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6LQFH�WKH�ILUVW�22�ODQJXDJH�²�6LPXOD�LQ������²�REMHFW�RULHQWHG�ODQJXDJHV�KDYH�EHFRPH
ZLGHO\�DYDLODEOH�DQG�WKH\�KDYH�IXUWKHUPRUH�EHHQ�DFFRPSDQLHG�E\�REMHFW�RULHQWHG�DQDO\VLV
DQG�GHVLJQ�WHFKQLTXHV��7KHVH�WHFKQLTXHV�KDYH�UHDFKHG�D�OHYHO�RI�PDWXULW\��DQG�DUH�ZLGHO\
XVHG�LQ�WKH�LQGXVWU\�

7KHUH�LV�VWLOO�RQH�SDUW�RI�WKH�REMHFW�RULHQWHG�SDUDGLJP�WKDW�VHHPV�QRW�WR�KDYH�EHHQ�IXOO\
HPEUDFHG� E\� WKH� LQGXVWU\� \HW� WKRXJK�� QDPHO\� REMHFW� RULHQWHG� VWRUDJH�PHFKDQLVPV� IRU
SHUVLVWHQW�VWRUDJH�RI�UXQWLPH�REMHFWV��2IWHQ�UHODWLRQDO�GDWDEDVHV�VHHP�WR�EH�IDYRXUHG�

7KHUH� DUH� PDQ\� UHDVRQV� IRU� WKLV�� 6RPH� DUH� WHFKQLFDO� DQG� WKHRUHWLFDO� SUREOHPV�� EXW
SUREDEO\� WKH� PRVW� LPSRUWDQW� DUJXPHQW� LV� WKDW� WKHUH� DUH� WKRXVDQGV� LI� QRW� PLOOLRQV� RI
V\VWHPV� LQ� RSHUDWLRQ� DW� WKH� FXUUHQW�� ZKLFK� DOO� DUH� EDVHG� RQ� UHODWLRQDO� GDWDEDVHV�� DQG
VKLIWLQJ�DOO�RI�WKHVH�WR�D�QHZ�GDWDEDVH�WHFKQRORJ\�LV�DW�OHDVW�IRU�WKH�WLPH�EHLQJ�WRR�FRVWO\
ERWK�LQ�PRQH\�DQG�ULVN�RI�IDLOXUH�

5HFRJQLVLQJ� WKDW� UHODWLRQDO� GDWDEDVHV� DUH� QHFHVVDU\� HYHQ� ZKHQ� GHYHORSLQJ� QHZ
DSSOLFDWLRQV� DQG� V\VWHPV� XVLQJ� REMHFW� RULHQWHG� WHFKQLTXHV�� WKLV� UHSRUW� ZLOO� GLVFXVV� WKH
UHODWLRQVKLS� EHWZHHQ� REMHFW�PRGHOV� DQG� UHODWLRQDO� GDWDEDVHV�� 7KLV� LQFOXGHV� WZR� UHODWHG
LVVXHV��:H�PXVW�LQYHVWLJDWH�KRZ�ZH�FDQ�SURYLGH�SHUVLVWHQW�VWRUDJH�RI�RXU�REMHFW�PRGHOV
LQ� WKH� UHODWLRQDO� GDWDEDVHV�� DQG� KRZ� ZH� FDQ� SURYLGH� 22� DFFHVV� WR� GDWD� VWRUHG� LQ
UHODWLRQDO�GDWDEDVHV�

7KHUH�KDYH�JHQHUDOO\�EHHQ�WZR�DSSURDFKHV�WR�WKLV�SUREOHP��$�ERWWRP�XS�DSSURDFK�DQG�D
WRS�GRZQ�DSSURDFK��7KH�ERWWRP�XS�DSSURDFK�IRFXVHV�RQ�FRQVWUXFWLQJ�DQ�REMHFW�PRGHO
WKDW�UHIOHFWV�WKH�GDWD�LQ�DQ�H[LVWLQJ�GDWDEDVH��7KH�WRS�GRZQ�DSSURDFK��RQ�WKH�RWKHU�KDQG�
WDNHV� WKH� VWDUWLQJ� SRLQW� LQ� WKH� REMHFW� PRGHO� FRQVWUXFWHG� XVLQJ� WKH� XVXDO� PRGHOOLQJ
WHFKQLTXHV�DQG�IURP�WKLV�GHVLJQV�D�QHZ�GDWDEDVH�ZLWK�D�QXPEHU�RI�WDEOHV�WKDW�WKH�REMHFWV
FDQ�EH�VWRUHG�LQ�

,Q�WKLV�UHSRUW�ZH�ZLOO�WU\�WR�WDNH�D�PL[HG�DSSURDFK��DV�ZH�EHOLHYH�WKDW�ERWK�LVVXHV�²�WKH
H[LVWLQJ� GDWDEDVH� DQG� WKH� REMHFW� PRGHO� ²� VKRXOG� EH� WDNHQ� LQWR� UHJDUG�� 7KH� H[LVWLQJ
GDWDEDVHV�DUH�LPSRUWDQW��DV�RIWHQ�ZH�ZRXOG�OLNH�WR�NHHS�WKHVH�LQVWHDG�RI�KDYLQJ�WR�FUHDWH
QHZ� RQHV�� &RQVWUXFWLQJ� WKH� REMHFW� PRGHO� XVLQJ� PRGHOOLQJ� WHFKQLTXHV� DQG� QRW� MXVW� DV
GLUHFW�PDSSLQJ�RI� VRPH�GDWDEDVH� LV� DOVR� LPSRUWDQW�� DV� WKH� REMHFW�PRGHO� LGHDOO\� VKRXOG
UHIOHFW�WKH�SDUW�RI�WKH�ZRUOG�WKDW�WKH�FRPSXWHU�V\VWHP�ZLOO�EH�UHSUHVHQWLQJ��DQG�QRW�VRPH
GDWDEDVH�GHVLJQ�>001����SS�����@�

:H� UHDOLVH� WKDW�RI� FRXUVH�´ZH�FDQ�QRW�KDYH� WKH�FDNH� DQG� HDW� LW� WRRµ�� LQ� WKH� VHQVH� WKDW
WDNLQJ� DQ� H[LVWLQJ� GDWDEDVH� DQG� DQ� REMHFW� PRGHO� ZKHUH� ERWK� KDYH� EHHQ� FRQVWUXFWHG
ZLWKRXW�SD\LQJ�DWWHQWLRQ�WR�WKH�RWKHU�DW�DOO�ZLOO�SUREDEO\�EH�SUREOHPDWLF��:H�PLJKW�QRW
EH�DEOH�WR�PDNH�WKH�LQWHJUDWLRQ�DW�DOO��DQG�LI�ZH�VKRXOG�PDNH�LW��WKHQ�WKH�WUDQVIRUPDWLRQ
ZLOO�SUREDEO\�KDYH�D�ORXV\�SHUIRUPDQFH��7KHUHIRUH�ZH�ZLOO�LQ�WKH�UHSRUW�SRLQW�RXW�ZKHUH
WKLV�LGHDO�DSSURDFK�ZLOO�QRW�EH�UHDVRQDEOH�
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7KH�RXWOLQH�RI�WKH�UHSRUW�ZLOO�EH�DV�IROORZV��:H�VWDUW�RII�ZLWK�D�VPDOO�GHVFULSWLRQ�RI�VRPH
RI�WKH�PDLQ�FRQFHSWV�RI�UHODWLRQDO�GDWDEDVHV��WKHQ�ZH�GLVFXVV�JHQHUDO�LVVXHV�LQ�SHUVLVWHQFH
DQG�WKHQ�FRQWLQXH�RQ�WR�GLVFXVVLQJ�LQ�JHQHUDO�WHUPV�ZKDW�ZH�ZDQW�IURP�RXU�LQWHJUDWLRQ
WR�UHODWLRQDO�GDWDEDVHV�

,Q� WKH�PDLQ�SDUW�RI� WKH� UHSRUW�ZH�ZLOO�GLVFXVV� WKH� LQWHJUDWLRQ�ZLWK� UHODWLRQDO�GDWDEDVHV�
ORRN�LQWR�ZKDW�WKH�SUREOHPV�ZLWK�WKLV�LQWHJUDWLRQ�DUH��DQG�LQYHVWLJDWH�KRZ�WR�JHW�DURXQG
WKHP��6SHFLILFDOO\�ZH�ZLOO�ORRN�DW�KRZ�WR�VDYH�WKH�VWDWH�RI�DQ�REMHFW�PRGHO�LQ�WDEOHV�LQ�D
UHODWLRQDO�GDWDEDVH�DQG�GLVFXVV�KRZ� LW�ZLOO� LQIOXHQFH�XV� LI� WKH�VWDWH� LV� WR�EH�VDYHG� WR�DQ
H[LVWLQJ� GDWDEDVH�� )LQDOO\� ZH� ZLOO� ORRN� DW� IRXU� FHQWUDO� GDWDEDVH� RSHUDWLRQV� DQG� ZKLFK
SUREOHPV�ZH�ZLOO�IDFH�ZKHQ�LPSOHPHQWLQJ�WKHVH�

)LQDOO\�LW�VKRXOG�EH�QRWHG�WKDW�VRPH�RI�WKH�PRUH�FRPSOH[�DVSHFWV�RI�UHODWLRQDO�GDWDEDVHV�
VXFK�DV�WULJJHUV�DQG�VWRUHG�SURFHGXUHV��ZH�FRQVLGHU�WR�EH�RXW�RI�VFRSH�LQ�WKLV�UHSRUW�
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7KLV� FKDSWHU�ZLOO� JLYH� D� TXLFN� LQWURGXFWLRQ� WR� VRPH� RI� WKH�PRVW� LPSRUWDQW� DVSHFWV� RI
UHODWLRQDO� GDWDEDVHV�� :H� E\� IDU� GR� QRW� FRYHU� DOO� WKHUH� LV� WR� EH� VDLG� DERXW� UHODWLRQDO
GDWDEDVHV�� EXW�RQO\� WRXFK�XSRQ� WKRVH� LVVXHV� WKDW� DUH� UHOHYDQW� IRU� IXUWKHU� GLVFXVVLRQ� RI
RXU�SUREOHP�

5HDGHUV�ZKR�DUH�IDPLOLDU�ZLWK�UHODWLRQDO�GDWDEDVHV�FDQ�VNLS�WKLV�VHFWLRQ��DQG�FRQWLQXH�WR
VHFWLRQ���

��� 7$%/(6

$�UHODWLRQDO�GDWDEDVH�FRQVLVWV�RI�D�QXPEHU�RI�WDEOHV��(DFK�WDEOH�KDV�D�VSHFLILF�QXPEHU�RI
FROXPQV�GHQRWHG�DWWULEXWHV��DQG�D� �YLUWXDOO\��DUELWUDU\�QXPEHU�RI� URZV�FDOOHG� WXSOHV� �RU
UHFRUGV��� 7KH� LQWHUVHFWLRQV� RI� D� URZ� DQG� D� FROXPQ� DUH� FDOOHG� ILHOGV�� DQG� WKHVH� ILHOGV
FRQWDLQ�WKH�GDWD�RI�WKH�WDEOH��$OO�ILHOGV�ZLWKLQ�D�FROXPQ�KDYH�WKH�VDPH�W\SH��ZKLFK�LV�RI�D
VLQJOH� RU� DWRPLF� GDWDW\SH�� 7KH� FROOHFWLYH� GHILQLWLRQ� RI� DOO� WKH� WDEOHV� FRQVWLWXWHV� WKH
FRQFHSWXDO�VFKHPH�RI�WKH�GDWDEDVH�RU�VLPSO\�LWV�VFKHPH�

��� .(<6�$1'�,1'(;(6

(DFK� WDEOH� LQ� WKH� UHODWLRQDO� GDWDEDVH� DOZD\V� FRQWDLQV� RQH� RU�PRUH� FDQGLGDWH� NH\�� RQH
SULPDU\� NH\�� SRVVLEO\� D� QXPEHU� RI� IRUHLJQ� NH\V� DQG� PD\EH� D� QXPEHU� RI� LQGH[HV�� $
FDQGLGDWH�NH\�FRQVLVWV�RI�D�PLQLPDO�QXPEHU�RI�DWWULEXWHV�WKDW�XQLTXHO\�LGHQWLI\�HDFK�DQG
HYHU\�URZ�LQ�WKH�WDEOH��DQG�FDQ�WKHUHE\�EH�XVHG�WR�ORFDWH�WKH�URZV�RQH�E\�RQH��)RU�HDFK
WDEOH�D�FDQGLGDWH�NH\�LV�FKRVHQ�WR�EH�WKH�SULPDU\�NH\�

$�IRUHLJQ�NH\� LV�D�VHW�RI�DWWULEXWHV�WKDW� LV�D�SULPDU\�NH\� LQ�DQRWKHU� WDEOH��DQG� WKHVH�DUH
XVXDOO\�XVHG� WR� MRLQ� WXSOHV� WRJHWKHU� DFURVV� WDEOHV��)LQDOO\� LQGH[HV� DUH� DWWULEXWHV� WKDW� DUH
RIWHQ� XVHG� IRU� VHDUFKLQJ� DQG� WKHUHIRUH� VKRXOG� EH� RSWLPLVHG� IRU� IDVWHU� DFFHVV� E\� WKH
GDWDEDVH�V\VWHP�

��� 1250$/�)2506

7DEOHV�FDQ�EH�VDLG�WR�EH� LQ�VR�FDOOHG�QRUPDO� IRUP��7KH�SXUSRVH�RI�QRUPDO� IRUPV� LV� WR
DYRLG� UHGXQGDQF\� DQG� LQFRQVLVWHQFLHV� ZKHQ� XSGDWLQJ� WKH� WDEOH� FRQWHQWV�� )LUVW� QRUPDO
IRUP� RQO\� VSHFLILHV� WKDW� HDFK� DWWULEXWH� YDOXH� LV� DQ� DWRPLF� YDOXH�� $� YDOXH� LV� VDLG� WR� EH
DWRPLF� LI� LW� LV� DQ� LQGLYLVLEOH� XQLW�� )RU� H[DPSOH� D� QDPH� DWWULEXWH� FRQVLVWLQJ� RI� ERWK
VXUQDPH�DQG�ILUVW�QDPH�ZRXOG�QRW�KDYH�DWRPLF�ILHOGV�

,Q� VHFRQG�QRUPDO� IRUP� WKH� WDEOH�PXVW� IXUWKHUPRUH� VDWLVI\� WKDW� HDFK� DWWULEXWH� LV� HLWKHU
SDUW�RI�WKH�SULPDU\�NH\��RU�WKDW�WKH�DWWULEXWH�GHSHQGV�RQ�WKH�IXOO�SULPDU\�NH\��6KRXOG�DQ
DWWULEXWH�QRW�SDUW�RI� WKH�SULPDU\�NH\�RQO\�GHSHQG�RQ�SDUW�RI� WKH�SULPDU\�NH\� WKHQ� WKH
WDEOH�PXVW�EH�VSOLW�XS�LQWR�VHYHUDO�WDEOHV��$Q�H[DPSOH�RI�D�YLRODWLRQ�FRXOG�EH�D�FDU�WDEOH
KDYLQJ� WKH� DWWULEXWHV� PDNH�� PRGHO�� ZHLJKW� DQG� ORJR� ZLWK� SULPDU\� NH\� �PDNH�� PRGHO��
+HUH� WKH� ORJR�RI� WKH� FDU� GRHV� QRW� GHSHQG�RQ�ERWK�PDNH� DQG�PRGHO�� EXW� RQO\� RQ� WKH
PDNH��DQG�WKH�WDEOH�WKHUHE\�YLRODWHV�VHFRQG�QRUPDO�IRUP�

)LQDOO\�WKLUG�QRUPDO�IRUP�DGGV�DQ�DGGLWLRQDO�UHVWULFWLRQ��$VVXPH�WKDW�D�ILHOG�LV�QRQSULPH�
WKDW�LV�D�ILHOG�QRW�LQ�DQ\�FDQGLGDWH�NH\��7KHQ�WKLV�ILHOG�PD\�QRW�GHSHQG�WUDQVLWLYHO\�RQ�DQ\
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FDQGLGDWH�NH\��ZKHUH�ZH�VD\�WKDW�DQ�DWWULEXWH�&�LV�WUDQVLWLYHO\�GHSHQGHQW�RI�DQ�DWWULEXWH�$�
LI�&�LV�GHSHQGHQW�RQ�DQ�DWWULEXWH�%�WKDW�LV�GHSHQGHQW�RQ�WKH�DWWULEXWH�$�

$V� LW� VKRXOG� KDYH� EHHQ� KLQWHG� E\� QRZ�� EULQJLQJ� D� GDWDEDVH� LQWR� QRUPDO� IRUP� FDQ
GUDVWLFDOO\�LQFUHDVH�WKH�QXPEHU�RI�WDEOHV��EXW�QHYHUWKHOHVV�UHGXFHV�WKH�QXPEHU�RI�XSGDWH
LQFRQVLVWHQFLHV�� )RU� D� PRUH� WKRURXJK� GLVFXVVLRQ� RI� QRUPDO� IRUPV� VHH� >%(/���@� RU
>.R6L��@�

��� 64/

4XHULHV�LQ�UHODWLRQDO�GDWDEDVHV�DUH�QRUPDOO\�GRQH�XVLQJ�WKH�TXHU\�DQG�FUHDWLRQ�ODQJXDJH
64/� �6WUXFWXUHG� 4XHU\� /DQJXDJH��� 6HDUFKHV� DUH� QRUPDOO\� LQ� WKH� IRUP� RI� SELECT
VWDWHPHQWV� WKDW�EDVLFDOO\� WHOOV� WKH�GDWDEDVH�ZKLFK�DWWULEXWHV� WR� IHWFK� IURP�ZKLFK� WDEOHV�
XQGHU�WKH�FRQGLWLRQ�WKDW�WKH\�PHHW�VRPH�VSHFLI\LQJ�FULWHULD�
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�� 3(56,67(17�6725$*(�,1�*(1(5$/
1RUPDOO\�GDWD� IRXQG� LQ�PHPRU\�GXULQJ�D�SURJUDP�H[HFXWLRQ�ZLOO�RQO\�EH�DYDLODEOH� IRU
WKDW�RQH�H[HFXWLRQ��$V�VRRQ�DW�WKH�H[HFXWLRQ�HQGV�WKH�GDWD�ZLOO�EH�JRQH��7KLV�GDWD�LV�VR
FDOOHG�WUDQVLHQW�GDWD�

,Q�PDQ\�VLWXDWLRQV�ZH�QHHG�VRPH�PHFKDQLVP�IRU�PDNLQJ�WKHVH�GDWD�REMHFWV�DYDLODEOH�IRU
ODWHU� H[HFXWLRQV�� 7KLV� LV� XVXDOO\� GRQH� E\� VDYLQJ� WKH� VWDWH� RI� WKH� REMHFWV� WR� VHFRQGDU\
VWRUDJH�VXFK�DV�D�KDUGGLVN�RU�D�WDSH��,Q�REMHFW�RULHQWHG�WHUPV�ZH�ZLOO�VD\�WKDW�DQ�REMHFW
ZKRVH�VWDWH�KDV�EHHQ�VDYHG�LQ�VXFK�D�ZD\�WKDW� LW� ODWHU�FDQ�EH�XVHG�E\�DQRWKHU�SURJUDP
H[HFXWLRQ��KDV�EHHQ�PDGH�SHUVLVWHQW��DQG�ZH�ZLOO�UHIHU�WR�WKH�PHFKDQLVP�WKDW�PDNHV�WKHVH
REMHFWV�SHUVLVWHQW�DV�SHUVLVWHQFH�>0M¡��@�

2IWHQ� WKHUH� LV� DQRWKHU� PDMRU� UHDVRQ� IRU� VDYLQJ� WKH� VWDWH� RI� WKH� UXQWLPH� REMHFWV� WR
VHFRQGDU\� VWRUDJH�� 7R� VXSSRUW� VKDULQJ� RI� GDWD� EHWZHHQ� VHYHUDO� FRQFXUUHQWO\� UXQQLQJ
H[HFXWLRQV��7KLV� VKDULQJ� FDQ�GRQH�XVLQJ� WKH� VDPH�PHFKDQLVP�DV� IRU� SHUVLVWHQW� VWRUDJH
ZLWK�VRPH�IXQFWLRQDOLW\�DGGHG�IRU�FRQWUROOLQJ�VLPXOWDQHRXV�DFFHVV�WR�WKH�VDPH�GDWD�

)XUWKHUPRUH�ZH�VD\�WKDW�D�SHUVLVWHQW�VWRUDJH�PHFKDQLVP�FDQ�EH�RUWKRJRQDO�DQG�WUDQVSDUHQW�
%\� RUWKRJRQDO� SHUVLVWHQFH� ZH� PHDQ� WKDW� WKH� DELOLW\� WR� PDNH� DQ� REMHFW� SHUVLVWHQW� LV
LQGHSHQGHQW�RI� WKH�W\SH�RI�WKH�REMHFW��)RU�H[DPSOH�ZH�FDQQRW�UHTXLUH�WKDW� WKH�FODVV�RI
WKH�REMHFW�LV�D�VXEFODVV�RI�D�GHVLJQDWHG�FODVV�VXFK�DV�PersistentClass��RU�WKDW�WKH�REMHFW
KDV�FHUWDLQ�PHWKRGV�WKDW�ZH�XVH�WR�LPSOHPHQW�WKH�SHUVLVWHQFH�

%\� WUDQVSDUHQW� ZH� PHDQ� WKDW� WKH� SHUVLVWHQFH� LV� QRW� ´YLVLEOHµ� WR� WKH� DSSOLFDWLRQ
SURJUDPPHU��)RU�H[DPSOH�ZH�GR�QRW�UHTXLUH�WKDW�KH�VKRXOG�DVVLJQ�REMHFWV�WR�D�saveNow
SURFHGXUH� LQ� RUGHU� WR� PDNH� WKHP� SHUVLVWHQW�� RU� WKDW� KH� VKRXOG� UHVSRQG� WR� DQ
objectDataHasChanged�HYHQW�ZKHQ�WKH�VWDWH�RI�WKH�REMHFW�FKDQJHV�RQ�WKH�GLVN�

:KHQ�GHVLJQLQJ�D�SHUVLVWHQW�VWRUDJH�PHFKDQLVP�ZH�KDYH�WR�FRQVLGHU�LI�ZH�ZLVK�WR�RIIHU
RQH�RI�ERWK�RI�WKHVH�WZR�SURSHUWLHV��6HOGRP�WKRXJK�FDQ�ZH�RIIHU� WKHP� LQ� WKHLU�SXUHVW
IRUP��DV�WHFKQLFDO�LVVXHV�FDQ�OLPLW�XV�WR�PDNLQJ�WKHP�RQO\�DOPRVW�RUWKRJRQDO�RU�DOPRVW
WUDQVSDUHQW�� )RU� H[DPSOH� WKH� SHUVLVWHQW� VWRUDJH� LQ� WKH�0M¡OQHU�%HWD� 6\VWHP� >0M¡��@� LV
RUWKRJRQDO�DQG�DOPRVW�WUDQVSDUHQW�LQ�WKH�VHQVH�WKDW�RQFH�LW�KDV�EHHQ�WROG�ZKDW�WR�PDNH
SHUVLVWHQW�LW�ZLOO�EH�WUDQVSDUHQW�
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�� 6725,1*�2%-(&76�,1�5(/$7,21$/�'$7$%$6(6
,Q� WKH� SUHYLRXV� FKDSWHU� ZH� GLVFXVVHG� ZKDW� ZH� PHDQW� E\� SHUVLVWHQW� VWRUDJH�� ,Q� WKLV
FKDSWHU� ZH� ZLOO� ORRN� LQWR� KRZ� WKLV� SHUVLVWHQFH� RI� RXU� REMHFWV� FDQ� EH� DFKLHYHG� XVLQJ
UHODWLRQDO�GDWDEDVHV��7KLV�LV�E\�QR�PHDQV�DQ�HDV\�WDVN�

7KH�PDLQ�SUREOHP�LQ�DFKLHYLQJ�WKLV�SHUVLVWHQFH�XVLQJ�UHODWLRQDO�GDWDEDVHV�LV�FDXVHG�E\�WKH
IXQGDPHQWDO�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�OHYHOV�RI�GDWD�GHVFULSWLRQ��:KHUH�WKH�UHODWLRQV
LQ�WKH�UHODWLRQDO�GDWDEDVHV�FDQ�RQO\�FRQWDLQ�DWRPLF�YDOXHV��WKHUH�DUH�QR�UHVWULFWLRQV�RQ�WKH
SRVVLEOH� DWWULEXWHV� RI� WKH� REMHFWV� LQ� WKH� 22�PRGHO�� 2EMHFW� RULHQWHG� ODQJXDJHV� KDYH
VWUXFWXUDO� FRQVWUXFWV� WKDW� DUH� QRW� IRXQG� LQ� WKH� UHODWLRQDO� GDWD� PRGHO�� VXFK� DV
JHQHUDOLVDWLRQ��DVVRFLDWLRQ�DQG�DJJUHJDWLRQ��:H�WKHUHIRUH�QHHG�VRPH�ZD\�RI�PDSSLQJ�WKH
VWDWH�RI�WKH�REMHFWV�²�ZKLFK�LV�LQ�D�KLJK�OHYHO�RI�DEVWUDFWLRQ�²�LQWR�WKH�WDEOHV�ZKLFK�DUH�LQ
D�ORZHU�OHYHO�RI�DEVWUDFWLRQ�

��� 62�:+$7�'2�:(�:$17"

%HIRUH�GHVFULELQJ�LQ�GHWDLO�ZKDW�WKH�SUREOHPV�DUH�ZH�VKRXOG�GHVFULEH�ZKDW�LW�UHDOO\�LV�WKDW
ZH�ZDQW�IURP�RXU�SHUVLVWHQW�VWRUDJH�PHFKDQLVP��LQ�WKH�OLJKW�RI�WKH�IDFW�WKDW�ZH�DUH�JRLQJ
WR�LPSOHPHQW�LW�XVLQJ�D�UHODWLRQDO�GDWDEDVH�

)LUVW�RI�DOO�LW�ZRXOG�EH�QLFH�LI�RXU�VROXWLRQ�FRXOG�RIIHU�RUWKRJRQDO�SHUVLVWHQFH��5HVWULFWLQJ
SHUVLVWHQFH�WR�RQO\�VRPH�FODVVHV�FDQ�UHQGHU�LW�XVHOHVV�LI�WKH�DSSOLFDWLRQ�VKRXOG�LQ�IDFW�XVH
DQ\�FODVVHV�QRW�SDUW�RI�WKRVH��5HTXLUHPHQWV�VXFK�DV�REMHFWV�WKDW�DUH�WR�EH�PDGH�SHUVLVWHQW
VKRXOG� EH� GHILQHG� E\� FODVVHV� EHLQJ� VXEFODVVHV� RI� VRPH� SHUVLVWHQW� VXSHUFODVV�� LV� D� OLWWOH
EHWWHU��EXW�FDQ�DOVR�EH�FULWLFDO�²�HVSHFLDOO\� LQ� ODQJXDJHV�QRW�KDYLQJ�PXOWLSOH�LQKHULWDQFH�
$OO�LQ�DOO�LW�LV�ZRUWK�ORRNLQJ�LQWR�ZKHWKHU�LW�LV�SRVVLEOH�WR�DFKLHYH�RUWKRJRQDO�SHUVLVWHQFH�
RU�D�OHDVW�YLUWXDOO\�RUWKRJRQDO�SHUVLVWHQFH�

7UDQVSDUHQF\� RQ� WKH� RWKHU� KDQG� LV� LPSRVVLEOH� WR� DFKLHYH� LQ� D� VHQVLEOH� ZD\�� $V� ZH
PHQWLRQHG� HDUOLHU�� VDYLQJ� GDWD� WR� VHFRQGDU\� VWRUDJH� LV� RIWHQ� QRW� RQO\� XVHG� WR� PDNH
REMHFWV�SHUVLVWHQW�EXW�DOVR�WR�VKDUH�GDWD�EHWZHHQ��FRQFXUUHQW��SURJUDP�H[HFXWLRQV��,I�WKLV
LV� WKH�FDVH� WKHUH� DUH� D�QXPEHU�RI�SUREOHPV� WKDW�QHHGV� WR�EH� DGGUHVVHG� WR� DFKLHYH� WKLV
VKDULQJ��ZKLFK�PDNHV�LW�XQSUDFWLFDO�LI�QRW�LPSRVVLEOH�WR�DFKLHYH�WUDQVSDUHQF\�

7KLV�ZRXOG�IRU�H[DPSOH�UHTXLULQJ�WKDW� WKH�V\VWHP�VKRXOG�QRZ�ZKHQ�WR�SODFH� ORFNV�DQG
ZKHQ�DQ�REMHFW�LV�UHDG\�WR�EH�VDYHG�WR�EH�PDGH�DYDLODEOH�IRU�WKH�RWKHU�H[HFXWLRQ��$V�WKLV
RI�FRXUVH�LV�LPSRVVLEOH��RU�DW�OHDVW�LPSUDFWLFDO�DV�LW�ZRXOG�HQG�XS�ORFNLQJ�VDYLQJ�IDU�WRR
RIWHQ��ZH� LQ� JHQHUDO�ZLOO� QRW� EH� DEOH� WR� DFKLHYH� D�PHDQLQJIXO� WUDQVSDUHQF\�ZKHQ� KDYH
VKDUHG�GDWD�

,Q�WHUPV�RI�IXQFWLRQDOLW\�WKHUH�DUH�TXLWH�D�IHZ�RSHUDWLRQV�ZKLFK�RQH�FRXOG�ZLVK�WR�KDYH�
LQ�D�SHUVLVWHQW�VWRUDJH�PHFKDQLVP��6RPH�H[DPSOHV�DUH�

• )HWFK�DQ�REMHFW�IURP�WKH�GDWDEDVH

• 6HDUFK�IRU�DQ�REMHFW�RU�D�QXPEHU�RI�REMHFWV�DQG�IHWFK�RQO\�WKRVH

• 8SGDWH�WKH�VWDWH�RI�DQ�DOUHDG\�IHWFKHG�REMHFW

• 6DYH�WKH�VWDWH�RI�DQ�DOUHDG\�IHWFKHG�REMHFW
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• $GG�DQ�REMHFW�WR�WKH�GDWDEDVH

• 'HOHWH�DQ�REMHFW�IURP�WKH�GDWDEDVH

6LQFH�VRPH�RI�WKHVH�RSHUDWLRQV�FDQ�EH�VLPXODWHG�E\�WKH�RWKHUV��ZH�GR�QRW�QHHG�WKHP�DOO�
)RU�H[DPSOH� IHWFKLQJ�D�VLQJOH�REMHFW�FDQ�EH�FRPSDUHG� WR� VHDUFKLQJ� IRU� D� VLQJOH�REMHFW�
DQG�VDYLQJ�DQ�REMHFW�FDQ�EH�DSSOLHG�ERWK�WR�WKRVH�QRW�LQ�WKH�GDWDEDVH�DQG�WKRVH�DOUHDG\
LQ�WKH�GDWDEDVH��$V�D�VWDUWLQJ�SRLQW�ZH�WKHUHIRUH�UHVWULFW�RXUVHOYHV�WR�IRXU�RSHUDWLRQV��VDYH�
GHOHWH��XSGDWH�DQG�IHWFK�DV�LOOXVWUDWHG�LQ�)LJXUH���EHORZ�

)LJXUH���� 7KH�EDVLF�GDWDEDVH�RSHUDWLRQV

6DYH��7KH� VDYH�RSHUDWLRQ� WDNHV� DV� LQSXW� D� VLQJOH� REMHFW�� ,I� WKH� REMHFW� LV� DOUHDG\� LQ� WKH
GDWDEDVH��WKH�GDWD�LQ�WKH�GDWDEDVH�FRUUHVSRQGLQJ�WR�WKH�REMHFW�ZLOO�EH�FKDQJHG�DFFRUGLQJ
WR�WKH�YDOXHV�LQ�WKH�REMHFW��,I�WKH�REMHFW� LV�QRW�LQ�WKH�GDWDEDVH�LW� LV�VLPSO\�DGGHG�WR�WKH
GDWDEDVH�

'HOHWH�� 7KH� GHOHWH� RSHUDWLRQ� WDNHV� DV� LQSXW� D� VLQJOH� REMHFW� WKDW� KDV� SUHYLRXVO\� EHHQ
IHWFKHG� IURP� WKH� GDWDEDVH�� DQG� GHOHWHV� WKH� GDWD� LQ� WKH� GDWDEDVH� FRUUHVSRQGLQJ� WR� WKH
REMHFW�

)HWFK��7KH�IHWFK�RSHUDWLRQ�WDNHV�DV�LQSXW�D�FODVV�DQG�UHWXUQV�D�OLVW�RI�DOO�WKRVH�LQVWDQFHV
RI�WKDW�FODVV�WKDW�DUH�FXUUHQWO\�IRXQG�LQ�WKH�GDWDEDVH��7R�UHVWULFW�WKH�QXPEHU�RI�UHWXUQHG
REMHFWV�VHDUFK�FULWHULD�FDQ�EH�DGGHG�

8SGDWH��7KH� XSGDWH� RSHUDWLRQ� WDNHV� DV� LQSXW� D� VLQJOH� REMHFW� WKDW� KDV� SUHYLRXVO\� EHHQ
IHWFKHG�IURP�WKH�GDWDEDVH��,W�WKHQ�FRPSDUHV�WKH�YDOXHV�LQ�WKH�REMHFW�ZLWK�WKH�YDOXHV� LQ
WKH�GDWDEDVH��DQG�LI�WKH�YDOXHV�LQ�WKH�GDWDEDVH�KDYH�EHHQ�FKDQJHG�WKH\�ZLOO�EH�IHWFKHG�DQG
WKH�YDOXHV�LQ�WKH�REMHFW�FKDQJHG�

,Q�WKH�QH[W�FRXSOH�RI�FKDSWHUV�ZH�ZLOO�ORRN�LQWR�WKH�SUREOHPV�LQYROYHG�LQ�LPSOHPHQWLQJ
WKHVH�IRXU�EDVLF�IXQFWLRQV��:H�VWDUW�E\�VKRZLQJ�WKDW�JRLQJ�IURP�DQ�REMHFW�PRGHO��LW�LV�LQ
IDFW� SRVVLEOH� WR� UHSUHVHQW� WKH� FODVVHV� DQG� WKH� UHODWLRQV� EHWZHHQ� WKHVH� LQ� WDEOHV� LQ� D
UHODWLRQDO� GDWDEDVH�� $IWHU� WKLV� ZH� FRQVLGHU� KRZ� RXU� GHVLJQ� RI� WKH� REMHFW� PRGHO� LV
LQIOXHQFHG�LI�ZH�KDYH�WR�VDYH�LW�LQ�DQ�H[LVWLQJ�UHODWLRQDO�GDWDEDVH��DQG�QRW�FRQVWUXFW�D�QHZ
RQH�IRU�WKH�SXUSRVH�

:H� WKHQ� UHWXUQ� WR� RXU� IRXU� GDWDEDVH� RSHUDWLRQV�� DQG� ORRN� DW� ZKLFK� SUREOHPV�ZH� FDQ
HQFRXQWHU�ZKHQ�LPSOHPHQWLQJ�WKHP�DQG�KRZ�WKH\�SRVVLEO\�FDQ�EH�VROYHG�
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:KHQ�PDSSLQJ� DQ� REMHFW�PRGHO� WR� D� UHODWLRQDO� GDWDEDVH� WZR� VLWXDWLRQV� FDQ� H[LVW��:H
FXUUHQWO\� KDYH� QR� H[LVWLQJ� GDWDEDVH� IRU� WKH� V\VWHP� DQG� ZH� FDQ� WKHUHIRUH� FUHDWH� QHZ
WDEOHV��RU�ZH�DOUHDG\�KDYH�D�GDWDEDVH��DQG�ZH�WKHUHIRU�KDYH�WR�PDS�WKH�PRGHO� WR� WKHVH
H[LVWLQJ�WDEOHV�

,Q�WKLV�FKDSWHU�ZH�ZLOO�ORRN�DW�ZKLFK�SRVVLELOLWLHV�ZH�KDYH�LI�ZH�DUH�GRLQJ�WKH�PDSSLQJ�WR
D�´IUHVKµ�GDWDEDVH��7KLV�JLYHV�XV�PXFK�IUHHGRP�DQG�DOORZV�XV�WR�FKRVH�WKH�VROXWLRQ�WKDW
LV�PRVW�RSWLPDO�LQ�WHUPV�RI�VSHHG�DQG�VSDFH��,Q�WKH�QH[W�FKDSWHU�ZH�WKHQ�ORRN�LQWR�KRZ
RXU�FKRLFHV�DUH�LQIOXHQFHG�LI�DQ�H[LVWLQJ�GDWDEDVH�KDV�WR�EH�WDNHQ�LQWR�DFFRXQW�

7KH�WUDQVIRUPDWLRQ�RI�REMHFWV�LQWR�WDEOHV�LV�FRQFHUQHG�ZLWK�IRXU�FRQVWUXFWV��WKH�FODVV��WKH
VXEFODVV��VSHFLDOLVDWLRQ���WKH�DVVRFLDWLRQ�DQG�WKH�DJJUHJDWH��,Q�WXUQ�ZH�ZLOO�JLYH�H[DPSOHV
RI� KRZ� WR� WUDQVIRUP� WKHVH�� 7KH� H[DPSOHV�ZLOO� DOO� EH� WDNHQ� IURP� WKH� VPDOO� �VRPHZKDW
DUWLILFLDO��22�PRGHO�PRGHOOLQJ�D�XQLYHUVLW\��7KH�PRGHO�LV�VKRZQ�EHORZ�LQ�)LJXUH���XVLQJ
80/� &ODVV�GLDJUDP� QRWDWLRQ� DQG� WKH� PDSSLQJ� VXJJHVWLRQV� DUH� DV� VHHQ� LQ� >%(/���@�
WKRXJK�ZLWK�PLQRU�PRGLILFDWLRQV�

)LJXUH���� 6PDOO�XQLYHUVLW\�PRGHO

Person

SSN

Name

Student

GradeAverage

PlacesOfStudy
1..*

DepartmentHead

Salary

Department
1

UniversityDepartment

Students
1..*

Name

DepartmentHead 1

LectureRooms
1DepartmentIn

1..*

LectureRoom

RoomName1..*

University

Departments
1

Name

7KH�H[DPSOH�22�PRGHO�FRQWDLQV�WKH�IROORZLQJ��7KH�VXSHUFODVV�Person�PRGHOOLQJ�JHQHUDO
DVSHFWV� RI� D� SHUVRQ�� VXFK� DV� KLV�KHUV� 661� �6RFLDO� 6HFXULW\� 1XPEHU��� 7KH� VXEFODVV
Student� PRGHOOLQJ� D� SHUVRQ� WKDW� LV� DOVR� D� VWXGHQW�� 7KH� VXEFODVV� DepartmentHead
PRGHOOLQJ�D�SHUVRQ�WKDW�LV�DOVR�WKH�KHDG�RI�D�XQLYHUVLW\�GHSDUWPHQW��7KH�FODVV�University
WKDW�PRGHOV�RYHUDOO�DVSHFWV�RI�D�XQLYHUVLW\��7KH�FODVV�UniversityDepartment�WKDW�PRGHOV
D� GHSDUWPHQW� RI� D� XQLYHUVLW\� DQG� ILQDOO\� WKH� FODVV� LectureRoom� WKH�PRGHOV� D� URRP� IRU
JLYLQJ�OHFWXUHV�DW�D�XQLYHUVLW\��$V�VHHQ�LQ�WKH�PRGHO�RQH�XQLYHUVLW\�LV�DVVRFLDWHG�WR�RQH�RU
PRUH�XQLYHUVLW\�GHSDUWPHQWV��2QH�RU�PRUH�XQLYHUVLW\�GHSDUWPHQWV�DVVRFLDWH�RQH�RU�PRUH
VWXGHQWV��RQH�XQLYHUVLW\�GHSDUWPHQW�DVVRFLDWHV�RQH�GHSDUWPHQW�KHDG�DQG�RQH�XQLYHUVLW\
GHSDUWPHQW�DJJUHJDWHV�RQH�RU�PRUH�OHFWXUH�URRPV�
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7KH�PDLQ�FKRLFH�ZKHQ�PDSSLQJ�WKH�FODVV�LV�ZKHWKHU�WKHUH�VKRXOG�EH�RQH�WDEOH�SHU�FODVV
RU�VHYHUDO�WDEOHV�SHU�FODVV��$V�D�JHQHUDO�UXOH�%ODKD�HW�DO�>%(/���@�ZULWH�WKDW�RQH�VKRXOG
FRQVWUXFW�RQH�WDEOH�SHU�FODVV��EXW�WKLV�LV�QRW�DOZD\V�WKH�FDVH��6KRXOG�WKH�PDSSLQJ�WR�RQH
WDEOH�YLRODWH�WKLUG�QRUPDO� IRUP�� WKH� WDEOH�ZLOO�KDYH� WR�EH�VSOLW�XS�YHUWLFDOO\� LQWR� WZR�RU
PRUH� WDEOHV�� ,I�SHUIRUPDQFH�DVSHFWV� DUH� FULWLFDO� DQG� LI� WKH�QXPEHU�RI� UHFRUGV�EH� ODUJH�
WKHQ�WKH�WDEOH�FDQ�E\�VSOLW�XS�KRUL]RQWDOO\�LQWR�D�QXPEHU�RI�WDEOHV�UHSUHVHQWLQJ�JURXSV�RI
WXSOHV�

)XUWKHUPRUH�D�SULPDU\�NH\�PXVW�LGHQWLILHG��6KRXOG�WKH�FODVV�DOUHDG\�KDYH�DQ�DWWULEXWH�RU�D
QXPEHU�RI�DWWULEXWHV�WKDW�FDQ�EH�XVHG�DV�D�SULPDU\�NH\�WKH\�ZLOO�EH�XVHG��EXW�LI�QRW��RQH
PXVW� EH� LQWURGXFHG�� $OWHUQDWLYHO\� WKH� 2,'� �2EMHFW� ,'HQWLILHU�� FDQ� EH� XVHG�� LI� LW� LV
SRVVLEOH�WR�LQWURGXFH�DQ�DWWULEXWH�LQ�WKH�WDEOH�WR�VDYH�WKLV�LQ�

7DNLQJ� WKH� XQLYHUVLW\� FODVV� DV� DQ� H[DPSOH� ZH� GR� QRW� KDYH� DQ� DWWULEXWH� WKDW� FDQ� EH
FRQVLGHUHG�XQLTXH��DV� WKHRUHWLFDOO\� VHYHUDO�XQLYHUVLWLHV�FDQ�KDYH� WKH�VDPH�QDPH��� VR�ZH
ZLOO�KDYH�WR�LQWURGXFH�RQH�IRU�RXU�SULPDU\�NH\��7KH�UHVXOWLQJ�WDEOH�IRU�WKH�XQLYHUVLW\�FODVV
²�ZKLFK�FRQIRUPV�WR�WKLUG�QRUPDO�IRUP�²�LV�VKRZQ�EHORZ�LQ�)LJXUH���DQG�WKH�UHVXOW�IRU
WKH�XQLYHUVLW\�GHSDUWPHQW�FODVV�PDSSHG�XVLQJ�WKH�VDPH�UXOHV�LV�VKRZQ�LQ�)LJXUH���

)LJXUH���� 8QLYHUVLW\

(QWLW\�1DPH 5HTXLUHG" 7\SH
8QLYHUVLW\,G <HV ,QWHJHU
1DPH <HV 7H[W����
3ULPDU\�NH\��8QLYHUVLW\,G

)LJXUH���� 8QLYHUVLW\�GHSDUWPHQW

(QWLW\�1DPH 5HTXLUHG" 7\SH
'HSW,G <HV ,QWHJHU
1DPH <HV 7H[W����
3ULPDU\�NH\��'HSW,G

��� *(1(5$/,6$7,21�+,(5$5&+,(6

-XVW� DV� ZLWK� WKH� FODVV� WKHUH� DUH� VHYHUDO� SRVVLELOLWLHV� ZKHQ� PDSSLQJ� VXSHUFODVVHV� DQG
VXEFODVVHV�� %ODKD� HW� DO� SUHVHQWV� WKUHH� SRVVLELOLWLHV�� ZKLFK� DOO� KDYHV� DGYDQWDJHV� DQG
GLVDGYDQWDJHV�GHSHQGLQJ�RQ� WKH� DFWXDO� KLHUDUFK\��7KH�PDSSLQJV�ZH�GHVFULEH� KHUH� RQO\
WDNH�VLQJOH�LQKHULWDQFH�LQWR�FRQVLGHUDWLRQ�

������ 6HSDUDWH�WDEOHV�PDSSLQJ

7KH�ILUVW�PDSSLQJ�PDSV�HDFK�VXSHUFODVV�DQG�VXEFODVV�WR�VHSDUDWH�WDEOHV��7KLV�PDSSLQJ�LV
GRQH�XVLQJ�WKH�VWDQGDUG�PDSSLQJ�IRU�FODVVHV��ZLWK�WZR�PRGLILFDWLRQV��7KH�SULPDU\�NH\�LQ
WKH� WRSPRVW� VXSHUFODVV� LV� DOVR� XVHG� DV� D� SULPDU\� NH\� LQ� WKH� WDEOHV� UHSUHVHQWLQJ� WKH
VXEFODVVHV�� DQG� WKH� WDEOH� UHSUHVHQWLQJ� WKH� WRSPRVW� FODVV� JHWV� DQ� DGGLWLRQDO� DWWULEXWH
GHQRWLQJ�ZKLFK�VXEFODVV�LV�EHLQJ�UHSUHVHQWHG��8VLQJ�WKLV�PDSSLQJ�RQ�WKH�JHQHUDOLVDWLRQ
LQ�RXU�H[DPSOH�PRGHO�ZH�JHW�WKH�IROORZLQJ�WDEOHV�
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)LJXUH���� 3HUVRQ

(QWLW\�1DPH 5HTXLUHG" 7\SH
661 <HV 7H[W���
1DPH <HV 7H[W����
3HUVRQ7\SH <HV 7H[W���
3ULPDU\�NH\��661

)LJXUH���� 6WXGHQW

(QWLW\�1DPH 5HTXLUHG" 7\SH
661 <HV 7H[W���
*UDGH$YHUDJH 1R 5HDO
3ULPDU\�NH\��661

)LJXUH���� 'HSDUWPHQW+HDG

(QWLW\�1DPH 5HTXLUHG" 7\SH
661 <HV 7H[W���
6DODU\ 1R ,QWHJHU
3ULPDU\�NH\��661

7KLV�PDSSLQJ�LV�XVHIXO�ZKHQ�WKHUH�DUH�PDQ\�VXEFODVVHV�RQ�HDFK�OHYHO��EXW�FDQ�UHVXOW�LQ�D
WRR� ODUJH� QXPEHU� RI� WDEOHV� LI� WKH� VXSHU�VXE�FODVV� KLHUDUFK\� EHFRPHV� YHU\� KLJK�
)XUWKHUPRUH�WKLV�PDSSLQJ�FDQ�EH�H[SHQVLYH�ZKHQ�WKH�DWWULEXWHV�RI�VXEFODVVHV�KDYH�WR�EH
IRXQG��DV�VHYHUDO�WDEOHV�KDYH�WR�EH�FRQVXOWHG�

������ /HDI�FODVVHV�RQO\�PDSSLQJ

:KHUH�WKH�SUHYLRXV�PDSSLQJ�KDG�RQH�WDEOH�SHU�FODVV��WKLV�PDSSLQJ�UHVXOWV�LQ�TXLWH�IHZHU
WDEOHV�� 7KLV� LV� DFKLHYHG� E\� RQO\� FUHDWLQJ� WDEOHV� IRU� WKH� VXEFODVVHV� WKDW� DUH� DW� WKH� YHU\
ERWWRP�RI�WKH�KLHUDUFK\��7KHVH�WDEOHV�UHFHLYH�DOO� WKH�DWWULEXWHV�RI� WKH�ERWWRP�FODVV��EXW
EHVLGHV�WKLV�DOVR�UHFHLYH�DOO�WKH�DWWULEXWHV�IURP�DQ\�FODVV�PHW�JRLQJ�XS�WKH�WUHH�IURP�WKH
ERWWRP�FODVV�WR�WKH�WRSPRVW�VXSHUFODVV�

,Q� >%(/���@�DQ�DWWULEXWH� LQGLFDWLQJ�ZKLFK�FODVV� W\SH� WKH� UHFRUG�FRQWDLQV� LV�QRW� DGGHG�
7KH\�VXJJHVW� WKDW�ZH�FDQ�GHWHUPLQH�ZKLFK�FODVV� WKH�UHFRUG�UHSUHVHQWV�E\�WHVWLQJ�ZKLFK
DWWULEXWHV�WKDW�DUH�QXOO��DQG�IURP�WKLV�LQIRUPDWLRQ�GHGXFH�WKH�W\SH�RI�WKH�FODVV�

7KLV� LV� QRW� HIILFLHQW� DQG� VRPHWLPHV� HYHQ� QRW� SRVVLEOH� WKRXJK�� ,I� IRU� H[DPSOH� WKH
VXEFODVVHV� RQO\� KDYH� DWWULEXWHV� WKDW� DUH� QXOO�DEOH� DV� LQ� WKH� FDVH� RI� WKH� VWXGHQW� DQG
GHSDUWPHQW� KHDG� VXEFODVVHV��ZH� FDQQRW� VHH�ZKHWKHU� D� UHFRUG� LQ� WKH� VWXGHQW� WDEOH� LV� D
Student�ZLWK� WKH�GradeAverage� ILHOG� QRW� ILOOHG� LQ� RU� MXVW� D�Person�� ,I� LQVWDQFHV� RI� WKH
VXSHUFODVV� SHUVRQ� FDQ� RFFXU�ZH� WKHUHIRUH� KDYH� WR� DGG� WKH� DWWULEXWH� GHQRWLQJ� WKH� W\SH�
:LWKRXW�WKLV�DGGLWLRQ�WKH�UHVXOW�LQ�RXU�H[DPSOH�EHFRPHV�

)LJXUH���� 6WXGHQW

(QWLW\�1DPH 5HTXLUHG" 7\SH
661 <HV 7H[W���
1DPH <HV 7H[W����
*UDGH$YHUDJH 1R 5HDO
3ULPDU\�NH\��661
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)LJXUH���� 'HSDUWPHQW+HDG

(QWLW\�1DPH 5HTXLUHG" 7\SH
661 <HV 7H[W���
1DPH <HV 7H[W����
6DODU\ 1R ,QWHJHU
3ULPDU\�NH\��661

7KLV�PDSSLQJ�LV�XVHIXO�ZKHQ�WKH�VXSHUFODVV�KDV�IHZ�DWWULEXWHV�DQG�WKH�VXEFODVV�KDV�PDQ\
DWWULEXWHV�� DV� WKH� LPSDFW�RI�SXWWLQJ� WKH� VXSHUFODVV� DWWULEXWHV� LQ�HYHU\� VXEFODVV� WDEOH�ZLOO
QRW�EH�YHU\�ODUJH��,Q�FDQ�LQWURGXFH�LQFRQVLVWHQFLHV�WKRXJK��DV�XQLTXHQHVV�RI�ILHOGV�FDQQRW
EH�FKHFNHG�DFURVV�WDEOHV��$Q�H[DPSOH�RI�WKLV�FRXOG�EH�D�GDWDEDVH�KDYLQJ�ERWK�D�VWXGHQW
DQG�D�SURIHVVRU�ZLWK� WKH� VDPH�661�� LQ�HDFK�RI� WKHLU� WDEOHV��)XUWKHUPRUH�DQ\�FODVV�QRW
EHLQJ�WKH�ERWWRP�VXEFODVV��ZLOO�EH�PDSSHG�WR�D�WDEOH�WKDW�LV�´WRR�ODUJHµ��7KLV�FDQ�UHVXOW�LQ
D�ZDVWH�RI�VSDFH�LQ�VRPH�GDWDEDVHV��DQG�PLJKW�UHGXFH�WKH�HIILFLHQF\�

������ 6LQJOH�WDEOH�PDSSLQJ

:KHUH�WKH�SKLORVRSK\�RI�WKH�VHFRQG�PDSSLQJ�ZDV�WR�EULQJ�DWWULEXWHV�IURP�VXSHUFODVVHV
µGRZQµ�LQWR�WKH�VXEFODVV�OHYHO��WKH�WKLUG�PDSSLQJ�GRHV�WKH�RSSRVLWH��,QVWHDG�RI�D�QXPEHU
RI�WDEOHV�IRU�HDFK�VXEFODVV��ZH�FRQVWUXFW�RQO\�RQH� WDEOH�KDYLQJ�DOO� WKH�DWWULEXWHV�RI�DQ\
FODVV�LQ�WKH�VXSHU�VXE�FODVV�WUHH��7KLV�UHVXOWV�LQ�WKH�IROORZLQJ�WDEOH�

)LJXUH�����3HUVRQ

(QWLW\�1DPH 5HTXLUHG" 7\SH
661 <HV 7H[W���
3HUVRQ7\SH <HV 7H[W���
1DPH <HV 7H[W����
*UDGH$YHUDJH 1R 5HDO
6DODU\ 1R ,QWHJHU
3ULPDU\�NH\��661

7KLV�PDSSLQJ�LV�XVHIXO�ZKHQ�WKH�KLHUDUFK\�LV�QRW�WRR�ZLGH��,I�WKH�KLHUDUFK\�IXUWKHUPRUH
LV�KLJK�� WKH� ORRNXS�RI� DWWULEXWHV� LQ� VXEFODVVHV� ORZ� LQ� WKH�KLHUDUFK\� LV�PXFK� IDVWHU� WKDQ
ZLWK�WKH�ILUVW�PDSSLQJ��7KH�GLVDGYDQWDJHV�DUH�WKDW�LW�PLJKW�UHVXOW� LQ�D�ZDVWH�RI�VSDFH�LQ
VRPH�GDWDEDVHV�WKDW�UHVHUYH�VSDFH�IRU�DOO�DWWULEXWHV��WKDW��

7KH�GLVDGYDQWDJHV�DUH�RI�FRXUVH�WKDW�WKH�WDEOH�FDQ�EHFRPH�TXLWH�ODUJH��7KLV�FDQ�UHVXOW�LQ
ZDVWHG�VSDFH��LQ�GDWDEDVHV�WKDW�GR�QRW�RSWLPLVH�WKH�VSDFH�XVH�RI�´KDOI�HPSW\µ�UHFRUGV�

��� $662&,$7,21

:KHQ�PDSSLQJ�DVVRFLDWLRQV�EHWZHHQ�FODVVHV��ZH�FDQ�FKRRVH�EHWZHHQ�LQWURGXFLQJ�D�QHZ
WDEOH�PDSSLQJ� WKH�DVVRFLDWLRQ��RU� MXVW� LQWURGXFH� IRUHLJQ�NH\� DWWULEXWHV� WKDW� UHIHU� WR� WKH
FODVVHV�WKDW�DUH�DVVRFLDWHG��:KLFK�VWUDWHJ\�WR�FKRRVH�GHSHQGV�RQ�WKH�PXOWLSOLFLW\�RI� WKH
DVVRFLDWLRQ�
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������ 0DQ\�WR�PDQ\�DVVRFLDWLRQV

:KHQ�PDSSLQJ�PDQ\�WR�PDQ\�DVVRFLDWLRQV�ZH�KDYH�WR�LQWURGXFH�D�QHZ�WDEOH��WR�FRQIRUP
WR� WKH� UXOHV� RI� WKLUG� QRUPDO� IRUP�� 7DNH� DV� DQ� H[DPSOH� WKH� DVVRFLDWLRQ� LQ� WKH� DERYH
H[DPSOH�PRGHO� EHWZHHQ� WKH� FODVVHV�8QLYHUVLW\'HSDUWPHQW� DQG� 6WXGHQW�� ,I�ZH�PDSSHG
WKLV� DVVRFLDWLRQ�E\�DGGLQJ�DQ� DWWULEXWH� LQ� WKH�8QLYHUVLW\'HSDUWPHQW� DQG�6WXGHQW� WDEOHV
ZKLFK�ZRXOG�UHIHU�WR�WKH�SULPDU\�NH\�RI�WKH�DVVRFLDWHG�WDEOH��WKHQ�RXU�SULPDU\�NH\�ZRXOG
QR�ORQJHU�EH�YDOLG��7KLV�LV�HDVLO\�VHHQ�DV�ZH�FRXOG�QRZ�KDYH�VHYHUDO�UHFRUGV�KDYLQJ�RQO\
GLIIHUHQW�YDOXHV� LQ� WKH�QHZ�DVVRFLDWLRQ� ILHOG�� DQG� WKHUHE\�KDYLQJ� WKH� VDPH�YDOXH� LQ� WKH
'HSW,G�DWWULEXWH��ZKLFK�LV�RXU�SULPDU\�NH\�

0DNLQJ� WKH� DVVRFLDWLRQ� DWWULEXWH� SDUW� RI� WKH� SULPDU\� NH\� FRXOG� RI� FRXUVH� VROYH� WKLV
SUREOHP�� EXW� DW� WKH� VDPH� WLPH� SURGXFHV� D� QHZ� SUREOHP��:H�ZLOO� QRZ� YLRODWH� VHFRQG
QRUPDO� IRUP�� DV� VRPH�RI� WKH�QRQ�SULPDU\� DWWULEXWHV�QR� ORQJHU�ZLOO� GHSHQG�RQ� WKH� IXOO
SULPDU\�NH\�

:H� WKHUHIRUH� DOZD\V� XVH� D� QHZ� WDEOH� ZKHQ�PDSSLQJ�PDQ\�WR�PDQ\� DVVRFLDWLRQV�� 7KLV
WDEOH�VLPSO\�FRQWDLQV�WKH�DWWULEXWHV�IRUPLQJ�WKH�WZR�SULPDU\�NH\V�RI�WKH�WZR�DVVRFLDWHG
WDEOHV�� 7KHVH� DUH� DOO� UHTXLUHG� DWWULEXWHV�� DV� DVVRFLDWLRQV� RQO\� FDQ� EH� EHWZHHQ� H[LVWLQJ
REMHFWV�� )RU� WKH� SULPDU\� NH\� ZH� XVH� WKH� MRLQW� NH\� RI� ERWK� DWWULEXWHV�� DV� ZH� FDQ� KDYH
UHFRUGV�ZLWK�WKH�VDPH�YDOXHV� LQ�HLWKHU�RI� WKH�WZR�DWWULEXWHV��7KH�UHVXOW�RI�PDSSLQJ�WKH
DERYH� PHQWLRQHG� DVVRFLDWLRQ� UHVXOWV� LQ� WKH� IROORZLQJ� DVVRFLDWLRQ� WDEOH� DQG� WKH� HDUOLHU
VKRZQ�8QLYHUVLW\'HSDUWPHQW��)LJXUH����DQG�6WXGHQW��)LJXUH����WDEOHV�

)LJXUH�����8QLYHUVLW\'HSDUWPHQW�²�6WXGHQW�DVVRFLDWLRQ

(QWLW\�1DPH 5HTXLUHG" 7\SH
'HSW,G <HV ,QWHJHU
661 <HV 7H[W���
3ULPDU\�NH\���'HSW,G��661�

������ 0DQ\�WR�RQH�DVVRFLDWLRQV

7KH�PDSSLQJ�RI�PDQ\�WR�RQH�DVVRFLDWLRQV�FDQ�RI�FRXUVH�EH�GRQH�XVLQJ�WKH�WHFKQLTXH�IRU
PDQ\�WR�PDQ\� WDEOHV�GLVFXVVHG�DERYH��EXW� WKLV� LV� QR� ORQJHU� WKH�RQO\� DOWHUQDWLYH�� DV� WKH
DVVRFLDWLRQ� WDEOH� LV� QR� ORQJHU� D� UHTXLUHPHQW�� 6LQFH� RQH� RI� WKH� FODVVHV� KDV� D� RQH
PXOWLSOLFLW\��ZH�FDQ�UHSUHVHQW�WKH�UHIHUHQFH�WR�WKLV�FODVV�E\�DGGLQJ�DQ�DWWULEXWH�FRQWDLQLQJ
LWV�SULPDU\�NH\��WR�WKH�WDEOH�ZLWK�WKH�PDQ\�PXOWLSOLFLW\��7KLV�UHVSHFWV�WKLUG�QRUPDO�IRUP�
DQG�GRHV�QRW�GHVWUR\�WKH�SULPDU\�NH\�DV�ZH�QHYHU�DGG�PXOWLSOH�HQWULHV�LQ�WKH�PDQ\�WDEOH
ZLWK� RQO\� GLIIHUHQW� YDOXHV� LQ� WKH� DVVRFLDWLRQ� ILHOG� ²� WKLV� LV� HDVLO\� VHHQ� DV� HDFK� GLVWLQFW
UHFRUG�LQ�WKH�PDQ\�WDEOH�LV�DVVRFLDWHG�WR�RQO\�RQH�RWKHU�FODVV��,Q�RXU�H[DPSOH�PRGHO�WKH
DVVRFLDWLRQ� EHWZHHQ� XQLYHUVLW\� DQG� XQLYHUVLW\� GHSDUWPHQW� FKDQJHV� WKH� XQLYHUVLW\
GHSDUWPHQW�WDEOH�IURP�)LJXUH���WR�
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)LJXUH�����8QLYHUVLW\�GHSDUWPHQW

(QWLW\�1DPH 5HTXLUHG" 7\SH
'HSW,G <HV ,QWHJHU
1DPH <HV 7H[W����
8QLYHUVLW\,G <HV ,QWHJHU
3ULPDU\�NH\��'HSW,G

7KH�DGYDQWDJH�RI�WKLV�PDSSLQJ�FRPSDUHG�WR�WKH�PDSSLQJ�RI�PDQ\�WR�PDQ\�ZLWK�DQ�H[WUD
WDEOH�LV�WKDW�DFFHVV�WR�WKH�GDWD�EHFRPHV�IDVWHU�DV�RQO\�WZR�WDEOHV�QHHG�WR�EH�FRQVXOWHG�DQG
WKDW� WKH� RYHUDOO� QXPEHU� RI� WDEOHV� LV� ORZHU�� 7KHUH� DUH� DOVR� GLVDGYDQWDJHV� WKRXJK�� 7KH
LQWURGXFWLRQ�RI�WKH�DVVRFLDWLRQ�DWWULEXWH� LQ�RQH�WDEOH�PRYHV�WKH�DVVRFLDWLRQ� LQWR�RQH�RI
WKH�FODVVHV�ZKHUH�LW�FRQFHSWXDOO\�EHORQJV�LQ�QHLWKHU�EXW�DV�D�VHSDUDWH�HQWLW\��)XUWKHUPRUH
SUDFWLFH�KDV�VKRZQ�WKDW�LW�LV�GLIILFXOW�WR�JHW�DVVRFLDWLRQ�PXOWLSOLFLW\·V�FRUUHFW�RQ�WKH�ILUVW
PRGHO� LWHUDWLRQV�ZKLFK� VSHDNV� LQ� IDYRXU� RI� LQWURGXFLQJ� D� VHSDUDWH� DVVRFLDWLRQ� WDEOH� VR
FKDQJHV� WR�PDQ\�WR�PDQ\� DUH� WULYLDO��:H� WKHUHIRUH� UHFRPPHQG� DGGLQJ� WKH� DVVRFLDWLRQ
WDEOH�ZKHQ�YHU\�IDVW�DFFHVV�LV�QRW�FULWLFDO�

������ 2QH�WR�RQH�DVVRFLDWLRQV

2QH�WR�RQH�DVVRFLDWLRQV�FDQ�RI�FRXUVH�EH�PDSSHG�LQ�WKH�VDPH�PDQQHU�DV�ZLWK�PDQ\�WR�
PDQ\�DQG�RQH�WR�PDQ\�DVVRFLDWLRQV��EXW�EHVLGHV�WKLV�WKH\�FDQ�EH�PDSSHG�LQ�D�WKLUG�ZD\�
6LQFH�WKHUH�ZLOO�RQO\�EH�RQH�REMHFW�RQ�ERWK�VLGHV�RI�WKH�DVVRFLDWLRQ��ZH�FDQ�FROODSVH�QRW
RQO\�WKH�DVVRFLDWLRQ�WDEOH�LQWR�RQH�RI�WKH�REMHFW�WDEOHV��EXW�FROODSVH�ERWK�RI�WKH�DVVRFLDWHG
FODVVHV� DQG� WKH� DVVRFLDWLRQ� WDEOH� LQWR� RQH� WDEOH�� 7KLV�PDSSLQJ� XVHG� RQ� WKH� DVVRFLDWLRQ
EHWZHHQ�XQLYHUVLW\�GHSDUWPHQW�DQG�GHSDUWPHQW�KHDG�UHVXOWV�LQ�WKH�WDEOH�VKRZQ�LQ�)LJXUH
���EHORZ�

)LJXUH�����8QLYHUVLW\�GHSDUWPHQW�DQG�GHSDUWPHQW�KHDG

(QWLW\�1DPH 5HTXLUHG" 7\SH
'HSW,G <HV ,QWHJHU
1DPH <HV 7H[W����
661 <HV 7H[W���
6DODU\ 1R ,QWHJHU
3ULPDU\�NH\��'HSW,G

2QH�KDV� WR�FDUHIXO� WKRXJK��DV� WKLV� WUDQVIRUPDWLRQ�ZLOO�RIWHQ�YLRODWH� WKLUG�QRUPDO� IRUP�
7KH�DGYDQWDJHV� LQ� WKLV� IXUWKHU�FROODSVH�RI� WDEOHV� DUH� WKH� VDPH�DV�EHIRUH��)DVWHU� ORRNXS
DQG� ORZHU� RYHUDOO� QXPEHU� RI� WDEOHV�� DQG� WKH� GLVDGYDQWDJHV� DUH� DOVR� WKH� VDPH�� ,W� LV
´FRQFHSWXDOO\�ZURQJµ�DQG�D�FKDQJH�RI�PXOWLSOLFDWLRQ�EHFRPHV�GLIILFXOW��)XUWKHUPRUH�WKLV
PDSSLQJ� FDQ� QRW� KDQGOH� F\FOLF� DVVRFLDWLRQV� RI� WKH� IRUP� ZKHUH� $� DVVRFLDWHV� %�� %
DVVRFLDWHV� &� DQG� &� DVVRFLDWHV� $�� :H� WKHUHIRUH� DJDLQ� UHFRPPHQG� WKDW� RQH�WR�RQH
DVVRFLDWLRQV� EH� WUDQVIRUPHG� ZLWK� WKH� H[WUD� DVVRFLDWLRQV� WDEOH� DV� ZLWK� PDQ\�WR�PDQ\
DVVRFLDWLRQV�
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,Q� 22�PRGHOV� WKHUH� LV� D� GLVWLQFWLRQ� EHWZHHQ� DVVRFLDWLRQ� DQG� DJJUHJDWLRQ�� EXW� ZKHQ
PDSSLQJ� WKHVH� WZR� FRQVWUXFWV� WKH� VDPH�PHWKRGV� DSSO\�� ,Q�%ODKD� HW� DO�� DOO� WKDW� LV� VDLG
DERXW�DJJUHJDWLRQV�LV�WKDW�WKH\�FDQ�EH�PDSSHG�LQ�WKH�VDPH�ZD\V�DV�DVVRFLDWLRQV�

7KLV� LV� WKH� FDVH� DV� DJJUHJDWLRQ� FDQ� EH� YLHZHG� DV� D� VSHFLDO� FDVH� RI� RQH�WR�PDQ\
DVVRFLDWLRQ��,W�VKRXOG�SUREDEO\�EH�LQYHVWLJDWHG�IXUWKHU�LV�WKLV�UHDOO\� LV�WKH�FDVH�LQ�UHDOLW\�
RU�LI�LW�RQO\�KROGV�LQ�WKHRU\��DQG�VSHFLDO�FDUH�KDV�WR�EH�HPSOR\HG�ZKHQ�PDSSLQJ�WKHVH�

��� 6800$5<

:H�SUHVHQWHG�D�QXPEHU�RI�PDSSLQJV�IRU�WKH�IRXU�EDVLF�FRQVWUXFWV��WKH�FODVV��WKH�VXEFODVV
�VSHFLDOLVDWLRQ���WKH�DVVRFLDWLRQ�DQG�WKH�DJJUHJDWH�

)RU�WKH�FODVV�ZH�UHFRPPHQGHG�WKDW�D�´RQH�WDEOH�IRU�RQH�FODVVµ�DSSURDFK�ZDV�XVHG��EXW
DOVR�PHQWLRQHG�WKDW�VSOLWWLQJ�YHUWLFDOO\�RU�KRUL]RQWDOO\�FRXOG�EH�GRQH�ZHUH�SHUIRUPDQFH
DVSHFWV� ZHUH� FULWLFDO�� )LQDOO\� ZH� QRWHG� WKDW� D� SULPDU\� NH\� IRU� HDFK� FODVV� VKRXOG� EH
LGHQWLILHG�RU�LQWURGXFHG�

)RU�PDSSLQJ�JHQHUDOLVDWLRQ�KLHUDUFKLHV�ZH�LQWURGXFHG�WKUHH�PDSSLQJV�WKDW�FRXOG�EH�XVHG�
DQG� ZKLFK� KDG� HDFK� WKHLU� DGYDQWDJHV� DQG� GLVDGYDQWDJHV�� 7KH� WKUHH� PDSSLQJV� ZHUH
´VHSDUDWH�WDEOHV�PDSSLQJµ�ZKLFK�LQWURGXFHG�D�WDEOH�SHU�FODVV�RU�VXEFODVV�LQ�WKH�KLHUDUFK\�
WKH�´OHDI�FODVVHV�RQO\�PDSSLQJµ�ZKLFK�RQO\�KDG�WDEOHV�IRU�WKH�FODVVHV�DW�WKH�YHU\�ERWWRP
RI� WKH� KLHUDUFK\� DQG� WKH� ´6LQJOH� WDEOH�PDSSLQJµ�ZKLFK� KDG� RQO\� RQH� WDEOH� IRU� DOO� WKH
FODVVHV��7KH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�HDFK�RI�WKHVH�DUH�VXPPDULVHG� LQ�WKH�WDEOH
EHORZ�

)LJXUH�����0DSSLQJ�JHQHUDOLVDWLRQ�KLHUDUFKLHV

,PSOHPHQWHG
XVLQJ

$GYDQWDJHV 'LVDGYDQWDJHV

Separate tables
mapping

Good for wide hierarchies

Fetches of “father”-classes are
fast

Fetches of “leaf” classes are slow

High hierarchies result in a large
number of classes

Leaf-classes only
mapping

Fetches of “leaf” classes are
fast

Fetches of “father”-classes are slower

Can result in uniqueness problems

Possible space loss

Single table
mapping

Fast for small hierarchies Can result in uniqueness problems

Possible space loss
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)RU� DVVRFLDWLRQV� ZH� DOVR� LQWURGXFHG� D� QXPEHU� RI� SRVVLELOLWLHV�� )LUVW� RI� DOO� LW� LV� DOZD\V
SRVVLEOH� WR�PDS� WKH� DVVRFLDWLRQ�XVLQJ� D� VHSDUDWH� WDEOH�KROGLQJ� WKH� SULPDU\� NH\V� RI� WKH
UHODWHG� FODVVHV�� :KHQ� PDSSLQJ� RQH�WR�PDQ\� DQG� RQH�WR�RQH� DVVRFLDWLRQV� LW� ZDV
IXUWKHUPRUH�SRVVLEOH�WR�LQWURGXFH�DQ�DWWULEXWH�ZLWK�IRUHLJQ�NH\V�RI�WKH�DVVRFLDWHG�FODVV�LQ
WKH�FODVV�ZLWK�WKH�PDQ\�PXOWLSOLFLW\��)LQDOO\�LQ�WKH�FDVH�RI�RQH�WR�RQH�DVVRFLDWLRQ�ZH�FDQ
LQ�VRPH�FDVHV�XVH�MXVW�RQH�WDEOH�IRU�ERWK�RI�WKH�DVVRFLDWHG�FODVVHV�DQG�WKH�DVVRFLDWLRQ�FODVV�
7KH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� WKHVH� WKUHH� SRVVLELOLWLHV� DUH� VKRZQ� LQ� WKH� WDEOH
EHORZ�

)LJXUH�����0DSSLQJ�DVVRFLDWLRQV

,PSOHPHQWHG
XVLQJ

$GYDQWDJHV 'LVDGYDQWDJHV

Separate table Handles all types of
association

Changes of multiplication is
possible

Can be slower than the other
methods

Association
attribute

Less joins needed Only possible for many-to-one and
one-to-one associations

Less general

Shared table No joins needed Only possible for one-to-one
associations

Less general

Does not handle cyclic associations

Often violates third normal form

)LQDOO\�ZH�FRQFOXGHG�E\�VKRUWO\�VD\LQJ�WKDW�DJJUHJDWLRQ�FDQ�EH�KDQGOHG�E\�YLHZLQJ�LW�DV�D
VSHFLDO�FDVH�RI�RQH�WR�PDQ\�DVVRFLDWLRQ��EXW�DW� WKH�VDPH� WLPH�QRWLQJ� WKDW� WKLV�SUREDEO\
VKRXOG�EH�LQYHVWLJDWHG�IXUWKHU�



&(175(�)25�2%-(&7�7(&+12/2*<

&27������9���
3DJH����RI ���

�� �7$&./,1*�(;,67,1*�'$7$%$6(6
:H� KDYH� QRZ� VKRZQ� WKDW� LI� ZH� VWDUW� RXW� ZLWK� DQ� REMHFW� PRGHO�� ZH� FDQ� FRQVWUXFW� D
GDWDEDVH� VFKHPH� WKDW� UHIOHFWV� WKH� VDPH� GDWD� DQG� WKH� VDPH� VWUXFWXUH� DV� LQ� WKH� REMHFW
PRGHO��7KLV�PDNHV�LW�SRVVLEOH�WR�VDYH�WKH�VWDWH�RI�RXU�REMHFW�PRGHO�DV�ZH�ZHUH�KRSLQJ
IRU��2IWHQ�WKRXJK�ZH�ZLOO�QRW�EH�DEOH�WR�XVH�WKH�PDSSLQJ�UXOHV�LQ�WKLV�GLUHFW�PDQQHU��7KH
UHDVRQ� IRU� WKLV� LV� VLPSO\� WKDW� WKLV�PHWKRG�DVVXPHV� WKDW� WKH� UHODWLRQDO�GDWDEDVH� LV� WR�EH
FRQVWUXFWHG�IURP�VFUDWFK��$V�RQH�RI� WKH�PDLQ� UHDVRQV� IRU�XVLQJ� UHODWLRQDO�GDWDEDVHV� LQ
WKH�ILUVW�SODFH�� LV�D�VWURQJ�ZLVK�WR�NHHS�H[LVWLQJ�GDWDEDVHV�� WDEOHV�DQG�GDWD�� WKLV� LV�RIWHQ
QRW�SRVVLEOH�

)XUWKHUPRUH�ZH�ZRUN�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKHVH�H[LVWLQJ�GDWDEDVHV�FDQ�QRW�HDVLO\
EH�FKDQJHG��HYHQ�DW�D�GHWDLO�OHYHO��7KLV�FRXOG�EH�WKH�FDVH�ZKHUH�VHYHUDO�V\VWHPV�DFFHVV�WKH
VDPH�GDWDEDVH��DQG�RQO\�RQH�RI�WKH�V\VWHPV�LV�WR�EH�UHSODFHG��,�VXFK�D�FDVH�D�FKDQJH�WR
WKH�GDWDEDVH�FRXOG�UHVXOW� LQ�D�QHHG�IRU�FKDQJLQJ�DOO� WKH�DSSOLFDWLRQV�DFFHVVLQJ� LW��ZKLFK
RIWHQ�LV�QRW�IHDVLEOH�

7KHVH� WZR�REVHUYDWLRQV�FRPSOLFDWHV� WKLQJV� DQG�ZH�ZLOO�KDYH� WR�GHDO�ZLWK�D�QXPEHU�RI
SUREOHPV��:H�ZLOO�GLYLGH�WKHVH�SUREOHPV�LQWR�WZR�FDWHJRULHV��7KRVH�WKDW�PDNH�WKH�REMHFW
PRGHO� LPSRVVLEOH� WR� XVH� �GHQRWHG� LQFRPSDWLELOLWLHV��� DQG� WKRVH� WKDW� PDNH� WKH� REMHFW
PRGHO�LQHIIHFWLYH�WR�XVH��GHQRWHG�LQHIILFLHQFLHV��

��� ,1&203$7,%,/,7,(6

$W� OHDVW� VRPH� LQFRPSDWLELOLWLHV� DUH� WR� EH� H[SHFWHG� ZKHQ� FRQQHFWLQJ� WR� DQ� H[LVWLQJ
GDWDEDVH�DFFRUGLQJ�WR�%URO¡V�DQG�3LOJDDUG�>%U3L��@��8QIRUWXQDWHO\�WKH\�GR�QRW�PHQWLRQ
H[DFWO\�ZKLFK�FRQQHFWLRQV�WKH\�KDG�WURXEOH�PDNLQJ�

,W� VHHPV� SRVVLEOH� WKRXJK� WKDW� RQH� LQFRPSDWLELOLW\� EHWZHHQ� DQ� REMHFW� PRGHO� DQG� DQ
H[LVWLQJ�GDWDEDVH��FRXOG�EH�WKDW�WKH�REMHFW�PRGHO�FRQWDLQV�DWWULEXWHV�IRU�ZKLFK�WKHUH�DUH
QR�GDWD�LQ�WKH�GDWDEDVH��7R�LOOXVWUDWH�WKH�SRLQW��ZH�JLYH�WKH�IROORZLQJ�H[DPSOH�

)LJXUH�����,QFRPSDWLELOLW\�H[DPSOH���

6LQFH� WKHUH� LV�QR�DJH�DWWULEXWH� LQ� WKH�SHUVRQ� WDEOH�� WKHUH� LV� FOHDUO\�QR�ZD\�RI� VDYLQJ�RU
ORDGLQJ�WKLV�DWWULEXWH�LQ�WKH�SHUVRQ�FODVV��2QH�ZD\�RI�VROYLQJ�WKLV�SUREOHP�ZRXOG�EH�WR
DGG� DQ� H[WUD� WDEOH� KDYLQJ� WKRVH� DWWULEXWHV�PLVVLQJ� DQG� WKH� SULPDU\� NH\� RI� WKH� WDEOH� LQ
ZKHUH�WKH\�DUH�PLVVLQJ��,Q�WKLV�ZD\�WKH�PLVVLQJ�DWWULEXWHV�FDQ�EH�ERWK�UHWULHYHG�DQG�VDYHG
E\�MRLQLQJ�WKH�WZR�WDEOHV�

7KLV� VROXWLRQ�RQO\�DSSOLHV�ZKHUH� WKHUH�DUH�QR�RWKHU�V\VWHPV� WKDW�FUHDWH�QHZ�UHFRUGV� LQ
WKH� ROG� SHUVRQ� WDEOH� WKDW� RXU� QHZ� DSSOLFDWLRQ� XVHV�� ,I� WKLV� LV� WKH� FDVH�� DQG�ZH� DUH� QRW
DOORZHG�DEOH� WR�FKDQJH� WKHVH�V\VWHPV�� WKHQ�FOHDUO\� UHFRUGV�DGGHG�E\� WKHVH� V\VWHPV�ZLOO
QRW� FUHDWH� D� UHFRUG� LQ�RXU� DGGHG� WDEOH�� DQG� WKH�SUREOHP� UHWXUQV�� 6R�GHSHQGLQJ�RQ� WKH

Person

Name

Height

Age

Person Table�
(QWLW\�1DPH 5HTXLUHG" 7\SH
1DPH <HV 7H[W����
+HLJKW <HV 7H[W���
3ULPDU\�NH\��1DPH
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VLWXDWLRQ� ZH� FDQ� HLWKHU� VROYH� WKH� SUREOHP� E\� DGGLQJ� D� WDEOH�� RU� ZH� FDQ� UHPRYH� WKH
RIIHQGLQJ�DWWULEXWH�IURP�WKH�REMHFW�PRGHO�

$QRWKHU�OLNHO\�SUREOHP�LV�JHQHUDOLVDWLRQ�KLHUDUFKLHV��,Q�VHFWLRQ���ZH�VDZ�KRZ�ZH�FRXOG
UHSUHVHQW� WKH� W\SH� RI� WKH� VXEFODVV� E\� DQ� DWWULEXWH� H[SOLFLWO\� GHQRWLQJ� ZKHUH� LQ� WKH
KLHUDUFK\�WKH�FODVV�ZDV�ORFDWHG��:H�DOVR�GLVFXVVHG�WKDW�ZH�RIWHQ�DOWHUQDWLYHO\�FRXOG�WHVW
ZKHWKHU�DWWULEXWHV�IRXQG�LQ�RQO\�RQH�RI�WKH�VXEFODVVHV�ZKHUH�QXOO��DQG�IURP�WKLV�GHGXFH
ZKLFK�VXEFODVV�WKH�UHFRUG�UHSUHVHQWHG�

,Q�VRPH�WDEOH�VWUXFWXUHV�ZH�ZLOO�QRW�KDYH�WKH�LQIRUPDWLRQ�UHTXLUHG�WR�ILQG�WKH�W\SH�RI�WKH
VXEFODVV�� $Q� H[DPSOH� LV� WKH� IROORZLQJ� VPDOO� KLHUDUFK\� DQG� D� FRUUHVSRQGLQJ� H[LVWLQJ
GDWDEDVH�WDEOH�ZKHUH�WKH�GDWD�LV�VXSSRVHG�WR�EH�IRXQG�

)LJXUH�����,QFRPSDWLELOLW\�H[DPSOH���

$V� ERWK� VWXGHQWV� DQG� SURIHVVRUV� KDYH� WKH� VDPH� DWWULEXWHV� ²� DQG� RQO\� GLIIHU� RQ� WKHLU
EHKDYLRXU�²�ZH�ZLOO�QRW�EH�DEOH�WR�GHWHUPLQH�ZKHWKHU�D�JLYHQ�UHFRUG�UHSUHVHQWV�D�VWXGHQW
RU� D� SURIHVVRU�� &OHDUO\� WKH� SHRSOH� KDYLQJ� GHVLJQHG� WKH� GDWDEDVH� PDGH� QR� GLVWLQFWLRQ
EHWZHHQ�WKHVH�WZR��DQG�ZH�ZLOO�DV�D�UHVXOW�RI�WKLV�QRW�EH�DEOH�WR�GR�HLWKHU�

$JDLQ�ZH� KDYH� WR� SRVVLEOH� VROXWLRQV�� ,I� WKH� GDWDEDVH� FDQ� EH� FKDQJHG�ZH� FDQ� DGG� WKLV
DWWULEXWH��DQG� LI�QRW�ZH�ZLOO�KDYH� WR�PDNH�RQO\� D�SHUVRQ�FODVV�PRGHOOLQJ�ERWK� VWXGHQWV
DQG�SURIHVVRUV�

��� ,1()),&,(1&,(6

:H� DERYH� RQO\� GHDOW� ZLWK� FKDQJHV� WKDW� ZHUH� UHTXLUHG� LQ� WKH� PRGHO� GXH� WR
LQFRPSDWLELOLWLHV� LQ� WKH� WZR�PRGHOV�� WKHUH� FDQ� DOVR� EH� RWKHU� UHDVRQV� IRU� FKDQJLQJ� WKH
REMHFW�PRGHO�ZKHQ�LQWHUIDFLQJ�WR�DQ�H[LWLQJ�GDWDEDVH��2QH�PDMRU�UHDVRQ�LV�HIILFLHQF\�

2IWHQ�UHODWLRQDO�GDWDEDVHV�ZLOO�KDYH�D�GDWDEDVH�VFKHPH�WKDW�QRW�HQWLUHO\�UHIOHFWV�WKH�GDWD
LQ�WKH�GDWDEDVH��LI�WKH�VFKHPH�KDV�EHHQ�RSWLPLVHG�IRU�IDVWHU�RSHUDWLRQ�RQ�WKH�GDWD��7KLV
PLJKW�OHDG�WR�D�VLWXDWLRQ�ZKHUH�IHWFKLQJ�GDWD�IURP�WKH�GDWDEDVH�IRU�D�JLYHQ�FODVV� LQ�WKH
PRGHO� ZLOO� LQYROYH� MRLQLQJ� D� YHU\� ODUJH� QXPEHU� RI� WDEOHV� ZLWK� D� ORZ� HIILFLHQF\� DV� WKH
UHVXOW�

,I� WKLV� LV� YHU\� FULWLFDO�ZH�PXVW� FRQVLGHU� FKDQJLQJ� WKH�REMHFW�PRGHO��:H� VKRXOG� VWLOO� EH
FDUHIXO�WKRXJK��DV�IURP�D�VWULFWO\�REMHFW�RULHQWHG�PRGHOOLQJ�SRLQW�RI�YLHZ��WKLV�LV�FHUWDLQO\
QRW�JRRG�VW\OH��$�JRRG�REMHFW�PRGHO�VKRXOG�UHIOHFW�WKH�SUREOHP�GRPDLQ�RI�WKH�V\VWHP�
DQG�XQGHU�QRUPDO�FLUFXPVWDQFHV�QRW�EH�FKDQJHG�IRU�RSWLPLVDWLRQ�SXUSRVHV�

Person Table�
(QWLW\�1DPH 5HTXLUHG" 7\SH
1DPH <HV 7H[W����
+HLJKW <HV 7H[W���
,QFRPH 1R ,QWHJHU
3ULPDU\�NH\��1DPH

Person

Name

Height

Student

Income

Professor

Income
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,Q� VXPPDU\�ZH�PXVW� DGPLW� WKDW� RXU� FXUUHQW� XQGHUVWDQGLQJ� RI� WKH� SRWHQWLDO� SUREOHPV
ZLWK�LQWHJUDWLQJ�DQ�REMHFW�PRGHO�WR�DQ�H[LVWLQJ�GDWDEDVH�LV�WR�OLWWOH��DV�ZH�RQO\�KDYH�D�IHZ
JXHVVHV� RQ� KRZ� WKH� H[LVWLQJ� GDWDEDVH� FDQ� PDNH� WKH� WUDQVIRUPDWLRQ� LPSRVVLEOH� RU
LQHIIHFWLYH�

,W� VHHPV� OLNHO\� WKDW�SUREOHPV�FRXOG�RFFXU�ZKHQ� WKH�FRQQHFWLRQ�KDV� WR�EH�PDGH��EXW� LW
ZRXOG�EH�RI�UHOHYDQFH�WR�LQYHVWLJDWH�WKLV�DVSHFW�IXUWKHU�WR�ILQG�PRUH�FRQFUHWH�H[DPSOHV�
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+DYLQJ�QRZ�GLVFXVVHG�KRZ�WR�UHSUHVHQW�REMHFWV�DQG�UHODWLRQV�EHWZHHQ�WKHVH�LQ�UHODWLRQDO
WDEOHV��DQG�KDYLQJ�GLVFXVVHG�KRZ�XVLQJ�H[LVWLQJ�GDWDEDVHV�LQIOXHQFHV�WKLV��ZH�FDQ�UHWXUQ
RQFH� DJDLQ� WR� RXU� IRXU� EDVLF� GDWDEDVH� RSHUDWLRQV�� ZKLFK� ZH� VKRZ� DJDLQ� IRU� HDV\
UHIHUHQFH�

7KH�JHQHUDO�LGHD�LV�WKDW�ZH�VXSSO\�RXU�VWRUDJH�PHFKDQLVP�ZLWK�VRPH�NLQG�RI�LQIRUPDWLRQ
WHOOLQJ�LW�ZKDW�WKH�UHODWLRQ�LV�EHWZHHQ�WKH�FODVVHV�LQ�WKH�REMHFW�PRGHO��DQG�WKH�WDEOHV�LQ�WKH
UHODWLRQDO�GDWDEDVH��)URP�WKLV�LQIRUPDWLRQ��ZKLFK�ZH�ZLOO�FDOO�WKH�GDWD�PDSSLQJ��LW�VKRXOG
EH�SRVVLEOH�WR�SHUIRUP�WKH�RSHUDWLRQV�VKRZQ�EHORZ��,Q�ORRNLQJ�DW�WKH�SRWHQWLDO�SUREOHPV
ZKHQ�H[HFXWLQJ�WKH�RSHUDWLRQV�ZH�VKRXOG�KRSHIXOO\�JHW�D�FOHDU�LGHD�DERXW�ZKDW�QHHGV�WR
EH�LQ�WKLV�PDSSLQJ�

)LJXUH�����7KH�EDVLF�GDWDEDVH�RSHUDWLRQV

6DYH��7KH� VDYH�RSHUDWLRQ� WDNHV� DV� LQSXW� D� VLQJOH� REMHFW�� ,I� WKH� REMHFW� LV� DOUHDG\� LQ� WKH
GDWDEDVH��WKH�GDWD�LQ�WKH�GDWDEDVH�FRUUHVSRQGLQJ�WR�WKH�REMHFW�ZLOO�EH�FKDQJHG�DFFRUGLQJ
WR�WKH�YDOXHV�LQ�WKH�REMHFW��,I�WKH�REMHFW� LV�QRW�LQ�WKH�GDWDEDVH�LW� LV�VLPSO\�DGGHG�WR�WKH
GDWDEDVH�

'HOHWH�� 7KH� GHOHWH� RSHUDWLRQ� WDNHV� DV� LQSXW� D� VLQJOH� REMHFW� WKDW� KDV� SUHYLRXVO\� EHHQ
IHWFKHG� IURP� WKH� GDWDEDVH�� DQG� GHOHWHV� WKH� GDWD� LQ� WKH� GDWDEDVH� FRUUHVSRQGLQJ� WR� WKH
REMHFW�

)HWFK��7KH�IHWFK�RSHUDWLRQ�WDNHV�DV�LQSXW�D�FODVV�DQG�UHWXUQV�D�OLVW�RI�DOO�WKRVH�LQVWDQFHV
RI�WKDW�FODVV�WKDW�DUH�FXUUHQWO\�IRXQG�LQ�WKH�GDWDEDVH��7R�UHVWULFW�WKH�QXPEHU�RI�UHWXUQHG
REMHFWV�VHDUFK�FULWHULD�FDQ�EH�DGGHG�

8SGDWH��7KH� XSGDWH� RSHUDWLRQ� WDNHV� DV� LQSXW� D� VLQJOH� REMHFW� WKDW� KDV� SUHYLRXVO\� EHHQ
IHWFKHG�IURP�WKH�GDWDEDVH��,W�WKHQ�FRPSDUHV�WKH�YDOXHV�LQ�WKH�REMHFW�ZLWK�WKH�YDOXHV� LQ
WKH�GDWDEDVH��DQG�LI�WKH�YDOXHV�LQ�WKH�GDWDEDVH�KDYH�EHHQ�FKDQJHG�WKH\�ZLOO�EH�IHWFKHG�DQG
WKH�YDOXHV�LQ�WKH�REMHFW�FKDQJHG�

Save,
Delete

Fetch,
Update

Object
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������ :KHUH�WR�IHWFK�ZKDW

:KHQ�IHWFKLQJ� LQVWDQFHV�RI�D�FODVV�IURP�WKH�UHODWLRQDO�GDWDEDVH�RXU�VWRUDJH�PHFKDQLVP
ILUVW�RI�DOO�QHHGV�WR�NQRZ�ZKHUH�LW�FDQ�ILQG�WKH�GDWD�IRU�HDFK�DQG�HYHU\�DWWULEXWH��*LYHQ
WKH�LQYROYHG�WDEOHV�DQG�DWWULEXWHV�WKHVH�FDQ�EH�MRLQHG�WRJHWKHU��WKH�DWWULEXWHV�FDQ�EH�UHDG
DQG� FRSLHG� WR� QHZ� REMHFWV�� 7KH� ILUVW� UHTXLUHPHQW� IRU� RXU� GDWD� PDSSLQJ� WKHUHIRUH
EHFRPHV�WKDW�

)RU�HYHU\�SHUVLVWHQW�FODVV�&��DQG�IRU�DOO�DWWULEXWHV�$�RI�&��ZH�PXVW�JLYH�D�PDSSLQJ
VKRZLQJ�LQ�ZKDW�WDEOH�DQG�ZKDW�DWWULEXWH�$�FDQ�EH�IRXQG��)XUWKHUPRUH�LW�PXVW�EH
VSHFLILHG�KRZ�WKH�LQYROYHG�WDEOHV�VKRXOG�EH�MRLQHG�WRJHWKHU�

)RU�IDVWHU�IHWFKLQJ�ZH�FDQ�GHILQH�D�YLHZ�SHU�FODVV�LQYROYLQJ�WKRVH�DWWULEXWHV�WKDW�DUH�XVHG�
)URP�WKLV�YLHZ�WKH�DWWULEXWHV�FDQ�WKHQ�EH�UHDG�

)LQDOO\� LQ� WKH�VSHFLDO�FDVH�ZKHUH�D� VLQJOH� FODVV�KDV�EHHQ� VSLOW�KRUL]RQWLFDOO\� LQWR� VHYHUDO
WDEOHV��ZH�PXVW�SURYLGH�HQRXJK�LQIRUPDWLRQ�WR�GHFLGH�LQ�ZKLFK�RI�WKHVH�WDEOHV�WKH�REMHFW
LV�ORFDWHG�

������ 8QLTXHLQJ

$QRWKHU�SUREOHP� WR�EH�KDQGOHG� LV� WKDW� VHYHUDO� IHWFKHV�RI� WKH� VDPH�REMHFW� VKRXOG�RQO\
UHVXOW� LQ� RQH� LQVWDQFH� LQ� PHPRU\�� ZKLFK� ZH� ZLOO� FDOO� XQLTXHLQJ� LQVSLUHG� E\� (QWHUSULVH
2EMHFWV�)UDPHZRUN��(2)��IURP�1H;7�>*0:��@�

7DNH� DV� DQ� H[DPSOH� WKH� VLWXDWLRQ� LOOXVWUDWHG� LQ�)LJXUH� ��� EHORZ��2Q� WKH� OHIW� KDQG� WZR
LQVWDQFHV�RI� WKH� VDPH�XQLYHUVLW\�REMHFW� KDYH� EHHQ� IHWFKHG�� EXW� VLQFH� QR� XQLTXHLQJ� KDV
EHHQ� HPSOR\HG� WZR� LQVWDQFHV� KDV� DOVR� EHHQ� FUHDWHG� LQ� PHPRU\�� 7KH� VWXGHQW� REMHFW
UHSUHVHQWLQJ�0LFN�FXUUHQWO\�UHIHUV�WR�RQH�DQG�WKH�VWXGHQW�REMHFW�UHSUHVHQWLQJ�3HWHU�UHIHUV
WR� RQH�� 7KLV� LV� RI� FRXUVH� DQ� XQZDQWHG� VLWXDWLRQ�� DV� VKRXOG� IRU� H[DPSOH� RQH� RI� WKH
XQLYHUVLW\�REMHFWV�EH�FKDQJHG�E\�DFFHVVLQJ� LW� IURP�D� VWXGHQW�REMHFW�� WKHVH� FKDQJHV�ZLOO
QRW� EH� UHIOHFWHG� LQ� WKH� RWKHU�� 7KH� ULJKW� VLGH� RI� WKH� ILJXUH� VKRZV� WKH� VLWXDWLRQ� ZLWK
XQLTXHLQJ��DQG�DV�VHHQ�WKHUH�LV�RQO\�RQH�LQVWDQFH�RI�WKH�XQLYHUVLW\�REMHFW�

)LJXUH�����7KH�XQLTXHLQJ�SUREOHP

8QL
Aarhu

8QL
Aarhu

6WXGHQW
Mick

6WXGHQW
Peter

Wrong!

8QL
Aarhu

6WXGHQW
Mick

6WXGHQW
Peter

Right!
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:H�WKHUHIRUH�QHHG�WR�FRQVLGHU�KRZ�ZH�FDQ�LPSOHPHQW�XQLTXHLQJ�LQ�RXU�LPSOHPHQWDWLRQ�
6LQFH�HYHU\�SHUVLVWHQW�REMHFW�FRQVLVWV�RI�RQH�RU�PRUH�UHFRUGV��DQG�VLQFH�HDFK�DQG�HYHU\
UHFRUG�FDQ�EH�XQLTXHO\�GLVWLQJXLVKHG�E\�WKH�SULPDU\�NH\��ZH�FDQ�XVH�WKHVH�SULPDU\�NH\·V
DV�D�XQLTXH�LG�RQ�RXU�REMHFWV��:H�FDQ�WKHQ�WHVW�LI�DQ�REMHFW�ZLWK�WKH�VDPH�XQLTXH�LG�DV�WKH
RQH� DERXW� WR� EH� IHWFKHG� KDV� EHHQ� IHWFKHG� EHIRUH�� DQG� LI� WKLV� LV� WKH� FDVH� XVH� WKH� RQH
DOUHDG\�IHWFKHG�

7KHUH� LV�D�SUREOHP�WKRXJK�DV�RXU�REMHFWV�ZLOO�QRW�DOZD\V�FRQWDLQ�DOO� WKH�DWWULEXWHV� WKDW
IRUPV� WKH�SULPDU\�NH\V�RI� DOO� WKH� LQYROYHG� WDEOHV� IRU� WKH�REMHFW��2U� HYHQ� LI� WKLV� LV� WKH
FDVH��WKHQ�WKH�DWWULEXWHV�RI�WKH�REMHFW�FRXOG�HDVLO\�KDYH�FKDQJHG�VLQFH�WKH�REMHFW�ZDV�ILUVW
IHWFKHG��:H�WKHUHIRUH�QHHG�WR�VDYH�WKHVH�SULPDU\�NH\�DWWULEXWHV�VRPHZKHUH�RXWVLGH�WKH
REMHFW��:H� VXJJHVW� WKDW� IRU� HDFK� FODVV� WKDW� LV� SHUVLVWHQW� D� OLVW� LV�PDLQWDLQHG��ZKLFK�ZH
FRXOG� FDOO� WKH� REMHFW,G� OLVW�� 7KLV� OLVW� VKRXOG� FRQWDLQ� D� QXPEHU� RI� SDLUV�� D� SDLU� IRU� HDFK
LQVWDQFH�RI�WKH�FODVV�ZKHUH�WKH�ILUVW�HOHPHQW�KROGV�WKH�LQYROYHG�DWWULEXWHV�WKDW�IRUP�WKH
XQLTXHO\� LGHQWLI\LQJ� SULPDU\� NH\V� IRU� WKH� LQVWDQFH�� DQG� WKH� VHFRQG� HOHPHQW� KROGV� D
SRLQWHU�WR�WKH�LQVWDQFH·V�ORFDWLRQ�LQ�PHPRU\�

7KLV�VROYHV�ERWK�RXU�SUREOHPV��:KHQ�DQ�REMHFW�LV�DERXW�WR�EH�IHWFKHG�ZH�FDQ�VHDUFK�WKH
OLVW� IRU�D� VHW�RI�PDWFKLQJ�DWWULEXWHV�� ,I� VXFK�D� VHW� LV� IRXQG�ZH�PXVW�EH� UHIHUULQJ� WR� WKH
VDPH�REMHFW�� VLQFH� WKHVH� DWWULEXWHV� IRUP� WKH� SULPDU\� NH\V� IRU� WKH� FODVV�� DQG�ZH� VLPSO\
UHWXUQ�WKH�SUHYLRXVO\�IHWFKHG�REMHFW�E\�IROORZLQJ�WKH�SRLQWHU� LQ�WKH�SDLU��$QG�VLQFH�WKH
YDOXHV�DUH�NHSW�LQ�WKH�OLVW��DQG�WKLV�OLVW�LV�QRW�DIIHFWHG�E\�FKDQJHV�WR�WKH�DWWULEXWHV�LQ�WKH
REMHFW�ZH�KDYH�DOVR� VROYHG� WKH� VHFRQG�SUREOHP�� ,I� IXUWKHUPRUH�ZH� VRPHKRZ�KDVK� WKH
YDOXHV�LQ�WKH�OLVW��WKLV�ORRN�XS�VKRXOG�EH�TXLWH�IDVW�

1RZ� ZH� RQO\� QHHG� WR� NQRZ� ZKLFK� DWWULEXWHV� LQ� WKH� GDWDEDVH� KDYH� WKH� SURSHUW\� RI
XQLTXHO\� LGHQWLI\LQJ� WKH� LQVWDQFHV� RI� WKH� FODVV�� VR� WKLV� ZLOO� EHFRPH� WKH� VHFRQG
UHTXLUHPHQW�IRU�RXU�GDWD�PDSSLQJ�

)RU�HYHU\�SHUVLVWHQW�FODVV�&��ZH�PXVW�LGHQWLI\�WKH�VHW�RI�GDWDEDVH�DWWULEXWHV�WKDW�XQLTXHO\
LGHQWLI\�DQ\�LQVWDQFH�RI�&�

,W�FDQ�EH�REVHUYHG�WKDW�WKH�FRPELQDWLRQ�RI�WKH�SULPDU\�NH\V�LQ�WKRVH�WDEOHV�WKDW�WKH�FODVV
UHWULHYHV�GDWD�IURP��ZLOO�IXOILO�WKH�DERYH�UHTXLUHPHQW��DOWKRXJK�WKHUH�PLJKW�EH�D�VPDOOHU
VHW�ZLWK�WKH�VDPH�SURSHUW\�

$� ILQDO� SUREOHP� UHODWHG� WR� XQLTXHLQJ� LV� ZKDW� WR� GR� LI� ZH� IHWFK� DQ� REMHFW�� ZKLFK� KDV
SUHYLRXVO\� EHHQ� IHWFKHG��7R� VXSSRUW� XQLTXHLQJ�ZH� VDLG� WKDW�ZH� VKRXOG� MXVW� UHWXUQ� WKH
UHIHUHQFH�WR�WKH�REMHFW�DOUHDG\�IHWFKHG��%XW�ZKDW�LI�WKH�VWDWH�RI�WKH�REMHFW�KDV�FKDQJHG�LQ
GDWDEDVH"�:H�FDQ�GR�D�QXPEHU�RI�WKLQJV��:H�FDQ�UHDG�WKH�QHZ�VWDWH�LQ�WKH�GDWDEDVH��DQG
RYHUZULWH�WKH�FRQWHQWV�LQ�PHPRU\��7KLV�PLJKW�QRW�EH�VR�JRRG�WKRXJK��DV�DQ\�FKDQJHV�WR
WKH�REMHFW�LQ�PHPRU\�ZLOO�KHUHE\�EH�ORVW��$OWHUQDWLYHO\�ZH�FRXOG�LJQRUH�WKDW�WKH�FRQWHQWV
KDYH�FKDQJHG�RQ�GLVN��EXW� WKLV�PLJKW�QRW�EH�RSWLPDO�HLWKHU� LI� WKH�REMHFW� UHTXHVWLQJ� WKH
QHZ� REMHFW� QHHGV� WKH� QHZ� VWDWH�� :H� FRXOG� DOVR� GR� D� FRPSURPLVH�� :KHQ� DQ� DOUHDG\
IHWFKHG�REMHFW� LV� UHTXHVWHG� WR�EH� IHWFKHG�DJDLQ��ZH� WHVW�ZKHWKHU� LW�KDV�FKDQJHG�RQ� WKH
GLVN�� ,I� WKLV� LV� WKH� FDVH�ZH� WKURZ�DQ� HYHQW�RQ� WKH�REMHFW� LQ�PHPRU\� VD\LQJ� WKDW� LW� KDV
FKDQJHG�RQ�GLVN��DQG�RQO\�FKDQJH�WKH�REMHFW�DIWHU�WKH�HYHQW�KDV�UHWXUQHG��,Q�WKLV�ZD\�DW
OHDVW�D�ZDUQLQJ�LV�JLYHQ�EHIRUH�WKH�REMHFW�FKDQJHV�
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������ +RZ�WR�KDQGOH�UHODWLRQVKLSV

:H�DOVR�QHHG�WR�FRQVLGHU�KRZ�ZH�ZLOO�KDQGOH�UHODWLRQVKLSV��6D\�WKDW�ZH�IHWFK�D�XQLYHUVLW\
REMHFW�WKDW�LV�DVVRFLDWHG�WR������VWXGHQW�REMHFWV��6KRXOG�ZH�WKHQ�IHWFK�WKHP�DOO��DV�WKH\
FDQ�EH�DFFHVVHG�IURP�WKH�XQLYHUVLW\�REMHFW"�7KLV�ZRXOG�EH�YHU\�H[SHQVLYH��DQG�DV�WKHVH
FRXOG�HDVLO\�EH�IXUWKHU�UHODWHG�WR�RWKHU�REMHFWV��ZH�FRXOG�LQ�WKH�PRVW�H[WUHPH�FDVH�HQG�XS
IHWFKLQJ�WKH�ZKROH�FRQWHQW�RI�WKH�GDWDEDVH��7KLV�LV�FOHDUO\�QRW�ZKDW�ZH�ZDQW�

2EMHFW�RULHQWHG�SHUVLVWHQFH�VROXWLRQV�RIWHQ�LQVWHDG�XVH�VR�FDOOHG�OD]\�IHWFK��7KH�HVVHQFH�RI
WKLV� LV� WKDW�ZH�GR�QRW�IHWFK�UHODWHG�REMHFWV��XQWLO� WKH\�DUH�DFWXDOO\�XVHG�� ,Q� WKH�H[DPSOH
DERYH� ZH� SRVWSRQH� WKH� IHWFKLQJ� RI� D� VWXGHQW� REMHFW� XQWLO� WKH� DVVRFLDWLRQ� IURP� WKH
XQLYHUVLW\�REMHFW�WR�LW�LV�IROORZHG�

:H�WKHQ�RQO\�QHHG�WR�FRQVLGHU�KRZ�ZH�ZLOO�UHVROYH�WKH�UHODWLRQVKLS�ZKHQ�WKH�UHODWLRQ�LV
IROORZHG��2QH�VWUDWHJ\�LV�WKH�RQH�HPSOR\HG�E\�WKH�EHIRUH�PHQWLRQHG�(2)�V\VWHP�IURP
1H;7�� ,Q� WKLV� V\VWHP� IRU� HYHU\� UHODWHG� REMHFW� D� VR�FDOOHG� IDXOW� REMHFW� LV� FUHDWHG�� 7KLV
REMHFW�DFWV�DV�D�VWDQG�LQ�IRU�WKH�UHDO�REMHFW��LQ�WKH�VHQVH�WKDW�LW�GRHV�QRW�KROG�WKH�GDWD�RI
WKH�UHDO�REMHFW��EXW�LQVWHDG�KROG�WKRVH�DWWULEXWHV�WKDW�DUH�QHHGHG�WR�IHWFK�WKH�UHDO�REMHFW�
7KHVH�DWWULEXWHV�DUH�RI�FRXUVH�WKH�EHIRUH�PHQWLRQHG�XQLTXHO\�LGHQWLI\LQJ�DWWULEXWHV��WKDW
ZH�DOVR�XVHG�WR�DFKLHYH�XQLTXHLQJ��7KLV�VWUDWHJ\�VDYHV�WKH�WLPH�LW�ZRXOG�WDNH�WR�IHWFK�DOO
WKH�UHODWHG�REMHFWV��EXW�VWLOO�FRQVXPHV�WKH�VDPH�DPRXQW�RI�PHPRU\��DV�WKH�IDXOW�REMHFWV�LQ
(2)�XVH�WKH�VDPH�DPRXQW�RI�PHPRU\�DV�WKH�UHDO�REMHFWV�WKH\�DFW�DV�VWDQG�LQ·V�IRU�

$QRWKHU�DOWHUQDWLYH�²�ZKLFK�LV�FKHDSHU�LQ�PHPRU\�FRQVXPSWLRQ�²�ZRXOG�EH�WR�RQO\�VWRUH
WKRVH�YDOXHV� WKDW� DUH�QHFHVVDU\� WR� IHWFK� WKH� UHODWHG�REMHFWV��$V� WKHVH� YDOXHV� DUH� H[DFWO\
WKRVH�ZH�VDYHG�IRU�IHWFKHG�REMHFWV�LQ�RXU�REMHFW,G�OLVW��ZH�FRXOG�DSSURSULDWHO\�VWRUH�WKHP
LQ� WKLV� OLVW� IRU� WKLV�SXUSRVH� DV�ZHOO��:KHQ� D� UHIHUHQFH� WR� D� UHODWHG� DQG�QRW� \HW� IHWFKHG
REMHFW�LV�IROORZHG��ZH�KDYH�WR�LQWHUFHSW�WKLV��IHWFK�WKH�LQVWDQFH�XVLQJ�WKH�LQIRUPDWLRQ�LQ
WKH�OLVW�DQG�UHGLUHFW�WKH�FDOO�WR�WKH�IHWFKHG�REMHFW�

��� +$1'/,1*�83'$7(

$ERYH� XQGHU� WKH� IHWFK� RSHUDWLRQ� ZH� FRQVLGHUHG� SUREOHPV� WKDW� FRXOG� RFFXU� ZKHQ
IHWFKLQJ� DQ� REMHFW� WKDW� KDG� SUHYLRXVO\� IHWFKHG�� LQ� RXU� GLVFXVVLRQ� RI� XQLTXHLQJ�� 7KHVH
FRQVLGHUDWLRQV� RI� FRXUVH� DSSO\� HTXDOO\� ZHOO� WR� WKH� XSGDWH� RSHUDWLRQ�� DV� WKLV� RSHUDWLRQ
GRHV�MXVW�WKDW��)HWFKHV�DQ�REMHFW�DJDLQ�WKDW�KDV�EHHQ�IHWFKHG�HDUOLHU�

$V�WKHUH�VHHPV�WR�EH�QR�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�VLWXDWLRQV��ZH�ZLOO�QRW�GLVFXVV�WKLV
RSHUDWLRQ�DQ\�IXUWKHU�

��� +$1'/,1*�6$9(

:KHQ�VDYLQJ�REMHFWV��ZH�FDQ�H[SHULHQFH� IXUWKHU� FRPSOLFDWLRQV�QRW� VHHQ�ZKHQ� IHWFKLQJ
REMHFWV��)LUVW�RI�DOO�ZH�QHHG�WR�GHWHUPLQH�ZKHWKHU�WKH�VDYH�RSHUDWLRQ�LV�UHTXHVWHG�RQ�DQ
REMHFWHG� WKDW� KDV� EHHQ� SUHYLRXVO\� VDYHG�� RU� RQ� D� QHZ� REMHFW�� 7KLV� FDQ� EH� GRQH� E\
VFDQQLQJ�RXU�REMHFW,G�OLVW�IRU�DQ�HQWU\�UHIHUULQJ�WR�WKH�REMHFW�WR�EH�VDYHG��,I�VXFK�DQ�HQWU\
LV� IRXQG�� WKH� UHTXHVW� LV� WR�VDYH� WKH�VWDWH� WR� WKH�H[LVWLQJ�REMHFW� LQ� WKH�GDWDEDVH��:H�FDQ
WKHQ�ORFDWH�WKH�H[LVWLQJ�REMHFW�XVLQJ�WKH�XQLTXHO\�LGHQWLI\LQJ�DWWULEXWHV�LQ�WKH�SDLU�LQ�WKH
OLVW��DQG�VDYH�WKH�FKDQJHG�DWWULEXWHV�WR�WKH�GDWDEDVH�
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,I�WKH�REMHFW�LV�QRW�IRXQG�LQ�WKH�OLVW��LV�KDV�QRW�EHHQ�IHWFKHG�GXULQJ�WKLV�H[HFXWLRQ�VR�ZH
DVVXPH� WKDW� LW� GRHV� QRW� H[LVW� LQ� WKH� GDWDEDVH� DQG� FUHDWH� D� QHZ�REMHFW� LQ� WKH� GDWDEDVH�
:KHQ�SRVWLQJ�WKLV�QHZ�REMHFW�WKHUH�LV�RI�FRXUVH�WKH�SRVVLELOLW\�WKDW�DQ�HTXLYDOHQW�REMHFW
ZDV� DOUHDG\� LQ� WKH� GDWDEDVH� IURP� DQ� HDUOLHU� H[HFXWLRQ�� EXW� WKLV� VKRXOG� UHWXUQ� DQ� HUURU
IURP�WKH�GDWDEDVH�ZKLFK�ZH�WKHQ�MXVW�KDYH�WR�SD\�DWWHQWLRQ�WR�

$QRWKHU�SUREOHP�LV�LI�WKH�REMHFW�FRQWDLQV�DWWULEXWHV��ZKLFK�WKHUH�DUH�QR�DWWULEXWHV�IRU�LQ
WKH�WDEOHV��:H�DOUHDG\�WUHDWHG�WKLV�SUREOHP�LQ�VHFWLRQ�����RQ�,QFRPSDWLELOLWLHV��:H�KHUH
FRQFOXGHG� WKDW� HLWKHU� WKH� DWWULEXWHV� PXVW� EH� UHPRYHG� IURP� WKH� REMHFW� PRGHO�� RU
DGGLWLRQDO�WDEOHV�FRQWDLQLQJ�WKH�H[WUD�DWWULEXWHV�PXVW�EH�DGGHG�

)LQDOO\� LW�FDQ�SUHVHQW�D�SUREOHP�WKDW� WKH� WDEOHV� WKDW�ZH� VDYH� WKH�REMHFW� WR�� FDQ�FRQWDLQ
UHTXLUHG� DWWULEXWHV� IRU� ZKLFK� WKHUH� DUH� QR� DWWULEXWHV� LQ� WKH� REMHFW�� 7KLV� LV� D� VHULRXV
SUREOHP��DV�WKLV�ZLOO�PDNH�LW�LPSRVVLEOH�WR�SRVW�WKH�UHFRUGV�WR�WKH�GDWDEDVH��:H�KDYH�WZR
FKRLFHV�LQ�VROYLQJ�WKLV��5HPRYH�WKH�DWWULEXWHV�IURP�WKH�WDEOH��RU�VRPHKRZ�HQWHU�D�YDOXH
LQ�WKH�DWWULEXWHV��$V�RXU�SKLORVRSK\�ZDV�QRW�WR�FKDQJH�WKH�WDEOHV��ZH�ZLOO�UHFRPPHQG�WKH
ODVW�VROXWLRQ��7KH�EHVW�ZD\�WR�GR�WKLV�ZRXOG�EH�WR�JLYH�GHIDXOW�YDOXHV�LQ�RXU�GDWD�PDSSLQJ
IRU�WKRVH�UHTXLUHG�DWWULEXWHV�IRU�ZKLFK�WKHUH�DUH�QR�GDWD�LQ�WKH�REMHFWV��7KLV�ZLOO�EH�RXU
WKLUG�UHTXLUHPHQW�IRU�WKH�GDWD�PDSSLQJ�

)RU�HYHU\�SHUVLVWHQW�FODVV�&��WKDW�LQYROYHV�WKH�VHW�RI�WDEOHV�7�LQ�WKH�GDWDEDVH��ZH�PXVW�IRU
WKH�UHTXLUHG�DWWULEXWHV�$�LQ�7�HLWKHU�JLYH�D�PDSSLQJ�IURP�DWWULEXWHV�LQ�&�RU�GHIDXOW�YDOXHV�

��� +$1'/,1*�'(/(7(

7KH� GHOHWH� RSHUDWLRQ� SUHVHQWV� QR� VHULRXV� SUREOHPV�� $V� ZH� DOUHDG\� KDYH� WKH� XQLTXHO\
LGHQWLI\LQJ� DWWULEXWHV� LQ� WKH� REMHFW,G� OLVW�� ZH� FDQ� HDVLO\� FRQVWUXFW� DQ� 64/�GHOHWH
H[SUHVVLRQ�XVLQJ�WKHVH�NH\�YDOXHV�

7KHUH�DUH�D�QXPEHU�RI�VPDOOHU�FRQVLGHUDWLRQV�WKRXJK��)LUVW�RI�DOO�ZH�PXVW�GHVLGH�ZKHWKHU
ZH� VKRXOG� GLVSRVH� RI� WKH�PHPRU\� LQVWDQFH� RQ�ZKLFK� WKH� GHOHWH� RSHUDWLRQ� LV� LQYRNHG�
7KHUH�VHHPV�WR�EH�QR�UHDVRQ�IRU�WKLV��DV�ZH�PLJKW�ZLVK�WR�NHHS�RSHUDWLQJ�RQ�WKH�REMHFW
LQ�PHPRU\��HYHQ�WKRXJK�LW�QR�ORQJHU�H[LVWV�LQ�WKH�GDWDEDVH��VR�ZH�ZLOO�OHDYH�WKLV�XS�WR�WKH
SURJUDPPHU�

)XUWKHUPRUH�ZH�QHHG� WR�FRQVLGHU�ZKDW� WR�GR�ZKHQ�GHOHWLQJ�REMHFWV� WKDW� DUH� UHODWHG� WR
RWKHU�REMHFWV�YLD�UHODWLRQV�VXFK�DV�DVVRFLDWLRQ�DQG�DJJUHJDWLRQ��,Q�>$-.��@�WKH\�GHVFULEH
WKUHH�NLQGV�RI�GHOHWLQJ��%ORFN��SURSDJDWH�DQG�UHPRYH�

,Q�D�GHOHWH�ZLWK�EORFN�� LW� LV� ILUVW�H[DPLQHG� LI� WKH�REMHFW� LV� UHODWHG� LQ�VRPH�ZD\� WR�RWKHU
REMHFWV��,I�VR�WKH�GHOHWLRQ�LV�FRQVLGHUHG�SRWHQWLDOO\�KDUPIXOO��DQG�WKH�GHOHWH�RSHUDWLRQ�LV
FDQFHOOHG�RU�´EORFNHGµ�

:KHQ�GHOHWLQJ�ZLWK�SURSDJDWH�DOO�WKRVH�REMHFWV�WKDW�DUH�UHODWHG�WR�WKH�REMHFW�ZKLFK�LV�WR
EH�GHOHWHG�DUH�DOVR�GHOHWHG��,Q�WKLV�ZD\�WKH�IXOO� WUDQVLWLYH�FORVXUH�RI�REMHFWV� WKDW�FDQ�EH
UHIHUHQFHG�IURP�D�VLQJOH�REMHFW�FDQ�EH�GHOHWHG�TXLFNO\�
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)LQDOO\� ZKHQ� GHOHWLQJ� ZLWK� UHPRYH�� RQO\� WKH� REMHFW� LQ� TXHVWLRQ� LV� GHOHWHG�� EXW� DOO
UHIHUHQFHV�LQ�WKH�GDWDEDVH�²�VXFK�DV�IRUHLJQ�NH\V�²�WR�WKH�REMHFW�DUH�VHW�WR�QXOO�

��� 6($5&+,1*�)25�2%-(&76

2XU�GHILQLWLRQ�RI�WKH�IHWFK�RSHUDWLRQ�YDJXHO\�VDLG�WKDW�ZH�VKRXOG�EH�DEOH�WR�UHVWULFW�WKH
SHUVLVWHQW� LQVWDQFHV� RI� D� JLYHQ� FODVV� WR� UHWULHYH� GXULQJ� WKH� IHWFKLQJ�� VR� ZH� QHHG� WR
FRQVLGHU�MXVW�KRZ�WKLV�VKRXOG�EH�H[SUHVVHG�

,Q�ERWK�RI�RXU�HDUOLHU�PHQWLRQHG�VROXWLRQV��(2)�IURP�1H;7�>*0:��@�DQG�WKH�5'%REM
VROXWLRQ�GHVFULEHG� LQ�WKH�WKHVLV�RI�%URO¡V�DQG�3LOJDDUG�>%U3L��@� WKH\�XVH�VRPH�IRUP�RI
64/�VWDWHPHQWV�

,Q�(2)� WKH� VR�FDOOHG�TXDOLILHUV� FDQ�EH� DGGHG� WR� LQVWDQFHV�RI� WKH� FODVV� WKDW� UHSUHVHQWV� D
GDWDEDVH�WDEOH��7KHVH�FRQVLVW�RI�D�IRUPDW�VWULQJ�ZLWK�WKH�W\SH�����!�RU� ��DQG�D�QXPEHU
RI�DUJXPHQWV��DQG�XVLQJ�WKHVH�WKH�WHERE�FODXVH�RI�WKH�VHOHFW�VWDWHPHQW�FDQ�EH�IRUPHG�E\
WKH�(2)�V\VWHP��$Q�H[DPSOH�LV�D�TXDOLILHU�ZLWK�W\SH�´�[����\µ��DQG�DUJXPHQWV�´6DODU\µ
DQG�´�����µ��ZRXOG�UHVWULFW�WKH�IHWFK�WR�WKH�UHFRUGV�KDYLQJ�D�YDOXHV�KLJKHU�WKDQ�������LQ
WKH�´6DODU\µ�DWWULEXWH�

,Q�5'%REM�� HDFK�FODVV� LV� UHSUHVHQWHG�E\�D�5'%REMYLHZ� FODVV��ZKLFK�KDV� D� VFDQ�PHWKRG�
ZKHUH� D� 64/FRQG� YDULDEOH� FDQ� EH� VHW�� 7KLV� VFDQ� PHWKRG� ZLOO� UHWXUQ� DOO� REMHFWV
FRUUHVSRQGLQJ�WR�D�SELECT�VWDWHPHQW�ZLWK�WKH�FRQWHQWV�RI�64/FRQG�SODFHG�DIWHU�WHERE�
)XUWKHUPRUH� WKH� LQVWDQFHV� WKDW� DUH� FUHDWHG�ZKHQ� IHWFKHG� DUH� FRPSDUHG� WR� DQ�2%-FRQG
FRQGLWLRQ��DQG�RQO\�WKRVH�WKDW�IXOILO�WKLV�FRQGLWLRQ�ZLOO�EH�UHWXUQHG�DV�WKH�UHVXOW�

:KLOH�ERWK� WKHVH� VROXWLRQV� LQGHHG�GR� WKH� WULFN�� VWLOO�ZH�GR�QRW� FRQVLGHU� WKHP�RSWLPDO�
7KH�PDLQ� SUREOHP� LV� WKDW� WKH� DSSOLFDWLRQ� SURJUDPPHU� FDQQRW� VHDUFK� IRU� GDWD�ZLWKRXW
NQRZLQJ� ZKDW� LV� FRQVLGHUHG� OHJDO� LQ� WKH� 64/� WHERE� FODXVH� DQG� NQRZLQJ� ZKDW� WKH
GDWDEDVH�ORRNV�OLNH�

7KH�SUREOHP�ZLWK�QRW�NQRZLQJ�64/�LV�QRW�WRR�EDG�²�DIWHU�DOO�WKHUH�LV�QRW�PXFK�WR�NQRZ�
%XW� KDYLQJ� WKH� UHVWULFWLRQ� WKDW� WKH� DSSOLFDWLRQ� SURJUDPPHU� VKRXOG� DOVR� NQRZ� WKH� ILQH
GHWDLOV�RI�WKH�GDWDEDVH�WDEOHV�LV�D�KHDY\�EXUGHQ��2SWLPDOO\�WKH�SURJUDPPHU�VKRXOG�RQO\
WKLQN�LQ�WHUPV�RI�WKH�REMHFW�PRGHO��DQG�QRW�ZRUU\�DERXW�KRZ�WKLV�PRGHO� LV�PDSSHG�WR
WKH�GDWDEDVH�

7KLV� GRHV� QRW� VHHP� WR� KDUG� DFKLHYLQJ� HLWKHU�� $V� RXU� ILUVW� UHTXLUHPHQW� IRU� WKH� GDWD
PDSSLQJ�ZDV� WKDW� IRU� HYHU\� DWWULEXWH� LQ� WKH� FODVVHV� LW� VKRXOG� VD\�ZKHUH� WKHVH� FRXOG� EH
IRXQG� LQ� WKH� GDWDEDVH�� LW� VKRXOG� EH� SRVVLEOH� WR� KDYH� WKH� SURJUDPPHU� H[SUHVV� KLV
FRQGLWLRQV� LQ� WHUPV� RI� WKH� FODVV� DWWULEXWHV� DQG� WKHQ� FKDQJH� WKLV� LQWR� 64/� XVLQJ� WKH
LQIRUPDWLRQ�LQ�WKH�PDSSLQJ��7KLV�ZRXOG�EH�D�ODUJH�VWHS�IRUZDUG��DQG�ZRXOG�IXUWKHUPRUH
KDYH� WKH�DGYDQWDJHV� WKDW� D� FKDQJH�RI� WKH�GDWDEDVH�ZRXOG�RQO\� UHTXLUH� D� FKDQJH�RI� WKH
GDWD�PDSSLQJ��DQG�QRW�DOO�SURJUDP�VWDWHPHQWV�LQYROYLQJ�GDWDEDVH�VHDUFKHV�

$QRWKHU�DOWHUQDWLYH�FRXOG�EH�2EMHFW�64/�DV�VXJJHVWHG�E\�WKH�2'0*��2EMHFW�'DWDEDVH
0DQDJHPHQW�*URXS���2EMHFW� 64/� LV� D� VXSHUVHW� RI� 64/���� WKDW� DOORZV� VHDUFKHV� WR� EH
H[SUHVVHG�LQ�D�ZD\�VR�WKDW�WKH\�UHVHPEOH�22�ODQJXDJH�SULPLWLYHV��ZKLOH�DW�WKH�VDPH�WLPH
LV��DOPRVW��WRWDOO\�FRPSDWLEOH�ZLWK�64/�>&%%���@�
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��� 7+(�'$7$�0$33,1*

:H�KDYH�QRZ�VHYHUDO�WLPHV�PHQWLRQHG�WKH�GDWD�PDSSLQJ��DQG�WKH�UHTXLUHPHQWV�WR�LW��VR�LW
VHHPV�WKDW�ZH�VKRXOG�IRUPDOLVH�IXUWKHU�MXVW�ZKDW�ZH�DUH�WDONLQJ�DERXW�

%RWK�RI�RXU�PHQWLRQHG�V\VWHPV�(2)�>*0:��@��DQG�5'%REM�>%U3L��@�XVH�D�VRUW�RI�GDWD
PDSSLQJ��,Q�WKH�FDVH�RI�(2)�WKH�PDSSLQJ�LV�TXLWH�VLPSOH��DV�WKH�22�PRGHO�LQ�(2)�LV
FRQVWUXFWHG�GLUHFWO\�IURP�WKH�GDWDEDVH�GHILQLWLRQ��DQG�WKHUH�LV�DOZD\V�D�RQH�FODVV�WR�RQH
WDEOH� UHODWLRQVKLS��2QO\�PLQRU�DGMXVWPHQWV� VXFK�DV� OHDYLQJ�RXW� DWWULEXWHV�� FKDQJLQJ� WKH
QDPHV�DQG�DGGLQJ�VLPSOH�DWWULEXWHV�WKDW�DUH�IRXQG�LQ�RWKHU�FODVVHV�DUH�SRVVLEOH�

7KH�ZRUNIORZ� LQ�(2)� LV� WKDW� WKH�GDWDEDVH� LV� GHILQHG� ILUVW��$IWHU� WKLV� WKH�(20RGHOOHU
WRRO� LV� VWDUWHG�� ZKLFK� UHDGV� WKH� GDWDEDVH� GHILQLWLRQ�� DOORZV� WKH� DERYH� GHVFULEHG�PLQRU
DGMXVWPHQWV�DQG�WKHQ�WKH�WRRO�JHQHUDWHV�D�WHPSODWH�REMHFW�PRGHO�

,Q�5'%REM��WKH�DSSURDFK�LV�WR�VWDUW�ZLWK�ERWK�WKH�GDWDEDVH�DQG�WKH�REMHFW�PRGHO��DQG�WKH
PDNH�WKH�PDSSLQJ�IURP�WKHVH��7KH\�XVH�D�WH[WXDO�PDSSLQJ�GHILQHG�E\�D�%1)��VXFK�DV�

classdef person
cpr: PERSON.cprNo,
name: PERSON.name,
age: PERSON.age;

ZKLFK�EDVLFDOO\�GHVFULEHV�WKDW�LQVWDQFHV�RI�WKH�SHUVRQ�FODVV��FDQ�ILQG�WKHLU�cpr�DWWULEXWH�LQ
WKH�DWWULEXWH�cprNo�RI�WKH�PERSON�WDEOH��DQG�VR�RQ�

:H�VXJJHVW�DQ�DSSURDFK�FORVH� WR� WKH�RQH�RI�5'%REM��:H�VKRXOG� VWDUW�E\�GHILQLQJ� WKH
GDWDEDVH�DQG�WKH�22�PRGHO��DQG�WKHQ�PDNH�D�PDSSLQJ�GHVFULELQJ�WKH�UHODWLRQ�EHWZHHQ
WKHVH�� 7KLV� PDSSLQJ� VKRXOG� FRQIRUP� WR� WKH� UHTXLUHPHQWV� WKDW� ZH� IRXQG� LQ� WKH� ODVW
VHFWLRQ��ZKLFK�ZH�VKRZ�DJDLQ�EHORZ��IRU�HDV\�UHIHUHQFH�

)LJXUH�����'DWD�PDSSLQJ�UHTXLUHPHQWV

)RU�HYHU\�SHUVLVWHQW�FODVV�&��DQG�IRU�DOO�DWWULEXWHV�$�RI�&��ZH�PXVW�JLYH�D�PDSSLQJ
VKRZLQJ�LQ�ZKDW�WDEOH�DQG�ZKDW�DWWULEXWH�$�FDQ�EH�IRXQG��)XUWKHUPRUH�LW�PXVW�EH
VSHFLILHG�KRZ�WKH�LQYROYHG�WDEOHV�VKRXOG�EH�MRLQHG�WRJHWKHU�

)RU�HYHU\�SHUVLVWHQW�FODVV�&��ZH�PXVW�LGHQWLI\�WKH�VHW�RI�GDWDEDVH�DWWULEXWHV�WKDW�XQLTXHO\
LGHQWLI\�DQ\�LQVWDQFH�RI�&�

)RU�HYHU\�SHUVLVWHQW�FODVV�&��WKDW�LQYROYHV�WKH�VHW�RI�WDEOHV�7�LQ�WKH�GDWDEDVH��ZH�PXVW�IRU
WKH�UHTXLUHG�DWWULEXWHV�$�LQ�7�HLWKHU�JLYH�D�PDSSLQJ�IURP�DWWULEXWHV�LQ�&�RU�GHIDXOW�YDOXHV�

7KLV�PDSSLQJ�VKRXOG�SUREDEO\�EH�GHILQHG�DV�D�WH[WXDO�IRUPDW�E\�D�%1)�DV�LQ�WKH�FDVH�RI
5'%REM��EXW�IXUWKHUPRUH�RQH�FRXOG�LQWHJUDWH�WKH�PDSSLQJ�SURFHVV�LQWR�RWKHU�WRROV�XVHG
LQ�22�GHYHORSPHQW�� )RU� H[DPSOH� LW�PLJKW� EH� SURPLVLQJ� WR� KDYH� D� WRRO� WKDW� UHDG� WKH
GDWDEDVH� GHILQLWLRQ� DQG�SUHVHQWHG� WKH� WDEOHV� LQ� D� JUDSKLFDO� IRUPDW� DORQJ� VLGH� WKH�22�
PRGHO��DQG�WKHQ�RQH�FRXOG�FRQVWUXFW�WKH�PDSSLQJ�LQ�D�PRUH�RU�OHVV�JUDSKLFDO�PDQQHU�E\
GUDJJLQJ�FRQQHFWRUV�IURP�RQH�WR�WKH�RWKHU�
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�� 6800$5<
:H�VWDUWHG�RXW�ZLWK� D�QXPEHU�RI� JHQHUDO� FRQVLGHUDWLRQV� DERXW�SHUVLVWHQW� VWRUDJH�� DIWHU
ZKLFK�ZH�FRQWLQXHG�RQ�WR�GHVFULELQJ�WKH�SUREOHPV�WKDW�PLJKW�DULVH�ZKHQ�PDSSLQJ�22�
PRGHOV�WR�UHODWLRQDO�GDWDEDVHV�

:H� VKRZHG� D� QXPEHU� RI�PDSSLQJV� WKDW� FRXOG� EH� XVHG�ZKHQ�PDSSLQJ�22�PRGHOV� WR
UHODWLRQDO� GDWDEDVHV� DQG� GLVFXVVHG� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� HDFK� RI� WKHVH��:H
WKHQ� GLVFXVVHG� KRZ� WKHVH� ZHUH� LQIOXHQFHG� ZKHQ� WKH� PDSSLQJ� ZDV� WR� EH� GRQH� WR� DQ
H[LVWLQJ� GDWDEDVH�� ZKHUH� ZH� IRXQG� SUREOHPV� VXFK� DV� DWWULEXWHV� PLVVLQJ� LQ� WKH� WDEOHV�
JHQHUDOLVDWLRQ�KLHUDUFK\�SUREOHPV�DQG�LQHIILFLHQW�IHWFKLQJ�

$IWHU� WKLV�ZH� LQWURGXFHG� IRXU� JHQHUDO� GDWDEDVH� RSHUDWLRQV� DQG� GHVFULEHG� WKH� SUREOHPV
WKDW� ZRXOG� DULVH� ZKHQ� LPSOHPHQWLQJ� WKHVH�� VXFK� DV� XQLTXHLQJ�� PDLQWDLQLQJ� DQ� LG�OLVW�
KDQGOLQJ�UHODWLRQVKLSV�DQG�KRZ�WR�H[SUHVV�VHDUFKHV�

)LQDOO\�ZH�ORRNHG�DW�WKH�GDWD�PDSSLQJ��DQG�PDGH�D�´ORRVHµ�VXJJHVWLRQ�IRU�LWV�V\QWD[�DQG
KRZ�LW�VKRXOG�EH�JHQHUDWHG�
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�� %,%/,2*5$3+<
>$5.��@ 6KDLOHVK�$JDUZDO��5LFKDUG�-HQVHQ��$WKXU�0��.HOOHU��%ULGJLQJ�2EMHFW�2ULHQWHG

3URJUDPPLQJ�DQG�5HODWLRQDO�'DWDEDVHV��$SSHDUHG�LQ�6,*02'��0D\��������

>$..��@ 6KDLOHVK�$JDUZDO��&KULVWRSKHU�.HHQH��$UWKXU�0�.HOOHU��$UFKLWHFWLQJ�2EMHFW
$SSOLFDWLRQV�IRU�+LJK�3HUIRUPDQFH�ZLWK�5HODWLRQDO�'DWDEDVHV��$SSHDUHG�LQ
´2236/$�:RUNVKRS�RQ�2EMHFW�'DWDEDVH�%HKDYLRU��%HQFKPDUNV��DQG
3HUIRUPDQFH��$XVWLQ��7;µ��2FWREHU������

>%(/���@ 0LFKDHO�%ODKD��)UHGHULFN�(GG\��:LOOLDP�/RUHQVHQ��:LOOLDP�3UHPHUODQL�
-DPHV�5XPEDXJK��2EMHFW�2ULHQWHG�PRGHOLQJ�DQG�GHVLJQ��3UHQWLFH�+DOO��1HZ
-HUVH\�������

>%U3L��@ -HWWH�+ROP�%URO¡V��.ULVWLDQ�%DQJ�3LOJDDUG��2EMHNWHU�L�UHODWLRQVGDWDEDVHU��0DVWHUV
7KHVLV��LQ�'DQLVK��IURP�,QVWLWXWH�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI
&RSHQKDJHQ��',.8��������

>&%%���@ (GLWHG�E\�5�*�*��&DWWHOO��'RXJODV�%DUU\��'LUN�%DUWHOV��0DUN�%HUOHU��-HII
(DVWPDQ��6RSKLH�*DPHUPDQ��'DYLG�-RUGDQ��$GDP�6SULQJHU��+HQU\
6WULFNODQG��DQG�'UHZ�:DGH��7KH�2EMHFW�'DWDEDVH�6WDQGDUG��2'0*������0RUJDQ
.DXIPDQ�3XEOLVKHUV�������

>*0:��@ 1LN�*HUYDH��.DWLH�0F&RUPLFN��*UHJ�:LOVRQ��(QWHUSULVH�2EMHFWV�)UDPHZRUN
'HYHORSHU·V�*XLGH��1H[WVWHS�'HYHORSHU·V�/LEUDU\��UHOHDVH����1H;7�&RPSXWHU�
,QF��������

>.R6L��@ +HQU\�)��.RUWK��$EUDKDP�6LOEHUVFKDW]��'DWDEDVH�6\VWHP�&RQFHSWV��0F*UDZ�
+LOO�������

>0M¡��@ 7KH�0M¡OQHU�%(7$�6\VWHP�²�3HUVLVWHQFH�LQ�%(7$��0M¡OQHU�,QIRUPDWLFV�5HSRUW�
$DUKXV�������

>001��@ 2OH�/HKUPDQQ�0DGVHQ��%LUJHU�0¡OOHU�3HGHUVHQ��.ULVWHQ�1\JDDUG��2EMHFW�
2ULHQWHG�3URJUDPPLQJ�LQ�WKH�%(7$�3URJUDPPLQJ�/DQJXDJH��$GGLVRQ�:HVOH\�
:RNLQJKDP������

������������������������������������������������
��7KH�$UWKXU�0��.HOOHU�DUWLFOHV�FDQ�EH�IRXQG�LQ�SRVWVFULSW�IRUPDW�DW�

http://www-db.stanford.edu/pub/keller/#Object


