURSHUO\�LGHQWLILHG�DQG�KLHUDUFKLHV�DUH�ZHOO�VWUXFWXUHG��

4XHULHV�

:LWKLQ�RXU�IUDPHZRUN��D�W\SLFDO�':�TXHU\�FDQ�EH�UHSUHVHQWHG�E\�WKH�VHW�RI�IDFW�LQVWDQFHV��DW�DQ\�DJJUHJDWLRQ�OHYHO��ZKRVH�PHDVXUH�YDOXHV�DUH�WR�EH�UHWULHYHG��
7KHVH� LQIRUPDWLRQ�� WRJHWKHU�ZLWK� WKH� FRUUHVSRQGLQJ�PHWD�GDWD� �L�J�� WKH�'%06�GDWD� W\SH� OHQJWKV��� DSSHDU� LQ� WKH� FRVW� IXQFWLRQV� DGRSWHG�ZLWKLQ� WKH� ORJLFDO� DQG�
SK\VLFDO�GHVLJQ�VWHSV��WKXV�LPSDFWLQJ�RQ�WKH�RSWLPL]DWLRQ�SURFHVV��,Q�WKLV�VXEVHFWLRQ�ZH�GLVFXVV�KRZ�VHWV�RI�IDFW�LQVWDQFHV�FDQ�EH�GHQRWHG�E\�ZULWLQJ�IDFW�LQVWDQFH�
H[SUHVVLRQV�KDYLQJ�WKH�JHQHUDO�IRUP��

�IDFW�LQVWDQFH�H[SUHVVLRQ!��� ��IDFW�QDPH!����SDWWHUQ�FODXVH!����VHOHFWLRQ�FODXVH!���
�SDWWHUQ�FODXVH!��� �FRPPD�OLVW�RI��SDWWHUQ�HOHPHQWV!�
�SDWWHUQ�HOHPHQWV!��� ��GLPHQVLRQ�QDPH!�_��GLPHQVLRQ�QDPH!��DWWULEXWH�QDPH!�
�VHOHFWLRQ�FODXVH!��� �FRPPD�OLVW�RI��SUHGLFDWH!�

7KH� SDWWHUQ� FODXVH�GHVFULEHV� D� SDWWHUQ��7KH� VHOHFWLRQ� FODXVH� FRQWDLQV� D� VHW� RI�%RROHDQ�SUHGLFDWHV�ZKLFK�PD\� HLWKHU� VHOHFW� D� VXEVHW�RI� WKH�DJJUHJDWHG� IDFW�
LQVWDQFHV�RU�DIIHFW�WKH�ZD\�IDFW�LQVWDQFHV�DUH�DJJUHJDWHG��,I�DQ�DWWULEXWH�LQYROYHG�HLWKHU�LQ�D�SDWWHUQ�FODXVH�RU�LQ�D�VHOHFWLRQ�FODXVH�LV�QRW�D�GLPHQVLRQ��LW�VKRXOG�EH�
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UHIHUHQFHG�E\�SUHIL[LQJ�LWV�GLPHQVLRQ�QDPH��
7KH�YDOXH�V��DVVXPHG�E\�D�PHDVXUH�ZLWKLQ�WKH�IDFW�LQVWDQFH�V��GHVFULEHG�E\�D�IDFW�LQVWDQFH�H[SUHVVLRQ�LV�DUH��GHQRWHG�DV�IROORZV��

�PHDVXUH�YDOXHV!��� ��IDFW�LQVWDQFH�H[SUHVVLRQ!��PHDVXUH!�

*LYHQ�D�IDFW�VFKHPH�I�KDYLQJ�Q�GLPHQVLRQV�G�����GQ��FRQVLGHU�WKH�IDFW�LQVWDQFH�H[SUHVVLRQ�

� � I�G�����GS�DS������DY���H��EL������HK�ELK��� ����

ZKHUH�ZH�KDYH�DVVXPHG��ZLWKRXW� ORVV�RI�JHQHUDOLW\�� WKDW� WKH�ILUVW�S�SDWWHUQ�HOHPHQWV�LQYROYH�D�GLPHQVLRQ�DQG�WKH�RWKHU�Y-S�LQYROYH�D�GLPHQVLRQ�DWWULEXWH��(DFK�
%RROHDQ�SUHGLFDWH�HM�LQYROYHV�RQH�DWWULEXWH�ELM�EHORQJLQJ�WR�WKH�KLHUDUFK\�URRWHG�LQ�GLM
��ZKLFK�PD\�DOVR�EH�KLGGHQ��

,I�S Y Q��L�H���WKH�SDWWHUQ�FODXVH�GHVFULEHV�WKH�GLPHQVLRQ�SDWWHUQ���H[SUHVVLRQ�����GHQRWHV�WKH�VHW�RI�SULPDU\�IDFW�LQVWDQFHV�

� � ^�SI�a�����aQ��_�"N³^�����Q`�aN³'RP�GN��¾�"M³^�����K`�HM�aLM

�ELM��`�

)RU�LQVWDQFH��

� 6$/(�GDWH��SURGXFW��VWRUH��GDWH�\HDU! ��������SURGXFW �3����TW\6ROG�

GHQRWHV�WKH�TXDQWLWLHV�RI�SURGXFW�3��VROG�LQ�HDFK�VWRUH�GXULQJ�WKH�GD\V�RI�WKH�\HDUV�VLQFH�������
2WKHUZLVH��S�Y�DQG�RU�DW�OHDVW�RQH�GLPHQVLRQ�LV�KLGGHQ���OHW�3�EH�WKH�DJJUHJDWLRQ�SDWWHUQ�GHVFULEHG�E\�WKH�SDWWHUQ�FODXVH��/HW�ELM�EH�WKH�DWWULEXWH�LQYROYHG�E\�

HM�� ZH� VD\� HM� LV� H[WHUQDO� LI�$DLM
³3� _� DLM
³SDWK�LM�TW�I���� LQWHUQDO� RWKHUZLVH�� ([WHUQDO� SUHGLFDWHV� UHVWULFW� WKH� VHW� RI� VHFRQGDU\� IDFW� LQVWDQFHV� WR� EH� UHWXUQHG��ZKLOH�

LQWHUQDO�SUHGLFDWHV�GHWHUPLQH�ZKLFK�SULPDU\�IDFW� LQVWDQFHV�ZLOO� IRUP�HDFK�VHFRQGDU\�IDFW�LQVWDQFH��/HW�H�����HU�DQG�HU������HK�EH��UHVSHFWLYHO\�� WKH�H[WHUQDO�DQG�WKH�
LQWHUQDO�SUHGLFDWHV����U�K���LQ�WKLV�FDVH��H[SUHVVLRQ�����GHQRWHV�WKH�VHW�RI�VHFRQGDU\�IDFW�LQVWDQFHV�

� � ^�VI�b�����bY��_�"N³^�����Y`�bN³'RP�DN��¾�"M³^�����U`�HM�bL
M

�EL

M
��`�

ZKHUH�HDFK�VI�b�����bY��DJJUHJDWHV�WKH�VHW�RI�SULPDU\�IDFW�LQVWDQFHV�

� � ^�SI�a�����aQ��_�"N³^�����Q`�aN³'RP�GN��¾�"K³^�����Y`�aK
�DK bK��¾�"M³^U������K`�HM�aLM

�ELM��`�

)RU�LQVWDQFH��WKH�H[SUHVVLRQV�

6$/(�GDWH�PRQWK��SURGXFW�W\SH���GDWH�PRQWK �-$1�����SURGXFW�FDWHJRU\ �IRRG���TW\6ROG�
6$/(�GDWH�PRQWK��SURGXFW�W\SH���GDWH�PRQWK �-$1�����SURGXFW�EUDQG �*HQHUDO���TW\6ROG�

GHQRWH��UHVSHFWLYHO\��WKH�WRWDO�VDOHV�RI�HDFK�W\SH�RI�SURGXFWV�RI�FDWHJRU\��IRRG��IRU�-DQXDU\������DQG�WKH�WRWDO�VDOHV�RI�HDFK�W\SH�RI�SURGXFWV�RI�EUDQG��*HQHUDO��IRU�
-DQXDU\�������7KH�SUHGLFDWHV�RQ�PRQWK�DQG�RQ�FDWHJRU\�DUH�H[WHUQDO��ZKHUHDV�WKDW�RQ�EUDQG�LV�LQWHUQDO��,Q�SDUWLFXODU��LQWHUQDO�DWWULEXWHV�KDYH�JUHDW�LPSRUWDQFH�LQ�
GHILQLQJ�WKH�JUDQXODULW\�RI�GDWD�LQYROYHG�LQ�WKH�TXHU\�VROXWLRQ��,Q�IDFW��WKH�DJJUHJDWLRQ�SDWWHUQ�LV�QRW�VXIILFLHQW�WR�GHWHUPLQH�WKH�UHTXLUHG�OHYHO�RI�GHWDLO�WKDW�FDQ�EH�
PDGH�ILQHU�E\�WKH�LQWHUQDO�DWWULEXWHV�FRQWDLQHG�LQ�WKH�VHOHFWLRQ�FODXVHV��

7KH�':�ZRUNORDG�ZLOO�W\SLFDOO\�LQFOXGH�GULOO�DFURVV�TXHULHV��WKDW�LV��TXHULHV�IRUPXODWHG�RQ�WKH�RYHUODS�RI�WZR�RU�PRUH�VFKHPHV��/HW�T�EH�GHILQHG�E\�WKH�IDFW�
LQVWDQFH�H[SUHVVLRQ� I�3��VHO!��ZKHUH� I I�©���©IP��(DFK� IDFW� LQVWDQFH� UHWXUQHG�E\�T� LV� WKH� FRQFDWHQDWLRQ�RI�P� IDFW� LQVWDQFHV� UHWXUQHG�E\� WKH�P�TXHULHV�T�����TP��
ZKHUH�TL IL�3��VHO!�G�³'RPI�G�������GQ³'RPI�GQ���DQG�G�����GQ�DUH�WKH�GLPHQVLRQV�RI�I��$Q�H[DPSOH�RI�GULOO�DFURVV�TXHU\�LV��

� 6+,30(17©,19(1725<�PRQWK�SURGXFW��PRQWK�\HDU ��������LQYHQWRU\4W\-TW\6KLSSHG�

'HILQLWLRQ� ��� 7KH� ZRUNORDG�:� RQ� D� GLPHQVLRQDO� VFKHPH� LV� D� VHW� RI� SDLUV� �TL�nL��� ZKHUH� TL� GHQRWHV� D� TXHU\� DQG� nL� LWV� H[SHFWHG� IUHTXHQF\�� (DFK� TXHU\� LV�
UHSUHVHQWHG�E\�D�IDFW�LQVWDQFH�H[SUHVVLRQ�I�3��VHO!��*�ZKHUH�I�LV�D�IDFW�VFKHPH��HOHPHQWDO�RU�RYHUODSSHG���*�LV�D�VHW�RI�PHDVXUHV�RI�I���VHO!�LV�D�VHOHFWLRQ�FODXVH�
DQG�SDWWHUQ�3�LV�OHJDO�ZLWK�UHIHUHQFH�WR�HYHU\�PHDVXUH�P³*��

'DWD�YROXPHV�

3ULPDU\�GDWD�YROXPHV�DUH�FRPSXWHG�IRU�HDFK�IDFW�VFKHPH�I�E\�FRQVLGHULQJ�WKH�VSDUVLW\�RI�IDFWV�DQG�WKH�FDUGLQDOLW\�RI�WKH�GLPHQVLRQ�DWWULEXWHV��/HW�QNDL�GHQRWH�

WKH�GRPDLQ�FDUGLQDOLW\�RI�DWWULEXWH�DL�ZLWKLQ�I��WKH�PD[LPXP�QXPEHU�RI�SULPDU\�IDFW�LQVWDQFHV�LV�
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,Q�PRVW�':�FRVW�PRGHOV� �VHH� IRU� LQVWDQFH� >��@��� WKH� FRVW� RI� D� TXHU\� T� LV� DVVXPHG� WR�EH�SURSRUWLRQDO� WR� WKH� QXPEHU�RI�Q�SOHV� LQ�WKH�YLHZ�RQ�ZKLFK�T� LV�

H[HFXWHG�� 6LQFH�YLHZV�PD\�EH�PDWHULDOL]HG� DW� DQ\� OHYHO� RI� DEVWUDFWLRQ�� LW� LV� QHFHVVDU\� WR� HVWLPDWH� WKH� QXPEHU�RI� VHFRQGDU\� IDFW� LQVWDQFHV� FRUUHVSRQGLQJ� WR� DQ�
DJJUHJDWLRQ�SDWWHUQ�3��7KH�PD[LPXP�QXPEHU�RI�VHFRQGDU\�IDFW�LQVWDQFHV�FRUUHVSRQGLQJ�WR�3�LV�
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:KHQ�FS�FV�3��LV�VXIILFLHQWO\�ODUJH��WKLV�IRUPXOD�LV�ZHOO�DSSUR[LPDWHG�E\�WKH�&DUGHQDV�IRUPXOD�>�@��
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,Q� WKH� IROORZLQJ�ZH�FRQVLGHU�D�QXPHULFDO�H[DPSOH�IURP�WKH�6$/(�VFKHPH��/HW�QNSURGXFW ������QNGDWH ������DERXW���\HDUV��DQG�QNVWRUH �����ZKLFK�LPSOLHV�

FS ����� OHW� QS �����&RQVLGHU� WKH� DJJUHJDWLRQ�SDWWHUQ� 3 ^SURGXFW�W\SH��GDWH�� VWRUH�FLW\`��ZKHUH� QNW\SWH ����DQG�QNFLW\ ����ZKLFK� LPSOLHV� FV�3� ������� ,Q� WKLV�
FDVH��WKH�&DUGHQDV�IRUPXOD�\LHOGV�QV�3� ��������

� /2*,&$/�'(6,*1�

6HYHUDO�LVVXHV�PXVW�EH�DGGUHVVHG�LQ�RUGHU�WR�REWDLQ�D�FRUUHFW�GHILQLWLRQ�RI�WKH�':�ORJLFDO�VFKHPH��/RJLFDO�GHVLJQ�UHFHLYHV�LQ�LQSXW�D�GLPHQVLRQDO�VFKHPH��D�
ZRUNORDG�DQG�D�VHW�RI�DGGLWLRQDO� LQIRUPDWLRQ��XSGDWH�IUHTXHQFLHV�� WRWDO�GLVN�VSDFH�DYDLODELOLW\��HWF��� WR�SURGXFH�D�':�VFKHPH�ZKLFK�VKRXOG�PLQLPL]H�WKH�TXHU\�
UHVSRQVH�WLPHV�E\�UHVSHFWLQJ�WKH�GLVN�VSDFH�FRQVWUDLQW��,Q�WKLV�FRQWH[W��ZH�EHOLHYH�WKDW�XSGDWH�TXHULHV�VKRXOG�EH�FRQVLGHUHG�VHSDUDWHO\�IURP�WKH�ZRUNORDG��,Q�IDFW��
':V�DUH�W\SLFDOO\�XSGDWHG�RQO\�SHULRGLFDOO\�� LQ�DQ�RII�OLQH�IDVKLRQ��DQG�GXULQJ�WKLV�SURFHVV� WKH�ZDUHKRXVH�LV�XQDYDLODEOH�IRU�TXHU\LQJ��7KXV��WKH�XSGDWH�SURFHVV�
GRHV�QRW�DIIHFW�GLUHFWO\�WKH�':�SHUIRUPDQFH��DQG�LW�LV�VXIILFLHQW�WR�HQVXUH�WKDW�LW�LV�SURSHUO\�ERXQGHG�LQ�WLPH���

$W� WKLV� WLPH�� LW� LV�QHFHVVDU\�WR�FKRRVH� WKH�WDUJHW� ORJLFDO�PRGHO��UHODWLRQDO�RU�PXOWLGLPHQVLRQDO��$OWKRXJK�LQ�WKLV�SDSHU�ZH�FRQVLGHU�RQO\�WKH�UHODWLRQDO�FDVH�
�ZKLFK�UHSUHVHQWV��DW�WKH�PRPHQW��WKH�PRVW�SRSXODU�FKRLFH���VHYHUDO�LQWHUPHGLDWH�DSSURDFKHV�KDYH�EHHQ�GHYHORSHG��H�J��'HGXFWLYH�2/$3��+\EULG�2/$3��HWF����,Q�
SDUWLFXODU��D�QHZ�WUHQG�LQ�ORJLFDO�SK\VLFDO�PRGHOV�FRQVLVWV�LQ�DGRSWLQJ�WKH�REMHFW�RULHQWHG�SDUDGLJP�LQ�RUGHU�WR�FRPELQH�WKH�DGYDQWDJHV�RI�02/$3�DQG�52/$3�
DQG��DW�WKH�VDPH�WLPH��HOLPLQDWH�WKHLU�GLVDGYDQWDJHV�>�@��

$�GLPHQVLRQDO�VFKHPH�FDQ�EH�PDSSHG�RQ�WKH�UHODWLRQDO�PRGHO�E\�DGRSWLQJ�WKH�ZHOO�NQRZQ�VWDU�VFKHPH�>��@��LW�PD\�EH�FRQYHQLHQW�WR�VQRZIODNH�RQH�RU�PRUH�
GLPHQVLRQV��GHSHQGLQJ�RQ�WKH�FDUGLQDOLW\�RI�WKH�GRPDLQV��

7KH� GHILQLWLRQ�RI� DQ� DFFXUDWH� FRVW�PRGHO�KDV� D� SULPDU\� UROH� LQ�FRUUHFWO\�HYDOXDWLQJ� WKH�V\VWHP�SHUIRUPDQFH��'XULQJ� ORJLFDO�GHVLJQ�� DGRSWLQJ� D� VLPSOLVWLF�
PRGHO�PD\�FDXVH�JURVV�PLVWDNHV�ZKLOH�DGRSWLQJ�D�WRR�DFFXUDWH�RQH�FRXOG�PDNH�WKH�GHVLJQ�YHU\�FRPSOH[��,Q�RXU�DSSURDFK�GLIIHUHQW�FRVW�PRGHOV�DW�LQFUHDVLQJ�OHYHOV�
RI�GHWDLO�ZLOO�VXSSRUW�WKH�GLIIHUHQW�GHVLJQ�VWHSV��2EYLRXVO\��WKH�GLIIHUHQW�FRVW�IXQFWLRQV�DUH�QRW�FRQIOLFWLQJ�ZLWK�HDFK�RWKHU�EXW�WKH\�HYDOXDWH�WKH�DFFHVV�FRVW�ZLWK�D�
GLIIHUHQW�JUDQXODULW\��

7KH�IROORZLQJ�VXEVHFWLRQV�RXWOLQH�WKH�VHTXHQFH�RI�WKH�ORJLFDO�GHVLJQ�VWHSV��HDFK�VWHS�RSWLPL]HV�D�GLIIHUHQW�DVSHFW�LQ�WKH�':�VWUXFWXUH��'HDOLQJ�ZLWK�GLIIHUHQW�
EXW�UHODWHG�SUREOHPV�VHSDUDWHO\�LQGXFHV�D�VXE�RSWLPDO�VROXWLRQ��QHYHUWKHOHVV�D�GLYLGH�DQG�FRQTXHU�DSSURDFK�PXVW�EH�DGRSWHG�GXH�WR�WKH�KXJH�FRPSXWDWLRQDO�FRVW�
RI�DQ�LQWHJUDWHG�VROXWLRQ��$V�D�PDWWHU�RI�IDFW��ZH�GR�QRW�SURSRVH�DQ\�VSHFLILF�RSWLPL]DWLRQ�DOJRULWKP�VLQFH�WKLV�LV�RXW�RI�WKH�VFRSH�RI�WKH�SDSHU��RXU�DLP�LV�LQVWHDG�WR�
HPSKDVL]H�DQG�PRWLYDWH�WKH�EDVLF�SULQFLSOHV�WKDW�PXVW�EH�FRQVLGHUHG�UHJDUGOHVV�RI�WKH�WHFKQLTXH�WKDW�ZLOO�EH�DGRSWHG��

9LHZ�PDWHULDOL]DWLRQ�

$� WHFKQLTXH� FRPPRQO\� XVHG� WR� UHGXFH� WKH� RYHUDOO� UHVSRQVH� WLPH� LV� WR� SUH�FRPSXWH� �FRQVROLGDWH�� WKH� LQIRUPDWLRQ� WKDW� FDQ� EH� XVHIXO� WR� DQVZHU� IUHTXHQW�
TXHULHV��)DFW�WDEOHV�UHSRUWLQJ�GDWD�FRQVROLGDWHG�IURP�RWKHU�IDFW�WDEOHV�DUH�RIWHQ�FDOOHG�YLHZV��HDFK�YLHZ�DOORZV�WKH�FRVWV�IRU�D�VHW�RI�TXHULHV�WR�EH�UHGXFHG�EXW�OHDGV�
WR�DGGLWLRQDO�XSGDWH�FRVWV�DQG�GLVN�VSDFH�RFFXSDQF\��

$�PDVVLYH�ZRUN�KDV�EHHQ�GRQH�LQ� WKH� OLWHUDWXUH�RQ�YLHZ�PDWHULDOL]DWLRQ��VHH�IRU�LQVWDQFH�>��@�DQG�>�@�ZKHUH�D�PXOWLGLPHQVLRQDO�ODWWLFH�LV�GHILQHG�IRU�HDFK�
IDFW��EDVHG�RQ�D�SDUWLDO�RUGHULQJ�UHODWLRQVKLS�EHWZHHQ�WKH�DJJUHJDWLRQ�SDWWHUQV��,Q�JHQHUDO��WKH�PDWHULDOL]DWLRQ�SUREOHP�LV�IDFHG�E\�FRQVLGHULQJ�HDFK�VLQJOH�ODWWLFH�
VHSDUDWHO\��2Q� WKH�RWKHU� KDQG��ZH� FODLP� WKDW� WKH�ZKROH�GLPHQVLRQDO� VFKHPH�VKRXOG�EH� LQYROYHG�� LQ� IDFW��GULOO�DFURVV�TXHULHV�PD\�ZHLJK�VLJQLILFDQWO\�XSRQ� WKH�
ZRUNORDG�DQG�FDQQRW�EH�RSWLPL]HG�RQ�RQH�ODWWLFH�DW�D�WLPH��7\SLFDOO\��D�GULOO�DFURVV�TXHU\�H[HFXWHG�E\�UHWULHYLQJ�GDWD�IURP�WZR�RU�PRUH�YLHZV�GHILQHG�RQ�WKH�VDPH�
SDWWHUQ�WKRXJK�RQ�GLIIHUHQW� IDFW�VFKHPHV��RQ� WKH�RWKHU�KDQG�� LI�VRPH�RI� WKHVH�YLHZV�ZHUH�XQLILHG�LQWR�D�VLQJOH�IDFW� WDEOH��WKH�DFFHVV�FRVWV�FRXOG�EH�VLJQLILFDQWO\�
UHGXFHG��6LQFH� WKH� FRPSXWDWLRQDO� FRPSOH[LW\� DULVLQJ�ZKHQ�PXOWLSOH� ODWWLFHV� DUH�RSWLPL]HG� DW� WKH� VDPH� WLPH� FDQQRW� EH� VXFFHVVIXOO\� DIIRUGHG��GULOO�DFURVV�TXHU\�
RSWLPL]DWLRQ�ZLOO�EH�FDUULHG�RXW�LQ�WZR�SKDVHV��'XULQJ�WKH�YLHZ�PDWHULDOL]DWLRQ�VWHS�GULOO�DFURVV�TXHULHV�DUH�VSOLW�LQWR�VHSDUDWH�TXHULHV�RQ�WKH�GLIIHUHQW�IDFW�VFKHPHV�
LQYROYHG��/HW�T I� �3��VHO!��*�EH�D�GULOO�DFURVV�TXHU\�RSHUDWLQJ�RQ�WKH�RYHUODSSHG� IDFW�VFKHPH�I �I�©«©IQ��%\�VSOLWWLQJ�T�ZH�ZLOO�REWDLQ�Q�QHZ�TXHULHV�T�«TQ�
GHILQHG�DV�IROORZ�

� � TM IM�3��VHO!��*M�

ZKHUH�IM�LV�DQ�HOHPHQWDO�IDFW�VFKHPH��*M� �*�¬�0M���0M�LV�WKH�VHW�RI�PHDVXUHV�IRU�IM���6SOLWWLQJ�GULOO�DFURVV�TXHULHV�DOORZV�WKH�UHDO�ZRUNORDG�WR�EH�EHWWHU�HVWLPDWHG�
ZLWKRXW�FRQVLGHULQJ�DOO�WKH�UHODWHG�IDFW�VFKHPHV�DW�RQFH��,I��DW�WKH�HQG�RI�WKLV�VWHS��WZR�YLHZV�ZLWK�WKH�VDPH�DJJUHJDWLRQ�SDWWHUQ�DUH�PDWHULDOL]HG�RQ�ERWK�IL�DQG�IM��LW�
ZLOO�EH�SRVVLEOH�WR�XQLI\�WKHP��7KLV�SRVVLELOLW\�ZLOO�EH�FRQVLGHUHG�GXULQJ�WKH�YHUWLFDO�SDUWLWLRQLQJ�VWHS���

6LQFH�WKH�ILQDO�WDEOH�VWUXFWXUH�LV�QRW�GHILQHG�\HW��WKH�FRVW�PRGHO�DGRSWHG�DW�WKLV�VWHS�VKRXOG�EH�EDVHG�RQ�WKH�QXPEHU�RI�ORJLFDO�DFFHVVHV�PDGH�WR�ERWK�IDFW�DQG�
GLPHQVLRQ�WDEOHV�LQ�RUGHU�WR�VROYH�D�TXHU\��7KH�WDEOHV�WKDW�ZLOO�EH�DFWXDOO\�DFFHVVHG�DUH�QRW�VWULFWO\�GHILQHG�E\�WKH�DJJUHJDWLRQ�SDWWHUQ��EXW�DUH�REYLRXVO\�VHOHFWHG�
IURP�WKH�VHW�RI�PDWHULDOL]HG�YLHZV���

'HILQLWLRQ����/HW�3L�DQG�3M�EH�WZR�GLVWLQFW�SDWWHUQV�RQ�IDFW�VFKHPH�I��ZH�VD\�WKDW�3L�LV�SURMHFWDEOH�RQ�3M��3L���3M��LII�" DK³3L��$DN³3M�_�DK³VXE�TW�I��DN����*LYHQ�3L�
DQG�3M�VXFK�WKDW�3L���3M��ZH�GHILQH�WKH�SURMHFWLRQ�RI�3L�RQ�3M�DV�

� � 3L�3M ^�DN³3M_�3L�¬�VXE�TW�I��DN� �«�`�

)RU�H[DPSOH��ZLWK�UHIHUHQFH�WR�WKH�VDOH�IDFW�VFKHPH��WKH�SDWWHUQ�3L ^FDWHJRU\��VWDWH`�LV�SURMHFWDEOH�RQ�3M ^FDWHJRU\��FLW\��PRQWK`��DQG�LW�LV�3L�3M ^FDWHJRU\��
FLW\`��EXW�QRW�RQ�3
M ^PDUNHWLQJ�JURXS��PRQWK`��7KH�SDWWHUQ�3L ^FDWHJRU\`�LV�SURMHFWDEOH�RQ�3M ^W\SH��EUDQG`��DQG�LW�LV�3L�3M ^W\SH`���

�
7KH�FRVW�RI�WKH�TXHU\�T��GHILQHG�RQ�SDWWHUQ�3�DQG�H[HFXWHG�RQ�D�PDWHULDOL]HG�YLHZ�ZLWK�SDWWHUQ�3N��3���3N��LV�GHILQHG�E\��

� � ( ) Ê
�³

�+=

NM

M

33D

MDNN VHOQN�VHOQV�I�33T�& � ���D��

� � º
�³

=

NM 33D

MVHOVHO � ���E��

ZKHUH��VHOM�LV�WKH�VHOHFWLYLW\�RI�WKH�SUHGLFDWHV��LI�DQ\��ZLWKLQ�WKH�VHOHFWLRQ�FODXVH�RI�T���
'LIIHUHQWO\� IURP� WKH� FRVW� IXQFWLRQ� DGRSWHG� LQ� >�@� DQG� >��@�� RXUV� LV� QRW� QHFHVVDULO\�PRQRWRQLF�ZLWK� UHVSHFW� WR� WKH� FDUGLQDOLW\� RI� WKH� IDFW� WDEOH� XVHG� �L�H��

FDUG�YL��FDUG�YN�� Ã/  &�T�3L��&�T�3N����DV�D�FRQVHTXHQFH��WKH�EHVW�SDWWHUQ�EHWZHHQ�WZR�FDQ�EH�LGHQWLILHG�ZLWKRXW�FRPSXWLQJ�WKH�FRVW�IXQFWLRQ�RQO\�LI�RQH�RI�WKH�
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SDWWHUQV�LV�SURMHFWDEOH�RQ�WKH�RWKHU��&RQVLGHU�LQ�IDFW�TXHU\��

� T� �6$/(�SURGXFW�GDWH��SURGXFW�FDWHJRU\ �IRRG���

DQG� VXSSRVH� WKDW� WZR� YLHZV� FRUUHVSRQGLQJ�� UHVSHFWLYHO\�� WR� 3
 ^SURGXFW�GDWH�VWDWH`� DQG� 3� ^SURGXFW�GDWH�VDOHV� PDQDJHU`� KDYH� EHHQ� PDWHULDOL]HG� �3
� LV� QRW�
SURMHFWDEOH�RQ�3���DQG�YLFH�YHUVD���OHW�QNVWDWH��QNVDOHV�PDQDJHU�DQG�QV�3
�!QV�3
���VHYHUDO�VDOH�PDQDJHUV�GR�QRW�VHOO�IRRG���%RWK�3
�DQG�3��FDQ�EH�XVHG�WR�DQVZHU�T��EXW�
LQ�WKLV�FDVH�LW�LV�QRW�QHFHVVDULO\�&�T�3
�!&�T��3����

$V�WR�XSGDWH�FRVW��SOHDVH�QRWH�WKDW�ZLWK�WKH�WHUP�XSGDWH�TXHU\�ZH�GHQRWH�WKH�TXHULHV�XVHG�WR�FUHDWH�D�PDWHULDOL]HG�YLHZ�VWDUWLQJ�IURP�D�IDFW�WDEOH�RU�DQRWKHU�
PDWHULDOL]HG�YLHZ��:H�GR�QRW�QHYHU�FRQVLGHU�ZLWKLQ�WKH�ZRUNORDG�WKH�TXHULHV�QHFHVVDU\�WR�XSGDWH�WKH�IDFW�WDEOHV�VWDUWLQJ�IURP�WKH�RSHUDWLRQDO�GDWD��LQ�IDFW��VLQFH�ZH�
DVVXPH�WKDW�WKH�IDFW�WDEOHV�FRQWDLQLQJ�WKH�SULPDU\�IDFW�LQVWDQFHV�DUH�DOZD\V�PDWHULDOL]HG��WKHLU�XSGDWH�FRVW�FDQQRW�EH�DYRLGHG�DQG�WKXV�LW�FDQQRW�EH�RSWLPL]HG��

/HW�W�EH�WKH�WLPH�ERXQG�IRU�WKH�YLHZ�XSGDWH�SURFHVV�DQG�9�WKH�QXPEHU�RI�SDJHV�SHU�WLPH�XQLW�WKDW�FDQ�EH�UHDG�RU�ZULWWHQ�E\�WKH�V\VWHP��7KXV��WKH�FRQVWUDLQW�
RQ�WKH�XSGDWH�FRVW�FDQ�EH�IRUPXODWHG�DV��
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ZKHUH�)�LV�WKH�VHW�RI�PDWHULDOL]HG�YLHZV�DQG�&X�YM�)��LV�GHILQHG�DV�IROORZV��

� � ���3I���3QV�I�3�&�T)��&X�Y MMMMYYM MM
+¼+= �

7KH�ILUVW�WHUP�ZLWKLQ�WKH�VXP�GHILQHV�WKH�FRVW�LQ�UHDGLQJ�WKH�GDWD�QHFHVVDU\�WR�XSGDWH�YM�IURP�LWV�FORVHVW�PDWHULDOL]HG�YLHZ���KDYLQJ�SDWWHUQ�3Y
M
��7KH�VHFRQG�WHUP�

H[SUHVVHV�WKH�FRVW�IRU�ZULWLQJ�RQ�YM��IRU�HDFK�IDFW�LQVWDQFH��RQH�UHDG�DFFHVV�IRU�HDFK�GLPHQVLRQ�WDEOH�DQG�RQH�ZULWH�DFFHVV�RQ�WKH�IDFW�WDEOH�DUH�PDGH��

7UDQVODWLRQ�LQWR�WDEOHV�

'XULQJ� WKLV� SKDVH�� WKH� IDFW� DQG� GLPHQVLRQ� WDEOHV� DUH� FUHDWHG� VWDUWLQJ� IURP� WKH� GLPHQVLRQDO� VFKHPH� DQG� DFFRUGLQJ� WR� WKH� ORJLFDO�PRGHO� DGRSWHG�� ,Q� WKH�
VLPSOHVW�FDVH��LQ�ZKLFK�WKH�FODVVLF�VWDU�VFKHPH�LV�DGRSWHG��HDFK�IDFW�VFKHPH�I� ��0�$�1�5�2�6��KDYLQJ�'LP�I� ^G�����GQ`�DQG�0 ^P�����P]`�LV�WUDQVODWHG�LQWR�RQH�
IDFW�WDEOH�

 FT_f(k
1
,...k

n
,m

1
,...m

z
) 

DQG�Q�GLPHQVLRQ�WDEOHV�

DT_d
1
(k

1
,a

11
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1v
1
,a’

11
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’

1u
1
) 

............ 
DT_d

n
(k

n
,a

n1
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nv
n
,a’

n1
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nu
n
) 

�ZKHUH�WKH�KLHUDUFK\�RQ�GL�LQFOXGHV�WKH�GLPHQVLRQ�DWWULEXWHV�DL�����DLYL�DQG�WKH�QRQ�GLPHQVLRQ�DWWULEXWHV�D
L�����D
LXL���

7KH�VWDU�VFKHPH�IRU�WKH�6$/(�H[DPSOH�WXUQV�RXW�WR�EH��

FT_SALE(prodKey,dateKey,storeKey,qtySold,revenue,noOfCustomers) 

DT_PROD(prodKey,product,weight,diet,brand,city,type,category,department, 
deptManager,...) 

DT_DATE(dateKey,date,dayOfWeek,holiday,month,..) 

DT_STORE(storeKey,store,phone,address,salesManager,city,county,state, 
saleDistrict) 

 
%\�VQRZIODNLQJ�RQH�RUH�PRUH�GLPHQVLRQV�EHWWHU�SHUIRUPDQFHV�FDQ�EH�DFKLHYHG�>��@�� ,Q�IDFW��VQRZIODNLQJ�OHDGV�WR��SDUWLDO��QRUPDOL]DWLRQ�RI�WKH�GLPHQVLRQ�

WDEOHV�VLQFH�LW�FXWV�WKH�IXQFWLRQDO�GHSHQGHQFLHV�LQGXFHG�E\�KLHUDUFKLHV��IDFW�WDEOH�GDWD�DUH�VSOLW�DFFRUGLQJO\��3HUIRUPDQFH�LPSURYHPHQWV�GHULYH�IURP�WKH�UHGXFHG�
GLPHQVLRQ�RI�WKH�DFFHVVHG�WDEOHV��RQ�WKH�RWKHU�KDQG�LQ�D�FRPSOHWHO\�VQRZIODNHG�VFKHPH�VROYLQJ�D�TXHU\�ZLOO�UHTXLUH�VHYHUDO�H[SHQVLYH�MRLQV�EHWZHHQ�GLPHQVLRQ�
WDEOHV� LQ� RUGHU� WR� ILOWHU� WKH� UHTXHVWHG� WXSOH�LGV�� 6QRZIODNLQJ� PXVW� EH� WUDQVSDUHQW� WR� WKH� XVHUV�� WKXV�� LW� LV� SRVVLEOH� RQO\� LI� WKH� '%06� DGRSWHG� LV� FDSDEOH� RI�

GHWHUPLQLQJ�ZKLFK�WDEOHV�FDQ�EH�PRUH�FRQYHQLHQWO\�DFFHVVHG����$V�D�JHQHUDO�UXOH��VQRZIODNLQJ�DJJUHJDWLRQ�OHYHOV�FRUUHVSRQG�WR�WKH�PDWHULDOL]HG�YLHZ�DJJUHJDWLRQ�
OHYHOV��,W�VKRXOG�EH�QRWHG�WKDW��HYHQ�LI�WKHVH�WZR�GHVLJQ�FKRLFHV�DUH�VWULFWO\�UHODWHG��WKH\�GR�QRW�DOZD\V�FRLQFLGH��WKXV�D�VQRZIODNHG�IDFW�WDEOH�FDQ�VWLOO�FRQWDLQ�GDWD�
DW�GLIIHUHQW�DJJUHJDWLRQ�OHYHOV���

9HUWLFDO�SDUWLWLRQLQJ�RI�IDFW�WDEOHV�

)DFW� VFKHPHV� XVXDOO\� LQFOXGH� VHYHUDO�PHDVXUHV� WKDW� GHVFULEH� WKH� VDPH� IDFW� EXW�� LQ� SUDFWLFH�� DUH� VHOGRP� UHTXHVWHG� WRJHWKHU��9HUWLFDO� SDUWLWLRQLQJ� DLPV� DW�
UHGXFLQJ� WKH� JOREDO� TXHU\� UHVSRQVH� WLPH� E\� RSWLPL]LQJ� WKH� TXHULHV� UHTXLULQJ� D� VXEVHW� RI�PHDVXUHV��*LYHQ� D� IDFW� WDEOH�FT_f(k

1
,...k

n
,m

1
,...m

z
)�� YHUWLFDO�

SDUWLWLRQLQJ�LV�FDUULHG�RXW�E\�GHILQLQJ�D�SDUWLWLRQLQJ�RI�WKH�VHW�RI�PHDVXUHV�0 ^P�����P]`�LQWR�g�VXEVHWV��g����DQG�E\�VSOLWWLQJ�DFFRUGLQJO\�FT_f�LQWR�g�WDEOHV�HDFK�
FRQWDLQLQJ�WKH�FRPSOHWH�NH\�k

1
,...k

n
�DQG�RQH�RI�WKH�PHDVXUH�VXEVHWV��

7KH�SUREOHP�RI�GHWHUPLQLQJ�WKH�RSWLPDO�SDUWLWLRQLQJ�JLYHQ�D�ZRUNORDG�KDV�EHHQ�ZLGHO\�LQYHVWLJDWHG�ZLWKLQ�WKH�FRQWH[W�RI�FHQWUDOL]HG�DV�ZHOO�DV�GLVWULEXWHG�
GDWDEDVH�V\VWHPV� >��@��8QIRUWXQDWHO\�� WKH� UHVXOWV� UHSRUWHG� LQ� WKH� OLWHUDWXUH�FDQQRW� EH�DSSOLHG� WR� WKH�':�FDVH�VLQFH�WKH�UHGXQGDQF\�LQWURGXFHG�E\�PDWHULDOL]LQJ�
YLHZV�ELQGV�WKH�SDUWLWLRQLQJ�SUREOHP�WR�WKDW�RI�GHFLGLQJ�RQ�ZKLFK�YLHZ�HDFK�TXHU\�VKRXOG�EH�H[HFXWHG��

/HW�XV�FRQVLGHU�IRU�H[DPSOH�D�FRXSOH�RI�TXHULHV�T� I�3��VHO!��*���T� I�3��VHO!��*��UHTXLULQJ�GLIIHUHQW�VHWV�RI�PHDVXUHV��DQG�WZR�PDWHULDOL]HG�YLHZV�Y��DQG�Y��
ZLWK�SDWWHUQV�3��DQG�3��UHVSHFWLYHO\��3�3��3����7KRXJK�ERWK�YLHZV�FDQ�EH�XVHG�WR�VROYH�WKH�TXHULHV��WKH�RSWLPDO�VROXWLRQ�GRHV�QRW�QHFHVVDULO\�UHTXLUH�WKH�TXHULHV�
WR�EH�H[HFXWHG�RQ�Y���,Q�IDFW��LI�Y��DQG�Y��KDYH�EHHQ�GLIIHUHQWO\�SDUWLWLRQHG��LW�PD\�EH�OHVV�H[SHQVLYH�WR�H[HFXWH�RQH�RI�WKH�TXHULHV�RQ�Y���D�FRVW�UHGXFWLRQ�ZLOO�DULVH�LI�
WKH�H[WUD�FRVW�GXH�WR� WKH� ILQHU�JUDQXODULW\�RI�Y�� LV�VPDOOHU� WKDQ� WKH�VDYLQJ�REWDLQHG�E\�UHDGLQJ�EHWWHU� ILWWLQJ� WXSOHV��VHH�)LJXUH�����7KH�ILQDO�VROXWLRQ�IRU�YHUWLFDO�

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

��,W�LV�HDV\�WR�VKRZ�>��@�WKDW�WKH�JOREDO�XSGDWH�FRVW�LV�PLQLPL]HG�LI�HDFK�YLHZ�LV�XSGDWHG�DIWHU�WKRVH�ZLWK�D�ILQHU�SDWWHUQ��

��7KH�'%06�PRGXOH�WKDW�DFKLHYHV�WKLV�WDVN�LV�FRPPRQO\�FDOOHG�DJJUHJDWH�QDYLJDWRU�>��@��
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SDUWLWLRQLQJ�LQFOXGHV�GHWHUPLQLQJ�RQ�ZKLFK�YLHZ�V��HDFK�TXHU\�ZLOO�EH�H[HFXWHG��
$� VHFRQG�HOHPHQW� WKDW�PDNHV�YHUWLFDO� SDUWLWLRQLQJ� LQ�':V�PRUH�GLIILFXOW� LV� WKH�SUHVHQFH�RI�GULOO�DFURVV�TXHULHV��7KHLU� RSWLPL]DWLRQ� UHTXLUHV� DOO� WKH� WDEOHV�

REWDLQHG�IURP�UHODWHG�IDFW�VFKHPHV�WR�EH�FRQVLGHUHG�DW�WKH�VDPH�WLPH��7KH�RSWLPDO�VHWV�RI�PHDVXUHV�DUH�QRW�QHFHVVDULO\�VXEVHWV�RI�WKH�VHW�RI�PHDVXUHV�RI�WKH�VLQJOH�
IDFW�WDEOHV�EXW�PD\�EH�REWDLQHG�E\�PHUJLQJ�PHDVXUHV�IURP�GLIIHUHQW�IDFWV��

�

�

�

�

�

�

�
)LJXUH����9HUWLFDO�SDUWLWLRQLQJ�IRU�WZR�YLHZV�Y��DQG�Y���:KLOH�T��FDQ�EH�VXUHO\�H[HFXWHG�PRUH�HIILFLHQWO\�E\�DFFHVVLQJ�Y���LW�LV�QRW�REYLRXV�ZKHWKHU�LW�LV�FRQYHQLHQW�
WR�VROYH�T��RQ�Y��RU�RQ�Y���

0HUJLQJ�PHDVXUHV�FRPLQJ�IURP�WZR�GLIIHUHQW�IDFWV�I��DQG�I��LV�VXERUGLQDWHG�WR�WKH�IROORZLQJ�FRQVWUDLQWV�RQ�WKH�FRUUHVSRQGLQJ�IDFW�WDEOHV��
�

� 7KH\�PXVW�KDYH�WKH�VDPH�DJJUHJDWLRQ�SDWWHUQ��

� 7KH\�PXVW�KDYH�EHHQ�VHOHFWHG�IRU�PDWHULDOL]DWLRQ�GXULQJ�WKH�PDWHULDOL]DWLRQ�YLHZ�RSWLPL]DWLRQ�

�

6LQFH�RSWLPL]DWLRQ�LV�EDVHG�RQ�WKH�GLPHQVLRQ�RI�WKH�DFFHVVHG�WXSOHV��D�FRVW�IXQFWLRQ�EDVHG�RQ�ORJLFDO�DFFHVVHV�LV�QR�PRUH�XVHIXO�VLQFH�E\�DSSO\LQJ�YHUWLFDO�
SDUWLWLRQLQJ� WKH� QXPEHU� RI� ORJLFDO� DFFHVVHV� WR� WKH� WDEOHV� ZLOO� EH� DOZD\V� LQFUHDVHG�� 7KXV�� WKH� FRVW� IXQFWLRQ� XVHG� KHUH� WDNHV� LQWR� DFFRXQW� WKH� UHGXFHG� FRVW� LQ�
DFFHVVLQJ�VKRUWHU�WXSOHV�DV�ZHOO�DV�WKH�RYHUKHDG�LQ�DFFHVVLQJ�PXOWLSOH�WDEOHV��/HW�a�EH�WKH�FRVW�LQ�DFFHVVLQJ�D�WDEOH�GHVFULSWRU��b�WKH�QXPEHU�RI�WXSOHV�ZLWKLQ�D�GLVN�
SDJH�IRU�WKH�XQSDUWLWLRQHG�WDEOH��YIN�WKH�QXPEHU�RI�IUDJPHQWV�GHILQHG�RQ�WKH�YLHZ�PDWHULDOL]HG�RQ�SDWWHUQ�3N�DQG�jL�WKH�IUDFWLRQ�RI�WKHVH�IUDJPHQWV�XVHG�WR�DQVZHU�
WKH�TXHU\�TL��WKXV�WKH�FRVW�IXQFWLRQ�FDQ�EH�GHILQHG�DV�IROORZV��
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+RUL]RQWDO�SDUWLWLRQLQJ�RI�IDFW�WDEOHV�

+RUL]RQWDO�SDUWLWLRQLQJ�DLPV�DW�UHGXFLQJ�WKH�TXHU\�UHVSRQVH�WLPH�E\�FRQVLGHULQJ�WKH�VHOHFWLYLW\�RI�HDFK�TXHU\��,Q�IDFW��PRVW�TXHULHV�ZLOO�QRW�DFFHVV�DOO�WKH�Q�
SOHV�ZLWKLQ�WKH�IDFW�WDEOH��EXW�RQO\�D�VXEVHW�GHWHUPLQHG�E\�D�VHOHFWLRQ�SUHGLFDWH�LQYROYLQJ�RQH�RU�PRUH�GLPHQVLRQ�DWWULEXWHV��*LYHQ�D�IDFW�WDEOH�FT_f��KRUL]RQWDO�
SDUWLWLRQLQJ�LV�FDUULHG�RXW�E\�GHWHUPLQLQJ�DQ�RSWLPDO� VHW�RI�GLPHQVLRQ�DWWULEXWHV�DQG�E\�UHDOORFDWLQJ�WKH�Q�SOHV�LQ�FT_f� WR�D�VHW�RI� WDEOHV�FT_f

1
����FT_fP�HDFK�

KDYLQJ� WKH� VDPH� UHODWLRQ� VFKHPH� DV�FT_f� DQG� DVVRFLDWHG� WR� RQH� RU�PRUH� HOHPHQWV� RI� WKH�&DUWHVLDQ�SURGXFW� EHWZHHQ� WKH� GRPDLQV�RI� WKH�GLPHQVLRQ� DWWULEXWHV�
LQYROYHG��

7KH�SUREOHP�RI�KRUL]RQWDO�SDUWLWLRQLQJ�IRU�UHODWLRQDO�GDWDEDVHV�LV�DGGUHVVHG�LQ�>��@��$OVR�LQ�WKLV�FDVH��WKH�SUREOHP�LV�PDGH�PRUH�FRPSOH[�E\�WKH�SUHVHQFH�RI�
YLHZV��%RWK�SULPDU\�DQG�VHFRQGDU\�KRUL]RQWDO�SDUWLWLRQLQJ�FDQ�EH�XVHIXO��

�

� 3ULPDU\�KRUL]RQWDO�SDUWLWLRQLQJ�LV�EDVHG�RQ�D�VHOHFWLRQ�SUHGLFDWH�LQYROYLQJ�DQ�DWWULEXWH�EHORQJLQJ�WR�ERWK�WKH�IDFW�WDEOH�DQG�WKH�GLPHQVLRQ�WDEOHV��L�H��D�
IRUHLJQ�NH\�NL�RQ�WKH�IDFW� WDEOH��DQG�FDQ�SURGXFH�D�FRVW�UHGXFWLRQ�IRU� WKH�TXHULHV�VHOHFWLQJ�D�VXEVHW�RI� WKH�WXSOHV�IURP�WKH�IDFW�WDEOH�DFFRUGLQJ�WR�WKH�
YDOXHV�DVVXPHG�E\�WKH�L�WK�GLPHQVLRQ��

� 6HFRQGDU\�KRUL]RQWDO�SDUWLWLRQLQJ�LV�EDVHG�RQ�D�VHOHFWLRQ�SUHGLFDWH�LQYROYLQJ�DQ�DWWULEXWH�DM�EHORQJLQJ�RQO\�WR�D�GLPHQVLRQ�WDEOH��,W�FDQ�EH�XVHIXO�IRU�WKH�
TXHULHV�FRQWDLQLQJ�VHOHFWLRQ�FODXVHV�ZKLFK�LQYROYH�DM�RU�RWKHU�DWWULEXWHV�IXQFWLRQDOO\�GHWHUPLQHG�E\�DM���
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