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$EVWUDFW

7KLV�SURMHFW�HQFDSVXODWHV�DQG�H[WHQGV�WKH�H[LVWLQJ�ZRUN�LQ�&6������WKH�&RPSXWHU�6FLHQFH

&DSVWRQH�&RXUVH�WKDW�HQWDLOV�WKH�DQDO\VLV�DQG�VROYLQJ�RI�D�FRPSOH[�VRIWZDUH�SURMHFW��7KH�RULJLQDO

SURMHFW��WKH�7UXFNLQJ�&RPSDQ\�0DQDJHPHQW�6\VWHP��GHVFULEHV�D�UHTXHVW�WR�GHVLJQ�D�V\VWHP�WKDW

VLPXODWHV�WKH�VWRUDJH��SUHVHQWDWLRQ��DQG�PDLQWHQDQFH�RI�LQIRUPDWLRQ�UHOHYDQW�WR�D�WUXFNLQJ

FRPSDQ\��7KLV�LQFOXGHV�GLIIHUHQW�EUDQFKHV�RI�LQIRUPDWLRQ��VXFK�DV�6KLSSLQJ�DQG�0DLQWHQDQFH�

WKDW�VKRXOG�QRW�RQO\�EH�PDLQWDLQHG�E\�WKH�V\VWHP��EXW�DOVR�RQO\�RIIHUHG�WR�DXWKRUL]HG�XVHUV��6XFK

D�W\SH�RI�V\VWHP��ZKHUH�D�ODUJH�VHW�RI�GDWD�PXVW�EH�PDLQWDLQHG�IRU�D�FRPSDQ\��LV�FRPPRQO\

VWRUHG�ZLWKLQ�D�GDWDEDVH��+RZHYHU��WZR�PDMRU�W\SHV�RI�GDWDEDVHV�H[LVW��UHODWLRQDO�DQG

QRQ�UHODWLRQDO��5HODWLRQDO�GDWDEDVHV��LQFOXGLQJ�WKH�YDVW�DUUD\�RI�64/�GDWDEDVH�ODQJXDJHV��SURYLGH

VWULFW��WDEXODU�UHVWULFWLRQV�WR�WKH�ZD\�GDWD�LV�VWRUHG�DQG�PDLQWDLQHG��ZLWK�OLQNV�EHWZHHQ�WDEOHV�

0HDQZKLOH��QRQ�UHODWLRQDO�GDWDEDVHV��VXFK�DV�0RQJR'%��SURYLGH�QR�VXFK�VWUXFWXUH�RU�OLQNV�

SURPRWLQJ�IOH[LELOLW\�DQG�VSHHG��6LQFH�UHODWLRQDO�GDWDEDVHV�DUH�PRUH�SRSXODU�DQG�KDYH�EHHQ�LQ

LQGXVWU\�ORQJHU��LW�LV�PRUH�FRPPRQO\�FKRVHQ�IRU�VRIWZDUH�SUREOHPV��DQG�RXU�SURMHFW�IROORZHG

WKLV�WUHQG��XVLQJ�0\64/��D�UHODWLRQDO�GDWDEDVH��DV�RXU�GDWDEDVH�RI�FKRLFH��,Q�RUGHU�WR�DVFHUWDLQ

WKH�GLIIHUHQFH�LQ�VSHHGV�EHWZHHQ�TXHULHV��UHTXHVWHG�RSHUDWLRQV�RQ�WKH�GDWDEDVH��IRU�HDFK�PRGHO��,

GHYHORSHG�D�VHFRQG�GDWDEDVH�LQ�0RQJR'%��D�QRQ�UHODWLRQDO�GDWDEDVH��LQ�RUGHU�WR�SURPRWH�D

GLUHFW�FRPSDULVRQ�EHWZHHQ�HDFK�PRGHO��$FURVV�WKH�KLVWRU\�RI�FRPSXWLQJ��VSHHG�KDV�DOZD\V�EHHQ

RQH�RI�WKH�SULQFLSDO�FRQFHUQV�WKDW�OHDGV�WR�VLJQLILFDQW�HIIRUWV�LQ�UHVHDUFK�DQG�GHYHORSPHQW��%HLQJ

DEOH�WR�GHWHUPLQH�QRW�RQO\�ZKLFK�PRGHO�LV�IDVWHU��EXW�E\�ZKDW�H[DFW�GHJUHH�LQ�D�VSHFLILF�LQVWDQFH

RI�D�GDWDEDVH�UHODWHG�VRIWZDUH�SUREOHP��DOORZV�RQH�WR�FRQVLGHU�WKH�FRVWV�DQG�EHQHILWV�RI

VZLWFKLQJ�DZD\�IURP�D�PRUH�IDPLOLDU�PRGHO�WR�D�QHZ�GHVLJQ�
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,QWURGXFWLRQ

7KH�SURFHVV�RI�FRPSOHWLQJ�WKH�SURMHFW�HQWDLOHG�ILUVW�IROORZLQJ�WKH�QRUPDO�FRXUVH�RI

SURMHFW�IORZ�IRU�WKH�FRXUVH��2XU�SURMHFW�ILUVW�UHTXLUHG�VHYHUDO�IRXQGDWLRQV�LQ�WKH�FRGH�EDVH

UHJDUGOHVV�RI�ZKDW�W\SH�RI�GDWDEDVH�ZDV�XVHG��LQFOXGLQJ�WKH�IORZ�RI�H[HFXWLRQ��XVHU�SHUPLVVLRQV�

OD\RXW�RI�WKH�*UDSKLFDO�8VHU�,QWHUIDFH��DQG�QDYLJDWLRQ�RI�WKH�LQWHUIDFH��7KXV��WKH�EHJLQQLQJ�RI

GHYHORSPHQW�PRVWO\�IRFXVHG�RQ�FUHDWLQJ�WKH�VNHOHWRQV�IRU�WKHVH�DVSHFWV�RI�WKH�SURMHFW��2QFH

WKHVH�ZHUH�FRPSOHWHG�WR�WKH�EHVW�RI�WKHLU�DELOLW\�ZLWKRXW�D�GDWDEDVH�SUHVHQW��WKH�ILUVW�GDWDEDVH�ZDV

FUHDWHG��6LQFH�WKH�JURXS�ZDV�IRFXVHG�RQ�XVLQJ�0\64/��WKLV�GDWDEDVH�ZDV�FUHDWHG�ILUVW��DORQJ

ZLWK�LWV�EDFNHQG�PRGHO��2QFH�WKLV�ZDV�FUHDWHG��WDVNV�ZHUH�WKHQ�IRFXVHG�RQ�SRSXODWLQJ�WKH

GDWDEDVH�ZLWK�DSSURSULDWH�GDWD�DQG�JHQHUDWLQJ�WKH�QHFHVVDU\�TXHULHV�WR�IXOILOO�WKH�QHFHVVDU\

UHTXLUHPHQWV�RI�WKH�SURMHFW��$IWHU�WKH�GDWDEDVH�ZDV�VHW�XS�DQG�TXHULHV�ZHUH�VWDUWLQJ�WR�GHYHORS��,

WKHQ�FUHDWHG�P\�VHFRQG�GDWDEDVH�LQ�0RQJR'%��SRSXODWLQJ�LW�ZLWK�WKH�VDPH�GDWD�DQG�VHWWLQJ�LW�XS

LQ�D�VLPLODU�PDQQHU�WR�WKDW�RI�WKH�H[LVWLQJ�0\64/�GDWDEDVH��,�WKHQ�FUHDWHG�D�VHFRQG�GDWD�PRGHO

WKDW�FRUUHODWHG�ZLWK�WKLV�GDWDEDVH��$W�WKLV�SRLQW��,�DOVR�EHJDQ�WR�UHZULWH�WKH�0\64/�TXHULHV�LQ

0RQJR'%��VR�WKDW�WKH\�HDFK�UHWXUQHG�WKH�VDPH�H[SHFWHG�YDOXHV�

)RU�WKHVH�FRPSDULVRQV��RQH�KDV�WR�PDNH�VXUH�WKDW�WKH�VFHQDULRV�IRU�HDFK�DUH�HTXLYDOHQW�

DOORZLQJ�IRU�WKH�WHVW�WR�RQO\�WDNH�LQWR�DFFRXQW�WKH�WLPH�QHFHVVDU\�WR�DFFHVV�WKH�GDWDEDVH�DQG

SHUIRUP�WKH�GHVLUHG�RSHUDWLRQ��FRQWUROOLQJ�IRU�FRQIRXQGLQJ�YDULDEOHV��7KLV�LQFOXGHV�ODWHQF\�WR

FRQQHFW�WR�WKH�GDWDEDVH�DQG�WKH�DOJRULWKP�XVHG�LQ�&��WKDW�DFFHVVHG�WKH�GDWDEDVH��7KXV��IRU�WKHVH

FRPSDULVRQV��ERWK�GDWDEDVHV�ZHUH�KRVWHG�RQ�WKH�ORFDOKRVW�RI�WKH�VDPH�PDFKLQH��UHPRYLQJ�DQ\

ODWHQF\�HQGHPLF�WR�DQ�LQWHUQHW�FRQQHFWLRQ��7KH�DOJRULWKPV�WKDW�ZHUH�XVHG�LQ�&��ZHUH�DOVR�H[DFWO\



�

WKH�VDPH�IRU�HDFK��HQVXULQJ�WKDW�WKH�RQO\�GLIIHUHQFH�ZDV�WKH�GDWDEDVH�WKDW�ZDV�EHLQJ�FRQQHFWHG

WR�

'DWD

/RJJLQJ�LQ�

�0\6TO�

���������PLOOLVHFRQGV

���������PLOOLVHFRQGV

���������PLOOLVHFRQGV

���������PLOOLVHFRQGV

$YHUDJH�7LPH��������PLOOLVHFRQGV

�0RQJR'%�

�������PLOOLVHFRQGV

�������PLOOLVHFRQGV

�������PLOOLVHFRQGV

�������PLOOLVHFRQGV

$YHUDJH�7LPH������PLOOLVHFRQGV

$YHUDJH�'LIIHUHQFH��0RQJR'%�LV�����PLOOLVHFRQGV�IDVWHU

/RDGLQJ�0RQWKO\�0DLQWHQDQFH�5HSRUW�

�0\6TO�

��������PLOOLVHFRQGV

��������PLOOLVHFRQGV



�

��������PLOOLVHFRQGV

��������PLOOLVHFRQGV

$YHUDJH�7LPH�������PLOOLVHFRQGV

�0RQJR'%�

������PLOOLVHFRQGV

������PLOOLVHFRQGV

������PLOOLVHFRQGV

������PLOOLVHFRQGV

$YHUDJH�7LPH�����PLOOLVHFRQGV

$YHUDJH�'LIIHUHQFH��0RQJR'%�LV������PLOOLVHFRQGV�IDVWHU

/RDGLQJ�)XOO�0DLQWHQDQFH�5HSRUW�

�0\6TO�

��������PLOOLVHFRQGV

��������PLOOLVHFRQGV

��������PLOOLVHFRQGV

��������PLOOLVHFRQGV

$YHUDJH�7LPH�������PLOOLVHFRQGV

�0RQJR'%�

������PLOOLVHFRQGV

������PLOOLVHFRQGV

������PLOOLVHFRQGV



�

������PLOOLVHFRQGV
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�0\6TO�

��������PLOOLVHFRQGV
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��������PLOOLVHFRQGV
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0HWKRGV�DQG�5HVXOWV

7KH�PHWKRG�XVHG�WR�PHDVXUH�WKH�DPRXQW�RI�WLPH�WDNHQ�DFFHVVLQJ�DQG�UHWXUQLQJ�YDOXHV�IRU

HDFK�GDWDEDVH�LQYROYHG�WKH�6WRSZDWFK�FODVV�LQ�WKH�6\VWHPV�'LDJQRVWLFV�OLEUDU\�HQGHPLF�WR�&��

7KLV�FODVV�DOORZV�RQH�WR�VXUURXQG�FDOOV�WR�WKH�GDWDEDVH�LQ�VWDUW�DQG�VWRS�FRPPDQGV�E\�D

VWRSZDWFK�REMHFW��WKHQ�UHWXUQLQJ�WKH�HODSVHG�DPRXQW�RI�WLPH�LQ�PLOOLVHFRQGV��7KLV�PHWKRG�ZDV

XVHG�RYHU�VHYHUDO�GLIIHUHQW�W\SHV�RI�GDWDEDVH�FDOOV�DQG�XVHG�LQ�WULDOV�RI����ZKHUH�WKH�DYHUDJH�WLPH

RYHU�WKRVH�WULDOV�ZDV�XVHG�IRU�FRPSDULVRQ��7KH�ILUVW�FRPSDULVRQ�LQYROYHG�ORDGLQJ�WKH�ORJLQ�SDJH�

ZKLFK�UHTXLUHV�FDOOLQJ�WKH�GDWDEDVH�ZLWK�XVHUQDPH�DQG�SDVVZRUG�SDUDPHWHUV��FKHFNLQJ�WKH

SDUDPHWHUV�DJDLQVW�WKH�GDWDEDVH��DQG�UHWXUQLQJ�WKH�URZ�WKDW�FRQWDLQV�WKRVH�SDUDPHWHUV��,Q�0\6TO�



��

WKH�DYHUDJH�WLPH�IRU�WKLV�RSHUDWLRQ�ZDV�������PLOOLVHFRQGV������VHFRQGV���ZKLOH�LW�RQO\�WRRN�DQ

DYHUDJH�����PLOOLVHFRQGV�LQ�0RQJR'%��WKXV��QHDUO\�LGHQWLFDO�RSHUDWLRQV�ZHUH�DERXW����

PLOOLVHFRQGV�IDVWHU�LQ�0RQJR'%�WKDQ�LQ�0\6TO��7KH�QH[W�FRPSDULVRQ�LQYROYHG�ORDGLQJ�WKH

PRQWKO\�PDLQWHQDQFH�UHSRUW�SDJH��7KLV�LQYROYHV�JUDEELQJ�DQ�HQWLUH�OLVW�RI�PDLQWHQDQFH�UHFRUGV

IURP�WKH�GDWDEDVH��WKHQ�UHWXUQLQJ�ILOWHUHG�UHFRUGV�EDVHG�RQ�RQO\�WKRVH�WKDW�RFFXUUHG�GXULQJ�WKH

FXUUHQW�PRQWK��,Q�0\6TO��WKH�DYHUDJH�WLPH�IRU�WKLV�RSHUDWLRQ�ZDV�������PLOOLVHFRQGV��ZKLOH�LQ

0RQJR'%��WKH�DYHUDJH�WLPH�ZDV�D�VWDJJHULQJ����PLOOLVHFRQGV��7KXV��0RQJR'%�ZDV�DQ�HQWLUH

������PLOOLVHFRQGV������VHFRQGV��IDVWHU�WKDQ�0\6TO��ZKHUH�WKH�VSHHG�GLIIHUHQFH�ZDV�REYLRXV�WR

WKH�XVHU�DFFHVVLQJ�WKH�*8,��7KH�QH[W�FRPSDULVRQ�ZDV�VLPLODU��EDVHG�RQ�ORDGLQJ�WKH�IXOO

PDLQWHQDQFH�UHSRUW�SDJH��7KLV�VLPSO\�UHWXUQHG�WKH�HQWLUH�OLVW�RI�PDLQWHQDQFH�UHFRUGV�UDWKHU�WKDQ

ILOWHULQJ�IRU�WKRVH�RI�WKH�FXUUHQW�PRQWK��,Q�0\6TO��WKH�DYHUDJH�WLPH�IRU�WKLV�RSHUDWLRQ�ZDV������

PLOOLVHFRQGV��ZKLOH�IRU�0RQJR'%��WKH�DYHUDJH�WLPH�ZDV����PLOOLVHFRQGV��7KXV��0RQJR'%�ZDV

DEOH�WR�ORDG�WKH�IXOO�PDLQWHQDQFH�SDJH�DQ�HQWLUH�������PLOOLVHFRQGV�������VHFRQGV�IDVWHU�WKDQ

0\6TO��7KH�ILQDO�FRPSDULVRQ�LQYROYHG�D�ZULWH�RSHUDWLRQ�LQYROYLQJ�WKH�$GGLQJ�3HUVRQQHO�SDJH�

,Q�WKLV�FRPSDULVRQ��HDFK�GDWDEDVH�ZDV�PHDQW�WR�DGG�D�QHZ�XVHU�WR�LWV�UHFRUGV�WKDW�FRXOG�WKHQ�EH

DFFHVVHG�LQ�WKH�GDWDEDVH�VLPLODU�WR�DQ\�RWKHU�H[LVWLQJ�UHFRUG��,Q�0\6TO��WKH�DYHUDJH�WLPH�IRU�WKLV

RSHUDWLRQ�ZDV�����PLOOLVHFRQGV��ZKLOH�IRU�0RQJR'%��WKH�DYHUDJH�WLPH�ZDV����PLOOLVHFRQGV�

7KXV��0RQJR'%�ZDV�DEOH�WR�LQVHUW�D�QHZ�SHUVRQQHO�UHFRUG�����PLOOLVHFRQGV�IDVWHU�WKDQ�0\6TO�

7KXV��DFURVV�DOO�RSHUDWLRQV��0RQJR'%�ZDV�DQ�DYHUDJH�������PLOOLVHFRQGV����VHFRQG�

IDVWHU�WKDQ�0\6TO��:KLOH���VHFRQG�PD\�VHHP�OLNH�D�VKRUW�DPRXQW�RI�WLPH��WKLV�FDQ�PDNH�D

QRWLFHDEOH�GLIIHUHQFH�IRU�XVHUV��HVSHFLDOO\�ZKHQ�FRPSDULQJ�WKH�VRIWZDUH�VLGH�E\�VLGH��:KHQ�XVLQJ

WKH�*8,��WKHUH�LV�D�QRWLFHDEOH�ODJ�ZKHQ�FOLFNLQJ�RQ�EXWWRQV�DVVRFLDWHG�ZLWK�D�0\6TO�TXHU\��ZKLOH

LW�DSSHDUHG�LQVWDQWDQHRXV�IRU�D�0RQJR'%�XVHU��,W�VKRXOG�DOVR�EH�QRWHG�WKDW�WKLV�H[DPSOH�LQYROYHG



��

XVLQJ�D�UHODWLYHO\�VPDOO�GDWDEDVH�ZLWK�PLQLPDO�UHFRUGV��\HW�LQ�DQ�LQGXVWULDO�VHWWLQJ��RQH�ZRXOG

H[SHFW�D�PXFK�JUHDWHU�ORDG�RI�GDWD��DV�ZHOO�DV�QXPEHU�RI�FRQQHFWLRQV�WU\LQJ�WR�DFFHVV�LW�

)XUWKHUPRUH��LQGXVWULDO�GDWDEDVHV�ZLOO�W\SLFDOO\�UHTXLUH�WKHLU�GDWDEDVHV�WR�EH�KRVWHG�RQ�D�ZHE

VHUYLFH��ZKLFK�FRPHV�ZLWK�LWV�RZQ�ODWHQF\�WR�FRQQHFW�WR�LW�DFURVV�WKH�LQWHUQHW��7KXV��XWLOL]LQJ�D

1RQ�5HODWLRQDO�GDWDEDVH�VXFK�DV�0RQJR'%�ZRXOG�KHOS�WR�DOOHYLDWH�IXUWKHU�VSHHG�LVVXHV

DVVRFLDWHG�ZLWK�VXFK�LQIUDVWUXFWXUHV�
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