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,Q�UHFHQW�\HDUV�� WKHUH�KDV�EHHQ�D�WUHPHQGRXV�SUROLIHUDWLRQ�RI�GDWDEDVHV� LQ
WKH�ZRUN� SODFH�� GRPLQDWHG� E\� UHODWLRQDO� GDWDEDVHV� V\VWHPV�� $Q� HPHUJLQJ
QHHG� IRU� VKDULQJ� GDWD� DFURVV� GLIIHUHQW� GDWDEDVH� SODWIRUPV� KDV� LQWURGXFHG
WKH�QHHG�IRU�0XOWL�'DWD%DVH�6\VWHPV��0'%6���0'%6�DUH�V\VWHPV�FDSDEOH
RI� RSHUDWLQJ� RYHU� D� QHWZRUN� DQG� HQFRPSDVVLQJ� D� KHWHURJHQHRXV� PL[� RI
GLIIHUHQW� GDWDEDVH� V\VWHPV�� SURYLGLQJ� WKH� XVHU� ZLWK� D� XQLILHG� YLHZ� RI
GLVWULEXWHG�DQG�KHWHURJHQHRXV�GDWD�
7KH�DLP�RI�WKLV�ZRUN�LV�WR�SUHVHQW�DQ�DSSURDFK�WR�WKH�SUREOHP�RI�EXLOGLQJ
KLJK�OHYHO�DEVWUDFWLRQV�DV�YLHZV�WKDW�LQWHJUDWH�GDWD�IURP�GLIIHUHQW�UHODWLRQDO
GDWDEDVHV�� 7KH� PHFKDQLVP� SUHVHQWHG� FDQ� VHUYH� DV� D� EDVLV� IRU� D
PXOWLGDWDEDVH�V\VWHP�
$V� D� SODWIRUP� IRU� WKLV� ZRUN� ZH� XVH� WKH� REMHFW� RULHQWHG� PXOWL�GDWDEDVH
V\VWHP�$PRV� ,,��7R� DFFHVV� GDWD� VWRUHG� LQ� GLIIHUHQW� GDWDEDVHV� WKH�2'%&
VWDQGDUG� LV� XVHG�� 2'%&� SURYLGH� PXOWLGDWDEDVH� FRQQHFWLYLW\� XVLQJ� D
FRPPRQ� LQWHUIDFH� DSSURDFK�� ZKLFK� JLYHV� SURJUDPPHUV� D� XQLIRUP� 64/
LQWHUIDFH�WR�GLIIHUHQW�UHODWLRQDO�GDWDEDVHV�
$� QXPEHU� RI� SUREOHPV� ZHUH� LGHQWLILHG� DQG� DOWHUQDWLYH� VROXWLRQV� ZHUH� LQ
PRVW� FDVHV� SURSRVHG� DQG� LPSOHPHQWHG�� 0HDVXUHPHQWV� RQ� WKH
LPSOHPHQWDWLRQ�DUH�UHSRUWHG�DQG�GLVFXVVHG�



�

$&.12:/('*(0(176

,�ZRXOG�OLNH�WR�WKDQN�P\�WHDFKHU�DQG�VXSHUYLVRU�7RUH�5LVFK�IRU�KLV�VXSSRUW
GXULQJ�WKH�ZRUN�RQ�WKLV�ILQDO�UHSRUW��,�ZRXOG�DOVR�OLNH�WR�WKDQN�DOO�PHPEHUV
RI�WKH�/DERUDWRU\�IRU�(QJLQHHULQJ�'DWDEDVHV�DQG�6\VWHPV��('6/$%��

,� DP� DOVR� JUDWHIXO� WR� 9DQMD� -RVLIRYVN\� ZKR� KHOSHG�PH� ZLWK� WKH� (QJOLVK
ODQJXDJH�
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� ,QWURGXFWLRQ

7KLV�ILUVW�FKDSWHU�RXWOLQH�WKH� LVVXHV�DGGUHVVHG� LQ�WKLV�UHSRUW��7KH�WDVN�DQG
GHOLPLWDWLRQV� DUH� WKHQ� GLVFXVVHG�� DQG� ILQDOO\� WKHUH� LV� DQ� RYHUYLHZ� RI� WKH
UHSRUW�

��� 7KH�SUREOHP��:K\�PXOWLGDWDEDVH�DFFHVV�"

'DWDEDVH�DSSOLFDWLRQV�DQG�WHFKQRORJLHV�DUH�RI�FHQWUDO� LPSRUWDQFH� LQ�PDQ\
LQIRUPDWLRQ� V\VWHPV�� $� GDWDEDVH� LV� D� FROOHFWLRQ� RI� UHODWHG� GDWD�� 7KH
FROOHFWLRQ�RI�SURJUDPV�WKDW�HQDEOHV�XVHUV�WR�FUHDWH�DQG�PDLQWDLQ�D�GDWDEDVH
LV�FDOOHG�D�GDWDEDVH�PDQDJHPHQW�V\VWHP��'%06��
+LVWRULFDOO\���FRPSDQLHV�XVHG�D�VLQJOH�GDWDEDVH�V\VWHP��,W�FRQVLVWHG�RI�RQH
RU�PRUH� GDWDEDVHV� �PDQDJHG� XQGHU� WKH� FHQWUDOL]HG� FRQWURO� RI� D�PRQROLWKLF
GDWDEDVH�PDQDJHPHQW�V\VWHP��$OO�GDWDEDVH�DFFHVV�ZDV�GRQH�HLWKHU�WKURXJK
WKH� IURQW� HQG� RI� VXFK� V\VWHPV� RU� WKURXJK� DSSOLFDWLRQV� ZULWWHQ� WR� ZRUN
H[FOXVLYHO\�ZLWK�VXFK�V\VWHPV�

'XH� WR� KLVWRULFDO� UHDVRQV�� DQG� WKH� IDFW� WKDW� GLIIHUHQW� DSSOLFDWLRQV� FDQ� EH
EHWWHU�VXSSRUWHG�E\�GLIIHUHQW�W\SHV�RI�GDWDEDVH�V\VWHPV��WRGD\�� LQ�D�W\SLFDO
PHGLXP� RU� ODUJH� VL]H� HQWHUSULVH� PDQ\� GLIIHUHQW� NLQGV� RI� GDWDEDVH
PDQDJHPHQW� V\VWHPV� DUH� XVHG�� 7KH� GDWDEDVHV� DUH� RIWHQ�GLVWULEXWHG� RYHU� D
QHWZRUN� RI� PDLQIUDPH� FRPSXWHU� VHUYHUV�� ZRUNVWDWLRQV� DQG� SHUVRQDO
FRPSXWHUV�� 7KH\� DUH� RIWHQ� KHWHURJHQHRXV� GXH� WR� WKH� GLIIHUHQFHV� LQ� WKH
VHPDQWLFV� RI� GDWD� DQG� � LQ� '%06V� �GLIIHUHQW� GDWD� PRGHOV� DQG� TXHU\
ODQJXDJHV� XVHG��� $QG�� LI� WKH\� DUH� PDQDJHG� LQGHSHQGHQWO\� E\� VHSDUDWH
RUJDQL]DWLRQV��WKH\�DUH�DXWRQRPRXV�

7KH� PRQROLWKLF� DSSURDFK� LV� LQVXIILFLHQW� LQ� WKLV� QHZ� HQYLURQPHQW� ZKHUH
RUJDQL]DWLRQV�UHTXLUH��VROXWLRQV�WR�WKH�IROORZLQJ�SUREOHPV�

�� 7KHUH� DUH� DSSOLFDWLRQV� WKDW� QHHG� WR� DFFHVV� PRUH� WKDQ� RQH� GDWDEDVH
V\VWHP�� 6R�� DSSOLFDWLRQ� SURJUDPPHUV� KDYH� WR� XVH� YDULRXV� GDWDEDVH
LQWHUIDFHV� DQG� � QHHG� WR� NQRZ� WKH� GDWDEDVHV� �ORFDWLRQV�� � RI� UHTXLUHG
GDWD�

 
�� 6RPH� GDWD� PD\� EH� VWRUHG UHGXQGDQWO\� LQ� PDQ\� GDWDEDVHV�
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SRVVLEO\� LQ� GLIIHUHQW� UHSUHVHQWDWLRQV�� +HQFH�� WKH� ULVN� RI� GDWD
LQFRQVLVWHQF\�LV�KXJH�DQG�WKH�ULVN�IRU�ZURQJ�GHFLVLRQV�LQFUHDVHV�

7KH� DUHD� RI� PXOWLGDWDEDVH� V\VWHPV� GHDOV� ZLWK� WKH� TXHVWLRQ� RI� ZKDW
DSSURDFK� VKRXOG� EH� XVHG� WR� DFFHVV� DQG�PHUJH� GDWD� LQ� GLIIHUHQW�� H[LVWLQJ
LQIRUPDWLRQ�V\VWHPV�

��� %DFNJURXQG

7KLV�VHFWLRQ�EULHIO\�GHVFULEHV�WKH�SULQFLSOHV�DQG�DSSURDFKHV�WR�WKH�SUREOHP
GLVFXVVHG�DERYH�DQG�VXEMHFWV� UHODWHG� WR�RXU�ZRUN��7KHVH�FRQFHSWV�ZLOO�EH
SUHVHQW�LQ�D�JUHDWHU�GHWDLO�LQ�WKH�QH[W�FKDSWHU�

����� 0XOWL�GDWDEDVH V\VWHP

$� PXOWLGDWDEDVH� V\VWHP� DFWV� DV� D� IURQW� HQG� V\VWHP� WKDW� DOORZ� WKH� XVHUV� WR
LQWHJUDWH�LQIRUPDWLRQ�IURP�SUHH[LVWLQJ��KHWHURJHQHRXV�ORFDO�GDWDEDVHV�
7KH�WZR�PDMRU�GHVLJQ�DSSURDFKHV�IRU�PXOWLGDWDEDVHV��DUH�WKH��JOREDO�VFKHPD
DSSURDFK�DQG�PXOWLGDWDEDVH� ODQJXDJH�DSSURDFK��7KH\�DUH�EDVHG�� UHVSHFWLYHO\�
RQ�WKH�LGHD�RI��UH�HQJLQHHULQJ�DQG�LQWHURSHUDWLRQ�

7KH� UH�HQJLQHHULQJ� DSSURDFK� WUDQVIHU� � DSSOLFDWLRQ� � ORJLF�� WKH� GDWD� GHILQLWLRQ�
DQG� WKH� GDWD� IURP� WKH� ROG� V\VWHPV� LQWR� D� QHZ� V\VWHP�� DOO� WKH� DFFHVVLEOH
GDWDEDVHV� DUH� JOREDOO\� LQWHJUDWHG�� 7KH� DGYDQWDJH� RI� WKH� UH�HQJLQHHULQJ
DSSURDFK� LV� WKDW� WKH� QHZ� V\VWHPV� DUH� HDVLHU� WR� PDLQWDLQ�� +RZHYHU�� WKLV
SURFHVV� LV� H[SHQVLYH� DQG� FRPSOLFDWHG� DQG�� LQ�PDQ\� FRPSDQLHV�� LW�ZLOO� EH
LPSRVVLEOH�WR�LQWHJUDWH�DOO�WKHVH�GDWDEDVHV��XQGHU�D�JOREDO�VFKHPD�
7KH� VHFRQG� RSWLRQ� LV� WR� DOORZ� WKH� H[LVWLQJ� V\VWHPV� WR� LQWHURSHUDWH� E\
SURYLGLQJ� D� VWDQGDUG� LQWHUIDFH� WR� WKH� H[LVWLQJ� GDWDEDVHV��$�PXOWLGDWDEDVH
ODQJXDJH�V\VWHP�SXWV�PRVW�RI� WKH� LQWHJUDWLRQ�UHVSRQVLELOLW\�RQ�XVHU�JLYLQJ
WKHP�PDQ\�VXSSRUW�IXQFWLRQV��IRU�GDWDEDVH�LQWHURSHUDELOLW\�

$�FHQWUDO�SUREOHP�LQ�PXOWLGDWDEDVH�V\VWHPV�LV�KHWHURJHQHLW\�LQ�WKH�VHPDQWLF
RI�WKH�GDWD�VWRUHG�LQ�YDULRXV�UHSRVLWRULHV��7R�KDQGOH�WKLV�PRVW�V\VWHPV�XVH�D
FRPPRQ� GDWD� PRGHO�� :LWK� WKLV� DSSURDFK� WKH� VFKHPDV� RI� WKH� SDUWLFLSDWLQJ
GDWDEDVHV� DUH�PDSSHG� WR� HTXLYDOHQW� VFKHPDV� LQ� WKH� FRPPRQ�GDWD�PRGHO�
7KHVH�VFKHPDV�FDQ�EH�VHHQ�DV�YLHZV�RI�WKH�XQGHUO\LQJ�GDWDEDVHV�
$� YLHZ� LV� D� ORJLFDO� GHVFULSWLRQ� RI� GDWD�� $OO� RSHUDWLRQV� DJDLQVW� D� YLHZ� DUH
WUDQVODWHG�LQWR�FRPPDQGV�DJDLQVW�WKH�XQGHUO\LQJ�VFKHPD�DFFRUGLQJ�WR�VRPH
PDSSLQJ�EHWZHHQ�WKH�YLHZ�DQG�WKH�XQGHUO\LQJ�VFKHPD��)XUWKHUPRUH�YLHZV
HQDEOH�VKDULQJ�GDWD�DPRQJ�LQIRUPDWLRQ�V\VWHPV�
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����� 2EMHFW 2ULHQWHG GDWDEDVHV

2�2� �2EMHFW� 2ULHQWHG�� '%06V� FRPELQH� WKH� IHDWXUHV� RI� 2�2� SURJUDPPLQJ
ODQJXDJHV�ZLWK�WKRVH�RI�WKH�'%06V�
7KH� DGYDQFHG� PRGHOLQJ� FDSDELOLWLHV� RI� WKH� REMHFW� PRGHO� RIIHU� WKH
DGYDQWDJH�WR�FDSWXUH�DOO�WKH�VHPDQWLFV�RI�WKH�SDUWLFLSDWLQJ�GDWDEDVHV�ZKHQ
XVHG�LQ�WKH�FRQWH[W�RI�GDWD�LQWHJUDWLRQ�SUREOHP�
2�2�GDWDEDVHV�SOD\�DQ�LPSRUWDQW�UROH��LQ�IDFW�WKH�2�2�SDUDGLJP�DSSHDUV�WR
EH�WKH�DSSURDFK�RI�FKRLFH�IRU�WKH�FRPPRQ�GDWD�PRGHO�XVHG�WR�SURYLGH�D
KRPRJHQHRXV� LQWHUIDFH� WKDW� KDQGOH� WKH� SUREOHP� RI� DFFHVV� GDWD� LQ� WKHLU
GLYHUVH� QDWLYH� IRUPDWV�� 6XFK� LQWHUIDFH� RU� � YLHZ� PHFKDQLVP� PDNHV� LW
SRVVLEOH�IRU�XVHUV�WR�WUDQVSDUHQWO\�ZRUN�ZLWK�GDWD�LQ�D�UHODWLRQDO�GDWDEDVH�DV
LI�LW�ZDV�VWRUHG�LQ�DQ��2�2�GDWDEDVH�

����� $PRV

$026�>�@��$FWLYH�0HGLDWRUV�2EMHFW�6\VWHP��LV�D�REMHFW�UHODWLRQDO�UHVHDUFK
'%06�SURWRW\SH��$026� � LV� DQ� H[WHQVLRQ� RI� D�PDLQ�PHPRU\� YHUVLRQ� RI
,ULV>�@��FDOOHG�:6�,ULV�>�@��$026�SURYLGHV�DQ�2�2�PRGHO�DV�WKH�IUDPHZRUN
IRU�XQLIRUP�LQWHURSHUDWLRQ�RI�PXOWLSOH�GDWD�VRXUFHV�
$026�LQFOXGHV� WKH�$0264/�TXHU\� ODQJXDJH� WKDW�SURYLGHV�D�GHFODUDWLYH
TXHU\�LQWHUIDFH�IRU�GHILQLQJ��SRSXODWLQJ�DQG�PDQLSXODWLQJ�WKH�GDWDEDVH�
$0264/� LV� DQ� H[WHQVLEOH� DQG� 2�2� TXHU\� ODQJXDJH� WKDW� VXEVXPHV� WKH
UHODWLRQDO� FDOFXOXV�� $0264/� LV� GHULYDWLYH� RI� 264/>�@� ZKLFK� LV� D
IXQFWLRQDO�DQG�2�2�ODQJXDJH��RULJLQDWLQJ�IURP�'$3/(;�>�@��7KH�FHQWUDO
SDUW� RI� WKH�$PRV�SURMHFW� KDV� VR� IDU� EHHQ�PXOWLGDWDEDVH� V\VWHPV�� ,Q� IDFW�
RQH�RI�WKH�NH\�FDSDELOLWLHV�EHLQJ�GHYHORSHG�ZLWK�LQ�WKH�$PRV�SURMHFW�LV�WR
EH�DEOH�WR�VWDWH�2�2�TXHULHV�WKDW�FRPELQH�GDWD� IURP�VHYHUDO�GDWD�VRXUFHV
VXFK� DV� UHODWLRQDO� GDWDEDVHV� >��@�� >��@�� )RU� WKLV� SXUSRVH� WKH� $PRV
PXOWLGDWDEDVH� V\VWHP� DUFKLWHFWXUH� LV� EDVHG� RQ� WKH� ZUDSSHU�PHGLDWRU
DSSURDFK�>��@�

����� 2'%&

,Q�UHJDUGV�WR�WKH�SUREOHP�RI�GDWD�LQWHUFKDQJH�DPRQJ�YDULRXV�GDWDEDVHV�DQG
DSSOLFDWLRQV��D�JURXS�RI�OHDGHUV�LQ�WKH�GDWDEDVH�DQG�V\VWHPV�LQGXVWU\��FDOOHG
64/�$FFHVV�*URXS��6$*���KDV�GHILQHG�D�&DOO�/HYHO�,QWHUIDFH��&/,��ZKLFK
SURYLGHV�D�FRPPRQ�LQWHUIDFH�IRU�DFFHVVLQJ�UHODWLRQDO�GDWDEDVHV�XVLQJ�64/�
%DVHG� RQ� WKLV� &/,�� 0LFURVRIW� SURSRVHG� VSHFLILFDWLRQV� RI� DQ� $3,
�$SSOLFDWLRQ� 3URJUDP� ,QWHUIDFH�� FDOOHG� 2'%&� �2SHQ� 'DWDEDVH
&RQQHFWLYLW\�>��@���2'%&�LV�GHVLJQHG�WR�EH�D�VXSHUVHW�RI�WKH�6$*�&/,��WKH
2'%&��H[WHQVLRQV�SURYLGH�DGGLWLRQDO�IXQFWLRQDOLW\��
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��� 7KH�DLP

7KLV�UHSRUW�DGGUHVVHV�WKH�SUREOHP�RI�GHILQLQJ�YLHZV�WKDW�VSDQ�RYHU�D� IHZ
UHODWLRQDO�GDWDEDVHV�DQG�SURYLGH�WKH�EDVLF�SULPLWLYHV�WR�EXLOG�DQ�2�2�YLHZ
PHFKDQLVP�� 2XU� DSSURDFK� FRPELQH� � WKH� 2'%&� IXQFWLRQDOLW\� WR� H[WUDFW
GDWD�ZLWK�WKH�$PRV�IDFLOLWLHV�WR�PDQLSXODWH�DQG�FRPELQH�WKH�H[WUDFWHG�GDWD
XVLQJ�LWV�TXHU\�DQG�GDWD�PRGHOLQJ�ODQJXDJH�$0264/�
7KLV� FRPELQDWLRQ� DOORZV� HIIHFWLYH� VKDULQJ� RI� LQIRUPDWLRQ� IURP� GLVSDUDWH
GDWDEDVH� V\VWHPV� DQG� FODVVLILHV� RXU� ZRUN� LQ� WKH� PXOWLGDWDEDVH� ODQJXDJH
DSSURDFK��ZLWK�VRPH�GLIIHUHQFHV�WKDW�ZLOO�EH�SRLQWHG�RXW� LQ� WKH�IROORZLQJ
FKDSWHUV��

7KH�SULPDU\� JRDO� LV� WR� LPSOHPHQW� 64/� DFFHVV� IURP�$0264/�XVLQJ� WKH
H[WHQVLELOLW\� � RI� $PRV� ,,�� ([WHQVLELOLW\� LV� VXSSRUWHG� WKURXJK� IRUHLJQ
IXQFWLRQV�ZULWWHQ�LQ�DQ�H[WHUQDO�SURJUDPPLQJ�ODQJXDJH��&�RU�/LVS���,Q�WKLV
ZD\�UHODWLRQDO�GDWDEDVHV�FDQ�EH�DFFHVVHG�IURP�TXHULHV�

7KH� VHFRQGDU\� JRDO� LV� WR� GHILQH� PXOWLGDWDEDVH� YLHZV� DFFHVVLQJ� VHYHUDO
UHODWLRQDO� GDWDEDVHV�� 0XOWLGDWDEDVH� YLHZV� KLGH� WKH� GLIIHUHQFHV� RI� WKH
SDUWLFLSDWLQJ�GDWDEDVHV�DQG�SURYLGH�D�FRKHUHQW�LQWHUIDFH�WR�WKH�XVHUV�
,Q� $PRV� YLHZV� DUH� VXSSRUWHG� WKURXJK� GHULYHG� IXQFWLRQV� WKDW� XVH� WKH
$0264/�TXHU\�ODQJXDJH�WR�FDOFXODWH�WKH�H[WHQVLRQ�

��� /LPLWDWLRQV

:H�GR�QRW�DWWHPSW�WR�FUHDWH�2�2�YLHZV�>��@�RYHU�UHODWLRQDO�GDWDEDVHV�� ,Q
IDFW�� WR� DOORZ�2�2� YLHZ� GHILQLWLRQV�� RXU� V\VWHP�PXVW� EH� FRPELQHG� ZLWK
RWKHU� ZRUN� RQ� KRZ� WR� WUDQVIRUP� GDWD� H[SUHVVHG� LQ� WKH� UHODWLRQDO� GDWD
PRGHOV� � LQWR��DQ�REMHFW�RULHQWHG�GDWD�PRGHO�XVHG�DV�FRPPRQ�GDWD�PRGHO
�&'0���$QRWKHU� NH\� LVVXH�ZKHQ� REMHFW� YLHZV� RI� UHODWLRQDO� GDWDEDVHV� DUH
GHYHORSHG� UHJDUG� KRZ� WR� SURYLGH� LQ� WKH� &'0� D� VHPDQWLFDOO\� FRKHUHQW
UHSUHVHQWDWLRQ� RI� WKH� GDWD� � LQ� WKH� UHODWLRQDO� GDWDEDVHV� WKDW� PD\� FRQWDLQ
KHWHURJHQHLW\�LQ�WKH�VHPDQWLF�RI�GDWD�GHVFULELQJ�VDPH�UHDO�ZRUOG�HQWLWLHV�
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��� 5HSRUW�RYHUYLHZ

7KLV�UHSRUW�FRQVLVW�RI�VHYHQ�FKDSWHUV�
&KDSWHU� �� SUHVHQWV� D� WKHRUHWLFDO� EDFNJURXQG� WR� WKH� DUHD� RI� LQWHUHVW�� L�H�
UHODWLRQDO� GDWDEDVHV�� 64/�� YLHZV�� REMHFW� RULHQWHG� GDWDEDVHV�� 2�2
PXOWLGDWDEDVH�V\VWHPV�DQG�$PRV��2'%&�
&KDSWHU� �� GHVFULEHV� WKH� GHVLJQ� � PHWKRGV� �DSSURDFKHV�� DUFKLWHFWXUH� DQG
SKDVHV��XVHG�GXULQJ�WKH�LPSOHPHQWDWLRQ�
�&KDSWHU���SUHVHQWV� WKH�GDWDEDVHV�XVHG� WKURXJKRXW� WKH� H[DPSOHV�� GHVFULEH
KRZ�WR�XVH�2'%&�GDWD�VRXUFHV�LQ�$PRV�DQG�KRZ�WR�H[WHQG�$PRVTO�ZLWK
2'%&�DFFHVV�
&KDSWHU���GHVFULEHV�WKH�LPSOHPHQWDWLRQ�RI�WKH�V\VWHP�ZH�KDYH�EXLOW�
&KDSWHU���SUHVHQWV�WKH�PHDVXUHPHQWV�GRQH�
&KDSWHU� �� JLYHV� WKH� FRQFOXVLRQV� GUDZQ� IURP� WKH� LPSOHPHQWDWLRQ� DQG
EHQFKPDUNLQJ��,W�DOVR�GLVFXVVHV�IXWXUH�ZRUN�



��

� %DFNJURXQG

7KLV�FKDSWHU�SUHVHQWV�WKH�WHFKQLFDO�EDFNJURXQG�WR�WKH�DUHD�RI�LQWHUHVW�
)LUVW�YDULRXV�FRQFHSWV�UHODWHG�WR�RXU�WDVN�DUH�SUHVHQWHG��LQFOXGLQJ
��UHODWLRQDO�GDWDEDVHV
��64/�DQG�WKH�YDULRXV�ZD\V�WKDW�DSSOLFDWLRQV�XVH�LW�
��9LHZV
7KHQ�� ZH� SUHVHQW� WKH� FRQFHSW� RI� � REMHFW� RULHQWHG� GDWDEDVHV� LQ� RUGHU� WR
LQWURGXFH� WKH� UHDGHU� WR� WKH� IROORZLQJ�� FHQWUDO� VHFWLRQV� RQ� PXOWLGDWDEDVH
V\VWHPV�DQG�WKH��$PRV�V\VWHP�
)LQDOO\�WKH�FRQFHSWV�EHKLQG��WKH�GHYHORSPHQW�RI�2'%&�DUH�GLVFXVVHG�

��� 5HODWLRQDO�GDWDEDVHV

$�GDWDEDVH�LV�D�FROOHFWLRQ�RI�UHODWHG�GDWD�VWRUHG�LQ�D�FRPSXWHU�>�@�
$�'%06�LV�D�FROOHFWLRQ�RI�SURJUDPV�IRU�FUHDWLQJ��VHDUFKLQJ��XSGDWLQJ�DQG
PDQLSXODWLQJ�GDWDEDVHV�
7KHUH� DUH� WZR�NLQGV�RI� LQIRUPDWLRQ� LQ� D� GDWDEDVH�� GDWD� DQG� VFKHPD��7KH
VFKHPD� LV�PHWDGDWD�GHVFULELQJ� WKH�VHPDQWLF�RI� WKH� LQIRUPDWLRQ� LQ�D�JLYHQ
GDWDEDVH�� ,W� LV� DQDORJRXV� WR� WKH� GDWD�W\SH� GHFODUDWLRQV� LQ� D� SURJUDPPLQJ
ODQJXDJH��(DFK�'%06� VXSSRUWV� RQH� GDWD�PRGHO�� WKDW� LV� WKH� W\SH� RI� GDWD
DEVWUDFWLRQ� XVHG� WR� SURYLGH� D� FRQFHSWXDO� UHSUHVHQWDWLRQ� RI� GDWD� ZLWKRXW
PDQ\� RI� WKH� GHWDLOV� RI� KRZ� WKH� GDWD� LV� VWRUHG�� 7KH� PRVW� FRPPRQ� GDWD
PRGHO�LV�WKH�UHODWLRQDO�GDWD�PRGHO�

7KH� UHODWLRQDO� GDWD�PRGHO� ZDV� LQWURGXFHG� WR� WKH� GDWDEDVH� FRPPXQLW\� LQ
�����E\�(�)�&RGG�>��@��,W�VXSSRUW�WKH�VHSDUDWLRQ�RI�WKH�XVHU�YLHZ�RI�GDWD
IURP�LWV�SK\VLFDO�LPSOHPHQWDWLRQ��7KH�UHODWLRQDO�PRGHO�LV�EDVHG�RQ�D�VLQJOH
XQLIRUP�GDWD� VWUXFWXUH�FDOOHG�D� UHODWLRQ� WKDW� LV� XVHG� WR� UHSUHVHQW�ERWK�GDWD
DQG� LQWHUUHODWLRQV�� $� UHODWLRQ� LV� FRPPRQO\� YLHZHG� DV� D� QDPHG� WDEOH�� 7KH
URZV� RI� WKH� WDEOH�� FDOOHG� WXSOHV�� DUH� QRW� RUGHUHG�� � 7KH� FROXPQV�� FDOOHG
DWWULEXWHV��KDYH�D�QDPH�DQG�DQ�DVVRFLDWHG�GDWD�W\SH�

$�WDEOH�FDQ�UHSUHVHQW�ERWK�D�FODVV�RU�D�UHODWLRQVKLS�EHWZHHQ�FODVVHV��:KHQ
WKH� WDEOH� UHSUHVHQW� D� FODVV�� WKH� WXSOHV� UHSUHVHQW� VSHFLILF� LQVWDQFHV� RI� WKDW
FODVV� DQG� WKH� DWWULEXWHV� UHSUHVHQW� FRPPRQ� SURSHUWLHV� IRU� WKH� FODVV�
6LPLODUO\�� D� WDEOH� FDQ� EH� XVHG� WR UHSUHVHQW� D� UHODWLRQVKLS�� ZKRVH
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LQVWDQFHV�DUH� UHSUHVHQWHG�E\� URZV� LQ� WKH� WDEOH�� � ,Q� WKLV� FDVH�� WKH� FROXPQV
UHSUHVHQW�WKH�SDUWLFLSDWLQJ�HQWLW\�W\SHV�

7R� XQGHUVWDQG� WKH� UHODWLRQDO� PRGHO�� ZH� VKDOO� UHSUHVHQW� DQ� HPSOR\HH
DSSOLFDWLRQ�DV�UHODWLRQDO�WDEOHV��:H�ZLOO�QHHG�WZR�WDEOHV��UHODWLRQV�� IRU�RXU
UHODWLRQDO� GDWD� VFKHPD�� RQH� IRU� HDFK� NLQG� RI� REMHFW� LQ� RXU� DSSOLFDWLRQ�
(03/2<((�DQG�'(3$570(17��)LJ�����LOOXVWUDWHV�WKHVH�WDEOHV�
7KH� ILJXUH� VKRZV� VRPH� URZV� LQ� WKH� WDEOHV�� UHSUHVHQWLQJ� LQGLYLGXDO
HPSOR\HHV� DQG� GHSDUWPHQWV�� 7KH� (03,'� DWWULEXWH� RI� WKH� (03/2<((
WDEOH� DQG� WKH� '(37,'� DWWULEXWH� RI� WKH� '(3$570(17� WDEOH� DUH� WKH
SULPDU\�NH\V��LQ�IDFW�WKHLU�YDOXH�LV�XQLTXH�LQ�HYHU\�URZ��7KH�'(37�DWWULEXWH
RI� WKH� (03/2<((� WDEOH� LV� D� IRUHLJQ� NH\� WKDW� WDNH� RQ� YDOXHV� RI� WKH
SULPDU\�NH\�'(37,'�RI�WKH�'(3$570(17�WDEOH�

(03/2<((�7$%/(

(03,' 1$0( '(37
� /DPEHUW��.LP ���
�� :HVWRQ��.��-� ���
�� <RXQJ��.DW\ ���
�� %HQQHW��$QQ ���
�� 'H�6RX]D��5RJHU ���
�� 5HHYHV��5RJHU ���
�� 6WDQVEXU\��:LOOLH ���

'(3$570(17�7$%/(

'(37,' 1$0( /2&$7,21
��� (XURSHDQ�+HDGTXDUWHUV /RQGRQ
��� )LHOG�2IILFH��(DVW�&RDVW %RVWRQ
��� &XVWRPHU�6XSSRUW 0RQWHUH\

)LJXUH����

,Q� WKH� )LJ� ����ZH� VKRZ� D� UHODWLRQVKLS� WDEOH�� FDOOHG�0$1$*(5�� XVHG� WR
UHSUHVHQW�DVVRFLDWLRQV�EHWZHHQ�GHSDUWPHQWV�DQG�HPSOR\HHV�� �7KHUH� LV�RQH
URZ� LQ� WKH� 0$1$*(5� UHODWLRQVKLS� WDEOH� IRU� HDFK� XQLTXH� GHSDUWPHQW�
HPSOR\HH�SDLU�

0$1$*(5�7$%/(

'(3$570(17 (03/2<((
(XURSHDQ�+HDGTXDUWHUV ��
)LHOG�2IILFH��(DVW�&RDVW ��
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&XVWRPHU�6XSSRUW ��

)LJXUH����

2QH�RI�WKH�PRVW�LPSRUWDQW�ZD\V�WR�PDQLSXODWH�GDWD�LQ�D�UHODWLRQDO�GDWDEDVH
DUH� WKURXJK� WKH� GHFODUDWLYH� ODQJXDJH� 64/� � WKDW� KDV� EHFRPH� � D� VWDQGDUG
ODQJXDJH�IRU�HQG�XVHUV�DQG�DSSOLFDWLRQ�SURJUDPPLQJ�LQWHUIDFHV�

����� 6WDQGDUG 4XHU\ /DQJXDJH �64/�

7KLV�VHFWLRQ�SUHVHQWV�DQ�LQWURGXFWRU\�KLVWRU\�RI�64/���RU�6WUXFWXUHG�4XHU\
/DQJXDJH�� DQG� UHDVRQV� ZK\� VXFK� D� FRPPRQ� ODQJXDJH� DQG� D� &DOO� /HYHO
,QWHUIDFH�&/,��WKDW�VXSSRUWV�64/�HYROYHG�

2ULJLQDOO\�� WKH� XVHUV� RI�'%06V�ZHUH� SURJUDPPHUV�� $FFHVVLQJ� WKH� VWRUHG
GDWD� UHTXLUHG� ZULWLQJ� D� SURJUDP� LQ� D� SURJUDPPLQJ� ODQJXDJH� VXFK� DV
&2%2/��:KLOH� WKHVH�SURJUDPV�ZHUH�RIWHQ�ZULWWHQ� WR�SUHVHQW� D� UHODWLYHO\
IULHQGO\�LQWHUIDFH�WR�D�QRQ�WHFKQLFDO�XVHU��DFFHVV�WR�WKH�GDWD� LWVHOI�UHTXLUHG
WKH� VHUYLFHV�RI� D� NQRZOHGJHDEOH�SURJUDPPHU�� �$G�KRF� DFFHVV� WR� WKH� GDWD
ZDV�QRW�DQ�HDV\�DQG�SUDFWLFDO�WDVN�

$OORZLQJ� XVHUV� WR� DFFHVV� GDWD� RQ� DQ� DG�KRF� EDVLV� UHTXLUHG� JLYLQJ� WKHP� D
ODQJXDJH�LQ�ZKLFK�WR�H[SUHVV�WKHLU�UHTXHVWV��$�VLQJOH�UHTXHVW�WR�D�GDWDEDVH�LV
FDOOHG�D�TXHU\��WKH��ODQJXDJH�WKH�UHTXHVW�DUH�IRUPXODWHG�LQ�LV�FDOOHG�D�TXHU\
ODQJXDJH��2QH�RI�WKH�PRVW�SRSXODU�TXHU\�ODQJXDJHV�EDVHG�RQ�WKH�UHODWLRQDO
GDWD�PRGHO�LV�64/��6WUXFWXUHG�4XHU\�/DQJXDJH��

64/� FDQ� EH� XVHG� WR� TXHU\�� GHILQH�� PDQLSXODWH� DQG� FRQWURO� GDWD� � LQ� WKH
GDWDEDVH�� LW� LV� WKH� GDWDEDVH� DSSOLFDWLRQ� ODQJXDJH� � WKDW� DOORZV� WR� XVH� WKH
UHODWLRQDO�PRGHO��6LQFH�WKH�UHODWLRQDO�PRGHO�LV�EDVHG�RQ�VHW�WKHRU\��DQ�64/
VWDWHPHQW�UHWXUQV�LQIRUPDWLRQ�LQ�WKH�WDEXODU�IRUPDW�RI�WKH�UHODWLRQDO�PRGHO�
7KLV�UHTXLUHV�WKDW�64/�UHO\�RQ�FRQFHSWV�VXFK�DV�WDEOH�� LQGH[HV��NH\V��URZV
DQG�FROXPQV�WR�DFFHVV�DQG�SUHVHQW�LQIRUPDWLRQ�

7KH�PRVW�LPSRUWDQW�VWDWHPHQW�LV�WKH�6(/(&7�VWDWHPHQW���XVHG�WR�UHWULHYH
GDWD�IURP�WKH�GDWDEDVH��EDVHG�RQ�D�GHFODUDWLYH�TXHU\�FRQGLWLRQ�

)RU� H[DPSOH�� � WKH� � '(3$570(17� � WDEOH� LQ� ILJXUH� ���� KDV� D� FROXPQ
1$0(��WKDW�FRQWDLQV�WKH�QDPH�RI�WKH�GHSDUWPHQW�DQG�D�FROXPQ�'(37,'
WKDW�FRQWDLQV�WKH�FRGH�RI�WKH�GHSDUWPHQW��7KH�(03/2<((�WDEOH�DOVR�KDV
D�FROXPQ�1$0(��WKDW�VSHFLILHV�WKH�QDPH�RI� WKH�HPSOR\HH�DQG�D�FROXPQ
'(37�WKDW�VSHFLILHV�WKH�FRGH�RI�WKH�HPSOR\HH·V�GHSDUWPHQW���$�TXHU\�WKDW
UHWXUQV� WKH�QDPHV�RI� WKH� HPSOR\HHV� LQ� WKH�0DUNHWLQJ� GHSDUWPHQW� FDQ� EH
VSHFLILHG�DV�IROORZLQJ�

SELECT EMPLOYEE.NAME
FROM EMPLOYEE, DEPARTMENT
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WHERE DEPARTMENT.NAME =’Marketing’
AND DEPT_ID =DEPT

$�TXHU\� ODQJXDJH� LV� QRW� FDOOHG� UHODWLRQDOO\� FRPSOHWH� XQOHVV� LW� SURYLGHV� DW
OHDVW� WKUHH� EDVLF� RSHUDWLRQV�� VHOHFWLRQ�� SURMHFWLRQ�� DQG� MRLQ�� 6HOHFWLRQ
SURGXFHV�D�VXEVHW�RI�WKH�URZV�RI�D�WDEOH��WKH�SUHFHGLQJ�TXHULHV�GR�WKLV�E\
VSHFLI\LQJ� FRQVWUDLQV� RQ� GHSDUWPHQW� QDPHV� DIWHU� WKH� :+(5(� NH\ZRUG�
3URMHFWLRQ� SURGXFHV� D� VXEVHW� RI� WKH� FROXPQV� RI� D� WDEOH�� WKH� SUHFHGLQJ
TXHULHV�GR� WKLV�E\�VSHFLI\LQJ�DWWULEXWH�QDPHV�DIWHU� WKH�6(/(&7�NH\ZRUG�
7KH� MRLQ� RSHUDWLRQ�PDWFKHV� XS� UHFRUGV� LQ� WZR� GLIIHUHQW� WDEOHV� WKDW� KDYH
HTXDO� RU� UHODWHG� YDOXHV� LQ� VSHFLILHG� DWWULEXWHV�� 7KH� SUHFHGLQJ� TXHU\
SHUIRUPV� D� VLPSOH� MRLQ�RQ� WKH� GHSDUWPHQW� LGHQWLILHU� LQ� WKH� HPSOR\HH� DQG
GHSDUWPHQW�WDEOHV�

%HFDXVH�RI�WKH�QHHG�IRU�GDWD�DFFHVV�E\�FRPSXWHU�SURJUDPV�DQG�EHFDXVH�RI
WKH�WDEXODU�IRUPDW�XVHG�LQ�64/�LV�YHU\�GLIIHUHQW�IURP�WKH�UHFRUG�DW�D�WLPH
PHWKRG�XVHG�IURP�PRVW�SURJUDPPLQJ�ODQJXDJHV�WR�PDQLSXODWH�GDWD��D�FDOO�
OHYHO� LQWHUIDFH� �&/,� ��ZDV�GHYHORSHG� WR� VHQG�64/�VWDWHPHQWV� WR� WKH�'%06
ZLWKLQ�SURJUDP
V� FRGH��$� FDOO�OHYHO� LQWHUIDFH� SURYLGHV� D� OLEUDU\� RI�'%06
IXQFWLRQV� WKDW� FDQ�EH�FDOOHG�E\� WKH�DSSOLFDWLRQ�SURJUDP��7KXV�� LQVWHDG�RI
WU\LQJ� WR� EOHQG� 64/� ZLWK� DQRWKHU� SURJUDPPLQJ� ODQJXDJH�� D� FDOO�OHYHO
LQWHUIDFH� LV� VLPLODU� WR� WKH� URXWLQH� OLEUDULHV� PRVW� SURJUDPPHUV� DUH
DFFXVWRPHG�XVLQJ��VXFK�DV�WKH�VWULQJ��,�2��RU�PDWK�OLEUDULHV�LQ�&�
8VLQJ�D�FDOO�OHYHO�LQWHUIDFH�W\SLFDOO\�LQYROYHV�WKH�IROORZLQJ�VWHSV�

�� 7KH�DSSOLFDWLRQ�FDOOV�D�&/,�IXQFWLRQ�WR�FRQQHFW�WR�WKH�'%06�
�� 7KH� DSSOLFDWLRQ�EXLOGV� DQ� 64/� VWDWHPHQW� DQG�SODFHV� LW� LQ� D� EXIIHU�� ,W

WKHQ� FDOOV� RQH� RU� PRUH� &/,� IXQFWLRQV� WR� VHQG� WKH� VWDWHPHQW� WR� WKH
'%06�IRU�SUHSDUDWLRQ�DQG�H[HFXWLRQ�

�� ,I� WKH� VWDWHPHQW� LV� D� 6(/(&7� VWDWHPHQW�� WKH� DSSOLFDWLRQ� FDOOV� D� &/,
IXQFWLRQ� WR� UHWXUQ� WKH� UHVXOWV� LQ� DQ� DSSOLFDWLRQ�EXIIHUV��7\SLFDOO\�� WKLV
IXQFWLRQ�UHWXUQV�RQH�URZ�RU�RQH�FROXPQ�RI�GDWD�DW�D�WLPH�

�� 7KH�DSSOLFDWLRQ�FDOOV�D�&/,�IXQFWLRQ�WR�GLVFRQQHFW�IURP�WKH�'%06�
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����� 9LHZV

$�GDWDEDVH�PHFKDQLVP�WR�REWDLQ�VHOHFWHG�GDWD�IRU�DQ�DSSOLFDWLRQ�LV�D�YLHZ
VSHFLILFDWLRQ�� 9LHZV� DUH� DQ� LPSRUWDQW� VXEMHFW� LQ� WKLV� UHSRUW� VLQFH� WKH
SXUSRVH� RI� RXU� ZRUN� LV� WR� GHILQH� YLHZV� WKDW� VSDQ� GLIIHUHQW� UHODWLRQDO
GDWDEDVHV�RU�PXOWLGDWDEDVH�YLHZV�

$�YLHZ�LV�GHILQHG� LQ�D�UHODWLRQDO�PRGHO�DV�D�TXHU\�RYHU�WKH�EDVH�UHODWLRQV�
DQG� SKHUDSV� DOVR� RYHU� RWKHU� YLHZV�� 7KH� YLHZ�� OLNH� DQ\� UHODWLRQDO� TXHU\
UHVXOW�� LV�D� UHODWLRQ�DQG� ORRNV� OLNH�D� WDEOH��EXW�QR�GDWD� LV� VWRUHG� LQ�D�YLHZ�
,QVWHDG� WKH� GDWD� RI� YLHZ� LV� UHWULHYHG� WKURXJK� LWV� GHILQLWLRQ� ZKHQ� LW� LV
QHHGHG�
9LHZV� DUH� FROORFDWHG� LQ� WKH� WKLUG� OHYHO� LQ� WKH� $16,�63$5&� WKUHH�OHYHO
DUFKLWHFWXUH���)LJ������

7KH�$16,�63$5&� LV� D�ZHOO�NQRZQ�DUFKLWHFWXUH� IRU�GHVFULELQJ�GDWDEDVHV�
LWV� DLPV� LV� WR� LVRODWH� WKH� SK\VLFDO� GDWDEDVH� IURP� DSSOLFDWLRQV� �GDWD
LQGHSHQGHQFH���$W�WKH�ILUVW�OHYHO�WKHUH�LV�WKH�LQWHUQDO�VFKHPD�WKDW�GHVFULEHV
WKH�SK\VLFDO�VWRUDJH�VWUXFWXUH�RI�WKH�GDWDEDVH��7KH�PLGGOH�OHYHO�LQYROYHV�WKH
FRQFHSWXDO� VFKHPD� ZKLFK� GHFULEHV� WKH� VWUXFWXUH� RI� WKH� ZKROH� GDWDEDVH�
)LQDOO\�� WKH� WKLUG� OHYHO� UHSUHVHQWV� WKH� H[WHUQDO� VFKHPDV� RU� YLHZV� DQG
GHVFULEHV� VXEVHWV�RI� WKH� FRQFHSWXDO� VFKHPD� WKDW� DUH� UHOHYDQW� WR�SDUWLFXODU
DSSOLFDWLRQV��7KH�GDWD�PRGHO�RI�WKH YLHZ� LV�DOZD\V� WKH� VDPH�DV� WKH�GDWD

([WHUQDO

9 LHZ �

([WHUQDO

9 LHZ Q

&RQFHS WXDO '%06
6FKHP D

In ternal Sch em a

Stored
D atabase

Logical D ata
Indipendence

Physical D ata
Indipendence

) LJX UH � �� 7KH $16,�63$5& WKUHH �VFKHP D $UFKLWHF WXUH
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PRGHO�RI�WKH�VFKHPD�LW�LV�GHILQHG�RYHU�
)XUWKHUPRUH�YLHZV�SURYLGH�ORJLFDO�GDWD�LQGHSHQGHQFH�WKDW�LV�WKH�FDSDFLW\�WR
FKDQJH��WKH�FRQFHSWXDO�VFKHPD��WKH�UHSUHVHQWDWLRQ�RI�RQH�RU�PRUH�WDEOHV�
ZLWKRXW� KDYLQJ� WR� FKDQJH� H[WHUQDO� VFKHPDV�� 7KH� IDFW� WKDW� GDWD� DUH� QRW
VWRUHG�LQ�D�YLHZ�LV�WUDQVSDUHQW�IURP�XVHUV�
9LHZV�DUH� LQWHQGHG� WR�SURYLGH�D�EHWWHU� OHYHO�RI� DEVWUDFWLRQ� DQG� WR� UHGXFH
WKH�FRPSOH[LW\�RI�WKH�GDWDEDVH�GHVLJQ��IRU�LWV�XVHUV�

��� 2EMHFW�2ULHQWHG�GDWDEDVHV

2EMHFW�2ULHQWHG�'%06V� � DUH� H[SHFWHG� WR�PHHW� WKH� UHTXLUHPHQWV� RI� QHZ
DSSOLFDWLRQ��GRPDLQV��VXFK�DV�FRPSXWHU�DLGHG�GHVLJQ��VRIWZDUH�HQJLQHHULQJ
DQG�RIILFH�DXWRPDWLRQ���ZKLFK�KDYH�D�QHHG�IRU�IXQFWLRQDOLW\�EH\RQG�WKRVH
SURYLGHG�E\�UHODWLRQDO�GDWDEDVHV�
7KHUH�LV�QRW�D�VLQJOH�DFFHSWHG�GDWD�PRGHO�IRU�2�2�GDWDEDVHV��KRZHYHU�WKH
IROORZLQJ�EDVLF�2�2�FRQFHSWV��DUH�VXSSRUWHG�LQ�PRVW�RI�WKH��22�'%06�

7KH�IXQGDPHQWDO�FRQFHSW�DQG�PRGHOLQJ�FRQVWUXFW�LQ�DQ�22�'%06��LV�WKH
FRQFHSW�RI� �REMHFW��2EMHFWV�DUH�XVHG�WR�PRGHO�SK\VLFDO�RU�DEVWUDFW�HQWLW\� LQ
WKH� GRPDLQ� RI� LQWHUHVW� WKDW� SRVVHVVHV� FHUWDLQ� FKDUDFWHULVWLFV� �DWWULEXWHV��
2EMHFWV� KDYH� DQ� H[LVWHQFH� ZKLFK� LV� LQGHSHQGHQW� RI� WKH� YDOXHV� RI� WKHLU
DWWULEXWHV�
(DFK� REMHFW� KDV� D� XQLTXH�� LPPXWDEOH�� V\VWHP� JHQHUDWHG� LGHQWLILHU�� FDOOHG
REMHFW�LGHQWLILHU�2,'��
3URSHUWLHV�RI�REMHFWV� DUH� UHSUHVHQWHG�ZLWK� D� VHW� RI� DWWULEXWHV�� WKHLU� YDOXHV
GHILQH� WKH� VWDWH� RI� WKH� REMHFW��$WWULEXWHV� FDQ� EH� VLPSOH� LI� WKH\� DUH� XVHG� WR
GHVFULEH�SURSHUWLHV�WKDW�FDQ�EH�UHSUHVHQWHG�E\�OLWHUDO�YDOXHV�VXFK�DV�LQWHJHU�
UHDOV�RU�VWULQJV�
�7KH�YDOXH�RI�DQ�DWWULEXWH�PD\�EH�DQRWKHU�REMHFW�LQ�ZKLFK�FDVH�WKH�DWWULEXWH
UHSUHVHQW�UHODWLRQVKLS�EHWZHHQ�REMHFWV��UHIHUHQFH�DWWULEXWHV��
7KH�EHKDYLRU�RI�WKH�REMHFWV�LV�GHILQHG�E\�RSHUDWLRQV�RU�PHWKRGV�ZKLFK�FDQ�EH
FDUULHG�RXW�RYHU�DQ�REMHFW��,Q�WKH�SXUH�22�V\VWHPV�DOO�FRPPXQLFDWLRQ�ZLWK
REMHFWV� LV� SHUIRUPHG� WKURXJK�PHWKRGV� WKDW� KLGH� WKH� LQWHUQDO� VWUXFWXUH� RI
WKH� REMHFWV�� 7KLV� LV� FDOOHG� HQFDSVXODWLRQ� DQG� SURYLGHV� D� IRUP� RI� GDWD
LQGHSHQGHQFH��KRZHYHU�LQ�2�2�GDWDEDVHV�HQFDSVXODWLRQ�LV�RIWHQ�YLRODWHG�

7KH� VWUXFWXUH� DQG� EHKDYLRU� RI� WKH� REMHFWV� �DOVR� FDOOHG� WKH� LQWHQW�� � DUH
GHILQHG�E\�W\SHV�WKDW�DUH�DOVR�XVHG�IRU�FRQWUROOLQJ�WKH�W\SH�H[WHQW��L�H��WKH�VHW
RI� REMHFWV� WKDW� DGKHUH� WR� D� FHUWDLQ� W\SH��$OO� LQVWDQFHV� RI� D� W\SH� KDYH� WKH
VDPH� DWWULEXWHV� DQG� EHKDYLRU�� 2�2� FRQFHSWV� XVXDOO\� LQYROYH� VRPH
JHQHUDOL]DWLRQ�PHFKDQLVP�IRU�W\SHV��SURYLGLQJ�FDSDELOLWLHV�WR�VWUXFWXUH��W\SHV
LQWR�KLHUDUFKLHV��7KHVH�KLHUDUFKLHV�GHILQH� VXE��DQG�VXSHU�W\SH� UHODWLRQVKLS
DPRQJ� W\SHV�� 7KH� VXEW\SHV� LQKHULWV� WKH� DWWULEXWHV� DQG� EHKDYLRU� RI� WKH
VXSHUW\SH� DQG� PD\� KDYH� DGGLWLRQDO� DWWULEXWHV� DQG� PHWKRGV� WKDW� WKH
VXSHUW\SH� GRHV� QRW� KDYH�� :KHQ� D� W\SH� LQKHULWV� IURP� VHYHUDO� SDUDOOHO
VXSHUW\SHV�LW�LV�FDOOHG�PXOWLSOH�LQKHULWDQFH�
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,Q�WKH�$026�GDWD�PRGHO��IXQFWLRQV�DUH�XVHG�WR�PRGHO�ERWK�SURSHUWLHV�RI
REMHFWV��UHODWLRQVKLSV�EHWZHHQ�REMHFWV��DQG�RSHUDWLRQV�RQ�REMHFWV�
%HFDXVH�RI�D�QHHG�IRU�D�PRGHO�ZKLFK�FDQ�HQFRPSDVV�DOO�GLIIHUHQW�PRGHOV
DQG� � WKH�ULFKHU�PRGHOLQJ�FDSDELOLWLHV� WKDQ�WKH�UHODWLRQDO�PRGHO�� WKH�REMHFW
RULHQWHG� PRGHO� LV� VXLWDEOH� WR� IDFLOLWDWH� GDWD� LQWHURSHUDELOLW\� RI
KHWHURJHQHRXV�GDWDEDVHV�

7KHUH� LV�FXUUHQWO\�QR�VWDQGDUGL]HG�VSHFLILFDWLRQ� IRU�DQ�REMHFW�GDWD�PRGHO�
+RZHYHU��WKHUH�DUH�WZR�HPHUJLQJ�VWDQGDUGV��2'0*�>�@�DQG�64/��>�@��WKDW
GHILQH�WKHLU�RZQ�REMHFW�GDWD�PRGHO�LQ�FRPELQDWLRQ�ZLWK�TXHU\�IDFLOLWLHV�
$� FXUUHQW� WUHQG� LV� WR� H[WHQG� UHODWLRQDO� GDWDEDVH� V\VWHPV� ZLWK� REMHFW
RULHQWHG� FRQFHSWV�� 7KHVH� V\VWHPV� DUH� XVXDOO\� FDOOHG� REMHFW�UHODWLRQDO
GDWDEDVH�V\VWHPV��$026�LV�EDVHG�RQ�WKLV�DSSURDFK��$Q�LPSRUWDQW�DVSHFW�RI
25�GDWDEDVH� WHFKQRORJ\� LV� WKH� DYDLODELOLW\� RI� VHYHUDO� NLQG� RI� H[WHQVLELOLW\
LQFOXGLQJ�TXHU\�ODQJXDJH�DQG�TXHU\�SURFHVVLQJ�
7KH� $0264/� TXHU\� ODQJXDJH�� GHVFULEHG� LQ� 6HFWLRQ� ������� ZLOO� KHUH
H[HPSOLI\�WKH�FDSDELOLWLHV�RI�DQ�22�TXHU\�ODQJXDJH�

��� 2EMHFW�2ULHQWHG�PXOWL�GDWDEDVHV

,Q� WKLV� VHFWLRQ� DUH� SUHVHQWHG� WKH� FRQFHSWV� EHKLQG� WKH� GHYHORSPHQW� RI
REMHFW�RULHQWHG� PXOWLGDWDEDVH� V\VWHPV�� WKHLU� GHVLJQ� DSSURDFKHV� DUH
GLVFXVVHG� DQG� LV� SUHVHQWHG� DQ� RYHUYLHZ� RI� WKH� VWDWH� RI� WKH� DUW� IRU
FRPPHUFLDOO\�DYDLODEOH�PXOWLGDWDEDVH�V\VWHPV��)LQDOO\�WKH�LPSRUWDQFH�RI�WKH
2�2�YLHZV�LV�GHVFULEHG�

����� 7KH QHZ HQYLURQPHQW

7RGD\�� ZH� FDQ� ILQG� PDQ\� GLIIHUHQW� GDWDEDVH� V\VWHPV� LQ� XVH�� 7KLV
KHWHURJHQHLW\� SULPDULO\� KDV� WHFKQLFDO� UHDVRQV� VLQFH� QR� GDWDEDVH� V\VWHP� LV
JHQHUDO� HQRXJK� WR� EH� DSSURSULDWH� WR� GLIIHUHQW� GDWD� PDQDJHPHQW
UHTXLUHPHQWV�� 0RUHRYHU�� LW� KDV� HFRQRPLFDO� UHDVRQV� EHFDXVH� WKHUH� DUH
YDULRXV� GDWDEDVH� V\VWHPV�RQ� WKH�PDUNHW� VXLWDEOH� IRU� WKH� VDPH� DSSOLFDWLRQ
GRPDLQ� ZKLFK� GLIIHU� LQ� VHUYLFH� VXSSRUW� DQG� SULFH�� ,Q� JHQHUDO�� DOVR
RUJDQL]DWLRQDO� UHDVRQV�H[LVW�GXH� WR�FRPSDQ\� UHRUJDQL]DWLRQV�DQG�PHUJHUV�
LQWHJUDWLQJ� LQIRUPDWLRQ� DFURVV� GHSDUWPHQWV� ZKHUH� GHSDUWPHQWV� WKDW
SUHYLRXVO\�KDG�D�VLQJOH�'%06�QRZ�KDV�VHYHUDO�

7KH�EDVLF�SURSHUW\�RI�VXFK�GDWDEDVHV�LV�WKDW�WKH\�DUH�LQGHSHQGHQWO\�FUHDWHG
DQG�DGPLQLVWHUHG���7KLV�LQGHSHQGHQFH�RU�ORFDO�DXWRQRP\�LPSOLHV�WKDW�ORFDO
GDWD�PRGHOV�PD\�EH�GLIIHUHQW��(YHQ�LI� WKH�GDWDEDVHV�DOO�XVH� WKH�VDPH�GDWD
PRGHO��GDWD�GHILQLWLRQ�DXWRQRP\�VWLOO�DOORZ�IRU�PXWXDO�VHPDQWLF�FRQIOLFWV��DV
IRU� H[DPSOH� KHWHURJHQHLW\� RI� QDPHV�� YDOXH� W\SHV� DQG� PHDQLQJ� DPRQJ
VLPLODU�GDWD��7KH\�UHVXOW� IURP�GLIIHUHQW�SHUFHSWLRQV�RI� WKH�VDPH�UHDOLW\�E\
GLIIHUHQW�SHRSOH�
,Q� WKLV� UHSRUW�� ZH� OLPLW� WR� WKH SUREOHP� RI� LQWHJUDWLRQ� RI
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KHWHURJHQHRXV�GDWD�UHSUHVHQWHG�LQ�D�VLQJOH�GDWD�PRGHO��WKH�UHODWLRQDO�RQH�

)LJXUH������LOOXVWUDWHV�WKH�VLWXDWLRQ�ZH�QHHG�WR�EH�DEOH�WR�KDQGOH��:H�KDYH�D
QXPEHU�RI��GDWDEDVHV�GLVWULEXWHG�RYHU�D�FRPSXWHU�QHWZRUN��(DFK�RI�WKHVH
GDWDEDVHV�DUH�PDQDJHG�E\�VRPH�'%06�DQG�HDFK�RI�WKHP�DUH�XVHG�E\�RQH
RU� PRUH� DSSOLFDWLRQV�� 7KH� GDWDEDVH� V\VWHPV� DUH� KHWHURJHQHRXV� DQG
DXWRQRPRXV�� 7R� WKLV� ZH�ZDQW� WR� DGG� D� QXPEHU� RI� DSSOLFDWLRQV� WKDW� FDQ
DFFHVV�GDWD�IURP�VHYHUDO�RI�WKHVH�FRPSRQHQW�GDWDEDVHV�

7KH�LVVXH�LV�FULWLFDOO\�LPSRUWDQW�EHFDXVH�GDWD�DUH�DW�WKH�KHDUW�RI�DOPRVW�DQ\
FRPSXWHU� V\VWHP� DQG� WKH� HIILFLHQW� DQG� HIIHFWLYH� XVH� RI� LQIRUPDWLRQ
SURYLGHV�EXVLQHVV�YDOXHV�DQG�VWUDWHJLF�DGYDQWDJH�
7KH� ODFN� RI� HIIHFWLYH� GDWD� VKDULQJ� FDXVHV� LQHIILFLHQW� HQJLQHHULQJ� DQG
PDQXIDFWXULQJ�DFWLYLWLHV�DQG�EXVLQHVV�RSHUDWLRQV�

Appl. 1
1

Appl. 3Appl. 2

Appl.
1

Appl.
1

Appl.
1

Appl.
1

Appl.
1

DBMS DBMS DBMS

DataBase system 1 DataBase system 2 DataBase system 3

Figure 2.4. Applications accessing several existing databases.
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����� 7KH REMHFW�RULHQWHG PXOWL�GDWDEDVH VROXWLRQ

2QH� VROXWLRQ� IRU� GDWD� LQWHJUDWLRQ� LV� WR� FRQVWUXFW� D� IURQW� HQG� V\VWHP� WKDW
VXSSRUWV� D� VLQJOH� FRPPRQ� GDWD� PRGHO� �WR� KDQGOH� WKH� SUREOHP� RI
KHWHURJHQHLW\�LQ�WKH�VHPDQWLF�RI�GDWD��DQG�D�VLQJOH�JOREDO�TXHU\�ODQJXDJH�RQ
WRS�RI�GLIIHUHQW�W\SHV�RI�H[LVWLQJ�GDWDEDVHV��7KH�IURQW�HQG�V\VWHP�SOXV�WKH
XQGHUO\LQJ�GDWDEDVH�V\VWHPV�LV�FDOOHG�D�PXOWLGDWDEDVH�V\VWHP�
7KH� IURQW� HQG� V\VWHP� XVHG� LQ� RXU� WDVN� LV� WKH� $PRV� 2�2�PXOWLGDWDEDVH
V\VWHP��SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ�
,W� LV� LPSRUWDQW� WR� GHYHORS� D� WHFKQRORJ\� WKDW� FDQ� GHDO� ZLWK� WKH� GDWDEDVH
DXWRQRP\�� $V� QRWHG� LQ� WKH� SUHYLRXV� VHFWLRQV�� WKH� REMHFW�RULHQWHG
WHFKQRORJ\�LV�D�SULPDU\�FKRLFH�IRU�WKLV�WDVN��:H�GLVFXVVHG�LWV�SULQFLSOHV� LQ
WKH�FRQWH[W�RI�'%06V�LQ�VHFWLRQ������+HUH�ZH�RQO\�FRPPHQW�RQ�LWV�UROH�LQ
DGGUHVVLQJ�WKH�LQWHURSHUDELOLW\�LVVXHV�

2EMHFW�RULHQWHG� V\VWHPV� W\SLFDOO\� WUHDW� WKH� HQWLWLHV� LQ� WKHLU� GRPDLQ� DV
LQVWDQFHV� RI� VRPH� DEVWUDFW� W\SH�� ,Q� WKH� FDVH� RI� GDWDEDVH� V\VWHPV�� WKHVH
HQWLWLHV�DUH�XVXDOO\�GDWD�REMHFWV��7KH�WHFKQRORJ\�LV�SULPDULO\�FRQFHUQHG�ZLWK
SURYLGLQJ� WKH� QHFHVVDU\� WRROV� DQG� PHWKRGRORJ\� IRU� WKH� FRQVLVWHQW
PDQDJHPHQW�RI�WKHVH�HQWLWLHV�ZKLOH�WKHUH�DUH�XVHU�DFFHVVHV�WR�WKHP��7KLV�LV
WR�EH�GRQH��ZLWKRXW�DOORZLQJ�WKH�XVHU�WR�VHH�WKH�SK\VLFDO�VWUXFWXUH�RI�HDFK
REMHFW�� ,Q� RWKHU� ZRUGV�� XVHU� DFFHVV� WR� REMHFWV� LV� RQO\� E\� PHDQV� RI� ZHOO�
GHILQHG� LQWHUIDFHV� ZKLFK� KLGH� WKHLU� LQWHUQDO� VWUXFWXUH�� ,Q� WKH� FDVH� RI
DSSO\LQJ�REMHFW�RULHQWDWLRQ� WR� WKH� LQWHURSHUDELOLW\� SUREOHP�� RQH� FRQVLGHUV
HDFK� DXWRQRPRXV� '%06� WR� EH� DQ� REMHFW�� 7KH� UHODWLRQVKLS� LV� WKHQ
HVWDEOLVKHG�EHWZHHQ�PDQLSXODWLQJ�REMHFWV�ZLWKRXW�¶ORRNLQJ�LQVLGH�WKHP·�DQG
EHLQJ� DEOH� WR� SHUIRUP� RSHUDWLRQV� RQ� DXWRQRPRXV� '%06V� ZLWKRXW
¶UHTXLULQJ� FKDQJHV� LQ� WKHP·�� 7KLV� LV� D� YHU\� VLPSOH� FKDUDFWHUL]DWLRQ� RI� WKH
SUREOHP�

�7KH�PDLQ�DOWHUQDWLYHV�IRU�PXOWLGDWDEDVH�V\VWHPV�DUFKLWHFWXUHV�>�@�KDYH�DOO�LQ
FRPPRQ� WKDW� XVHUV� DFFHVV� WKH� FRPSRQHQW� GDWDEDVHV� WKURXJK� GLIIHUHQW
NLQGV�RI�QRQ�PDWHULDOL]HG�YLHZV�
7KH�GLIIHUHQFHV�EHWZHHQ� WKH� DUFKLWHFWXUHV� OLHV� LQ�ZKDW� NLQGV� RI� YLHZV� DUH
SURYLGHG�� $Q� RYHUYLHZ� RI� WKH� VFKHPD� DUFKLWHFWXUHV� RI� WKH� GLIIHUHQW
DSSURDFKHV�LV�JLYHQ�LQ�)LJ������
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$�ORFDO�VFKHPD�LV�WKH�FRQFHSWXDO�VFKHPD�RI�D�FRPSRQHQW�GDWDEDVH�V\VWHP�
)RU�HDFK� ORFDO� VFKHPD�� WKHUH� LV� D� FRUUHVSRQGLQJ� FRPSRQHQW� VFKHPD��7KH
FRPSRQHQW� VFKHPD� UHSUHVHQW� WKH� VDPH� LQIRUPDWLRQ� DV� WKH� ORFDO� VFKHPD�
EXW� WKH� � FRPPRQ� GDWD� PRGHO� LV� XVHG� LQVWHDG� RI� WKH� GDWD� PRGHO� RI� WKH
FRPSRQHQW� GDWDEDVH� V\VWHP�� $� TXHU\� DJDLQVW� D� FRPSRQHQW� VFKHPD� LV
WUDQVODWHG� � WR� TXHULHV� DJDLQVW� WKH� XQGHUO\LQJ� ORFDO� VFKHPD�� 7KH� UHVXOWV� RI
WKHVH�TXHULHV�DUH�WKHQ�SURFHVVHG�WR�IRUP�DQ�DQVZHU�WR�WKH�LQLWLDO�TXHU\�
$Q� LQWHJUDWHG� RU� JOREDO� VFKHPD� LV� DQ� LQWHJUDWLRQ� RI� PXOWLSOH� FRPSRQHQW
VFKHPDV��,W�PDNHV�LW�SRVVLEOH�WR�DFFHVV�GDWD�IURP�PXOWLSOH�GDWDEDVHV�DV�LI�LW
ZDV�VWRUHG�LQ�D�VLQJOH�GDWDEDVH�

����� 7KH JOREDO VFKHPD DSSURDFK

2QH� DSSURDFK� WR� GHVLJQ� RI� D�PXOWLGDWDEDVH� V\VWHP� LV� WKH� LGHD� RI� D� JOREDO
VFKHPD��7KLV�VFKHPD��XVHG�E\�WKH�IURQW�HQG�V\VWHP��LV�WKH�UHVXOW�RI��VFKHPD
LQWHJUDWLRQ�RI�WKH�VFKHPDV�H[SRUWHG�IURP�WKH�XQGHUO\LQJ�GDWDEDVHV��L�H��WKH
ORFDO�GDWDEDVHV���7KH�H[SRUW�VFKHPDV�DUH�WKHQ�LQ�WKH�JOREDO�GDWD�PRGHO�XVHG
E\� WKH� IURQW�HQG� V\VWHP�� (DFK� H[SRUW� VFKHPD� LV� REWDLQHG� E\� D� VFKHPD
WUDQVIRUPDWLRQ�IURP�WKH�VFKHPD�RI�D�ORFDO�GDWDEDVH�
7KH�JOREDO�VFKHPD�DSSURDFK�FDQ�EH�GHILQHG�DV�D�VLQJOH�YLHZ�RYHU�WKH�ORFDO
GDWDEDVHV�

+RZHYHU�� WKH� FUHDWLRQ� RI� D� JOREDO� VFKHPD� LV� XVXDOO\� D� GLIILFXOW� WDVN�� 7KH
PDLQ� UHDVRQ� IRU� WKLV� LV� WKH� ODFN� RI� D� JHQHUDO� VROXWLRQ� IRU� WKH� VHPDQWLF
FRQIOLFWV�EHWZHHQ�ORFDO�VFKHPDV�LQ�D�VLWXDWLRQ�LQ�ZKLFK�HYHU\WKLQJ�PXVW�EH
LQWHJUDWHG�
)XUWKHUPRUH��HYHQ�IRU�RUJDQL]DWLRQDO� UHDVRQV�DORQH��D�VLQJOH�VFKHPD�IRU�D

U1      U2      U3             Users              U1     U2     U3

 Global
Schema

C CC C CC
Component
Schemas

L L LLL L
Local

Schemas

Data
Sources

(1) (2)
Fig 2.4: Schema architctures for the multidatabase systems discussed in
this section. (1) Global schema, (2) Multidatabase language.
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ODUJH�QXPEHU�RI� FRPSRQHQW�GDWDEDVHV� LV� LQ�SUDFWLFH� DOPRVW� LPSRVVLEOH� WR
GHVLJQ�
)LQDOO\��LW�LV�GHVLUDEOH�WKDW�WKH�LQGLYLGXDO�GDWDEDVHV�PDLQWDLQ�D�FHUWDLQ�GHJUHH
RI� DXWRQRP\� RYHU� WKHLU� GDWD� LQ� RUGHU� WR� FRQWLQXH� WR� SURYLGH� XQDOWHUHG
VHUYLFHV�IRU� WKHLU�H[LVWLQJ�DSSOLFDWLRQV�DQG�WR�VXSSRUW�FRQWUROOHG�DFFHVV� WR
WKHLU�LQIRUPDWLRQ�

����� 7KH PXOWLGDWDEDVH ODQJXDJH DSSURDFK

$Q� DOWHUQDWLYH� DSSURDFK� IRU� H[WUDFWLQJ� GDWD� IURP�PXOWLSOH� GDWDEDVHV� LV� WR
FUHDWH�D�WHPSRUDU\�YLHZ�SHUWLQHQW�WR�D�TXHU\�
7KH�XVHUV�NQRZ�WKDW�WKH\�DUH�ZRUNLQJ�DJDLQVW�PXOWLSOH�GDWDEDVHV�
7KH� PXOWLGDWDEDVH� V\VWHPV� SURYLGHV� D� PXOWLGDWDEDVH� ODQJXDJH� SRZHUIXO
HQRXJK� WR� VXSSRUW� � LQWHUGDWDEDVH� TXHULHV�� )XUWKHUPRUH� WKH�PXOWLGDWDEDVH
ODQJXDJH�PXVW� SURYLGH� D� KRPRJHQHRXV� LQWHUIDFH� WR� LWV� XVHUV� WR� KLGH� WKH
GLIIHUHQFHV�EHWZHHQ�WKH�GDWDEDVHV�E\�PHDQV�RI�PXOWLGDWDEDVH�YLHZV�
8VHUV� PD\� WKHQ� WKHPVHOYHV� VHOHFW� WKH� VRXUFHV� WKH\� DUH� LQWHUHVWHG� LQ� DQG
UHWULHYH�DQG�FRPELQH�LQIRUPDWLRQ�IURP�WKRVH��,W�LV�WKH�XVHU·V�UHVSRQVLELOLW\
WR�FUHDWH�DQG�PDLQWDLQ�WKH�YLHZ�

7KH� DSSURDFK� XVHG� LQ� RXU� ZRUN� SURYLGH� DQ� H[WHQVLRQ� RI� WKH� $0264/
TXHU\� ODQJXDJH� WKDW� RIIHUV� IXQFWLRQV� IRU� TXHU\LQJ�PXOWLSOH� GDWDEDVHV� DQG
DOORZ�XVHUV�WR�FUHDWH�WHPSRUDU\�YLHZV�
$�PXOWLGDWDEDVH� ODQJXDJH� �PXVW�DOORZ�XVHUV� WR�PDQLSXODWH� D� FROOHFWLRQ�RI
DXWRQRPRXV� GDWDEDVHV�� 6XFK� D� ODQJXDJH� QHHGV� IHDWXUHV� QRW� IRXQG� LQ� WKH
FODVVLFDO�GDWDEDVH�ODQJXDJHV�
6RPH� RI� WKH� NH\� IHDWXUHV� UHTXLUHG� RI� D� ODQJXDJH� IRU� LQWHURSHUDELOLW\� LQ� D
UHODWLRQDO�PXOWL�GDWDEDVH�V\VWHP�DUH�WKH�IROORZLQJ�

�� 7KH� ODQJXDJH�PXVW�KDYH�DQ�H[SUHVVLYH�SRZHU� WKDW� LV� LQGHSHQGHQW� WKH
VFKHPD�ZLWK�ZKLFK�D�GDWDEDVH�LV�VWUXFWXUHG�

�� 7KH�ODQJXDJH�PXVW�EH�HDV\�WR�XVH�DQG�VXIILFLHQWO\�H[SUHVVLYH�
�� 7KH� ODQJXDJH� PXVW� SURYLGH� WKH� IXOO� GDWD� PDQLSXODWLRQ� DQG� YLHZ

GHILQLWLRQ� FDSDELOLWLHV�� DQG�PXVW� EH� FRPSDWLEOH�ZLWK� 64/� V\QWD[� DQG
VHPDQWLFV��7KLV�UHTXLUHPHQW�LV�LPSRVHG�LQ�YLHZ�RI�WKH�LPSRUWDQFH�DQG
SRSXODULW\�RI�64/�LQ�WKH�GDWDEDVH�ZRUOG�

�� )LQDOO\��WKH�ODQJXDJH�PXVW�DGPLW�HIIHFWLYH�DQG�HIILFLHQW�LPSOHPHQWDWLRQ�

$� VLJQLILFDQW� UHVHDUFK� SUREOHP� LV� WKH� QDWXUH� RI� VXFK� D� ODQJXDJH�� 7KH
FRPSRQHQW� '%06V� PD\� LPSOHPHQW� VSHFLDO� RSHUDWRUV� LQ� WKHLU� TXHU\
ODQJXDJHV�ZKLFK�PDNHV�LW�GLIILFXOW�WR�GHILQH�D�ODQJXDJH�WKDW� LV�DV�SRZHUIXO
DV� WKH� FRPSRQHQW� RQHV�� ,W� LV� DOVR� SRVVLEOH� WKDW� FRPSRQHQW�'%06V�PD\
SURYLGH� GLIIHUHQW� LQWHUIDFHV� WR� JHQHUDO� SXUSRVH� SURJUDPPLQJ� ODQJXDJHV�
2QH�VROXWLRQ�LV�WR�LPSOHPHQW�H[WHQVLEOH�ODQJXDJHV�ZKLFK�FDQ�EH�H[WHQGHG
E\�RSHUDWRUV�IRU�WKH�XVHU�GHILQHG�W\SHV��7KLV�LV�ZK\�WKH�2�2�PRGHO�LV�JRRG
IRU�GDWD�LQWHJUDWLRQ�
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����� &RPPHUFLDO VWDQGDUGV

,Q�WKH�FRPPHUFLDO�ZRUOG�PLGGOHZDUH�SURGXFWV��OLNH�2'%&��DUH�RIWHQ�XVHG
WR� VROYH� UHODWLRQDO� '%06� LQWHURSHUDELOLW\� SUREOHPV�� 7R� HQDEOH� PXOWLSOH
5'%06�DQG�DSSOLFDWLRQ�WRROV�WR�ZRUN�WRJHWKHU�WKH\�SURYLGH�DQ�$3,�ZKLFK
JLYHV� SURJUDPPHUV� D� XQLIRUP� 64/� LQWHUIDFH� IRU� DFFHVVLQJ� � GLIIHUHQW
GDWDEDVHV�
,Q� WKLV�ZD\� SURJUDPPHUV� GR� QRW� KDYH� WR� KDQGOH� � GLIIHUHQW� 64/� GLDOHFWV�
$3,V� �DQG��QHWZRUN�SURWRFROV��+RZHYHU�WKH�SURGXFWV�JLYH�YHU\� OLWWOH�KHOS
ZLWK� LQWHJUDWLRQ�SUREOHPV� DQG� WKHUH� LV�QR� UHDO�PXOWLGDWDEDVH� ODQJXDJH�� ,Q
IDFW��TXHULHV�DUH�QRW�DOORZHG�WR�VSDQ�PXOWLSOH�GDWDEDVHV��QR�MRLQV�EHWZHHQ
WDEOHV�IRUP�GLIIHUHQW�GDWDEDVHV��
$QRWKHU�VROXWLRQ�WKDW�KDV�EHHQ�XVHG��QRW�YHU\�VXFFHVVIXOO\��LV�WKH�VR�FDOOHG
JDWHZD\V�IRU�VSHFLILF�SDLUV�RI�'%06���)RU�H[DPSOH��JDWHZD\V� �DUH�XVHG� LQ
WKH� ,1*5(6� OLQH� RI� GDWDEDVH� SURGXFWV� DQG� LQ� WKH� 25$&/(� UHODWLRQDO
GDWDEDVH� V\VWHP��$� JDWHZD\� EHWZHHQ� V\VWHP�$� DQG� V\VWHP�%� WUDQVODWHV� D
TXHU\�LQ�$·V� ODQJXDJH� LQWR�D�HTXLYDOHQW�TXHU\� LQ�%·V� ODQJXDJH�DQG�VXEPLWV
WKH� WUDQVODWHG� TXHU\� WR� V\VWHP� %�� 7KLV� VROXWLRQ� KDV� D� VHULRXV� OLPLWDWLRQ�
%HFDXVH� LW� LV� RQO\� FRQFHUQHG� ZLWK� WKH� SUREOHP� RI� WUDQVODWLQJ� D� TXHU\
H[SUHVVHG� LQ� RQH� ODQJXDJH� LQWR� DQ� HTXLYDOHQW� H[SUHVVLRQ� LQ� DQRWKHU
ODQJXDJH��UDWKHU�WKDQ�ZLWK�GDWD�LQWHJUDWLRQ��$V�VXFK��LW�GRHV�QRW�DGGUHVV�WKH
LVVXHV� RI� KRPRJHQL]LQJ� WKH� VWUXFWXUDO� DQG� UHSUHVHQWDWLRQDO� GLIIHUHQFHV
EHWZHHQ�GLIIHUHQW�VFKHPDV�
$IWHU� WKLV�RYHUYLHZ�VKRXOG�EH� FOHDU� WKDW� WKH� FDSDELOLWLHV� IRU�PXOWLGDWDEDVH
PDQLSXODWLRQV�SUHVHQW� LQ�FRPPHUFLDO� V\VWHPV� DUH�RQO\� D� OLPLWHG� VXEVHW�RI
WKRVH�SURSRVHG�E\�UHVHDUFK�

����� 2EMHFW 2ULHQWHG YLHZV

22�YLHZV� >��@� DUH�XVHG� WR� UHVROYH� WKH�SUREOHP�RI� WKH� DFFHVV� WKH� GDWD� LQ
WKHLU� GLYHUVH� QDWLYH� IRUPDWV�� �L�H�� WKHLU� VHPDQWLF� KHWHURJHQHLW\��� XVLQJ� D
FRPPRQ��2�2��GDWD�PRGHO�
22�YLHZV�ZLWK�WKLV�SXUSRVH�DUH�GHILQHG�RYHU�WKH�SDUWLFLSDWLQJ�GDWDEDVHV�WR
SURYLGH� WKH� XVHU�ZLWK� D� XQLILHG� DSSHDUDQFH� RI� GDWD�� 7R� WKH� XVHU� WKH� GDWD
DSSHDUV�DV�LI�LW�LV�VWRUHG�LQ�DQ�22�GDWDEDVH�
7KH� TXHULHV� RYHU� WKH� YLHZ� DUH� WUDQVIRUPHG� WR� TXHULHV� RYHU� WKH� UHODWLRQDO
GDWDEDVH��7KH�UHVXOW�RI�WKHVH�TXHULHV�DUH�WKHQ�SURFHVVHG�WR�IRUP�DQ�DQVZHU
WR�WKH�LQLWLDO�TXHU\�
)XUWKHUPRUH�22�YLHZ�FDQ�DOVR�VWRUH�LWV�RZQ�GDWD�DQG�PHWKRGV��7KHUHIRUH
LW�PXVW�EH�SRVVLEOH�WR�SURFHVV�TXHULHV�WKDW�FRPELQH� ORFDO�GDWD� �UHVLGLQJ� LQ
WKH�REMHFW�YLHZ�ZLWK�GDWD�UHWULHYHG�IURP�WKH�GDWDEDVH�

7KLV�VXUYH\�RI�PXOWLGDWDEDVH�V\VWHP�FRQFHSWV�DQG�WKH�UROH�RI�WKH�FRPPRQ
GDWD�PRGHO�WR�KDQGOH�WKH�KHWHURJHQHLW\�RI�WKH�SDUWLFLSDWLQJ�GDWDEDVHV�VKRZV
WKDW� REMHFW� YLHZV� RI� GLIIHUHQW� NLQGV� RI� GDWD� VRXUFHV� LV� D� FHQWUDO� LVVXH� LQ
PXOWLGDWDEDVH�V\VWHPV�
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��� 7KH�$026�2�2�PXOWL�GDWDEDVH�V\VWHP

7KLV�VHFWLRQ�JLYHV�DQ�RYHUYLHZ�RI�$026�ZKLFK� LV� WKH�IUDPHZRUN�IRU� WKH
ZRUN�GHVFULEHG� LQ� WKLV� UHSRUW��)LUVW� WKH�PXOWLGDWDEDVH� DVSHFW�RI�$026� LV
GHVFULEHG�� 7KHQ� ZH� ZLOO� SUHVHQW� LWV� GDWD� PRGHO� DQG� WKH� TXHU\� DQG� GDWD
PDQLSXODWLRQ�ODQJXDJH�$0264/�

����� 7KH $026 PXOWLGDWDEDVH V\VWHP DUFKLWHFWXUH

7KH� FRUH� RI� WKH� $026� V\VWHP� LV� DQ� RSHQ� OLJKW�ZHLJKW� DQG� H[WHQVLEOH
'%06�� 7KH� DLP� RI� WKH� $026� DUFKLWHFWXUH� LV� WR� SURYLGH� IRU� HIILFLHQW
LQWHJUDWLRQ�RI�GDWD�VWRUHG�LQ�GLIIHUHQW�UHSRVLWRULHV�
7R�DFKLHYH�EHWWHU�SHUIRUPDQFH�DQG�EHFDXVH�PRVW�RI�WKH�GDWD�UHVLGH�LQ�WKH
GDWD�UHSRVLWRULHV��$026�LV�GHVLJQHG�DV�D�PDLQ�PHPRU\�'%06�
7KH�EDVLF�ZD\�WR�DFFHVV�GDWD�LQ�$026�LV�WKURXJK�D�PXOWLGDWDEDVH�ODQJXDJH�
7KH�PXOWLGDWDEDVH�ODQJXDJH�SURYLGH�D�YHU\�IOH[LEOH�ZD\�WR�ZRUN�ZLWK�GDWD
IURP�PXOWLSOH�GDWD�VRXUFHV��$Q\�FRPELQDWLRQ�RI�GDWD�FDQ�EH�XVHG�WRJHWKHU
DW� DQ\� WLPH� ZLWKRXW� WKH� QHHG� WR� GHILQH� DQ� LQWHJUDWHG� YLHZ� RI� GDWD� LQ
DGYDQFH�

,Q� WKH� ZUDSSHU�PHGLDWRU� DUFKLWHFWXUH� RQ� ZKLFK� $026� LV� EDVHG�� DQ
LQWHUPHGLDWH�OD\HU�RI�VRIWZDUH��FDOOHG�PHGLDWRU�>��@�� LV� LQWURGXFHG�EHWZHHQ
WKH� GDWD� VRXUFHV� � DQG� WKH� DSSOLFDWLRQV� XVLQJ� WKHP� �$SSO�� ��� �� DQG� �� LQ
)LJXUH� ������� 7KH� DSSOLFDWLRQV� DFFHVV� WKH� GDWD� VRXUFHV� WKURXJK� RQH� RU
VHYHUDO�PHGLDWRU� V\VWHPV�ZKLFK� SUHVHQW� KLJK�OHYHO� DEVWUDFWLRQV� �YLHZV�� RI
FRPELQDWLRQV� RI� GDWD� VRXUFHV�� 7KLV� LQWHUPHGLDWH� OD\HU� DOVR� LQFUHDVHV� GDWD
LQGHSHQGHQFH�� ,W� ZLOO� EH� SRVVLEOH� WR� PDNH� FKDQJHV� LQ� WKH� GDWDEDVH� OD\HU
ZLWKRXW�KDYLQJ�WR�FKDQJH�WKH�DSSOLFDWLRQV�
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7KH�VRIWZDUH�FRPSRQHQWV�RI�WKH�$026�PXOWLGDWDEDVH�V\VWHP�DUFKLWHFWXUH
DUH�VKRZQ�LQ�)LJ������

7UDQVODWRUV� LPSOHPHQW� WKH�PDSSLQJ� EHWZHHQ� ORFDO� VFKHPDV� �H[SUHVVHG� LQ
WKH� GDWD� PRGHOV� RI� WKH� FRPSRQHQW� GDWDEDVHV�� � DQG� WKH� FRUUHVSRQGLQJ
FRPSRQHQW�VFKHPDV��H[SUHVVHG�LQ�WKH�FRPPRQ�GDWD�PRGHO���7KHUH�LV�RQH
NLQG� RI� 7UDQVODWRU� IRU� HDFK� NLQG� RI� GDWD� VRXUFH�� $� TXHU\� VHQW� WR� D
7UDQVODWRU�LV�WUDQVIRUPHG�WR�FDOOV�WR�WKH�XQGHUO\LQJ�GDWD�VRXUFH��7KH�UHVXOWV
RI�WKHVH�FDOOV�DUH�WKHQ�SURFHVVHG�WR�IRUP�DQ�DQVZHU�WR�WKH�LQLWLDO�TXHU\�

,I�ZH�ZDQW�WR�SURYLGH�DFFHVV�WR�VRPH�H[WHUQDO�GDWD�VRXUFH�ZH�OLQN�LWV�DFFHVV
$3,� ZLWK� DQ� $PRV� VHUYHU� �WKH� � 7UDQVODWRU��� 4XHULHV� FDQ� EH� SXW� GLUHFWO\
DJDLQVW� 7UDQVODWRUV� XVLQJ� WKH� $0264/� TXHU\� ODQJXDJH� H[WHQGHG� ZLWK
IXQFWLRQV�SURYLGLQJ�DFFHVV�WR�WKH�GDWD�VRXUFHV��7KHVH�IXQFWLRQV�ZLOO�UHWXUQ
WKH�LQIRUPDWLRQ�DV�OLWHUDO�YDOXHG�LQIRUPDWLRQ��L�H��DV�LQWHJHUV�RU�VWULQJV�
7KHQ���LI��ZH�ZDQW�WR�FRPELQH�LQIRUPDWLRQ�UHWULHYHG�IURP�WKH�GDWD�VRXUFHV�
$0264/�SURYLGHV�PXOWLGDWDEDVH�TXHU\�IHDWXUHV��WKDW�DOORZ�XV�WR�GR�WKLV�
$026� SURYLGHV� DQ� 2�2� PRGHO� DV� WKH� IUDPHZRUN� IRU� XQLIRUP
LQWHURSHUDWLRQ�RI�PXOWLSOH�GDWD�VRXUFHV�

����� 7KH $026 GDWD PRGHO

7KH� $026� GDWD� PRGHO� KDV� WKUHH� EDVLF� FRQVWUXFWV�� REMHFWV�� W\SHV� DQG
IXQFWLRQV�
2EMHFWV�DUH�XVHG�WR�PRGHO�HQWLWLHV�LQ�WKH�GRPDLQ�RI�LQWHUHVW��$Q�REMHFW�FDQ
EH�FODVVLILHG�LQWR�RQH�RU�PRUH�W\SHV�ZKLFK�PDNHV�WKH�REMHFW�DQ�LQVWDQFH�RI
WKDW�W\SH��7KH�VHW�RI�DOO�LQVWDQFHV�RI�D�W\SH�LV�FDOOHG�WKH�H[WHQW�RI�WKH�W\SH�
7KH� SURSHUWLHV� RI� WKH� REMHFWV� DQG� WKHLU� UHODWLRQVKLSV� DUH� PRGHOHG� E\
IXQFWLRQV��(YHU\WKLQJ� LQ� WKH� GDWD�PRGHO� LV� DQ� REMHFW�� LQFOXGLQJ� WKH� W\SHV
DQG�WKH��IXQFWLRQV��(DFK�W\SH�LV�UHSUHVHQWHG�E\�DQ�REMHFW�RI�WKH�W\SH�
W\SH

DQG�HDFK�IXQFWLRQ�FRUUHVSRQGV�DFFRUGLQJO\�WR�DQ�REMHFW�RI��W\SH�
IXQFWLRQ
�
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AMOS2   kernel
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Figure 2.5.
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7KHUH� DUH� WZR� W\SHV� RI� � REMHFWV� LQ� $026�� 7KH� OLWHUDO� REMHFWV�� VXFK� DV
LQWHJHU��UHDO�DQG�FKDUVWULQJ��DUH�VHOI�LGHQWLI\LQJ��6XUURJDWH�REMHFWV�WKDW�KDYH
XQLTXH��V\VWHP�JHQHUDWHG�REMHFW�LGHQWLILHU�2,'��

7\SHV� DUH� XVHG� WR� GHVFULEH� REMHFW� VWUXFWXUH�� WKH\� DUH� RUJDQL]HG� LQ� D�22
W\SH� KLHUDUFK\� RI� VXEW\SHV� DQG� VXSHUW\SHV�� 7KH�PRVW� JHQHUDO� W\SH� LV� WKH
W\SH� REMHFW�� DOO� RWKHU� W\SHV� � DUH� VXEW\SHV� RI� REMHFW��8VHU� GHILQHG� W\SHV� DUH
VXEW\SHV�RI�D�VSHFLDO�W\SH�FDOOHG�XVHUW\SHREMHFW�
)XQFWLRQV� DUH� GHILQHG� RQ� W\SHV�� DQG� DUH� XVHG� WR� UHSUHVHQW� SURSHUWLHV� RI
REMHFWV�DQG�UHODWLRQVKLS�EHWZHHQ�REMHFWV��)XQFWLRQ�KDYH�DQ�H[WHQW��ZKLFK�LV
WKH� UHODWLRQVKLS�EHWZHHQ�DUJXPHQWV�DQG� UHVXOWV�RI� D� IXQFWLRQ��7KHUH� H[LVW
WKUHH� GLIIHUHQW� NLQGV� RI� IXQFWLRQV� LQ�$026�� VWRUHG�� GHULYHG�� DQG� IRUHLJQ
IXQFWLRQV��$�VWRUHG�IXQFWLRQ�KDV�LWV�H[WHQW�H[SOLFLWO\�VWRUHG�LQ�WKH�GDWDEDVH�
$� GHULYHG� IXQFWLRQ� XVHV� WKH� $0264/� � TXHU\� ODQJXDJH� WR� FDOFXODWH� WKH
H[WHQW�� $� IRUHLJQ� IXQFWLRQ� LV� LPSOHPHQWHG� LQ� D� JHQHUDO� SURJUDPPLQJ
ODQJXDJH��VXFK�DV�/LVS��&�RU�-DYD�

(DFK� IXQFWLRQ�KDV� D�QDPH�DQG� D� VLJQDWXUH��7KH� ODWWHU� LV� WKH� QDPH�RI� WKH
IXQFWLRQ�WRJHWKHU�ZLWK�LWV�DUJXPHQW�W\SHV�DQG�UHVXOW�W\SHV�
$026� DOORZ� IXQFWLRQV� WR� EH� RYHUORDGHG� �� WKH� VDPH� QDPH� FDQ� EH� JLYHQ� WR
IXQFWLRQV�GHILQHG�RQ�GLIIHUHQW�W\SHV�
:KHQ�DQ�RYHUORDGHG�IXQFWLRQ�QDPH�LV�XVHG��WKH�ULJKW�IXQFWLRQ�LV�FKRVHQ�E\
WKH� V\VWHP� E\� ORRNLQJ� DW� WKH� W\SHV� RI� LWV� DUJXPHQWV� DQG� UHVXOWV�� 7KLV� LV
FDOOHG�IXQFWLRQ�QDPH�UHVROXWLRQ�DQG�WKH�FKRVHQ�IXQFWLRQ�LV�FDOOHG�UHVLOLHQW�

����� 7KH $026 TXHU\ ODQJXDJH

'DWD�GHILQLWLRQ�DQG�GDWD�PDQLSXODWLRQ� LQ�$026� �DUH�SHUIRUPHG�ZLWK� WKH
ODQJXDJH�$0264/�ZKLFK�LV�DQ�H[WHQVLRQ�RI�264/�
,W�LV�D�IXQFWLRQDO�DQG�2�2�TXHU\��ODQJXDJH�VXSSRUWLQJ�2�2�DEVWUDFWLRQ�DQG
GHFODUDWLYH�TXHULHV�
6LPLODU�WR�WKH�64/·V�VHOHFW�FODXVH��WKH�VHOHFW�FODXVH�LQ�$PRVTO�FRQWDLQV�D�OLVW
RI�YDULDEOH�QDPHV�RU�IXQFWLRQ�FDOOV�
7KH�IURP�FODXVH�FRQWDLQV�WKH�QDPHV�DQG�W\SHV�RI�YDULDEOHV�XVHG�LQ�WKH�VHOHFW
DQG�WKH��ZKHUH�FODXVHV�
7KH�ZKHUH�FODXVH�FRQWDLQV�D�SUHGLFDWH�H[SUHVVLRQ�WKDW�PD\�FRQWDLQ�IXQFWLRQV�
YDULDEOHV��FRQVWDQWV�RU�QHVWHG�TXHULHV

$� VLPSOH� SHUVRQQHO� GDWDEDVH� FDQ� EH� HVWDEOLVKHG� E\� LVVXLQJ� WKH� IROORZLQJ
$0264/� VWDWHPHQWV�� ZKLFK� FUHDWH� WZR� QHZ� W\SHV�� WKHLU� DVVRFLDWHG
DWWULEXWHV�DQG�WZR�LQVWDQFHV�RI�HDFK�W\SH�

create type department(Deptno integer, Location charstring);

create function deptno(department dp)-> integer num;
create function location(department dp)-> charstring loc;
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create type employee subtype of person;

create function name(employee em)->charstring nam;
create function ageof(employee em)->integer age;
create function dept(employee em)->department dep;
create function salary(employee em) ->integer sal;

create department (deptno, location) instances
         :sale_dept(11,’S.F.’),
         :support_dept(22,’L.A.’);

create employee(name, ageof, dept,salary) instances
         :john(‘John Smith’,53, :sale_dept, 40000),
         :bob(‘Bob Hanson’, 28, :support_dept, 20000);

7R�UHWULHYH�WKH�LQIRUPDWLRQ�RI�DOO�HPSOR\HHV�ORFDWHG�LQ�6DQ�)UDQFLVFR��WKH
UHTXHVW�FDQ�EH�IRUPXODWHG�LQ�DQ�$0264/��TXHU\�DV�IROORZ�

select name(e), ageof(e),deptno(d), salary(e)
from employee e, department d
where dept(e) =d and location(d) = ‘S.F.’;

<”John Smith”,53,11,40000>

��� 2'%&

2QH�ZD\�WR�SURYLGH��LQWHURSHUDELOLW\�LV�ZLWK�DQ�LQWHUPHGLDWH�VRIWZDUH�OD\HU�
FDOOHG� PLGGOHZDUH�� WKDW� HQFRGHV� UHTXHVWV� DQG� UHVSRQVHV� LQWR� D� XQLIRUP
FRGH��0LGGOHZDUH�SURGXFWV�KDYH�WR�EH�VXIILFLHQWO\�JHQHULF�LQ�RUGHU�WR�DOORZ
D�ZLGH�UDQJH�RI�DSSOLFDWLRQV�WR�LQWHUDFW�ZLWK�YDULRXV�GDWD�VRXUFHV�

2'%&� >��@� LV� D� PLGGOHZDUH� SURGXFW�� LW� DGGUHVVHV� WKH� PXOWL� GDWDEDVH
FRQQHFWLYLW\� SUREOHP� XVLQJ� WKH� FRPPRQ� LQWHUIDFH� DSSURDFK�� ZKLFK� JLYHV
SURJUDPPHUV� D� XQLIRUP� � LQWHUIDFH� WR� GLIIHUHQW� UHODWLRQDO� GDWDEDVHV�� 7KH
OLEUDU\��RI�IXQFWLRQV�GHILQHG�LQ�WKH�2'%&�LQWHUIDFH�DOORZV�DQ�DSSOLFDWLRQ�WR
DFFHVV�'%06V�XVLQJ��WKH�64/�TXHU\�ODQJXDJH�
:KHQ�XVLQJ�2'%&���DQ�DSSOLFDWLRQ�PDNHV�GDWDEDVH�FDOOV�LQ�2'%&�IRUPDW�
'\QDPLFDOO\�OLQNHG�GULYHUV��RQH�IRU�HYHU\�'%06�WR�EH�DFFHVVHG���WUDQVODWH
WKH� 2'%&� � FDOOV� LQWR� FDOOV� DSSURSULDWH� WR� WKH� VHOHFWHG� '%06� HQJLQH�
5HTXHVWV�SURFHVVHG�E\�WKH�'%06��DUH�UHWXUQHG�WR�WKH�DSSOLFDWLRQ��,Q�WKLV
ZD\� DSSOLFDWLRQ� GHYHORSHUV� DYRLG� ZULWLQJ� FXVWRPL]HG� FRGH� IRU� HDFK
DSSOLFDWLRQ��'%06�HQJLQH�FRQQHFWLRQ�
2'%&��GRHV�QRW�UHTXLUH�H[SHQVLYH�DQG�WLPH�FRQVXPLQJ�PRYHPHQW�RI�DOO
FRUSRUDWH� GDWD� LQWR� D� VLQJOH� GDWD� VWRUH�� ,W� LV� EDVHG� RQ� RSHQ� LQGXVWU\
VSHFLILFDWLRQV�
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� 'HVLJQ

7KLV� FKDSWHU� GHVFULEHV� WKH� DSSURDFKHV� XVHG� ODWHU� LQ� WKH� LPSOHPHQWDWLRQ�
IROORZHG� E\� D� GHVFULSWLRQ� RI� WKH� DUFKLWHFWXUH� DQG� WKH� WKUHH� PDLQ� GHVLJQ
SKDVHV�RI�WKH�V\VWHP�

��� $SSURDFKHV

7KH�SKLORVRSK\�XVHG�WR�LPSOHPHQW�RXU�V\VWHP�ZDV�WR�SURYLGH��D�SUDFWLFDO
VROXWLRQ�WR�WKH�SUREOHP�RI�LQWHURSHUDELOLW\�DPRQJ�D�QXPEHU�RI�FRPSRQHQW
UHODWLRQDO�GDWDEDVHV�VWRULQJ�VHPDQWLFDOO\�VLPLODU�LQIRUPDWLRQ�LQ��VWUXFWXUDOO\
GLVVLPLODU�ZD\V�
7KH� UHTXLUHPHQWV� IRU� LQWHURSHUDELOLW\� HYHQ� LQ� WKLV� FDVH� IDOO� EH\RQG� WKH
FDSDELOLWLHV�RI�FRQYHQWLRQDO�ODQJXDJH�OLNH�64/�
7KH�2'%&�VWDQGDUG�ZDV� VHOHFWHG� DV� WRRO� WR� DFFHVV� 64/�EDVHG� UHODWLRQDO
'%06V�EHFDXVH� LW� SHUPLWV� WR� H[HFXWH� 64/� FDOOV�ZLWKRXW� FXVWRPL]LQJ� WKH
DSSOLFDWLRQ� IRU� '%06�VSHFLILF� $3,� FRGH� DQG� EHFDXVH� LW� KDV� D� EURDG
LQGXVWU\�VXSSRUW�

3XUH�PXOWLGDWDEDVH�PDQLSXODWLRQ�ODQJXDJHV��OLNH�064/�>��@��DUH�QRW�EDVHG
RQ�WKH�2�2�WHFKQRORJ\��6XFK�ODQJXDJHV��H[WHQG�WKH�WUDGLWLRQDO�IXQFWLRQV�RI
64/�WR�WKH�FRQWH[W�RI�D�PXOWLGDWDEDVH�V\VWHP�DQG�DUH�FDSDEOH�RI�H[SUHVVLQJ
TXHULHV�RYHU�PXOWLSOH�GDWDEDVHV�LQ�D�VLQJOH�VWDWHPHQW�
,Q� FRQWUDVW�� RXU� SURSRVDO� H[WHQGV� WKH� $0264/� TXHU\� ODQJXDJH� ZLWK
IXQFWLRQV� WKDW� DOORZ�64/�DFFHVV� WR� UHODWLRQDO�GDWDEDVHV�� ,Q� WKLV�ZRUN�� WKH
EDVLF�PHFKDQLVP�LV�WR�TXHU\�VLQJOH�GDWD�VRXUFHV�DQG�REWDLQ�WKH�UHVXOW�LQ�WKH
PHGLDWRU�� )RU� PXOWL�GDWDEDVH� YLHZV� DQG� TXHULHV� WKH� XVHU� KDV� DYDLODEOH� D
JHQHUDO� � YLHZ� PHFKDQLVP� LQ� $026� WKDW� SURYLGHV� D� JUHDW� IDFLOLW\� IRU
LQWHURSHUDELOLW\�DQG�GDWD�PHWD�GDWD�PDQDJHPHQW�LQ�UHODWLRQDO�PXOWLGDWDEDVH
V\VWHPV�WKURXJK�D�XQLIRUP�LQWHUIDFH��7KH�YLHZ�IDFLOLW\�RI�$0264/�FDQ�EH
XVHG� WR� UHVROYH� LQFRQVLVWHQFLHV� DPRQJ� GDWD� IURP� ORFDO� GDWDEDVHV� LQ� WKH
PXOWLGDWDEDVH� V\VWHP� E\� H[SRVLQJ� RQO\� WKH� DSSURSULDWH� GDWD� WKURXJK� WKH
YLHZ�� 7KLV� LV� VLPLODU� WR� WKH� DSSURDFK� WDNHQ� LQ� PXOWLGDWDEDVH� V\VWHPV
XWLOL]LQJ� DQ� �LQWHJUDWHG�� JOREDO� VFKHPD�� 2XU� DUFKLWHFWXUH� LV� PRUH� IOH[LEOH
DQG�GRHV�QRW�UHTXLUH�D�JOREDO�VFKHPD��\HW�� WKH�YLHZ�IDFLOLW\�FDQ�PLPLF�WKH
UROH�SOD\HG�E\�WKH�JOREDO�VFKHPD�IRU�UHVROYLQJ�GDWD�LQFRQVLVWHQF\�
7KH� UHVXOWV� LQ� WKLV� SDSHU� DUH� EDVHG RQ� H[SHULHQFHV� IURP� WKH
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GHYHORSPHQW� RI� YLHZV�PHFKDQLVP� IRU� WKH� UHODWLRQDO� GDWDEDVHV�06$FFHVV
>��@�DQG�,QWHUEDVH�>��@�

��� $UFKLWHFWXUH

7KLV� VHFWLRQ� GHVFULEHV� WKH� DUFKLWHFWXUH� RI� WKH� V\VWHP� FRPSRQHQW� IRU
PXOWLGDWDEDVH�TXHU\LQJ�
$�KLJKOLJKW�RI�RXU�DUFKLWHFWXUH�LV�WKDW�LW�EXLOGV�RQ�WKH�H[LVWLQJ�V\VWHPV�LQ�D
QRQ�LQWUXVLYH� ZD\�� UHTXLULQJ� PLQLPDO� H[WHQVLRQV� WR� WKH� H[LVWLQJ� GDWDEDVH
V\VWHP��7KLV�PDNHV� LW� SRVVLEOH� WR� EXLOG� RXU� V\VWHP�RQ� WRS� RI� DQ\� RI� WKH
DOUHDG\�DYDLODEOH�64/�V\VWHPV�
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)LJ� ���� VKRZ� WKH� DUFKLWHFWXUDO� VFKHPD� RI� WKH� V\VWHP�� 7KH� DUFKLWHFWXUH
FRQVLVWV�RI�DQ�$PRV�,,�VHUYHU�WKDW�FRPPXQLFDWHV�ZLWK�WKH� ORFDO�GDWDEDVHV
WKURXJK� WKH� $PRV� FDOORXW� LQWHUIDFH�� 6XFK� LQWHUIDFH� DOORZ� WKH� $PRV� ,,
NHUQHO�WR�FDOO�H[WHUQDO�VXEURXWLQHV�ZULWWHQ�LQ�&��:H�DVVXPH�WKDW�WKH�PHWD�
LQIRUPDWLRQ�FRPSULVLQJ�GDWDEDVHV�DUH��VWRUHG�LQ�WKH�$PRV�GDWDEDVH�
,Q�RXU�DUFKLWHFWXUH��$0264/�TXHULHV�DUH�VXEPLWWHG�WR�WKH�$PRV�,,�VHUYHU�
ZKLFK� GHWHUPLQHV� D� VHULHV� RI� ORFDO� 64/� TXHULHV�LQ� WKH� IRUP� RI� FDOOV� WR
IRUHLJQ�IXQFWLRQV���DQG�VXEPLWV�WKHP�WR�WKH�ORFDO�GDWDEDVHV��7KH�$PRV�,,
VHUYHU�WKHQ�FROOHFWV�DQG�FRPELQHV�WKH�DQVZHUV�IURP�WKH�ORFDO�GDWDEDVHV�WR
SURGXFH�WKH�DQVZHU�WR�WKH�LQLWLDO�$0264/�TXHU\�

��� 3KDVHV

7KH�SULPDU\�SXUSRVH�RI�WKLV�ZRUN�LV�WR�GHYHORS�DQ�2'%&�FDOORXW�LQWHUIDFH
IRU�$PRV�,,� WR� DOORZ�64/�DFFHVV� WR� UHODWLRQDO�GDWDEDVHV� IURP�$0264/
WKURXJK�2'%&� XVLQJ� $PRV� ,,� H[WHQVLELOLW\� IDFLOLWLHV�� 7KH� H[WHQVLELOLW\� LV
VXSSRUWHG� WKURXJK� IRUHLJQ� IXQFWLRQV� GHYHORSHG� LQ� DQ� H[WHUQDO
SURJUDPPLQJ�ODQJXDJH�
)LJXUH�����VKRZV�WKH�GHVLJQ�SKDVHV�LQ�RXU�DSSURDFK�

)LJXUH����

7KH� PDLQ� WDVN� LQ� WKH� ILUVW� VWHS� LV� WR� GHYHORS� WKH� FDOORXW� LQWHUIDFH� DV� DQ
$PRV� IRUHLJQ� IXQFWLRQ�ZULWWHQ� � LQ�&�� FDOOHG� ¶VTO·��ZLWK�ZKLFK� DQ� DUELWUDU\
64/�VWDWHPHQW�RYHU�WKH�UHODWLRQDO�GDWDEDVHV�FDQ�EH�FDOOHG�
7KHQ� ZH� GHPRQVWUDWH� KRZ� UHODWLRQDO� GDWDEDVH� VHUYHUV� �,QWHUEDVH� DQG
06$FFHVV��FDQ�EH�FDOOHG�WKURXJK�2'%&�IURP�$0264/�TXHULHV��)RU�WKLV
SXUSRVH�ZH�GHILQH�264/�IXQFWLRQV�WKDW�FDOO�WKH�IRUHLJQ�IXQFWLRQ�
7KH�VHFRQG�WDVN�RI�WKLV�ZRUN�LV�WR�VKRZ�WKDW�GLIIHUHQW�UHODWLRQDO�GDWDEDVHV
FDQ� EH� DFFHVVHG� DW� WKH� VDPH� WLPH� IURP� $PRV� ,,� DQG� WKH� UHVXOWV� FDQ� EH
FRPELQHG�WKURXJK�D�PXOWLGDWDEDVH�YLHZ��7KLV�LV�YHULILHG�E\�GHILQLQJ��264/
IXQFWLRQV�WKDW�VSDQ�WZR�GLIIHUHQW�UHODWLRQDO�GDWDEDVHV�

Implementation of the
callout interface as a
foreign function ‘sql’

Definition of OSQL
functions with call to

‘sql’
Multidatabase

views
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� ([WHQGLQJ�$0264/�ZLWK
2'%&�DFFHVV

,Q� WKLV�VHFWLRQ�ZH�SUHVHQW� WKH�GDWDEDVHV�ZH�XVH� WR� LOOXVWUDWH�RXU� LQWHUIDFH�
7KHQ�ZH� GHVFULEH� KRZ� WR� XVH�2'%&�GDWD� VRXUFHV� LQ�$PRV�� )LQDOO\�� WKH
GHVLJQ� SKDVHV� SUHVHQWHG� LQ� WKH� SUHYLRXV� FKDSWHU� DUH� KHUH� GLVFXVVHG� LQ� D
PRUH�LQ�GHHS�PDQQHU�

��� ([DPSOH�PXOWLGDWDEDVH

7KH�H[DPSOH�VFKHPDV�WKDW�IROORZ�GHILQH�WKH�FRPSRQHQW�GDWDEDVHV�WKDW�ZH
XVH� LQ� DOO� H[DPSOHV� WKURXJKRXW� WKLV� FKDSWHU�� 7KHQ� ZH� SURYLGH� D� JHQHUDO
FODVVLILFDWLRQ� RI� VFKHPDWLF� FRQIOLFWV� WKDW� PD\� DULVH� LQ� UHODWLRQDO
PXOWLGDWDEDVH�V\VWHPV�

����� 6FHQDULR

/HW� XV� DVVXPH� WKDW� D� FRPSDQ\� ZKLVKHV� WR� FRPELQH� GDWD� PRGHOLQJ
HPSOR\HHV� VWRUHG� LQ� WZR� GLIIHUHQW� GDWDEDVHV�� 7KH� GDWDEDVHV� KDYH� WKH
VFKHPD�GHILQLWLRQ�VKRZ�LQ�)LJ�����
7KH� WDJ� QDPH� (03'%� LGHQWLI\� D� GDWDEDVH� GHYHORSHG� ZLWK� ,QWHUEDVH�
'%B(03�LGHQWLI\�D�06$FFHVV�GDWDEDVH�

7KH�GDWDEDVHV�(03'%�DQG�'%B(03�PRGHO�HPSOR\HHV�RI�WKH�FRPSDQ\�
IXUWKHUPRUH�(03'%�GHVFULEH�WKH�GHSDUWPHQWV�
,Q� WKH� UHDO�ZRUOG�� WKH� UHDVRQ�ZK\� WKHVH� FRPSDQLHV� XVH� GLIIHUHQW�'%06V
UHODWLYH�WR�WKH�VDPH�XQLYHUVH�PD\�EH�GXH�WR�RIILFHV�DXWRQRP\��%HFDXVH�RI�D
UHRUJDQL]DWLRQ�� WKH� FRPSDQ\� QHHG� WR� FRPELQH� LQIRUPDWLRQ� DFURVV� WKH
GLIIHUHQW�RIILFHV�



��

'DWDEDVH�(03'%

(03/2<(( 7DEOH� '(3$570(17 7DEOH�

(PSBQR
 ,QWHJHU 'HSWBQR
 &KDU���

)LUVWBQDPH &KDU���� 'HSDUWPHQW &KDU����

/DVWBQDPH &KDU���� 0QJUBQR ,QWHJHU

+LUHBGDWH 'DWH

-REBJUDGH ,QWHJHU

6DODU\ ,QWHJHU

)XOOBQDPH &KDU����

'HSWBQR &KDU���

'DWDEDVH�'%B(03

(03��7DEOH

(PSBQR
 ,QWHJHU
1DPH &KDU����

+LUHBGDWH 'DWH
6DODU\ ,QWHJHU

-REBJUDGH &KDU���
'QXP ,QWHJHU

)LJXUH�������7KH�FKDUDFWHU�
�LGHQWLILHV�NH\�DWWULEXWHV��

����� 6FKHPD DQG GDWD FRQIOLFWV

$OO�WKH�GDWD�LQ�)LJ������LV�PRGHOHG�LQ�WKH�UHODWLRQDO�GDWD�PRGHO��+RZHYHU��LW
LV�VHPDQWLFDOO\�KHWHURJHQHRXV��7KLV� LV�GXH� WR� WKH�GDWDEDVHV�DXWRQRP\�DQG
EHFDXVH�RI�WKH�IROORZLQJ�SURSHUWLHV�

�� 7KH�GDWDEDVHV�GLVDJUHH�XSRQ�WKH�FKRLFH�RI�DWWULEXWHV�WKDW�VKRXOG�PRGHO
WKH�XQLYHUVH�RI�HPSOR\HHV�DQG�WKH�QDPHV�PRGHOLQJ�WKH�VDPH�FRQFHSWV�

�� 7\SHV� RU� GRPDLQV� RI� VHPDQWLFDOO\� HTXLYDOHQW� DWWULEXWHV� PD\� EH
GLIIHUHQW�

�� 7KH� GDWDEDVHV� XVH� VHSDUDWH� FRGHV� WR� GHQRWH� GLVWLQFW� JUDGHV�� )RU
H[DPSOH� WKH� MREBJUDGH� LQ� (03'%� FDQ� WDNH� WKH� YDOXHV� ���������� EXW
$�%�&�'�(�LQ�'%B�(03�

�� 6RPH�HPSOR\HHV�PD\�DSSHDU�LQ�ERWK�(03'%�DQG�'%B�(03��EXW�QRW
DOO�HPSOR\HHV�DUH�VWRUHG�LQ�ERWK�WKH�GDWDEDVHV�

�� 'HVSLWH�WKH�VDPH�QDPHV��SULPDU\�NH\�YDOXHV�PRGHOLQJ�WKH�VDPH�REMHFW
LQ�GLIIHUHQW�GDWDEDVHV�DUH�LQGHSHQGHQW�

�� 7KH�GDWDEDVHV�PD\�GLVDJUHH�RQ�WKH�YDOXHV�RI�YDU\�DWWULEXWHV�
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�� ,Q� FRQWUDVW�� WKH�GDWDEDVHV� DOZD\V� DJUHH�RQ� D� HPSOR\HH� QDPH� DQG� WKH
FRUUHVSRQGLQJ�QXPEHU�

6LPLODU�SURSHUWLHV�ZLOO�EH�W\SLFDO�RI�WKH�JHQHUDO�PXOWLGDWDEDVH�HQYLURQPHQW�
0XOWLSOH�GDWDEDVHV�UHODWLYH�WR�WKH�VDPH�XQLYHUVH�ZLOO�XVXDOO\�UHVHPEOH�HDFK
RWKHU�� EXW� ZLOO� DOVR� SUHVHQW� QXPHURXV� VHPDQWLF� GLIIHUHQFHV� OLNH� WKRVH
PHQWLRQHG�DERYH�

��� 2'%&�GDWD�VRXUFHV�LQ�$026

2'%&�SURYLGHV�DQ�DEVWUDFWLRQ�IRU�WKH�GDWD�VRXUFH�WKDW�HQFDSVXODWH�DOO�WKH
LQIRUPDWLRQ� �VHUYHU�� GDWDEDVH� QDPH�� XVHU� QDPH�� SDVVZRUG�� IRU� OLQNLQJ� D
FOLHQW�DSSOLFDWLRQ�ZLWK�D�GDWD�VRXUFH�
7KH�2'%&�$GPLQLVWUDWRU� DSSOLFDWLRQ� DOORZ�XVHUV� WR� GHILQH� DQG� XVH� GDWD
VRXUFHV��LW�DVVRFLDWHG�HDFK�GDWD�VRXUFH�QDPH�ZLWK�DQ�2'%&�GULYHU�DQG�DOO
RI�WKH�LQIRUPDWLRQ·V�QHFHVVDU\�IRU�WKH�GULYHU�WR�JHW�WKH�GDWD�

7KH�2'%&� GDWD� VRXUFH� FRQFHSW� LV� XVHG� LQ� RXU� V\VWHP� WR� LPSOHPHQW� DQ
REMHFW�DEVWUDFWLRQ�RI� LW� LQ�WKH�IRUP�RI�DQ�$026�W\SH�QDPHG� ¶GDWDVRXUFH·
WKDW�KDV�WZR�SURSHUWLHV��QDPH�DQG�GDWDEDVH�W\SH�
7KLV�REMHFW�DEVWUDFWLRQ�KDV�EHHQ�DFKLHYHG�E\�GHILQLQJ�$0264/�IXQFWLRQV
DQG�SURFHGXUHV�WKDW�FDOOV�WKH�PRUH�ORZ�OHYHO�SULPLWLYHV��IRUHLJQ�IXQFWLRQV�
ZH�KDYH�EXLOW��QDPHO\�

� WKH�IRUHLJQ�IXQFWLRQ�GDWDVRXUFHV���UHWXUQV�WKH�2'%&�GDWD��VRXUFHV�DUH
DYDLODEOH�LQ�WKH�V\VWHP�

� �QDPH�GDWDVRXUFH��DQG�W\SH�GDWDVRXUFH��UHWULHYH�WKH�QDPH�DQG�W\SH�RI
WKH�GDWD�VRXUFHV��UHVSHFWLYHO\�

7KH� PHWD�LQIRUPDWLRQ� DERXW� WKH� GDWD� VRXUFHV� LV� VWRUHG� LQ� WKH� $026
GDWDEDVH��6R�� WKH�XVHU�FDQ�FRQQHFW� WR� WKH�$026�GDWDEDVH�DQG�DFFHVV� WKH
PHWD�GDWD� ZLWKRXW� WKH� GDWD� VRXUFH� EHLQJ� FRQQHFWHG� WKURXJK� 2'%&
FRQQHFWLRQ�IXQFWLRQV�
8VHUV� PD\� WKHQ� WKHPVHOYHV� VHOHFW� WKH� VRXUFHV� WKH\� DUH� LQWHUHVWHG� LQ� DQG
UHWULHYH�DQG�FRPELQH�LQIRUPDWLRQ�IURP�WKRVH�
)XUWKHUPRUH��XVHU�FDQ�TXHU\�ZKDW�PHWD�GDWD�LV�DYDLODEOH�LQ�HDFK�RI�WKH�GDWD
VRXUFHV�XVLQJ�WKH�IROORZLQJ�IRUHLJQ�IXQFWLRQV�

� WDEOHV�GDWDVRXUFH��!�WDEOHV�QDPHV
� FROXPQV�GDWDVRXUFH��WDEOH�QDPH���!��FROXPQV�QDPHV�GDWD�W\SHV!

��� +RZ�WR�GHILQH�DQ�264/�IXQFWLRQ�WKDW�FDOOV�DQ
DUELWUDU\�64/�VWDWHPHQW
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$V�LW�ZDV�SRLQWHG�RXW� LQ�VHFWLRQ������ WKH�ILUVW� WDVN�WR�EXLOG�RXU�V\VWHP�IRU
LPSOHPHQWLQJ�D�PXOWLGDWDEDVH�TXHU\� IDFLOLW\� LV� WR�DOORZ�64/�DFFHVV� WR� WKH
UHODWLRQDO�GDWDEDVHV�IURP�$0264/�
7R�LPSOHPHQW�WKLV�WDVN�D�FDOORXW�LQWHUIDFH�IRU�$PRV�,,�KDV�EHHQ�GHYHORSHG
DV� D� IRUHLJQ� IXQFWLRQ� ZULWWHQ� LQ� &�� XVLQJ� WKH� H[WHUQDO� LQWHUIDFH� EHWZHHQ
$PRV� ,,� DQG� WKH� &� SURJUDPPLQJ� ODQJXDJH�� 7KH� LPSOHPHQWDWLRQ� RI� WKH
IRUHLJQ�IXQFWLRQ�LV�GHVFULEHG�LQ�FKDSWHU���
7KH�IRUHLJQ�IXQFWLRQ��FDOOHG�¶VTO·��KDV�WKH�IROORZLQJ�VLJQDWXUH�

sql(charstring data source, charstring query, vector parameters) ->
vector results

7KH�IXQFWLRQ�WDNHV���SDUDPHWHUV��7KH�ILUVW�LV�WKH�QDPH�RI�WKH�2'%&�GDWD
VRXUFH�WKDW�ZH�ZDQW�WR�TXHU\�ZLWK�WKH�VTO�IXQFWLRQ��7KH�SDUDPHWHU�QDPHG
TXHU\�LV�WKH�64/�VWDWHPHQW�ZLWK�ZKLFK�ZH�ZDQW�WR�UHWULHYH�GDWD�IURP�WKH
GDWDEDVH��7KH� 64/� VWDWHPHQW� LV� RIWHQ� LQ� D� SDUDPHWHUL]HG� IRUP�� LQ�ZKLFK
FDVH�WKH�SDUDPHWHUV�RI�WKH�VWDWHPHQW�DUH�SDVVHG�WKURXJK�WKH�ODVW�SDUDPHWHU
RI�WKH�VTO�IXQFWLRQ��WKH�YHFWRU�QDPHG�SDUDPHWHU�
3DUDPHWHUV� DUH�PDUNHUV� ZLWKLQ� DQ� 64/� VWDWHPHQW� WKDW� UHSUHVHQW� ZKHUH� D
YDOXH�JRHV��7KH�DFWXDO�YDOXH�RI�WKH�SDUDPHWHU�LV�VSHFLILHG�DW�H[HFXWLRQ�WLPH�
3DUDPHWHU�KHOS�WR�FUHDWH�H[WUHPHO\�LQWHURSHUDEOH�DSSOLFDWLRQV�

2QFH� WKH� 64/� IXQFWLRQ� KDV� EHHQ� GHILQHG�� WKH� GDWD� LQ� WKH� UHODWLRQDO
GDWDEDVHV�FDQ�EH�VHOHFWLYHO\�PDGH�DFFHVVLEOH�IURP�$PRV�,,�E\�GHILQLQJ�DQ
264/� IXQFWLRQ� WKDW� FDOO� DQ� DUELWUDU\� 64/� VWDWHPHQW� WKURXJK� WKH� ·VTO·
IXQFWLRQ�
)RU�H[DPSOH��WKH�IROORZLQJ�IXQFWLRQ�UHWULHYHV�IURP�(03'%�DOO�WKH�QDPHV
RI�WKH�HPSOR\HHV�ZRUNLQJ�LQ�D�VSHFLILHG�GHSDUWPHQW�

([DPSOH �� IXQFWLRQ IRU TXHU\LQJ D VLQJOH GDWDEDVH�

create function empname(charstring  dept)->integer ename as select
ename where
sql(”EMPDB”,”SELECT FULL_NAME FROM
EMPLOYEE E, DEPARTMENT D WHERE E.DEPT_NO=D.DEPT_NO
AND D.DEPARTMENT=?”,{dept})={ename};

7KH� �(03'%�� GDWD� VRXUFH� LV� WKH� 2'%&� DEVWUDFWLRQ� IRU� WKH� ,QWHUEDVH
UHODWLRQDO�GDWDEDVH�GHVFULEHG�LQ�VHFWLRQ�����

��� +RZ�WR�XVH�WKH�64/�IXQFWLRQ��IRU�PXOWL�GDWDEDVH
YLHZV�

0XOWLGDWDEDVH�YLHZV�FDSDELOLWLHV�WR�VXSSRUW�GDWD�LQGHSHQGHQFH�DUH�SURYLGHG
E\� DGYDQFHG� 2�2� TXHU\� ODQJXDJHV�� ,Q� $0264/�� YLHZV� DUH� VXSSRUWHG
WKURXJK�GHULYHG�IXQFWLRQV�
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,Q�WKH�SUHYLRXV�VHFWLRQ�ZH�KDYH�VKRZQ�KRZ�WR�DFFHVV�UHODWLRQDO�GDWDEDVHV
IURP� $PRV� ,,� � ZLWK� D� GHULYHG� 264/� IXQFWLRQ� WKDW� XVHV� WKH� $0264/
TXHU\�ODQJXDJH�DQG�D�FDOO�WR�WKH�·VTO·�IXQFWLRQ�WR�FDOFXODWH�WKH�H[WHQVLRQ�
+HUH�ZH�SUHVHQW�KRZ�GLIIHUHQW�UHODWLRQDO�GDWDEDVHV�FDQ�EH�DFFHVVHG�DW�WKH
VDPH� WLPH� IURP� $PRV� ,,� DQG� WKH� UHVXOWV� FDQ� EH� FRPELQHG� WKURXJK� D
PXOWLGDWDEDVH�YLHZ�
,Q� RUGHU� WR� DOORZ� PXOWLGDWDEDVH� YLHZV� LW� LV� QHFHVVDU\� WR� GHILQH� � GHULYHG
$0264/� IXQFWLRQV� WKDW� KDYH� PXOWLSOH� FDOOV� WR� WKH� VTO� IXQFWLRQ� IRU
GLIIHUHQW�UHODWLRQDO�GDWDEDVHV�

,W� LV�� VR�� SRVVLEOH� WR� FRPELQH� LQIRUPDWLRQ� IURP� GLIIHUHQW� VRXUFHV�� L�H�
SHUIRUP�PXOWLGDWDEDVH�MRLQV��)RU�H[DPSOH��XVLQJ�WKH�GDWDEDVHV�GHVFULEHG�LQ
VHFWLRQ� ���� ZH� FDQ� UHWULHYH� DOO� WKH� GHSDUWPHQWV� LQ� ¶(03'%·� � ZKRVH
PDQDJHU��VWRUHG�LQ�¶'%B(03·��LV�VSHFLILHG�LQ�WKH�DUJXPHQW�RI�WKH�IROORZLQJ
TXHU\�

([DPSOH����IXQFWLRQ�IRU��PXOWLGDWDEDVH�MRLQ�

create function multijoin(charstring name)-> charstring dept
as select dept  from integer num where
sql(”DB_EMP”,”select emp_no from emp where
name=?”,{name})={num}
and sql(”EMPDB”,”SELECT department FROM department WHERE
mngr_NO = ?”,{num})={dept};

,QFRQVLVWHQF\� RI� GDWD� DPRQJ� GDWD� VRXUFHV� DUH� FRPPRQ� LQ� PXOWLGDWDEDVH
V\VWHPV��RXU�DUFKLWHFWXUH�SURYLGH�PHDQV�WR�FRSH�ZLWK�WKHVH�GLIILFXOWLHV�
)RU� H[DPSOH�� WKH� FRPSDQ\�PD\� QHHG� WR� UHWULHYH� WKH� VDODU\� RI� HPSOR\HHV
VWRUHG� LQ�ERWK�GDWDEDVHV� WR� FKHFN� IRU� LQFRQVLVWHQF\��)RU� WKLV� SXUSRVH�ZH
GHILQH� D� � IXQFWLRQ� � WKDW� UHWULHYHV� � WKH� VDODU\� DQG� QDPH� RI� WKH� HPSOR\HHV
EHORQJLQJ�WR��ERWK�WKH�GDWDEDVHV��

([DPSOH����IXQFWLRQ�IRU�TXHU\LQJ�PXOWLSOH�GDWD�VRXUFHV�

create function amount()->< integer am1, integer am2, charstring
name>
as select am1, am2, name where
sql(”EMPDB","select salary, full_name from employee”,{})={am1,name}
and sql(”DB_EMP”,”select salary ,name from emp”,{})={am2,name};

$V�ZH� FDQ� VHH� LQ� WKH� SUHYLRXV� H[DPSOH�� WKH� XVHU� QHHGV� WR� IRUPXODWH� � DV
PDQ\� 64/�TXHULHV� DV� WKHUH� DUH� GDWDEDVHV�� IXUWKHUPRUH� WKHVH� TXHULHV�PD\
GLIIHU�IURP�GDWDEDVH�WR�GDWDEDVH��WKLV�LV�GXH�WR�WKH�IDFW�WKDW�D�JLYHQ�FRQFHSW

PD\�EH�H[SUHVVHG�LQ�GLIIHUHQW�ZD\V.

$QRWKHU�H[DPSOH�RI�KRZ�WR�XVH�D�GHULYHG�IXQFWLRQ�WR�EURDGFDVW�WKH�VDPH
PDQLSXODWLRQ� WR� VHYHUDO� GDWDEDVHV� �H�J�� SURMHFW� DQ\� UHODWLRQ� GHVFULELQJ
HPSOR\HHV� RQ� WKH� DWWULEXWH� H[SUHVVLQJ� WKH� KLUH� GDWH�� LV� WKH� IROORZLQJ
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IXQFWLRQ�WKDW�UHWULHYH�WKH�QDPH�DQG�KLUH�GDWH�RI�DOO�WKH�HPSOR\HHV�VWRUHG�LQ
WKH�WZR�GDWDEDVHV�H[FOXGHG�FRSLHV��KDYLQJ�WKH�PD[LPXP�MRJ�JUDGH�

([DPSOH����IXQFWLRQ�IRU�TXHU\LQJ�PXOWLSOH�GDWD�VRXUFHV�

create function maxim() -><charstring name, charstring hdate>
as select name, hdate  where sql("EMPDB","select full_name, hire_date
from employee where job_grade =’5’",{})={name, hdate}
or  notany ((select name from charstring name where
sql("EMPDB","selectfull_name from employee",{}) = {name}))
and sql("Db_Emp","select name, hire_date from emp where job_grade
= ‘A’",{})={name, hdate};
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� ,PSOHPHQWDWLRQ

,Q� WKLV� FKDSWHU� VRPH� LPSOHPHQWDWLRQ� VSHFLILF� GHWDLOV� ZLOO� EH� GLVFXVVHG�
VWDUWLQJ�ZLWK� WKH� GHVFULSWLRQ� RI� WKH�2'%&� WRROV� DQG� WHFKQLTXHV�� ,V� WKHQ
SUHVHQWHG�KRZ� WKH�$PRV·V� VWUHDPHG�FDOOLQ�FDOORXW� LQWHUIDFH� LV�XVHG� LQ�RXU
V\VWHP�ZLWK�2'%&�IDFLOLWLHV�

��� 2'%&

7KH�2'%&�LQWHUIDFH�DOORZV�DSSOLFDWLRQV�WR�DFFHVV�GDWD�IURP�D�ZLGH�UDQJH
RI� '%06V�� (DFK� DSSOLFDWLRQ� XVHV� WKH� VDPH� FRGH� WR� FRPPXQLFDWH� ZLWK
PDQ\� GDWD� VRXUFHV� WKURXJK� '%06�VSHFLILF� GULYHUV�� 7KHUHIRUH�� WKHVH
DSSOLFDWLRQV�DUH� LQGHSHQGHQW�RI�D�SDUWLFXODU� �'%06��$�'ULYHU�0DQDJHU� LV
ORFDWHG� � EHWZHHQ� WKH� DSSOLFDWLRQV� DQG� WKH� GULYHUV�� SURYLGLQJ� D� PXWXDO
XQGHUVWDQGLQJ�RI�WKH�H[FKDQJHG�PHVVDJHV�DQG�D�FRPPRQ� LQWHUIDFH�IRU�DOO
DSSOLFDWLRQV�
,Q�WKLV�ZD\��DQ�DSSOLFDWLRQ�GHYHORSHU�FDQ�ZULWH��DQ�DSSOLFDWLRQ�IRU�D�YLUWXDO
GDWDEDVH�DQG�DOORZ�D�ORDGDEOH�GULYHU�WR�PDS�WKH�ORJLF�WR�WKH�VSHFLILF�'%06
XVHG�E\�WKH�DSSOLFDWLRQ�
7KH�2'%&�DGYDQWDJHV�FRPH�IURP�WKH�SRUWDELOLW\�DQG�LQWHURSHUDELOLW\�RI�DQ
DSSOLFDWLRQ·V�FRGH�

����� 7KH 2'%& DUFKLWHFWXUH

7KH�2'%&�DUFKLWHFWXUH�KDV�IRXU�FRPSRQHQWV�

Ã $SSOLFDWLRQ�� 3HUIRUPV� SURFHVVLQJ� DQG� FDOOV� 2'%&� IXQFWLRQV� WR� VXEPLW
64/�VWDWHPHQWV�DQG�UHWULHYH�UHVXOWV�
Ã 'ULYHU�0DQDJHU��/RDGV�DQG�XQORDGV�GULYHUV�RQ�WKH�EHKDOI�RI�DQ�DSSOLFDWLRQ�
3URFHVVHV�2'%&�IXQFWLRQ�FDOOV�RU�SDVVHV�WKHP�WR�D�GULYHU�
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Ã 'ULYHU�� 3URFHVVHV� 2'%&� IXQFWLRQ� FDOOV�� VXEPLWV� 64/� UHTXHVWV� WR� D
VSHFLILF�GDWD�VRXUFH��DQG�UHWXUQV�UHVXOWV�WR�WKH�DSSOLFDWLRQ��,I�QHFHVVDU\��WKH
GULYHU� PRGLILHV� DQ� DSSOLFDWLRQ·V� UHTXHVW� VR� WKDW� WKH� UHTXHVW� FRQIRUPV� WR
V\QWD[�VXSSRUWHG�E\�WKH�DVVRFLDWHG�'%06�
Ã 'DWD�VRXUFH��&RQVLVWV�RI�WKH�GDWD�WKH�XVHU�ZDQWV�WR�DFFHVV�DQG�LWV�DVVRFLDWHG
RSHUDWLQJ�V\VWHP��'%06��DQG�QHWZRUN�SODWIRUP��LI�DQ\��XVHG�WR�DFFHVV�WKH
'%06�

7KH� IROORZLQJ� ILJXUH� VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ� WKHVH� IRXU
FRPSRQHQWV�

)LJXUH�����2'%&�$5&+,7(&785(

:KLOH�WKH�SULPDU\�SXUSRVH�RI�WKH�2'%&�'ULYHU�0DQDJHU�LV�WR�ORDG�GULYHUV
WKDW�LPSOHPHQW�WKH�2'%&�IXQFWLRQ�FDOOV��WKH�GULYHUV�WKHPVHOYHV�LPSOHPHQW
2'%&�IXQFWLRQ�FDOOV�DQG�LQWHUDFW�ZLWK�D�GDWD�VRXUFH��7KH�GULYHU��PDQDJHV
WKH�FRPPXQLFDWLRQ�SURWRFROV�EHWZHHQ�WKH�DSSOLFDWLRQ�DQG�WKH�GDWD�VRXUFH
ZKHQ� WKH� DSSOLFDWLRQ�PDNHV� D� FDOO� WR� FRQQHFW� WR� WKH� GDWD� VRXUFH��:LWK� D
FRQQHFWLRQ� WR� D� GDWD� VRXUFH� HVWDEOLVKHG�� D� GULYHU� LV� FDSDEOH� RI� KDQGOLQJ
UHTXHVWV� WR� WKH� '%06� WKDW� DUH� PDGH� E\� WKH� DSSOLFDWLRQ�� SURYLGLQJ� WKH
QHFHVVDU\� GDWD� WUDQVODWLRQV� WR� DQG� IURP� WKH� GDWD� VRXUFH�� DQG� UHWXUQLQJ
UHVXOWV�WR�WKH�DSSOLFDWLRQ�

APPLICATIONS

DRIVER MANAGER

DRIVER DRIVER

DATA
SOURCE

DATA
SOURCE

ODBC API

ODBC API
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����� 7KH 2'%& LQWHUIDFH

7KH��LQWHUIDFH�IXQFWLRQV�DUH�JURXSHG�DV�IROORZ�
� $OORFDWH�DQG�GHDOORFDWH�

 7KLV� VHW� RI� IXQFWLRQV� FDQ� DOORFDWH� WKH� QHFHVVDU\� KDQGOHV� WR� GHILQH� D
GDWDEDVH� HQYLURQPHQW�� D� GDWDEDVH� FRQQHFWLRQ� DQG� D� VLQJOH� 64/
VWDWHPHQW�� ([HFXWLQJ� DQ� DOORFDWH� IXQFWLRQ� ZLOO� DOORFDWH� WKH� QHHGHG
PHPRU\���DQG�GHILQH�WKH��GDWD�VWUXFWXUHV�XVHG�RQ�WKH�LPSOHPHQWDWLRQ
QHHGV� DQG� DVVLJQV� D� YDOXH� WR� WKH� KDQGOH� WKDW� UHIHUV� WR� WKHVH� GDWD
VWUXFWXUHV�� 2QFH� LW� KDV� EHHQ� DOORFDWHG�� WKH� DSSOLFDWLRQ� FDQ� SDVV� WKH
KDQGOH�WR�VXEVHTXHQW�LQWHUIDFH�IXQFWLRQV�WR� LQGLFDWH�WKH�HQYLURQPHQW�
FRQQHFWLRQ��RU�VWDWHPHQW�RQ�ZKLFK�WKH�IXQFWLRQ�VKRXOG�DFW�
 6LPLODUO\�� WKH� GHDOORFDWH� IXQFWLRQV� IUHH� WKH� YDULRXV� KDQGOHV� DQG� WKH
PHPRU\�DVVRFLDWHG�ZLWK�HDFK�

� &RQQHFWLRQ�
 2QFH�WKH�KDQGOHV�KDYH�EHHQ�DOORFDWHG��D�FRQQHFW�KDQGOH�RU�KDQGOHV�FDQ
EH�HVWDEOLVKHG��VLPLODUO\�ZLWK�VWDWHPHQW�KDQGOHV�

� ([HFXWLQJ�64/�VWDWHPHQWV
 7KHUH� DUH� WZR�ZD\V� WR� VSHFLI\� DQG� H[HFXWH� 64/� VWDWHPHQWV�� SUHSDUH
DQG�GLUHFW��$�SUHSDUHG�H[HFXWLRQ�LV�XVHG�ZKHQ�WKH�DSSOLFDWLRQ�VXEPLWV
WKH� 64/� VWDWHPHQW� PXOWLSOH� WLPHV�� SRVVLEO\� ZLWK� FKDQJHV� WR� WKH
SDUDPHWHU�YDOXHV��7KH�RWKHU�PHWKRG��GLUHFW� H[HFXWLRQ� �� LV� XVHG�ZKHQ
WKH�DSSOLFDWLRQ�GRHV�QRW�UHTXLUH�LQIRUPDWLRQ�DERXW�D�UHVXOW�VHW�SULRU�WR
FRPSOHWLQJ� WKH� 64/� UHTXHVW� DQG� ZH� SODQ� WR� KDYH� WKH� DSSOLFDWLRQ
VXEPLW�WKH�64/�UHTXHVW�RQO\�RQFH�

� 5HFHLYLQJ�UHVXOWV�
 7KLV� VHW� RI� IXQFWLRQV� KDQGOHV� UHWULHYLQJ� GDWD� DQG� PHWDGDWD� IURP� DQ
64/�VWDWHPHQW·V�UHVXOW�VHW��$V��IRU�H[DPSOH��GHVFULELQJ�D�FROXPQ�RI�D
UHVXOW� VHW� DQG� LWV� DWWULEXWHV�� JHWWLQJ� WKH� QH[W� URZ� RI� D� UHVXOW� VHW�
FRXQWLQJ�WKH�QXPEHU�RI� URZV� WKDW�DUH�DIIHFWHG�E\�DQ�64/�VWDWHPHQW�
DQG�VR�RQ�

� 7UDQVDFWLRQ�FRQWURO
� (UURU�KDQGOLQJ�DQG�PLVFHOODQHRXV

7KLV� IXQFWLRQ� UHWXUQV� WKH� HUURU� LQIRUPDWLRQ� WKDW� LV� DVVRFLDWHG�ZLWK� D
KDQGOH�� 7KH� RWKHU� IXQFWLRQ� LQ� WKLV� JURXS� DOORZV� \RX� WR� DWWHPSW� WR
FDQFHO��D�64/�VWDWHPHQW�

$OVR�� 2'%&� GHILQHV� QRW� RQO\� D� FRPPRQ� VHW� RI� IXQFWLRQV� WR� DFFHVV
GLIIHUHQW�GDWDEDVHV��EXW�DOVR�D�FRPPRQ�64/�JUDPPDU��7KH�64/�ODQJXDJH
IRUPV� RQH� RI� WKH� NH\� HOHPHQWV� LQ� FUHDWLQJ� LQWHURSHUDEOH� 2'%&
DSSOLFDWLRQV��7KH�$3,�GHILQHV�RQO\�DQ�LQWHUIDFH�EHWZHHQ�DQ�DSSOLFDWLRQ�DQG
D� GDWDEDVH�� LW� GRHV� QRW� KDYH� IXQFWLRQV� WR� RSHQ� WDEOHV� RU� WR� UHWULHYH� URZV
IURP�D�WDEOH��64/�GRHV�WKLV�ZRUN�

7KH� 2'%&� $3,� IXQFWLRQV� DUH GLYLGHG� LQWR� WKUHH� VWDQGDUG
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FRQIRUPDQFH� OHYHO�FDOOHG� UHVSHFWLYHO\�&RUH��/HYHO��DQG�/HYHO���7KH� ILUVW
RQH�LV�VWULFWO\�DQ�LPSOHPHQWDWLRQ�RI�WKH�&/,�GHYHORSHG�E\�WKH�6$*�ZKLFK
FDQ�EH�VHHQ�DV�WKH�ORZHVW��FRPPRQ�GHQRPLQDWRU�
7KH�VHFRQG��SXWV�IRUZDUG�QHZ�IXQFWLRQV�IRU�JDLQLQJ�LQIRUPDWLRQ�DERXW�WKH
GULYHU�DQG�WKH�GDWD�VRXUFH�DQG�IRU�VHWWLQJ�DQG�UHWULHYLQJ�WKH�GULYHU�RSWLRQV�
7KH� ODVW� DOORZV�2'%&� � WR�PDQDJH� VRSKLVWLFDWHG� GDWDEDVHV� IXQFWLRQV��$Q
2'%&�GULYHU�KDV�WR�LPSOHPHQW�DW�OHDVW�WKH�IXQFWLRQV�LQ�WKH�&RUH�OHYHO�DQG
SURFHVV�DQ\�SDUW�RI�WKH�64/�JUDPPDU�GHILQHG�E\�2'%&�
$Q� DSSOLFDWLRQ� DFFHVVHV� D� GDWD� VRXUFH� E\� IXQFWLRQ� FDOOV� RI� RQH� RU� PRUH
OHYHOV� DQG� VXEPLWV� 64/� UHTXHVWV� GHSHQGLQJ� RQ� WKH� GULYHU� FRQIRUPDQFH�
$SSOLFDWLRQ�GHYHORSHUV�PXVW�GHFLGH�ZKHWKHU� WR�XVH� WKH�PLQLPXP�OHYHO�RI
IXQFWLRQDOLW\�� RU� ZULWH� WKH� FRQGLWLRQDO� FRGH� WR� WHVW� IRU� H[WHQGHG
IXQFWLRQDOLWLHV�� ,Q� HLWKHU� FDVH�� WKH� &RUH� OHYHO� JXDUDQWHHV� D� IXQFWLRQDO
DSSOLFDWLRQ�

2'%&� DOVR� SHUPLWV� GHYHORSHUV� WR� XVH�'%06�VSHFLILF� IXQFWLRQV� WKDW� DUH
QRW�SDUW�RI�2'%&�
6XSSRUW� IRU�SURSULHWDU\� IHDWXUHV� LV� LPSRUWDQW��1R�PDWWHU� KRZ� IDU�2'%&
HYROYHV�� WKHUH� ZLOO� VWLOO� � LQYDULDEO\� EH� '%06� YHQGRUV� SURYLGLQJ� IHDWXUHV
RXWVLGH�WKH�VSHFLILFDWLRQ��
7KH�GUDZEDFN���RI�FRXUVH��LV�WKDW�WKH�FRGH�EHFRPHV�OHVV�SRUWDEOH�

��� 8VLQJ�VWUHDPHG�FDOOLQ�FDOORXW�LQWHUIDFH�LQ�$PRV�,,
WKURXJK�2'%&

7KLV�VHFWLRQ�VKRZ�KRZ�RXU�V\VWHP�LV� LQWHUIDFHG�ZLWK�$PRV�,,�DQG�KRZ�LV
XVHG�2'%&� WHFKQRORJ\� LQ� WKH� WDVN� DV� WRRO� WR� DFFHVV� GLIIHUHQW� UHODWLRQDO
GDWDEDVHV�

����� 3ULQFLSOHV

7KHUH� DUH� H[WHUQDO� LQWHUIDFHV� EHWZHHQ� $PRV� ,,� DQG� WKH� SURJUDPPLQJ
ODQJXDJHV�&��/,63�DQG�-$9$��7KH�H[WHUQDO�&�LQWHUIDFHV�DUH�LQWHQGHG�WR�EH
XVHG�E\� V\VWHP�GHYHORSHUV� WKDW� QHHG� DFFHVV� WR� WKH�$PRV� ,,� V\VWHP�� ,W� LV
WKXV� LPSOHPHQWHG�RQ�D�UDWKHU�KLJK� OHYHO�DQG�GRHV�QRW�GLUHFWO\�JLYH�DFFHVV
WR�$PRV�,,��LQWHUQDO�SULPLWLYHV�
7KHUH�DUH� WZR�ZD\V� WR� LQWHUIDFH�$PRV� ,,�ZLWK�RWKHU�SURJUDPV� �� HLWKHU�DQ
H[WHUQDO� SURJUDP� FDOOV� $PRV� ,,� WKURXJK� WKH� FDOOLQ� LQWHUIDFH�� RU� $PRV� ,,
FDOOV�H[WHUQDO�VXEURXWLQHV�WKURXJK�WKH�FDOORXW�LQWHUIDFH�
(VVHQWLDOO\��WR�LPSOHPHQW�IRUHLJQ�$0264/�IXQFWLRQV�WKURXJK�WKH�FDOORXW
LQWHUIDFH�D�QXPEHU�RI�IXQFWLRQV�ZULWWHQ�LQ�WKH�SURJUDPPLQJ�ODQJXDJH�&�DUH
QHHGHG�

:H�IRFXV�WKH�DWWHQWLRQ�RQ�WKH�LPSOHPHQWDWLRQ�RI�WKH�¶VTO·�IRUHLJQ�IXQFWLRQ�
WKH�RWKHU�IRUHLJQ�IXQFWLRQV�XVHG� LQ�RXU�V\VWHP��QDPHO\��FROXPQV�� WDEOHV�
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GDWDVRXUFHV��GEQDPH� DQG�GEW\SH��KDYH�EHHQ�GHYHORSHG�XVLQJ� WKH� VDPH
FRQFHSWV�

����� 7KH GULYHU SURJUDP

,Q�RUGHU� WR�XVH� WKH�FDOORXW� LQWHUIDFH�D�GULYHU�SURJUDP� LV�QHHGHG�� ,W� LV� D�&
IXQFWLRQ� �WKH� PDLQ� SURJUDP�� WKDW� VHWV� XS� WKH� $PRV� ,,� DQG� 2'%&
HQYLURQPHQW�DQG�WKHQ�FDOOV�WKH�$PRV�,,�V\VWHP�
7KH� GULYHU� SURJUDP� FRQWDLQ� WKH� IROORZLQJ� FRGH� WR� GHILQH� RXU� IRUHLJQ
IXQFWLRQV�

� $PRV� V\VWHP� IXQFWLRQV�� 2'%&� $3,� IXQFWLRQV� DQG� &� FRGH� WR
LPSOHPHQW�WKH�IXQFWLRQ��GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��

� $�ELQGLQJ�RI�WKH�&�HQWU\�SRLQW�WR�D�V\PERO�LQ�$PRV�,,
� $�GHILQLWLRQ�RI�WKH�IRUHLJQ�$0264/�IXQFWLRQ�
� $� FDOO� WR� WKH� 2'%&� � IXQFWLRQ� 64/$OORF(QY� WR� DOORFDWH� DQ

HQYLURQPHQW� KDQGOH�� 2'%&� XVHV� WKLV� KDQGOH� WR� NHHS� WUDFN� RI� WKH
GDWDEDVH� FRQQHFWLRQV� WKDW� WKH� DSSOLFDWLRQ� KDV� HVWDEOLVKHG�� ,W� LV
QHFHVVDU\�WR�HVWDEOLVK�RQO\�RQH�HQYLURQPHQW�LQ�WKH�DSSOLFDWLRQ�EHFDXVH
DQ\�QXPEHU�RI�FRQQHFWLRQV�FDQ�EH�PDGH�ZLWKLQ�D�VLQJOH�HQYLURQPHQW�
7KH�GULYHU�ZLOO�IUHH�WKH�HQYLURQPHQW�KDQGOH�E\�FDOOLQJ�64/)UHH(QY�

7KH�FRPSOHWH�GULYHU�SURJUDP�ZLWK�VRPH�GHFODUDWLRQV�RI�$PRV�,,�KDQGOHV
ORRN�OLNH�WKLV�

#include "callout.h"
HENV henv;    /* Declare a variable of type HENV(the application's

environment handle) */

main(int argc,char **argv)
{

/* declares a C handle to hold connections to Amos II */
dcl_connection(c);

/* fn is a handle to the Amos II function ‘sql’*/
dcl_oid(fn);

/* To hold result streams from Amos II  function calls */
dcl_scan(s);
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/* Control gets here in case of fatal Amos II errors */
if(setjmp(resetlabel))
{
printf("Fatal error...\n");
exit(1);
}

/* Pass the address of henv(the application's environment handle) to
SQLAllocEnv. SQLAllocEnv allocates memory for an environment handle and
initializes the ODBC call-level interface for use by an application. An application
must call SQLAllocEnv prior to calling any other ODBC function.*/

SQLAllocEnv(&henv);

init_amos(argc,argv); /* Initialize embedded Amos */
a_connect(c,"",FALSE); /*Connect to embedded Amos*/

/*Bind C function 'SQLbbbf' to Amos symbol named 'SQLbbbf'*/
a_extfunction("SQLbbbf",SQLbbbf);

/* Define AMOSQL function 'SQL(a,b,c)->x' to be defined as SQLbbbf when a
and b and c are known while x is unknown: */

a_execute(c,s,"create function SQL(charstring a, charstring b, vector c) ->
vector x as foreign 'SQLbbbf';", FALSE);
a_setf(fn,a_getfunction(c,"charstring.charstring.vector.SQL->vector",FALSE));

/* free resources held by handles */
free_oid(fn);
free_scan(s);
free_connection(c);

/*The driver call the interctive AMOSQL top loop from C by*/
amos_toploop("Amos");

/* Application finish free the environment*/
SQLFreeEnv(henv);

return 0;
}

����� )XQFWLRQ LPSOHPHQWDWLRQ

0DQ\�RI�WKH�FRQFHSWV�VXSSRUWHG�E\�WKH�2'%&�$3,�DUH�FRPPRQ�WR�&/,
64/�SURJUDPPLQJ��7KH�EDVLF�LPSOHPHQWDWLRQ�VWHSV�DUH�VKRZQ�LQ�)LJXUH
����



��

)LJXUH�����%DVLF�IORZ�FRQWURO�IRU�2'%&�DSSOLFDWLRQ

7KH�¶VTO·�IRUHLJQ�IXQFWLRQ�LPSOHPHQWDWLRQ�LQ�&�KDV�WKH�VLJQDWXUH�

void sqlbbbf(a_callcontext cxt, a_tuple tpl);

ZKHUH�F[W�LV�DQ�LQWHUQDO�$PRV�,,�GDWD�VWUXFWXUH�IRU�PDQDJLQJ�WKH�FDOO�DQG�WSO
LV�D�WXSOH�FRQWDLQLQJ�WKH�DUJXPHQW�YDOXHV�IROORZHG�E\�WKH�XQDVVLJQHG�UHVXOW
YDOXHV�RI�WKH�IXQFWLRQ�
7KH� VL]H� RI� WKH� WXSOH� WSO� LV� WKH� VXP� RI� WKH� QXPEHU� RI� DUJXPHQWV� RI� WKH
$0264/� IXQFWLRQ� �LWV� DULW\�� DQG� WKH� ZLGWK� RI� LWV� UHVXOW� WXSOH�� 7KH� ¶VTO·
IXQFWLRQ�KDV�WKUHH�DUJXPHQWV�DQG�RQH�UHVXOW��VR�WKH�VL]H�RI�WSO�LV���
7XSOHV� DUH� XVHG� IRU� LQWHUIDFLQJ� IRUHLJQ� $PRV� ,,� IXQFWLRQV� GHILQHG� LQ� &
ZKHQ�SDVVLQJ�GDWD�IURP�$PRV�,,�WR�&�DQG�YLFH�YHUVD��)XUWKHUPRUH��WXSOHV
DUH�XVHG�IRU�UHSUHVHQWLQJ�VHTXHQFHV�

Get the sql’s argument values

Allocate connection handle

Connect to server

Allocate statement handle

Statement processing

Receiving data

Emits result tuples

Free statement handle

Disconnect from server

Free connection handle
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,Q� WKH� LPSOHPHQWDWLRQ� RI� WKH� ¶VTO·� IXQFWLRQ�� WXSOHV� DUH� XVHG� WR� JHW� WKH
DUJXPHQW�YDOXHV�ILUVW��7KHUH�DUH�D�QXPEHU�RI�$PRV�,,�V\VWHP�IXQFWLRQV�IRU
PRYLQJ�GDWD�IURP�WKH�WXSOHV�WR�&�GDWD�DUHDV�DQG�WR�FRS\�GDWD�IURP�&�GDWD
DUHDV�LQWR�WXSOHV�
)RU�H[DPSOH�WR�JHW�WKH�ILUVW�DUJXPHQW�RI�WKH�IXQFWLRQ��UHSUHVHQWLQJ�WKH�GDWD
VRXUFH�QDPH���LQWR�D�&�VWULQJ�ZH�KDYH�XVHG�WKH�V\VWHP�IXQFWLRQ��

a_getstringelem(tpl, 0, DSName, sizeof(DSName), FALSE)

,W�FRSLHV�WKH�HOHPHQW�LQ�SRVLWLRQ�QXPEHU���RI�WKH�WXSOH�WSO��WKDW�LV�D�VWULQJ�
LQWR�WKH�&�YDULDEOH�'61DPH�
7KH�VDPH�IXQFWLRQ�LV�XVHG�WR�JHW�WKH�YDOXH�RI�WKH�DUJXPHQW�UHSUHVHQWLQJ�WKH
64/� TXHU\�� 'DWD� YDOXHV� RI� W\SH� YHFWRU�� OLNH� WKH� WKLUG� DUJXPHQW� RI� WKH
IXQFWLRQ��XVHG�WR�SDVV�WKH�SDUDPHWHUV�RI�WKH�64/�TXHU\���DUH�UHSUHVHQWHG�DV
VHTXHQFHV�� 6HTXHQFHV� DUH� VSHFLDO�$PRV� ,,� REMHFWV� WKDW� KROG� UHIHUHQFHV� WR
VHYHUDO�RWKHU�REMHFWV��(DFK�REMHFW�KDQGOH��KDV�DQ�DVVRFLDWHG�GDWD�W\SH�WKDW
VSHFLILHV�ZKDW�NLQG�RI�REMHFW�WKH�KDQGOH�UHIHUHQFHV�
7R� JHW� WKH� YDOXHV� RI� WKH� SDUDPHWHUV� RI� WKH� TXHU\� �LI� DQ\��� WKH� VHTXHQFH
VWRUHG� LQ�SRVLWLRQ�QXPEHU���RI�WKH�WXSOH�WSO� LV�FRQYHUWHG� LQWR�D� WXSOH�DUJO
ZLWK�WKH�IROORZLQJ�IXQFWLRQ�

a_getseqelem(tpl, 2, argl, FALSE);

7KHQ�HDFK�HOHPHQW�RI�WKH�WXSOH�DUJO�LV�JRWWHQ�XVLQJ�WKH�IXQFWLRQV�

a_getstringelem(argl,i,stringa,sizeof(stringa),FALSE);
a_getintelem(argl, i, FALSE);
a_getdoubleelem(argl, i, FALSE);

LI�WKH�HOHPHQW�RI�SRVLWLRQ�L�LQ�WKH�WXSOH�DUJO�LV�RI�W\SH�VWULQJ��LQWHJHU��RU�UHDO
ULVSHFWLYHO\�

2'%&�XVHV�KDQGOHV�WR�WUDFN�WKH�VWRUDJH�DQG�FRQWH[W�DOVR��IRU��FRQQHFWLRQV
DQG� VWDWHPHQWV�� 7KH� DSSOLFDWLRQ� WKHQ� DOORFDWHV� D� KDQGOH� IRU� D� GDWDEDVH
FRQQHFWLRQ�XVLQJ�64/$OORF&RQQHFW�EHIRUH�FDOOLQJ�WKH�FRQQHFWLRQ�IXQFWLRQ
64/&RQQHFW�� 64/&RQQHFW� ORDGV� D� GDWDEDVH� GULYHU� DQG� HVWDEOLVKHV� D
FRQQHFWLRQ�WR�WKH�GDWD�VRXUFH�VSHFLILHG�
$V� SDUW� RI� LWV� WHUPLQDWLRQ� ORJLF�� WKH� DSSOLFDWLRQ� ZLOO� FORVH� DQG� IUHH� WKH
FRQQHFWLRQ�KDQGOHV�E\�FDOOLQJ�64/'LVFRQQHFW�DQG�64/)UHH&RQQHFW�

1H[W�� � HDFK� TXHU\·V� SDUDPHWHU� LV� ERXQG� WR� LWV� YDOXHV� ZLWK� WKH
64/%LQG3DUDP�FRPPDQG��%LQGLQJ�D�SDUDPHWHU�PHDQV�W\LQJ�LW�WR�D�VWRUDJH
ORFDWLRQ� IURP�ZKLFK� WKH� SDUDPHWHU·V� YDOXH� FDQ� EH� UHWULHYHG� DW� H[HFXWLRQ
WLPH��:KHQ�WKH�SDUDPHWHUV�DUH�ERXQG�WKH�64/�VWDWHPHQW�LV�H[HFXWHG�DQG�D
UHVXOW�ZKLFK�FDQ�FRQWDLQ�VHYHUDO�GDWD�URZV�LV�JHQHUDWHG�
7R�H[HFXWH�DQ�64/�VWDWHPHQW�ZH�XVH�WKH�SUHSDUHG�H[HFXWLRQ�PRGH�ZKLFK
SURYLGHV� JUHDW� IOH[LELOLW\�� HVSHFLDOO\� ZKHQ� XVLQJ� 64/� VWDWHPHQWV� ZLWK
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SDUDPHWHUV�� 7KH� DGYDQWDJH� RI� SUHSDUHG� H[HFXWLRQ� DUH� GHWDLOHG� LQ� WKH
IROORZLQJ�VHFWLRQ��7R�SURFHVV�VWDWHPHQWV��WKH�DSSOLFDWLRQ�PXVW�ILUVW�DFTXLUH
D�KDQGOH�E\�FDOOLQJ�64/$OORF6WPW��7R�IUHH�VWDWHPHQW�KDQGOHV��WKH�SURJUDP
FDOOV�64/)UHH6WPW�

%HIRUH� UHWULHYLQJ�GDWD� IURP�D� UHVXOW� VHW�� WKH� DSSOLFDWLRQ�GHWHUPLQH� FHUWDLQ
LQIRUPDWLRQ�DERXW�WKH�VHW�LWVHOI�XVLQJ�WKH�64/'HVFULEH&RO�WKDW�UHWXUQV�WKH
UHVXOW� GHVFULSWRU� �QDPH�� W\SH�� SUHFLVLRQ�� VFDOH�� DQG� QXOODELOLW\�� IRU� HDFK
FROXPQ�LQ�WKH�UHVXOW�VHW�
2QFH� WKH� DSSOLFDWLRQ� KDV� UHWULHYHG� LQIRUPDWLRQ� DERXW� D� UHVXOW� VHW� �� LW� LV
UHDG\�WR�UHWULHYH�WKH�UHVXOW�VHW�LWVHOI��7KHUH�DUH�WZR�IXQFWLRQV�IRU�UHWULHYLQJ
UHVXOWV�64/ELQG&RO�DQG�64/)HWFK��7KH�ILUVW�VSHFLILHV�VWRUDJH�IRU�UHVXOW�VHW
GDWD��WKH�ODWWHU�UHWULHYHV�WKH�GDWD�LQWR�D�VWRUDJH�ORFDWLRQ�
64/)HWFK�UHWXUQV�RQH�URZ�RI�GDWD�DW�D�WLPH��7KLV�WHFKQLTXH�RI�IHWFKLQJ�D
ERXQG�UHVXOW�VHW� LV�RI�FHQWUDO� LPSRUWDQFH� LQ�RXU� LQWHUIDFH�VLQFH� WR�UHWULHYH
GDWD� IURP� UHVXOWV� RI� IRUHLJQ� IXQFWLRQV� FDOOV� WKH� FDOORXW� LQWHUIDFH� XVHV� D
VWUHDP�RI�WXSOH��)RU�WKH�SXUSRVH�RI�UHWXUQ�WKH�UHVXOWV�RI�WKH�¶VTO·� IXQFWLRQ
FDOOV�DV�D�VWUHDP�RI�WXSOH��HDFK�IHWFKHG�URZ�LV�FRQYHUWHG�DV�D�WXSOH��FDOOHG
UHVVHT� LQ� WKH� IROORZLQJ� H[DPSOHV�� EHIRUH� D� QHZ� FDOO� WR� 64/)HWFK� LV
H[HFXWHG�
1H[W�WKH� ¶VTO·� IXQFWLRQ�HPLWV�UHVXOW� WXSOHV�RI�WKH�VDPH�VL]H�DV�WSO�ZLWK�WKH
UHVXOW�YDULDEOH�SRVLWLRQV�ILOOHG�LQ��7KH�WXSOH�WSO�LV�WKHUHIRUH�XSGDWHG�DV�LQ�WKH
IROORZLQJ�H[DPSOHV�ZKHUH�WKH�UHVXOW�SRVLWLRQ���LV�VHW�WR�WKH�UHVXOW�VHTXHQFH
YDOXHV�

a_setseqelem(tpl, 3, resseq, FALSE);

)LQDOO\��WKH�UHVXOW�WXSOH�LV�UHWXUQHG�WR�$PRV�,,�WKURXJK�WKH�IXQFWLRQ��

a_emit(cxt, tpl, FALSE);

2'%&�IXQFWLRQV�FDQ�SRVW�]HUR��RQH��RU�PRUH�HUURUV��VR�FKHFNLQJ�IRU�HUURUV
DIWHU� FDOOLQJ� 64/(UURU� LV� JRRG� SURJUDPPLQJ� SUDFWLFH� �GHIHQVLYH
SURJUDPPLQJ��� 7KH� DSSOLFDWLRQ� FDOO� 64/(UURU� ZKHQ� 2'%&� IXQFWLRQV
UHWXUQ� 64/B(5525� RU� 64/B68&&(66B:,7+B,1)2�� 7R� JHW� D� FOHDU
UHSUHVHQWDWLRQ� RI� VWDWXV�� ZH� FKHFN� 64/6WDWH� DQG�PDNH� UHSHWLWLYH� FDOOV� WR
64/(UURU�XQWLO�2'%&�UHWXUQV�64/B12B'$7$B)281'�

��� 3UHSDUH�RSWLPL]DWLRQ

%HIRUH� GLVFXVVLQJ� WKH� WHFKQLTXHV� IRU� XVLQJ� WKH� SUHSDUH� H[HFXWLRQ�� LW� LV
QHFHVVDU\�WR�GLVFXVV�KRZ�DQ�64/�VWDWHPHQW�LV�SURFHVVHG�
7R�SURFHVV�DQ�64/�VWDWHPHQW��D�'%06�SHUIRUPV�WKH�IROORZLQJ�ILYH�VWHSV�

� 7KH�'%06�ILUVW�SDUVHV� WKH�64/�VWDWHPHQW�� ,W�EUHDNV� WKH� VWDWHPHQW�XS
LQWR�LQGLYLGXDO�ZRUGV��FDOOHG�WRNHQV��PDNHV�VXUH�WKDW�WKH�VWDWHPHQW�KDV�D
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YDOLG� V\QWD[�� DQG� VR�RQ�� 6\QWD[� HUURUV� DQG�PLVVSHOOLQJV� DUH�GHWHFWHG� LQ
WKLV�VWHS�

� 7KH�'%06�YDOLGDWHV�WKH�VWDWHPHQW��,W�FKHFNV�WKH�VWDWHPHQW�DJDLQVW�WKH
V\VWHP�FDWDORJ��&KHFN�LI��WKH�WDEOHV�QDPHG�LQ�WKH�VWDWHPHQW�H[LVW�LQ�WKH
GDWDEDVH��DQG�LI� WKH\�FRQWDLQ�WKH�XVHG�FROXPQV��7KH�XVHU�SULYLOHJHV�DUH
DOVR�FKHFNHG�DW�WKLV�VWDJH��&HUWDLQ�VHPDQWLF�HUURUV�FDQ�EH�DOVR�GHWHFWHG
LQ�WKLV�VWHS�

� 7KH�'%06�JHQHUDWHV�DQ�DFFHVV�SODQ�IRU�WKH�VWDWHPHQW��7KH�DFFHVV�SODQ
LV�D�ELQDU\�UHSUHVHQWDWLRQ�RI�WKH�VWHSV�WKDW�DUH�UHTXLUHG�WR�FDUU\�RXW�WKH
VWDWHPHQW��LW�LV�WKH�'%06�HTXLYDOHQW�RI�H[HFXWDEOH�FRGH�

� 7KH�'%06�RSWLPL]HV�WKH�DFFHVV�SODQ��,W�H[SORUHV�YDULRXV�ZD\V�WR�FDUU\
RXW�WKH�DFFHVV�SODQ��&DQ�DQ�LQGH[�EH�XVHG�WR�VSHHG�D�VHDUFK"�6KRXOG�WKH
'%06�ILUVW�DSSO\�D�VHDUFK�FRQGLWLRQ�WR�7DEOH�$�DQG�WKHQ�MRLQ�LW�WR�7DEOH
%�� RU� VKRXOG� LW� EHJLQ� ZLWK� WKH� MRLQ� DQG� XVH� WKH� VHDUFK� FRQGLWLRQ
DIWHUZDUG"� &DQ� D� VHTXHQWLDO� VHDUFK� WKURXJK� D� WDEOH� EH� DYRLGHG� RU
UHGXFHG� WR� D� VXEVHW� RI� WKH� WDEOH"� $IWHU� H[SORULQJ� WKH� DOWHUQDWLYHV�� WKH
'%06�FKRRVHV�RQH�RI�WKHP�

� 7KH�'%06�H[HFXWHV�WKH�VWDWHPHQW�E\�UXQQLQJ�WKH�VHOHFWHG�DFFHVV�SODQ�

7KH� VWHSV� XVHG� WR� SURFHVV� DQ� 64/� VWDWHPHQW� YDU\� LQ� WKH� DPRXQW� RI
GDWDEDVH�DFFHVV�WKH\�UHTXLUH�DQG�WKH�DPRXQW�RI�WLPH�WKH\�WDNH��3DUVLQJ�DQ
64/�VWDWHPHQW�GRHV�QRW�UHTXLUH�DFFHVV�WR�WKH�GDWDEDVH�DQG�W\SLFDOO\�FDQ�EH
GRQH� YHU\� TXLFNO\�� 2SWLPL]DWLRQ�� RQ� WKH� RWKHU� KDQG�� LV� D� YHU\� &38�
LQWHQVLYH�SURFHVV�DQG�UHTXLUHV�DFFHVV�WR�WKH�V\VWHP�FDWDORJ��)RU�D�FRPSOH[�
PXOWLWDEOH�TXHU\��WKH�RSWLPL]HU�PD\�H[SORUH�WKRXVDQGV�RI�GLIIHUHQW�ZD\V�RI
FDUU\LQJ� RXW� WKH� VDPH� TXHU\�� +RZHYHU�� WKH� FRVW� RI� H[HFXWLQJ� WKH� TXHU\
LQHIILFLHQWO\� LV�XVXDOO\�VR�KLJK� WKDW� WKH� WLPH�VSHQW� LQ�RSWLPL]DWLRQ� LV�PRUH
WKDQ� UHJDLQHG� LQ� LQFUHDVHG� TXHU\� H[HFXWLRQ� VSHHG�� 7KLV� LV� HYHQ� PRUH
VLJQLILFDQW�LI�WKH�VDPH�RSWLPL]HG�DFFHVV�SODQ�FDQ�EH�XVHG�RYHU�DQG�RYHU�WR
SHUIRUP�UHSHWLWLYH�TXHULHV�

3UHSDUHG� H[HFXWLRQ� LV� DQ� HIILFLHQW�ZD\� WR� H[HFXWH� D� VWDWHPHQW�PRUH� WKDQ
RQFH��7KH�VWDWHPHQW� LV�ILUVW�FRPSLOHG��RU�SUHSDUHG�� LQWR�DQ�DFFHVV�SODQ�E\
FDOOLQJ� 64/3UHSDUH�� 7KH� DFFHVV� SODQ� FDQ� EH� WKHQ� H[HFXWHG� RQH� RU� PRUH
WLPHV� DW� D� ODWHU� WLPH�ZLWK� 64/([HFXWH�� 7KH� SUHSDUHG� H[HFXWLRQ� LV� IDVWHU
WKDQ�WKH�GLUHFW�H[HFXWLRQ�IRU�VWDWHPHQWV�H[HFXWHG�PXOWLSOH�WLPHV��SULPDULO\
EHFDXVH�WKH�VWDWHPHQW� LV�FRPSLOHG�RQO\�RQFH��VWDWHPHQWV�H[HFXWHG�GLUHFWO\
DUH�FRPSLOHG�HDFK�WLPH�WKH\�DUH�H[HFXWHG�
3UHSDUHG�H[HFXWLRQ�FDQ�DOVR�SURYLGH�D�UHGXFWLRQ�LQ�QHWZRUN�WUDIILF�EHFDXVH
WKH�GULYHU�VHQGV�DQ�DFFHVV�SODQ� LGHQWLILHU�WR�WKH�GDWD�VRXUFH�HDFK�WLPH�WKH
VWDWHPHQW� LV� H[HFXWHG�� UDWKHU� WKDQ� WKH� HQWLUH� 64/� VWDWHPHQW�� :KLOH� ZH
PLJKW� QRW� FDOO� WKH� H[DFW� VDPH� 64/� VWDWHPHQW� PXOWLSOH� WLPHV�� WKH� VDPH
SUHSDUHG� VWDWHPHQW��ZLWK� WKH�XVH�RI�SDUDPHWHUV�� FDQ� DFW� OLNH� D�QXPEHU�RI
GLIIHUHQW�VWDWHPHQWV�DW�H[HFXWLRQ�WLPH�



��

� 3HUIRUPDQFH�0HDVXUHPHQWV

0HDVXUHPHQWV�KDYH�EHHQ�PDGH�RQ�WKH�LQWHUIDFH��ZH�KDYH�GHYHORSHG��ZKLFK
ZLOO� EH� SUHVHQWHG� LQ� WKLV� FKDSWHU�� )LUVW� WKH� VHWXS� IRU� WKH� EHQFKPDUN� LV
GHVFULEHG��WKHQ�WKH�PHDVXUHPHQWV�DUH�SUHVHQWHG�LQ�GLDJUDPV�

��� 6HWXS

7KH� WHVWV� KDYH�EHHQ� IRFXVHG�RQ� WKH� WLPH� WR� DFFHVV� ,QWHUEDVH� DQG�$FFHVV
ERWK�LQGLYLGXDOO\�DQG�LQ�PXOWL�GDWDEDVH�YLHZV�
7KH�EHQFKPDUN� WHVW�XVH�DQ�HPSOR\HH�DQG�GHSDUWPHQW� WDEOH�ZLWK�FROXPQV
UHSUHVHQWDWLYH�RI�W\SLFDO�GDWD��VXFK�DV�VDODU\�DQG�KLUH�GDWH��7KH�WHVW�H[HFXWH
TXHULHV�WKDW�UHWULHYH�GDWD�XVLQJ�6(/(&7�VWDWHPHQWV��,Q�VLPSOH�WHUPV��HDFK
WHVW�SHUIRUPV�WKH�VDPH�RSHUDWLRQV�DJDLQVW�LGHQWLFDO�GDWD�EXW�YDULHV�WKH�W\SH
RI�GDWDEDVH��,QWHUEDVH�RU�$FFHVV��DQG�WKH�VL]H�RI�WKH�GDWDEDVH�

7KH�GLDJUDPV�VKRZV�WKH�H[HFXWLRQ�WLPH�IRU�WKH�IROORZLQJ�TXHULHV�

4U\��� �VHOHFW�E\�HPSOR\HH�QXPEHU
4U\��� �MRLQ
4U\��� �PXOWL�GDWDEDVH�YLHZ�DV�PXOWL�GDWDEDVH�MRLQV

7KH� EHQFKPDUN� VXPPDU\� SUHVHQWHG� KHUH� UHSUHVHQWV� PXOWLSOH� WHVWV� XVLQJ
WDEOHV� SRSXODWHG� ZLWK� ������ ����� DQG� ������ HPSOR\HHV� DQG� ���
GHSDUWPHQWV��0XOWLSOH� UXQV� SURYLGHG� H[HFXWLRQ� WLPHV� XVHG� WR� FRPSXWH� D
PHDQ� WLPH� IRU� HDFK� WHVW�� 7KH� WHVWV� LQFOXGH� ORJLF� WKDW� XVHV� YDULRXV� 64/
SURJUDPPLQJ� WHFKQLTXHV�� VXFK� DV� GLUHFW� RU� LPPHGLDWH� H[HFXWLRQ� TXHULHV
DQG�SUHSDUH�DQG�H[HFXWH�TXHULHV�
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��� 7KH�PHDVXUHPHQWV

7KH�ILUVW�DQG�VHFRQG�GLDJUDPV�VKRZ�WKH�H[HFXWLRQ�WLPH�WR�DFFHVV�,QWHUEDVH
DQG� $FFHVV� LQGLYLGXDOO\�� WKH� WKLUG� GLDJUDP� VKRZV� WKH� WLPH� WR� H[HFXWH� D
PXOWLGDWDEDVH�YLHZ�

)LJXUH������)LUVW�PHDVXUHPHQW��VHOHFW�E\�HPSOR\HH�QXPEHU�

)LJXUH� ����� 6HFRQG� PHDVXUHPHQW�� PXOWLSOH� MRLQ� LQ� WKH� HPSOR\HH� DQG
GHSDUWPHQW�WDEOHV�
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)LJXUH������7KLUG�PHDVXUHPHQW��PXOWL�GDWDEDVH�MRLQ�

7KH� ILUVW� DQG� VHFRQG�PHDVXUHPHQWV� �)LJ�� ���� �� ������ SHUPLW� WR� LQYHVWLJDWH
KRZ� WKH� GDWD� DFFHVV� FRVW� YDULHV� IRU� GLIIHUHQW� VL]H� RI� D� TXHU\� � WR� D� VLQJOH
UHODWLRQDO�GDWDEDVH��7KH�UHVXOW�LV�WKDW�WKHUH�DUH�QRW�FRQVLGHUDEOH�GLIIHUHQFHV
EHWZHHQ�DFFHVVLQJ�,QWHUEDVH�YHUVXV�06$FFHVV�

7KH�WKLUG�DQG�ILQDO�PHDVXUHPHQWV��)LJ��������VKRZ�WKH�JRRG�SHUIRUPDQFH�RI
WKH�V\VWHP�IRU�PXOWL�GDWDEDVH�YLHZV�

$� IXWXUH� ZRUN� LV� WR� LQFOXGH� LQ� WKH� WHVWV� ORJLF� WKDW� XVHV� YDULRXV� 64/
SURJUDPPLQJ� WHFKQLTXHV�� VXFK� DV� GLUHFW� RU� LPPHGLDWH� H[HFXWLRQ� TXHULHV
DQG�SUHSDUH�DQG�H[HFXWH�TXHULHV��DQG�WR�LQYHVWLJDWH�IXUWKHU�SUHSDUDWLRQ�FRVW
YHUVXV�GDWD�DFFHVV�FRVW�YHUVXV�VL]H�RI�D�TXHU\�
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� &RQFOXVLRQV�DQG�)XWXUH�:RUN

:H� KDYH� GHYHORSHG� DQ� 64/� LQWHUIDFH� IRU� WKH�2EMHFW� 2ULHQWHG� PHGLDWRU
V\VWHP�$PRV�,,�WR�DFFHVV�PXOWLSOH��KHWHURJHQHRXV�DQG�GLVWULEXWHG�UHODWLRQDO
GDWDEDVHV�XVLQJ�2'%&�FDSDELOLWLHV�
7KH�LQWHUIDFH�DEVWUDFWLRQ�KDV�EHHQ�DFKLHYHG�E\�WKH�¶VTO·�IXQFWLRQ�

&KDUDFWHULVWLF�IHDWXUHV�RI�WKLV�DSSURDFK��

¾ 8VLQJ�WKH�2'%&�VWDQGDUG��DQ\�UHODWLRQDO�'%06V�IRU�ZKLFK�D�GULYHU�LV
DYDLODEOH�FDQ�EH�DFFHVVHG�

¾ $PRV�,,�H[WHQVLELOLW\�LV�XVHG�WKURXJK�WKH�VWUHDPHG�FDOORXW�LQWHUIDFH�WR
DFFHVV�WKH�GDWD�VRXUFHV�

¾ 7KH� VROXWLRQ� RI� WKH� UHODWLRQDO� '%06V� LQWHURSHUDELOLW\� SUREOHP
LQYROYHV�FRQVWUXFWLQJ�PXOWL�GDWDEDVH�YLHZV� LQ�$PRV�DV�KRPRJHQHRXV
LQWHUIDFHV�IURP�WKH�GHVLUHG�VHW�RI�GDWD�VRXUFHV�

¾ 7KH�HYROXWLRQDU\� IDFLOLW\�RI� WKH�REMHFW�DEVWUDFWLRQ�RI� WKH�2'%&�GDWD
VRXUFH� FRQFHSW�� PDNH� LW� SRVVLEOH� WR� FKDQJH� WKH� VHW� RI� GDWD� VRXUFHV
LQYROYHG�LQ�WKH�V\VWHP�

2XU� LQLWLDO� H[SHULHQFH� RI� EXLOGLQJ� VRPH� PXOWL�GDWDEDVH� YLHZV� DQG� WKH
SHUIRUPDQFH� PHDVXUHPHQWV� KDYH� GHPRQVWUDWHG� WKH� IHDVLELOLW\� RI� WKLV
DSSURDFK�
,Q� IXWXUH� RXU� ZRUN� FDQ� EH� FRPELQHG� ZLWK� DQ� 2EMHFW� 2ULHQWHG� YLHZ
PHFKDQLVP�WR�EXLOW�DQ�DEVWUDFWLRQ�RI�WKH�GDWD�PHWD�GDWD��UHWULHYHG�ZLWK�RXU
LQWHUIDFH��:LWK�WKLV�DEVWUDFWLRQ�WKH�$026�PHGLDWRU� LV�FDSDEOH�RI� WDFNOLQJ
VFKHPDWLF�GLVFUHSDQFLHV�DPRQJ�WKH�KHWHURJHQHRXV�GDWDEDVHV�LQ�WKH�V\VWHP�
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$33(1',;

+HUH�ZH�VKRZ�D�FRPSOHWH� UXQ�H[DPSOH�RI� WKH� LQWHUIDFH�GHYHORSHG� LQ�RXU
ZRUN�� LQFOXGLQJ� KRZ� WR� FRQQHFW� GDWD� VRXUFHV� IURP�$PRV� ,,� DQG� KRZ� WR
UHWULHYH�LQIRUPDWLRQ�DERXW�WKH�GDWD�VRXUFHV��7KH� LQWHUIDFH� LV�UXQ�IURP�WKH
'RV�SURPSW�ZLWK�DQ�DUJXPHQW�WKDW�LV�WKH�$PRV�GDWDEDVH�ZKHUH�DUH�VWRUHG
WKH� PHWD� LQIRUPDWLRQ� DERXW� WKH� GDWD� VRXUFHV� LQ� WKH� IRUP� RI� REMHFW
DEVWUDFWLRQ�

C:\> sqllast meta.dmp

,I� WKH�VHW�RI�GDWD�VRXUFHV� LQ� WKH� V\VWHP� � WKDW�ZH�ZDQW�DFFHVV� WKURXJK� WKH
LQWHUIDFH�LV�FKDQJHG��ZH�WKHQ�QHHG�WR�XSGDWH�WKH�$PRV�GDWDEDVH��)RU�WKLV
SXUSRVH�ZH�FDOO�IURP�WKH�$PRV�SURPSW�WKH�IXQFWLRQ�XSGDWHGV���WKDW�ZLOO
DXWRPDWLFDOO\�XSGDWH�WKH�VHW�RI�$PRV�GDWD�VRXUFHV�IHWFKLQJ�DOO� WKH�2'%&
GDWD� VRXUFHV� LQYROYHG� LQ� WKH� V\VWHP�� DQG� IRU� HDFK� $PRV� GDWD� VRXUFH
DVVRFLDWHV�WKH�QDPH�DQG�WKH�GDWDEDVH�W\SH�

Amos 1> updateds();

7KH� QHZ�$PRV� VHW� RI� GDWD� VRXUFHV� LV� WKHQ� VWRUHG� LQ� WKH�$PRV� GDWDEDVH
ZLWK�WKH�FRPPDQG�

Amos 2> save ”meta.dmp”;

$W� WKLV� SRLQW� ZH� FDQ� VWDUW� WR� TXHU\� WKH� GDWDEDVH� SUHYLRXVO\� VWRUHG�� )RU
H[DPSOH�ZH�PD\�QHHG�WR�NQRZ�WKH�QDPH�DQG�W\SH�RI�HDFK�GDWD�VRXUFH�

Amos 3> select name(d), typeofds(d) from ds d;

<”EMPDB”,”InterBase 4.x Driver by Visigenic (*.gdb)”>
<”LIBDB”;”Microsoft Access Driver (*.mdb)”>
<”DB_EMP”,”Microsoft Access Driver (*.mdb)”>
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2QFH�ZH� NQRZ� WKH� GDWD� VRXUFHV� DYDLODEOH� LQ� WKH� V\VWHP�� ZH� FDQ� VWDUW� WR
UHWULHYH�LQIRUPDWLRQ�DERXW�WKH�GDWD�VRXUFHV�WKHPVHOYHV��7KLV�LV�DFKLHYHG�E\
WKH� IXQFWLRQV� WDEOHV�GDWD� VRXUFH�� DQG� FROXPQV�GDWD� VRXUFH�� QDPH� RI
WKH� WDEOH��� 7KH� ILUVW� IXQFWLRQ� UHWULHYHV� DOO� WKH� WDEOHV� RI� D� VSHFLILHG� GDWD
VRXUFH��WKH�ODWWHU�UHWULHYHV�DOO�WKH�FROXPQV�DQG�WKH�DVVRFLDWHG�GDWD�W\SH�

7R� UHWULHYH�PHWD�GDWD�ZLWK� WKH� IXQFWLRQV� SUHVHQWHG� DERYH� DQG� WR� UHWULHYH
GDWD�ZLWK�WKH� ¶VTO·� IXQFWLRQ�GHVFULEHG� LQ�FKDSWHU���DQG���� WKH�GDWD�VRXUFHV
PXVW� EH� FRQQHFWHG�� )RU� WKLV� SXUSRVH� LV� DYDLODEOH� D� IXQFWLRQ� FDOOHG
RGEFVRXUFH�GDWD� VRXUFH�� XVHU� QDPH�� SDVVZRUG�� WKDW� H[SOLFLWO\� RSHQ� D
FRQQHFWLRQ�IRU�D�VSHFLILHG�GDWD�VRXUFH�
7R�GLVFRQQHFW�GDWD�VRXUFHV�WKH�IXQFWLRQ�FORVHRGEF�GDWD�VRXUFH��PXVW�EH
FDOOHG�

Amos 4> odbcsource(”EMPDB”,”SYSDBS”,”masterkey”);
Amos 5> odbcsource(”DB_EMP”);

Amos 6> tables(”EMPDB”);
”DEPARTMENT”
”EMPLOYEE”

Amos 7> columns(”EMPDB”,”EMPLOYEE”);
<”EMP_NO”,”SQL_SMALLINT”>
<”FULL_NAME”,”SQL_VARCHAR”>
<”DEPT_NO”,”SQL_CHAR”>
<”SALARY”,”SQL_NUMERIC”>

)ROORZ� D� GHVFULSWLRQ� RI� KRZ� WR� XVH� WKH� ·VTO·� IXQFWLRQ� WR� UHWULHYH� GDWD�
VWDUWLQJ� ZLWK� DQ� H[DPSOH� RI� TXHU\� WR� WKH� ,QWHUEDVH� GDWDEDVH�� 7KHQ� DQ
H[DPSOH�RI�PXOWLGDWDEDVH�YLHZ�LV�SUHVHQWHG�

Amos 8> create function empname(charstring  dept)->integer ename as
select ename where sql(”EMPDB”,”SELECT FULL_NAME FROM
EMPLOYEE E, DEPARTMENT D WHERE E.DEPT_NO=D.DEPT_NO
AND D.DEPARTMENT=?”,{dept})={ename};

Amos 9>empname(”Marketing”);
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Amos 10>create function multijoin(charstring name)-> charstring dept
as select dept  from integer num where
sql(”DB_EMP”,”select emp_no from emp where
name=?”,{name})={num}and sql(”EMPDB”,”SELECT department FROM
department WHERE mngr_no = ?”,{num})={dept};

Amos 11> multijoin(”Lee, Terri”);
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