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([SORULQJ GDWD DFURVV ELRORJLFDO GDWDEDVHV HQWDLOV FRSLQJ ZLWK WKHLU GLVWULEXWLRQ�
WKH KHWHURJHQHLW\ RI WKHLU XQGHUO\LQJ V\VWHPV� DQG WKHLU VHPDQWLF KHWHURJHQHLW\�
7KHVH GDWDEDVHV DUH GHpQHG XVLQJ D YDULHW\ RI GDWD PRGHOV DQG QRWDWLRQV� VXFK
DV UHODWLRQDO DQG REMHFW�RULHQWHG PRGHOV� DQG WKH $61�� GDWD H[FKDQJH QRWD�
WLRQ� WKH\ DUH LPSOHPHQWHG XVLQJ GLoHUHQW V\VWHPV� LQFOXGLQJ UHODWLRQDO GDWDEDVH
PDQDJHPHQW V\VWHPV �'%06V�� DQG YDULRXV LQGH[HG qDW�pOH V\VWHPV� WKH\ DUH
EDVHG RQ GLoHUHQW YLHZV RI WKH ELRORJLFDO GRPDLQ� DQG WKH\ FRQWDLQ GLoHUHQW DQG
SRVVLEO\ FRQqLFWLQJ GDWD�

6WUDWHJLHV IRU H[SORULQJ KHWHURJHQHRXV GDWDEDVHV UDQJH IURP ORRVH WR WLJKW
LQWHJUDWLRQ RI FRPSRQHQW GDWDEDVHV� ZLWK GLVWULEXWHG RU FHQWUDOL]HG GDWD DFFHVV
>��@� 7LJKW LQWHJUDWLRQ RI KHWHURJHQHRXV GDWDEDVHV HQWDLOV FRQVWUXFWLQJ D JOREDO

VFKHPD UHSUHVHQWLQJ D FRQVLVWHQW LQWHJUDWHG YLHZ RI DOO FRPSRQHQW GDWDEDVHV
H[SUHVVHG LQ D FRPPRQ GDWD PRGHO� ZKLOH ORRVH LQWHJUDWLRQ GRHV QRW UHTXLUH
FRQVWUXFWLQJ VXFK D JOREDO VFKHPD�

&RQVWUXFWLQJ D JOREDO VFKHPD RYHU ELRORJLFDO KHWHURJHQHRXV GDWDEDVHV LV KLQ�
GHUHG E\ QXPHURXV VHPDQWLF FRQqLFWV EHWZHHQ VFKHPDV RI FRPSRQHQW GDWDEDVHV�
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2IWHQ WKH VDPH FRQFHSW �H�J�� JHQH� LV UHSUHVHQWHG LQ GLoHUHQW ELRORJLFDO GDWDEDVHV
XVLQJ V\QRQ\PV� DOWHUQDWLYH WHUPLQRORJ\� RU GLoHUHQW GDWD VWUXFWXUHV� 5HVROYLQJ
VHPDQWLF FRQqLFWV DPRQJ ELRORJLFDO GDWDEDVHV KDV EHHQ DWWHPSWHG E\ V\VWHPV
VXFK DV ,*' >��@� EXW RQO\ WR D OLPLWHG H[WHQW� WKHVH V\VWHPV GHWHFW DQG UHVROYH
RQO\ VLPSOH VFKHPD DQG GDWD FRQqLFWV� VXFK DV QDPH DQG REMHFW LGHQWLpFDWLRQ
FRQqLFWV� $ PRUH V\VWHPDWLF UHVROXWLRQ RI VXFK FRQqLFWV ZRXOG UHTXLUH WKH LQ�
YROYHPHQW RI QXPHURXV JURXSV ZRUOGZLGH�� DQG ZRXOG EH H[WUHPHO\ GLrFXOW WR
DFKLHYH� LI DW DOO SRVVLEOH�

$ PRUH IHDVLEOH DSSURDFK LQYROYHV HPSOR\LQJ PXOWLGDWDEDVH TXHU\LQJ PHFKD�
QLVPV LQ D ORRVHO\ LQWHJUDWHG IUDPHZRUN� 6XFK PHFKDQLVPV VXSSRUW FRQVWUXFWLRQ
RI TXHULHV RYHU FRPSRQHQW GDWDEDVHV� ZKHUH D TXHU\ H[SOLFLWO\ UHIHUV WR WKH HOH�
PHQWV RI HDFK GDWDEDVH LQYROYHG� &RPSRQHQW GDWDEDVHV RI PXOWLGDWDEDVH V\VWHPV
FDQ EH TXHULHG E\ FRQVWUXFWLQJ IXQFWLRQV WKDW DFFHVV WKH GDWDEDVHV LQ WKHLU QDWLYH
IRUPDW� DV GRQH LQ .OHLVOL >�@� RU FDQ EH DFFHVVHG WKURXJK YLHZV LQ D FRPPRQ GDWD
PRGHO� DV HQWDLOHG E\ WKH VWUDWHJ\ ZH SURSRVH� .OHLVOL LV D TXHU\ V\VWHP EDVHG
RQ WKH QHVWHG UHODWLRQDO GDWD PRGHO� ZKLFK LV D SXUHO\ ?YDOXH�EDVHG� PRGHO DQG�
DV VXFK� GRHV QRW VXSSRUW DQ\ FRQFHSW RI VFKHPDV RU LQWHJULW\ FRQVWUDLQWV� 7KLV
DSSURDFK PDNHV LW UHODWLYHO\ VLPSOH WR DGG QHZ GDWDEDVHV WR D PXOWLGDWDEDVH
V\VWHP� VLQFH LW LV QRW QHFHVVDU\ WR FRQYHUW VFKHPDV RU FRQVWUXFW QHZ YLHZV RI
D GDWDEDVH� EXW GRHV QRW SURYLGH WKH VXSSRUW RU GRFXPHQWDWLRQ QHFHVVDU\ WR
IRUPXODWH TXHULHV RU WR LQWHUSUHW WKHLU UHVXOWV� &RQVHTXHQWO\� LQ RUGHU WR FRQ�
VWUXFW DG KRF PXOWLGDWDEDVH TXHULHV� D SURJUDPPHU PXVW KDYH H[SHUW NQRZOHGJH
RI HDFK GDWDEDVH LQYROYHG LQ WKH TXHU\� LWV VHPDQWLFV DQG LWV GDWD PRGHO� DV ZHOO
DV RI &3/� WKH TXHU\ ODQJXDJH HPSOR\HG E\ .OHLVOL�

3URYLGLQJ DQ HrFLHQW� H[WHQVLEOH PHFKDQLVP IRU HYDOXDWLQJ PXOWLGDWDEDVH
TXHULHV LV QRW LQ LWVHOI VXrFLHQW� LQ DGGLWLRQ LW LV QHFHVVDU\ WR SURYLGH VXSSRUW
IRU H[SORULQJ DQG GRFXPHQWLQJ PXOWLSOH KHWHURJHQHRXV GDWDEDVHV YLD D XQLIRUP
PRGHO DQG LQWHUIDFH� DQG WR DLG QRQ�H[SHUW XVHUV LQ IRUPXODWLQJ PHDQLQJIXO PXO�
WLGDWDEDVH TXHULHV� 6XFK DQ DSSURDFK UHTXLUHV DQ LQLWLDO LQYHVWPHQW RI WLPH DQG
HoRUW LQ GHYHORSLQJ GDWDEDVH YLHZV LQ D FRPPRQ QRWDWLRQ DQG LQ FRQVWUXFWLQJ D
GLUHFWRU\ RI LQIRUPDWLRQ �PHWDGDWD� QHHGHG WR DVVLVW XVHUV LQ FRQVWUXFWLQJ DQG
LQWHUSUHWLQJ PXOWLGDWDEDVH TXHULHV� 7KLV LQLWLDO HoRUW LV SDUWLFXODUO\ LPSRUWDQW
IRU WKH H[SORUDWLRQ RI ELRORJLFDO GDWDEDVHV ZKLFK DUH QRW GRFXPHQWHG LQ D FRQ�
VLVWHQW DQG FRPSUHKHQVLYH ZD\ >�@� ELRORJLFDO GDWDEDVH GRFXPHQWDWLRQ LV RIWHQ
LQFRPSOHWH� VRPHWLPHV KDUG WR DFFHVV �H�J�� KLGGHQ LQ ODUJH pOHV�� DQG UHTXLUHV
NQRZOHGJH RI WKH QRWDWLRQ RI WKH XQGHUO\LQJ GDWD PDQDJHPHQW V\VWHP �H�J�� UH�
ODWLRQDO� REMHFW�RULHQWHG� $61�� GDWD H[FKDQJH IRUPDW��

2XU VWUDWHJ\ IRU H[SORULQJ KHWHURJHQHRXV GDWDEDVHV XVHV WKH 2EMHFW�3URWRFRO
0RGHO �230� >�@ DV WKH FRPPRQ GDWD PRGHO� WDNHV DGYDQWDJH RI D VXLWH RI H[�
LVWLQJ 230 WRROV� DQG LQYROYHV GHYHORSLQJ VHYHUDO DGGLWLRQDO WRROV� (DFK RI WKHVH
WRROV FDQ EH XVHG LQGHSHQGHQWO\ DQG WKHUHIRUH UHSUHVHQWV D YDOXDEOH UHVRXUFH LQ
LWV RZQ ULJKW�
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(DFK GDWDEDVH LQ DQ 230�EDVHG PXOWLGDWDEDVH V\VWHP LV DVVRFLDWHG ZLWK
D QDWLYH 230 VFKHPD RU D UHWURpWWHG 230 YLHZ� 'DWDEDVHV ZLWK QDWLYH 230
VFKHPDV DUH GHYHORSHG XVLQJ WKH 230'DWDEDVH 'HYHORSPHQW WRROV� WKDW SURYLGH
IDFLOLWLHV IRU WUDQVODWLQJ 230 VFKHPDV LQWR FRPSOHWH GDWDEDVH GHpQLWLRQV IRU D
YDULHW\ RI FRPPHUFLDO '%06V� 'DWDEDVHV GHYHORSHG ZLWKRXW WKH 230 WRROV FDQ
EH UHWURpWWHG ZLWK 230 YLHZV XVLQJ WKH 230 5HWURpWWLQJ WRROV >�@�

7KH 230 0XOWLGDWDEDVH WRROV SURYLGH DGGLWLRQDO IDFLOLWLHV IRU DVVHPEOLQJ
KHWHURJHQHRXV GDWDEDVHV LQWR D PXOWLGDWDEDVH V\VWHP� WRJHWKHU ZLWK LQIRUPD�
WLRQ RQ NQRZQ OLQNV EHWZHHQ GDWDEDVHV� IRU EURZVLQJ VFKHPDV DQG PHWDGDWD
IRU WKH PXOWLGDWDEDVH V\VWHP YLD :HE�EDVHG LQWHUIDFHV� DQG IRU VSHFLI\LQJ DQG
HYDOXDWLQJ PXOWLGDWDEDVH TXHULHV YLD XQLIRUP 230 TXHU\ LQWHUIDFHV�

7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 230 LV EULHq\ UHYLHZHG
LQ VHFWLRQ �� 7KH FRQVWUXFWLRQ RI 230 YLHZV DQG WKH VWUXFWXUH RI WKH 0XOWL�
GDWDEDVH 'LUHFWRU\ DUH GHVFULEHG LQ VHFWLRQ �� 7KH PXOWLGDWDEDVH TXHU\ V\VWHP
LV GHVFULEHG LQ VHFWLRQ �� ,Q VHFWLRQ � ZH SUHVHQW WKH :HE LQWHUIDFHV IRU H[SORULQJ
PXOWLGDWDEDVH V\VWHPV� 6HFWLRQ � SUHVHQWV DQ DSSOLFDWLRQ RI WKH 230 0XOWL�
GDWDEDVH WRROV WR D PROHFXODU ELRORJ\ PXOWLGDWDEDVH V\VWHP� 6HFWLRQ � FRQWDLQV
FRQFOXGLQJ UHPDUNV�

� 7 KH 2EMHFW 3 U RWRFRO 0 RGHO

:H XVH WKH 2EMHFW 3URWRFRO 0RGHO �230� WR SURYLGH DQ DEVWUDFW DQG XQLIRUP
UHSUHVHQWDWLRQ RI KHWHURJHQHRXV GDWDEDVHV� 230 SURYLGHV H[WHQVLYH VFKHPD GRF�
XPHQWDWLRQ IDFLOLWLHV LQ WKH IRUP RI GHVFULSWLRQV� H[DPSOHV DQG XVHU�VSHFLpHG
SURSHUWLHV WKDW FDQ EH DVVRFLDWHG ZLWK VFKHPD HOHPHQWV� ([LVWLQJ 230 WRROV
SURYLGH IDFLOLWLHV IRU GHYHORSLQJ DQG DFFHVVLQJ GDWDEDVHV GHpQHG XVLQJ 230� IRU
FRQVWUXFWLQJ 230 YLHZV IRU H[LVWLQJ UHODWLRQDO GDWDEDVHV DQG VWUXFWXUHG pOHV�
IRU UHSUHVHQWLQJ GDWDEDVH VFKHPDV XVLQJ DOWHUQDWLYH QRWDWLRQV� DQG IRU TXHU\�
LQJ GDWDEDVHV WKURXJK XQLIRUP 230 YLHZV� :H EULHq\ UHYLHZ EHORZ WKH PDLQ
IHDWXUHV RI 230� GHWDLOV FDQ EH IRXQG LQ >�@�

230 LV D GDWD PRGHO ZKRVH REMHFW SDUW FORVHO\ UHVHPEOHV WKH 2'0* VWDQ�
GDUG IRU REMHFW�RULHQWHG GDWD PRGHOV >��@� 2EMHFWV LQ 230 DUH XQLTXHO\ LGHQ�
WLpHG E\ REMHFW LGHQWLpHUV �RLGV�� DUH TXDOLpHG E\ DWWULEXWHV� DQG DUH FODVVLpHG
LQWR FODVVHV� &ODVVHV FDQ EH RUJDQL]HG LQ VXEFODVV�VXSHUFODVV KLHUDUFKLHV DQG FDQ
EH FODVVLpHG LQWR FOXVWHUV� ,Q DGGLWLRQ WR REMHFW FODVVHV� 230 VXSSRUWV D SURWR�
FRO FODVV FRQVWUXFW IRU PRGHOLQJ VFLHQWLpF H[SHULPHQWV� 3URWRFRO FODVVHV DUH QRW
GLVFXVVHG LQ WKLV SDSHU�

$WWULEXWHV FDQ EH VLPSOH RU FRQVLVW RI D WXSOH RI VLPSOH DWWULEXWHV� $Q DW�
WULEXWH FDQ KDYH D VLQJOH YDOXH� D VHW RI YDOXHV� RU D OLVW RI YDOXHV� ,I WKH YDOXH
FODVV �RU GRPDLQ� RI DQ DWWULEXWH LV D V\VWHP�SURYLGHG GDWD W\SH� RU D FRQWUROOHG�

YDOXH FODVV RI HQXPHUDWHG YDOXHV RU UDQJHV� WKHQ WKH DWWULEXWH LV VDLG WR EH
SULPLWLYH� ,I DQ DWWULEXWH WDNHV YDOXHV IURP DQ REMHFW FODVV RU D XQLRQ RI REMHFW
FODVVHV� WKHQ LW LV VDLG WR EH DEVWUDFW�



)LJXUH � GLVSOD\V H[DPSOHV RI FODVVHV LQYROYHG LQ WKH 230 VFKHPDV IRU
WKH *HQRPH 6HTXHQFH 'DWDEDVH �*6'%�� DQG WKH *HQRPH 'DWDEDVH �*'%���

UHSUHVHQWLQJ QXFOHLF DFLG VHTXHQFHV LQ *6'% DQG *'% UHVSHFWLYHO\� )RU H[�
DPSOH� DWWULEXWH FRQILGHQFHV RI FODVV 6HTXHQFH LV VHW�YDOXHG� ZKLOH DWWULEXWH
UHOHDVH LV VLQJOH YDOXHG� DWWULEXWH FRQILGHQFHV LV D WXSOH DWWULEXWH FRQVLVWLQJ
RI pYH FRPSRQHQW DWWULEXWHV� ORF VWDUW� ORF HQG� FRQILGHQFH� PXOWLSOH UHDG�
DQG GRXEOH VWUDQGHG� FRPSRQHQW DWWULEXWH VS LG RI WXSOH DWWULEXWH VHTXHQFH�
SLHFHV RI FODVV 6HTXHQFH LV DQ DEVWUDFW DWWULEXWH WDNLQJ YDOXHV IURP FODVV
6HTXHQFH� ZKLOH DWWULEXWH VHT RUGHU RI WKH VDPH WXSOH DWWULEXWH LV D SULPLWLYH
DWWULEXWH�

230 VXSSRUWV WKH VSHFLpFDWLRQ RI GHULYHG DWWULEXWHV XVLQJ GHULYDWLRQ UXOHV LQ�
YROYLQJ DULWKPHWLF H[SUHVVLRQV� DJJUHJDWH IXQFWLRQV �PLQ� PD[� VXP� DYJ� FRXQW��
RU FRPSRVLWLRQV RI DWWULEXWHV DQG LQYHUVH DWWULEXWHV�

230 DOVR VXSSRUWV GHULYHG VXEFODVVHV DQG GHULYHG VXSHUFODVVHV� $ GHULYHG
VXEFODVV LV GHpQHG DV D VXEFODVV RI RQH RU PRUH REMHFW FODVVHV ZLWK DQ RSWLRQDO
GHULYDWLRQ FRQGLWLRQ� $ GHULYHG VXSHUFODVV LV GHpQHG DV D XQLRQ RI WZR RU PRUH
REMHFW FODVVHV�

� &RQVWU XFWLQJ % LRORJLFDO 0 XOWLGDWDEDVH 6\VWHPV

2XU VWUDWHJ\ IRU H[SORULQJ KHWHURJHQHRXV ELRORJLFDO GDWDEDVHV LQYROYHV ��� FRQ�
VWUXFWLQJ 230 YLHZV IRU GDWDEDVHV GHYHORSHG ZLWK RU ZLWKRXW 230� ��� DVVHP�
EOLQJ GDWDEDVHV ZLWKLQ DQ 230�EDVHG PXOWLGDWDEDVH V\VWHP� ZKLOH GRFXPHQWLQJ
WKH GDWDEDVHV DQG NQRZQ OLQNV EHWZHHQ WKHP� DQG ��� H[SUHVVLQJ� SURFHVVLQJ�
DQG LQWHUSUHWLQJ TXHULHV RYHU PXOWLGDWDEDVH V\VWHPV� ,Q WKLV VHFWLRQ ZH GHVFULEH
WKH pUVW WZR VWDJHV�

��� &RQVWUXFWLQJ 230 9LHZV IRU ([LVWLQJ 'DWDEDVHV

$ GDWDEDVH GHVLJQHG XVLQJ 230 FDQ EH LPSOHPHQWHG ZLWK D FRPPHUFLDO UH�
ODWLRQDO '%06� VXFK DV 6\EDVH RU 2UDFOH� XVLQJ WKH 230 6FKHPD 7UDQVODWRU
>�@� 7KLV WRRO DXWRPDWLFDOO\ JHQHUDWHV FRPSOHWH GHpQLWLRQV IRU WKH XQGHUO\LQJ
UHODWLRQDO '%06� LQFOXGLQJ UXOHV DQG FRQVWUDLQWV UHTXLUHG IRU PDLQWDLQLQJ GDWD
LQWHJULW\� ZKLOH FUHDWLQJ D PDSSLQJ GLFWLRQDU\ WKDW UHFRUGV WKH FRUUHVSRQGHQFHV
EHWZHHQ WKH FODVVHV DQG DWWULEXWHV RI DQ 230 VFKHPD DQG WKH XQGHUO\LQJ UHOD�
WLRQDO WDEOHV�
([LVWLQJ GDWDEDVHV LPSOHPHQWHG DV qDW pOHV �GHpQHG XVLQJ D SDUVDEOH QR�

WDWLRQ VXFK DV $61��� RU DV UHODWLRQDO GDWDEDVHV �GHYHORSHG ZLWK RU ZLWKRXW
230�� FDQ EH DVVRFLDWHG ZLWK RQH RU PRUH 230 YLHZV FRQVWUXFWHG XVLQJ WKH
230 5HWURpWWLQJ WRROV >�@� 7KH SURFHGXUH IRU FRQVWUXFWLQJ 230 YLHZV IRU H[�
LVWLQJ GDWDEDVHV FRQVLVWV RI pUVW DXWRPDWLFDOO\ JHQHUDWLQJ D FDQRQLFDO 230 YLHZ
IURP WKH GDWDEDVH GHpQLWLRQ� ZKHUH QR DGGLWLRQDO DVVXPSWLRQV DUH PDGH DERXW

� KWWS���ZZZ�QFJU�RUJ�JVGE�
� KWWS���JGEZZZ�JGE�RUJ�JGE�VFKHPD�KWPO



WKH VWUXFWXUH RI WKH XQGHUO\LQJ GDWDEDVH� DQG WKHQ LWHUDWLYHO\ FKDQJLQJ RU UH�
pQLQJ WKH 230 YLHZ XVLQJ VFKHPD UHVWUXFWXULQJ RSHUDWLRQV� VXFK DV UHQDPLQJ
DQG�RU UHPRYLQJ FODVVHV DQG DWWULEXWHV� PHUJLQJ DQG VSOLWWLQJ FODVVHV� DGGLQJ RU
UHPRYLQJ VXEFODVV UHODWLRQVKLSV� GHpQLQJ GHULYHG FODVVHV DQG DWWULEXWHV� DQG VR
RQ� 7KH PDSSLQJ EHWZHHQ 230 FRQVWUXFWV DQG WKH QDWLYH GDWDEDVH FRQVWUXFWV
LV UHFRUGHG LQ D PDSSLQJ GLFWLRQDU\� 5HpQLQJ DQ 230 YLHZ UHVXOWV LQ FKDQJHV WR
WKH 230 YLHZ GHpQLWLRQ DQG FRUUHVSRQGLQJ FKDQJHV LQ WKH PDSSLQJ GLFWLRQDU\�
EXW KDV QR HoHFW RQ WKH XQGHUO\LQJ �UHODWLRQDO RU qDW pOH� GDWDEDVH�

��� 7KH 0XOWLGDWDEDVH 'LUHFWRU\

7KH LQIRUPDWLRQ FRUH RI DQ 230�EDVHG PXOWLGDWDEDVH V\VWHP LV D 0XOWLGDWDEDVH

'LUHFWRU\ ZKLFK FRQWDLQV PHWDGDWD RQ FRPSRQHQW GDWDEDVHV DQG V\VWHPV QHHGHG
E\ WKH 0XOWLGDWDEDVH 4XHU\ 6\VWHP DV ZHOO DV VXSSRUWLQJ GRFXPHQWDWLRQ IRU
H[SORULQJ DQG XVLQJ D PXOWLGDWDEDVH V\VWHP� ,QIRUPDWLRQ LQ D 0XOWLGDWDEDVH
'LUHFWRU\ LQFOXGHV GDWDEDVH QDPHV� GHVFULSWLRQV RI WKH SXUSRVH RI WKH GDWDEDVHV�
LQIRUPDWLRQ RQ FRQQHFWLRQV WR RWKHU UHODWHG GDWDEDVHV LQ WKH VDPH PXOWLGDWDEDVH
V\VWHP� DQG GDWDEDVH VFKHPDV RU YLHZV VSHFLpHG LQ 230� DV ZHOO DV LQIRUPDWLRQ
VSHFLpFDOO\ UHTXLUHG E\ WKH PXOWLGDWDEDVH TXHU\ V\VWHP� GLVFXVVHG LQ VHFWLRQ ����
2I SDUWLFXODU LPSRUWDQFH LV WKH LQIRUPDWLRQ DERXW NQRZQ OLQNV EHWZHHQ FODVVHV
LQ GLoHUHQW GDWDEDVHV� LQFOXGLQJ D GHVFULSWLRQ RI WKH VHPDQWLFV RI WKH OLQNV� )URP
WKH SHUVSHFWLYH RI D XVHU H[SORULQJ DQ 230 EDVHG PXOWLGDWDEDVH V\VWHP� LQWHU�
GDWDEDVH OLQNV FRQQHFW FODVVHV LQ GLVWLQFW GDWDEDVHV LQ WKH VDPH ZD\ WKDW 230
DEVWUDFW DWWULEXWHV FRQQHFW FODVVHV ZLWKLQ D VLQJOH GDWDEDVH�
7KH �QDWLYH RU UHWURpWWHG� 230 VFKHPD RU YLHZ RI D GDWDEDVH LV XVHG DV LWV

UHIHUHQFH �FRPPRQ� UHSUHVHQWDWLRQ LQ D 0XOWLGDWDEDVH 'LUHFWRU\� LQ DGGLWLRQ�
WKH 'LUHFWRU\ FRQWDLQV DOWHUQDWLYH UHSUHVHQWDWLRQV IRU WKH GDWDEDVH VFKHPDV XV�
LQJ YDULRXV QRWDWLRQV DQG GDWD PRGHOV� LQFOXGLQJ WKH QDWLYH GDWD PRGHO RI WKH
GDWDEDVH� DQ ([WHQGHG (QWLW\�5HODWLRQVKLS �((5� PRGHO� DQ DEVWUDFW� '%06�
LQGHSHQGHQW UHODWLRQDO PRGHO� DQG WKH $61�� GDWD H[FKDQJH QRWDWLRQ >��@� $
0XOWLGDWDEDVH 'LUHFWRU\ LV VWRUHG DQG PDLQWDLQHG XVLQJ VWUXFWXUHG qDW pOHV�
ZLWK DXWRPDWLFDOO\ JHQHUDWHG +70/ YHUVLRQV VXSSRUWLQJ H[SORUDWLRQ XVLQJ :HE
EURZVHUV�
7KH 230 YLHZV RI GDWDEDVHV LQ D PXOWLGDWDEDVH V\VWHP FDQ EH UHSUHVHQWHG

XVLQJ D GLDJUDPPDWLF QRWDWLRQ DQG EURZVHG ZLWK D -DYD EDVHG 230 0XOWL�
GDWDEDVH 6FKHPD %URZVHU� )LJXUH � VKRZV DQ H[DPSOH RI XVLQJ WKH 230 0XOWL�
GDWDEDVH 6FKHPD %URZVHU IRU EURZVLQJ WKH VFKHPDV RI *'% DQG *6'%� ZKHUH
WKH LQWHU�GDWDEDVH OLQNV DUH GLVSOD\HG DV DEVWUDFW 230 DWWULEXWHV DQG DUH XVHG
IRU FURVVLQJ GDWDEDVH ERXQGDULHV �H�J�� *6'% WR *'% VHTXHQFH��

� 7 KH 0 XOWLGDWDEDVH 4XHU \ 6\VWHP

7KH 2300XOWLGDWDEDVH 4XHU\ 6\VWHP SURYLGHV VXSSRUW IRU UHWULHYLQJ DQG FRP�
ELQLQJ GDWD IURP PXOWLSOH KHWHURJHQHRXV GDWDEDVHV YLD TXHULHV H[SUHVVHG DFURVV
WKH 230 YLHZV RI WKH FRPSRQHQW GDWDEDVHV� 7KH PDLQ FRPSRQHQWV RI WKH V\VWHP
DUH VKRZQ LQ pJXUH ��



) LJ� �� %UR Z VLQJ 0 XOWLGD WD ED VH 9 LH Z V Z LWK WKH 230 0 XOWLGD WD ED VH 6F KH PD %UR Z VH U

�� 230 'DWDEDVH 6HUYHUV SURYLGH GDWDEDVH VSHFLpF TXHU\ WUDQVODWLRQ IDFLOLWLHV
DQG D FRPPRQ LQWHUIDFH IRU H[HFXWLQJ TXHULHV IRU HDFK GDWDEDVH LQYROYHG LQ
WKH PXOWLGDWDEDVH V\VWHP�

�� $ FHQWUDO 230 0XOWLGDWDEDVH 4XHU\ 3URFHVVRU LQWHUSUHWV 230 PXOWL�
GDWDEDVH TXHULHV� JHQHUDWHV TXHULHV IRU LQGLYLGXDO GDWDEDVHV� SHUIRUPV ORFDO
GDWD PDQLSXODWLRQV QHFHVVDU\ WR FRPELQH WKH GDWD UHWULHYHG IURP LQGLYLGXDO
GDWDEDVHV� DQG SURYLGHV IXQFWLRQDOLW\ WKDW LV QRW VXSSRUWHG E\ WKH XQGHUO\LQJ
'%06V RU pOH V\VWHPV�

�� ,QIRUPDWLRQ RQ FRPSRQHQW GDWDEDVHV� '%06V� DQG LQWHU�GDWDEDVH OLQNV LV
UHFRUGHG LQ D 0XOWLGDWDEDVH 'LUHFWRU\ ZKLFK LV XVHG E\ WKH 230 0XO�
WLGDWDEDVH 4XHU\ 3URFHVVRU LQ RUGHU WR WUDQVODWH DQG SODQ WKH H[HFXWLRQ
VWUDWHJLHV IRU TXHULHV�

�� 4XHULHV FDQ EH VSHFLpHG XVLQJ D 0XOWLGDWDEDVH :HE 4XHU\ ,QWHUIDFH RU
DV WH[WXDO TXHULHV ZULWWHQ LQ WKH 230 PXOWLGDWDEDVH TXHU\ ODQJXDJH�
230
4/�

7KH :HE�EDVHG TXHU\ LQWHUIDFHV GR QRW RoHU WKH IXOO H[SUHVVLYH SRZHU RU
qH[LELOLW\ RI 230
4/ �H�J�� IRU KDQGOLQJ DJJUHJDWHV RU QHVWHG VHWV�� EXW DUH
FRQVLGHUDEO\ HDVLHU DQG PRUH LQWXLWLYH IRU QRQ�H[SHUW XVHUV� DUH FRQYHQLHQW IRU
UDSLG GDWD H[SORUDWLRQ� DQG DUH VXrFLHQWO\ SRZHUIXO WR H[SUHVV D ODUJH FODVV RI
FRPPRQ TXHULHV� 230
4/ SURYLGHV H[SHUW XVHUV ZLWK WKH DELOLW\ WR IRUPXODWH
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) LJ� �� 7 KH $ UF KLWH F WXUH R I WKH 230 0 XOWLGD WD ED VH 4XH U\ 6\ VWH P

YHU\ JHQHUDO TXHULHV DFURVV PXOWLSOH KHWHURJHQHRXV GDWDEDVHV XVLQJ D VLQJOH GDWD
PRGHO DQG ODQJXDJH� 7KH 0XOWLGDWDEDVH :HE 4XHU\ ,QWHUIDFH ZLOO EH GHVFULEHG
LQ VHFWLRQ ��

��� 7KH 230 0XOWLGDWDEDVH 4XHU\ /DQJXDJH

7KH 2300XOWLGDWDEDVH 4XHU\ ODQJXDJH� 230
4/� LV DQ REMHFW�RULHQWHG TXHU\
ODQJXDJH VLPLODU WR 24/� WKH 2'0* VWDQGDUG IRU REMHFW�RULHQWHG TXHU\ ODQ�
JXDJHV >��@� 230
4/ H[WHQGV WKH 230 VLQJOH GDWDEDVH TXHU\ ODQJXDJH� 230�
4/ >�@� ZLWK FRQVWUXFWV QHHGHG IRU DFFHVVLQJ PXOWLSOH GDWDEDVHV DQG IRU WDNLQJ
DGYDQWDJH RI WKH DGGLWLRQDO SRZHU RoHUHG E\ WKH TXHU\ SURFHVVLQJ FDSDELOLWLHV RI
WKH 230 0XOWLGDWDEDVH 4XHU\ 3URFHVVRU� ,Q DGGLWLRQ� 230
4/ DOORZV XVLQJ
LQWHU�GDWDEDVH OLQNV GHpQHG LQ WKH 0XOWLGDWDEDVH 'LUHFWRU\� LQ D VLPLODU PDQQHU
WR UHJXODU DEVWUDFW DWWULEXWHV� 7KHVH OLQNV KLGH PDQ\ RI WKH ORZ�OHYHO GHWDLOV
LQYROYHG LQ IRUPXODWLQJ PXOWLGDWDEDVH TXHULHV� DQG VLPSOLI\ WKH WDVN RI pQGLQJ
PHDQLQJIXO FRQQHFWLRQV EHWZHHQ REMHFWV LQ GLVWLQFW GDWDEDVHV�
)RU H[DPSOH� WKH IROORZLQJ 230
4/ TXHU\� IRU pQGLQJ SURWHLQ NLQDVH JHQHV

RQ FKURPRVRPH � LV H[SUHVVHG DFURVV WZR GDWDEDVHV� *'% DQG *6'%�



6(/(&7 JHQH  ]�GLVSOD\1DPH

)520 [ LQ *6'%�3URGXFW�

\ LQ [��REMHFW>'%/LQN@�

] LQ \�*6'%BWRB*'%BJHQH

:+(5( [�DXWKRUDWLYHBQDPH 0$7&+ ��SURWHLQ NLQDVH��

$1' ]��VHJPHQW>0DS(OHPHQW@PDS�FKURPRVRPH�VHDUFK$OLDV  ����

,Q WKH TXHU\ DERYH� ?*6'%�3URGXFW� UHIHUV WR FODVV 3URGXFW RI *6'%� ZKLOH
?*6'% WR *'% *HQH� UHIHUV WR D OLQN IURP *6'% WR *'% UHFRUGHG LQ WKH 0XO�
WLGDWDEDVH 'LUHFWRU\�
230
4/ FDQ DOVR EH XVHG WR H[SUHVV VLQJOH GDWDEDVH TXHULHV� +RZHYHU� XQ�

OLNH WKH VLQJOH�GDWDEDVH TXHU\ ODQJXDJH� 230�4/� LW LV QRW UHVWULFWHG E\ WKH
QHHG WR WUDQVODWH TXHULHV LQWR HTXLYDOHQW TXHULHV H[SUHVVHG LQ WKH TXHU\ ODQ�
JXDJH RI WKH XQGHUO\LQJ '%06� IRU H[DPSOH LQWR '%06�VSHFLpF YHUVLRQV RI 64/�
&RQVHTXHQWO\� 230
4/ SURYLGHV XQLIRUP DQG SRZHUIXO TXHU\ IDFLOLWLHV IRU DQ\
GDWDEDVH GHYHORSHG RU UHWURpWWHG ZLWK 230� LUUHVSHFWLYH RI WKH TXHU\ IDFLOLWLHV
RI WKH XQGHUO\LQJ '%06 RU pOH V\VWHP�

��� 4XHU\ 3URFHVVLQJ 6WUDWHJ\

7KH HYDOXDWLRQ RI D TXHU\ XVLQJ WKH 230 0XOWLGDWDEDVH 4XHU\ 3URFHVVRU LQ�
YROYHV WZR VWDJHV�

�� $ TXHU\ �LQSXW� LV DQDO\]HG LQ RUGHU WR IRUP DQ H[HFXWLRQ SODQ� 7KLV SUR�
FHVV LQYROYHV GHWHUPLQLQJ WKH VLQJOH�GDWDEDVH VXETXHULHV WR EH HYDOXDWHG E\
WKH LQGLYLGXDO 230 'DWDEDVH 6HUYHUV� DQG JHQHUDWLQJ D QHVWHG�UHODWLRQDO
DOJHEUD H[SUHVVLRQ WKDW LQFRUSRUDWHV WKH VLQJOH GDWDEDVH TXHULHV WRJHWKHU
ZLWK WKRVH SDUWV RI WKH TXHU\ WKDW QHHG WR EH HYDOXDWHG ORFDOO\� 7KH QHVWHG
UHODWLRQDO DOJHEUD XVHG LV VLPLODU WR WKDW SURSRVHG LQ >�@ EXW ZLWK FHUWDLQ
PRGLpFDWLRQV WR PDNH LW EHWWHU VXLWHG WR HYDOXDWLQJ 230 TXHULHV�

�� 7KH QHVWHG�UHODWLRQDO H[SUHVVLRQ LV HYDOXDWHG� ZLWK WKH HPEHGGHG VLQJOH�
GDWDEDVH 230 TXHULHV EHLQJ SDVVHG WR WKH DSSURSULDWH 230 'DWDEDVH
6HUYHUV IRU H[HFXWLRQ�

4XHU\ HYDOXDWLRQ IROORZV D ?VHPL�MRLQ� DSSURDFK� UHPRWH TXHULHV DUH HYDO�
XDWHG LQ VHTXHQFH� ZLWK WKH UHVXOWV RI HDFK TXHU\ EHLQJ XVHG WR FRQVWUDLQ WKH
QH[W TXHULHV� &XUUHQWO\ WKH 0XOWLGDWDEDVH 4XHU\ 3URFHVVRU XVHV WKH VWUXFWXUH
RI WKH 230
4/ TXHU\ LQ RUGHU WR GHWHUPLQH WKH RUGHU LQ ZKLFK VXETXHULHV DUH
HYDOXDWHG� ,Q WKH IXWXUH� ZH SODQ WR GHYHORS KHXULVWLFV IRU HVWLPDWLQJ WKH FRVW
RI LQGLYLGXDO VXETXHULHV DQG WKH VL]H RI WKHLU UHVXOWV LQ GHWHUPLQLQJ DQ RSWLPDO
HYDOXDWLRQ RUGHU�
,Q JHQHUDO� DV PDQ\ RI WKH TXHU\ FRQGLWLRQV DV SRVVLEOH DUH LQFRUSRUDWHG

LQWR WKH VXETXHULHV WKDW DUH H[HFXWHG UHPRWHO\� +RZHYHU WKH HYDOXDWLRQ RI WKHVH
VXETXHULHV GHSHQGV ERWK RQ WKH XQGHUO\LQJ '%06 DQG RQ WKH PHWDGDWD IRU D
SDUWLFXODU GDWDEDVH� )RU H[DPSOH� YDULRXV UHODWLRQDO '%06V VXSSRUW GLoHUHQW
GLDOHFWV RI 64/� VR WKDW WKH VXEVHWV RI 230�4/ WKDW FDQ EH WUDQVODWHG LQWR
64/ PD\ GLoHU� )XUWKHU� IRU DQ LQGH[HG qDW pOH GDWDEDVH� RQO\ DWWULEXWHV WKDW



KDYH EHHQ LQGH[HG FDQ EH LQYROYHG LQ D FRQGLWLRQ WKDW LV XVHG LQ D VXETXHU\�
&RQVHTXHQWO\� HDFK 230 'DWDEDVH 6HUYHU SURYLGHV WKH IXQFWLRQV QHFHVVDU\ WR
GHWHUPLQH ZKLFK SDUWV RI D VXETXHU\ PXVW EH HYDOXDWHG ORFDOO\ DQG ZKLFK FDQ EH
SDVVHG WR D UHPRWH GDWDEDVH VHUYHU� DQG WR LQWHUSUHW WKH UHVXOWV RI WKH UHPRWHO\
H[HFXWHG TXHU\�
7KH LQGLYLGXDO 230 'DWDEDVH 6HUYHUV SURYLGH UHVXOWV LQ WKH IRUPDW EHVW

VXLWHG WR WKHLU XQGHUO\LQJ '%06� )RU H[DPSOH UHODWLRQDO '%06V SURYLGH UHVXOWV
DV qDW WDEOHV� ZKLOH REMHFW RULHQWHG V\VWHPV FDQ XVH REMHFWV RU QHVWHG GDWD�
VWUXFWXUHV� 1HVWHG GDWD�VWUXFWXUHV DUH PRUH HrFLHQW LQ WHUPV RI WKH VL]H RI WKH
GDWD�VWUXFWXUHV WKDW DUH UHWXUQHG� EXW LQWHUSUHWLQJ WKHP UHTXLUHV PRUH ORFDO
FRPSXWDWLRQ�
7KH 0XOWLGDWDEDVH 4XHU\ 3URFHVVRU KDV WKH DELOLW\ WR FRPSXWH DJJUHJDWH

DQG DULWKPHWLF IXQFWLRQV� DV ZHOO DV JHQHUDO PDQLSXODWLRQV RI QHVWHG UHODWLRQDO
GDWD� DQG FRQVHTXHQWO\ LV DEOH WR SURFHVV WKH VDPH TXHULHV RYHU '%06V ZLWK
ERWK OLPLWHG DQG SRZHUIXO TXHU\ IDFLOLWLHV�

��� 7KH 230 'DWDEDVH DQG '%06 6HUYHUV

$Q 230 '%06 6HUYHU LV UHTXLUHG IRU HDFK '%06 RU pOH DFFHVV V\VWHP LQ�
YROYHG LQ D PXOWLGDWDEDVH V\VWHP� $Q 230 '%06 6HUYHU PDQDJHV DOO WKH 230
'DWDEDVH 6HUYHUV IRU GDWDEDVHV LPSOHPHQWHG XVLQJ WKDW '%06� LQFOXGLQJ FUHDW�
LQJ GDWDEDVH VHUYHUV DV WKH\ DUH QHHGHG� NHHSLQJ WUDFN RI ZKLFK GDWDEDVHV KDYH
VHUYHUV FXUUHQWO\ LQ XVH� DQG FORVLQJ GRZQ 'DWDEDVH 6HUYHUV WKDW DUH QR ORQJHU
QHHGHG�
7KH DUFKLWHFWXUH RI WKH 0XOWLGDWDEDVH 6\VWHP DOORZV QHZ '%06 6HUYHUV WR

EH DGGHG WR RU UHPRYHG IURP WKH V\VWHP G\QDPLFDOO\ VLPSO\ E\ UHJLVWHULQJ WKH
FKDQJH LQ WKH 0XOWLGDWDEDVH 'LUHFWRU\� 7KLV DSSURDFK KDV D QXPEHU RI DGYDQ�
WDJHV� LQFOXGLQJ PDNLQJ LW HDV\ WR DGG QHZ '%06V WR D V\VWHP RU XSGDWH D
VHUYHU WR DFFRPPRGDWH QHZ YHUVLRQV RI D '%06� DQG DOORZLQJ XVHUV WR WDLORU
WKH V\VWHP WR WKHLU QHHGV E\ RQO\ LQFOXGLQJ VHUYHUV IRU '%06V RI LQWHUHVW�
230 'DWDEDVH 6HUYHUV KDQGOH VHYHUDO WDVNV� LQFOXGLQJ LPSOHPHQWLQJ IXQF�

WLRQV QHHGHG WR GHWHUPLQH ZKDW SDUW RI DQ 230
4/ TXHU\ FDQ EH HYDOXDWHG E\
WKH XQGHUO\LQJ '%06� DQG HYDOXDWLQJ VLQJOH GDWDEDVH 230�4/ TXHULHV LVVXHG
E\ WKH PXOWLGDWDEDVH TXHU\ SURFHVVRU�
7KH 230 'DWDEDVH 6HUYHUV HYDOXDWH TXHULHV XVLQJ WKH 230 4XHU\ 7UDQV�

ODWRUV >�@� $Q 230 4XHU\ 7UDQVODWRU WDNHV TXHULHV VSHFLpHG LQ 230�4/� DQG
JHQHUDWHV HTXLYDOHQW TXHULHV H[SUHVVHG LQ WKH TXHU\ ODQJXDJH VXSSRUWHG E\ WKH
XQGHUO\LQJ '%06 RU pOH V\VWHP� ,Q WKH FDVH RI D UHODWLRQDO '%06� WKHVH TXHU\
WUDQVODWRUV JHQHUDWH D VLQJOH 64/ TXHU\ FRUUHVSRQGLQJ WR WKH 230�4/ TXHU\�
)RU qDW pOH V\VWHPV VXFK DV 656 >�@� LW PD\ EH QHFHVVDU\ WR JHQHUDWH VHYHUDO
TXHULHV� 7KH UHVXOWV RI VLQJOH GDWDEDVH TXHULHV DUH VXEVHTXHQWO\ VWUXFWXUHG DQG
UHWXUQHG XVLQJ 230 VSHFLpF GDWD VWUXFWXUHV�
7KH 230 TXHU\ WUDQVODWRUV DUH GULYHQ E\ DQ 230 PDSSLQJ GLFWLRQDU\ WKDW

UHFRUGV WKH PDSSLQJ EHWZHHQ WKH HOHPHQWV RI DQ 230 VFKHPD RU YLHZ� VXFK
DV FODVVHV DQG DWWULEXWHV� DQG WKH FRUUHVSRQGLQJ HOHPHQWV RI WKH XQGHUO\LQJ
GDWDEDVH RU pOH� 7KH FRQWHQW RI WKH PDSSLQJ GLFWLRQDU\ DQG 230 VFKHPD LV



FRPSLOHG LQWR D PHWDGDWD pOH WKDW LV G\QDPLFDOO\ OLQNHG LQWR WKH 230 'DWDEDVH
6HUYHU IRU HrFLHQF\�
&XUUHQWO\� 230 'DWDEDVH 6HUYHUV DUH DYDLODEOH IRU FRPPHUFLDO UHODWLRQDO

'%06V� VXFK DV 6\EDVH DQG 2UDFOH� DQG IRU VWUXFWXUHG qDW�pOH V\VWHPV� 7KH
UHODWLRQDO 230 TXHU\ WUDQVODWRUV JHQHUDWH TXHULHV LQ WKH 64/ GLDOHFW VXSSRUWHG
E\ WKH XQGHUO\LQJ '%06� DQG HPSOR\ '%06�VSHFLpF &�&�� $3,V IRU GDWDEDVH
DFFHVV� 4XHU\ UHVXOWV DUH IRUPDWWHG DV VHWV RI WXSOHV�
7KH qDW�pOH 230 'DWDEDVH 6HUYHUV HPSOR\ 656 �6HTXHQFH 5HWULHYDO 6\V�

WHP�� GHYHORSHG DW WKH (XURSHDQ 0ROHFXODU %LRORJ\ /DERUDWRU\ �(0%/� >�@�
656 LV D V\VWHP ZKLFK XVHV JUDPPDUV GHpQHG LQ D GHFODUDWLYH ODQJXDJH WR SDUVH
DQG LQGH[ VWUXFWXUHG qDW pOHV� 4XHU\ FRQGLWLRQV DUH OLPLWHG WR VLPSOH FRPSDU�
LVRQV EHWZHHQ LQGH[HG DWWULEXWHV DQG FRQVWDQWV� ZKLOH QRQ�LQGH[HG DWWULEXWHV FDQ
EH UHWULHYHG EXW QRW XVHG LQ FRQGLWLRQV� &RQVHTXHQWO\ WKH SDUWV RI DQ 230
4/
TXHU\ WKDW FDQ EH HYDOXDWHG XVLQJ 656 DUH VPDOOHU WKDQ WKRVH WKDW FDQ EH HYDO�
XDWHG IRU D UHODWLRQDO GDWDEDVH� DQG ORFDO SURFHVVLQJ LV QHHGHG� 4XHU\ UHVXOWV
IURP DQ 656�qDW�pOH GDWDEDVH VHUYHU DUH VHWV RI REMHFWV ZKLFK PDS GLUHFWO\ LQWR
230 GDWD�VWUXFWXUHV�
7KH LQWHUIDFHV EHWZHHQ WKH 230 0XOWLGDWDEDVH 4XHU\ 3URFHVVRU DQG WKH

230 'DWDEDVH 6HUYHUV DUH LPSOHPHQWHG XVLQJ &25%$ EDVHG SURGXFWV� ZKLFK
SURYLGH D FRQYHQLHQW WRRO IRU LPSOHPHQWLQJ FOLHQW�VHUYHU DUFKLWHFWXUHV� +RZHYHU
&25%$
V OLPLWDWLRQV UHJDUGLQJ WKH GDWD VWUXFWXUHV WKDW FDQ EH SDVVHG EHWZHHQ
DSSOLFDWLRQV UHTXLUH H[WUDQHRXV FRQYHUVLRQV EHWZHHQ GDWD VWUXFWXUHV XVHG LQ DS�
SOLFDWLRQV DQG WKRVH WKDW FDQ EH SDVVHG�

��� 0XOWLGDWDEDVH 'LUHFWRU\ ,QIRUPDWLRQ IRU 4XHU\ 3URFHVVLQJ

7KH 230 0XOWLGDWDEDVH 'LUHFWRU\ GHVFULEHG LQ VHFWLRQ ��� LV XVHG WR SURYLGH
WKH 2300XOWLGDWDEDVH 6\VWHP ZLWK LQIRUPDWLRQ RQ WKH '%06V� GDWDEDVHV DQG
LQWHU�GDWDEDVH OLQNV LQYROYHG LQ WKH V\VWHP� 1HZ '%06V� GDWDEDVHV DQG LQWHU�
GDWDEDVH OLQNV FDQ EH DGGHG WR D 0XOWLGDWDEDVH 6\VWHP VLPSO\ E\ DGGLQJ HQWULHV
WR WKH 230 0XOWLGDWDEDVH 'LUHFWRU\ pOH� PDNLQJ WKH V\VWHP HDV\ WR H[WHQG DQG
DGDSW WR FKDQJLQJ UHTXLUHPHQWV�
)RU HDFK '%06� WKH LQIRUPDWLRQ UHTXLUHG E\ WKH 0XOWLGDWDEDVH 6\VWHP LQ�

FOXGHV WKH QDPH DQG ORFDWLRQ RI WKH 230 '%06 6HUYHU� DQG SRVVLEO\ D GHVFULS�
WLRQ RI WKH '%06 DQG VHUYHU�
)RU HDFK GDWDEDVH� WKH LQIRUPDWLRQ UHTXLUHG E\ WKH 0XOWLGDWDEDVH 6\VWHP LQ�

FOXGHV WKH QDPH RI WKH GDWDEDVH� LQIRUPDWLRQ QHFHVVDU\ IRU DFFHVVLQJ WKH GDWDEDVH
�H�J�� ORJLQ QDPH� SDVVZRUG DQG VHUYHU�� DQG D SRLQWHU WR WKH PHWDGDWD pOH IRU
WKH GDWDEDVH� 7KH PHWDGDWD pOHV LQFOXGH VFKHPD DQG PDSSLQJ pOH LQIRUPDWLRQ
IRU WKH GDWDEDVHV�
,QWHU�GDWDEDVH OLQNV UHSUHVHQWHG LQ WKH 0XOWLGDWDEDVH 'LUHFWRU\ UHSUHVHQW

NQRZQ� PHDQLQJIXO FRQQHFWLRQV EHWZHHQ WKH GDWDEDVHV� DQG DUH H[WUHPHO\ XVHIXO
LQ IRUPXODWLQJ PXOWLGDWDEDVH TXHULHV� ZKLOH KLGLQJ PDQ\ RI WKH ORZ OHYHO GH�
WDLOV QHHGHG IRU FRQQHFWLQJ GDWDEDVHV� 6XFK OLQNV FRQQHFW FODVVHV LQ �XVXDOO\�
GLVWLQFW GDWDEDVHV� (DFK OLQN KDV D QDPH ZKLFK FDQ EH XVHG LQ 230 PXOWL�
GDWDEDVH TXHULHV LQ D VLPLODU PDQQHU WR D UHJXODU DEVWUDFW DWWULEXWH� H[FHSW WKDW



) LJ� �� 4XH U\ 6SH F LpF D WLR Q Z LWK WKH 230 0 XOWLGD WD ED VH :H E 4XH U\ ,QWH UID F H

WKH GRPDLQ RI WKH OLQN PD\ EH D FODVV LQ D GLoHUHQW GDWDEDVH� ,Q DGGLWLRQ WR
WKH OLQN QDPH DQG WKH FODVV QDPHV DQG GDWDEDVH QDPHV IRU WKH WZR FODVVHV LW
FRQQHFWV� WKH 0XOWLGDWDEDVH 'LUHFWRU\ FRQWDLQV WKH 230
4/ FRGH QHFHVVDU\ WR
LPSOHPHQW D OLQN� 7KLV FRGH ZLOO RIWHQ LQYROYH VHYHUDO RWKHU FODVVHV RU DGGLWLRQDO
GDWDEDVHV� D QXPEHU RI DGGLWLRQDO FRQGLWLRQV� DQG SRVVLEO\ VRPH UHIRUPDWWLQJ
DQG FRHUFLRQV RI YDULRXV YDOXHV� )RU GRFXPHQWDWLRQ DQG LQWHUSUHWDWLRQ SXUSRVHV�
WKH 0XOWLGDWDEDVH 'LUHFWRU\ FRQWDLQV FRPPHQWV DQG LQIRUPDWLRQ H[SODLQLQJ WKH
VHPDQWLFV DQG WKH VLJQLpFDQFH RI OLQNV� ([DPSOHV RI VXFK OLQNV DUH JLYHQ LQ VHF�
WLRQ � �
/LQNV DUH LQWHUSUHWHG LQ WKH pUVW VWDJH RI TXHU\ DQDO\VLV E\ WKH 230 0XOWL�

GDWDEDVH 4XHU\ 3URFHVVRU� ZKHQ WKH\ DUH VLPSO\ UHSODFHG E\ WKH FRUUHVSRQGLQJ
230
4/ FRGH VWRUHG LQ WKH 0XOWLGDWDEDVH 'LUHFWRU\�

� 7 KH 0 XOWLGDWDEDVH :HE % DVHG 4XHU \ , QWHU IDFHV

$Q 230 0XOWLGDWDEDVH :HE 4XHU\ LQWHUIDFH SURYLGHV VXSSRUW IRU FRQVWUXFWLQJ
PXOWLGDWDEDVH TXHULHV E\ VHOHFWLQJ GDWDEDVHV� FODVVHV� DQG DWWULEXWHV RI LQWHU�
HVW XVLQJ D JUDSKLFDO XVHU LQWHUIDFH� DQG WKHQ G\QDPLFDOO\ JHQHUDWLQJ +70/
TXHU\ IRUPV FRQWDLQLQJ WKH VHOHFWHG DWWULEXWHV� SRVVLEO\ IURP GLoHUHQW FODVVHV
DQG GDWDEDVHV� )XUWKHU TXHU\ FRQGLWLRQ VSHFLpFDWLRQ FDQ EH FDUULHG RXW E\ pOO�
LQJ LQ WKHVH IRUPV� 4XHU\ UHVXOWV DUH RUJDQL]HG LQ +70/ SDJHV ZLWK K\SHUOLQNV
WR UHODWHG REMHFWV DQG PHWDGDWD GHpQLWLRQV LQ RUGHU WR VXSSRUW :HE EURZVLQJ�
,Q RUGHU WR VSHFLI\ D TXHU\� pUVW D GDWDEDVH LQYROYHG LQ WKH PXOWLGDWDEDVH

V\VWHP LV VHOHFWHG� DQG WKH FODVVHV RI WKLV GDWDEDVH DUH GLVSOD\HG LQ D &ODVVHV OLVW�
ER[� $ TXHU\ WUHH LV WKHQ FRQVWUXFWHG E\ pUVW VHOHFWLQJ D URRW FODVV LQ WKH OLVW�ER[
DQG WKHQ H[SDQGLQJ WKLV WUHH E\ UHFXUVLYHO\ VHOHFWLQJ FODVVHV DQG DWWULEXWHV WKDW



DUH LQYROYHG LQ WKH FRQGLWLRQV DQG�RU RXWSXW RI WKH TXHU\� $WWULEXWHV� LQYHUVH
DWWULEXWHV DQG LQWHU�GDWDEDVH OLQNV DVVRFLDWHG ZLWK D VHOHFWHG FODVV� DUH DGGHG
WR WKH WUHH E\ VHOHFWLQJ RQH RI WKH EXWWRQV $WWULEXWH� ,QYHUVHV RU '%�/LQNV� DQG
WKHQ VHOHFWLQJ WKH DWWULEXWH RU OLQN IURP WKH 1H[W $WWULEXWH OLVW�ER[�
,Q WKH H[DPSOH VKRZQ LQ )LJXUH �� *6'% LV VHOHFWHG IURP WKH OLVW RI FRP�

SRQHQW GDWDEDVHV� DQG FODVV 3URGXFW RI *6'% LV VHOHFWHG DV WKH URRW RI WKH
TXHU\ WUHH� $WWULEXWHV� VXFK DV SURGXFW DQG JHQH DUH WKHQ DGGHG WR WKH WUHH
E\ VHOHFWLQJ �FOLFNLQJ RQ� D FODVV LQ WKH GLDJUDPPDWLF UHSUHVHQWDWLRQ RI WKH WUHH
DQG WKHQ VHOHFWLQJ DWWULEXWHV IURP WKH 1H[W $WWULEXWH OLVW�ER[ RQ WKH ULJKW�KDQG
VLGH� 3ULPLWLYH DWWULEXWHV� VXFK DV SURGXFW� IRUP WKH OHDYHV RI WKH WUHH DQG FDQ
EH UHQDPHG� 7KH VHOHFWLRQ SURFHVV LV UHSHDWHG XQWLO DOO DWWULEXWHV DQG OLQNV RI
LQWHUHVW KDYH EHHQ LQFOXGHG LQ WKH TXHU\ WUHH�
2QFH WKH TXHU\ WUHH LV FRPSOHWHG� DQ +70/ TXHU\ IRUP LV JHQHUDWHG �VHH WKH

ORZHU SDUW RI )LJXUH ��� 7KLV IRUP LV XVHG IRU VSHFLI\LQJ FRQGLWLRQV RQ DWWULEXWHV
LQ WKH IDPLOLDU 4XHU\�E\�([DPSOH PRGH �H�J�� FKURPRVRPH QXPEHU  ?���� 0HQX
EXWWRQV KHOS VHOHFWLQJ WKH RSHUDWRU DSSURSULDWH IRU WKH W\SH RI D JLYHQ DWWULEXWH�
)RU FRQWUROOHG YDOXH FODVVHV� D OLVW�ER[ GLVSOD\V WKH VHW RI YDOLG YDOXHV WKDW FDQ
EH XVHG LQ H[SUHVVLQJ FRQGLWLRQV� 7KH TXHU\ FDQ WKHQ EH SDVVHG WR WKH 230
0XOWLGDWDEDVH 4XHU\ 3URFHVVRU� RU WKH IRUP FDQ EH VDYHG DV DQ +70/ pOH WKDW
FDQ EH FXVWRPL]HG IRU VXEVHTXHQW XVH RU LQFOXVLRQ LQ :HE SDJHV�
7KH WZR�VWDJH TXHU\ FRQVWUXFWLRQ GHVFULEHG DERYH OHDGV WR WKH VSHFLpFDWLRQ

RI D TXHU\ LQ 230
4/� )RU H[DPSOH� WKH TXHU\ FRQVWUXFWHG LQ pJXUH �� IRU
pQGLQJ SURWHLQ NLQDVH JHQHV RQ FKURPRVRPH �� LV H[SUHVVHG E\ WKH 230
4/
TXHU\ JLYHQ LQ VHFWLRQ ��
7KH 230 0XOWLGDWDEDVH :HE 4XHU\ WRRO LV LPSOHPHQWHG XVLQJ D FRPELQD�

WLRQ RI WKH -DYD SURJUDPPLQJ ODQJXDJH DQG +70/ IRUPV� 7KH WRRO LV VFKHPD
GULYHQ LQ WKH VHQVH WKDW WKH 230 VFKHPDV DQG PDSSLQJ LQIRUPDWLRQ IRU DOO
FRPSRQHQW GDWDEDVHV DUH ORDGHG RQFH WKH LQWHUIDFH LV VWDUWHG� &RPPXQLFDWLRQ
EHWZHHQ WKH -DYD WRROV DQG +70/ IRUPV DQG WKH 0XOWLGDWDEDVH 4XHU\ 3URFHVVRU
DUH LPSOHPHQWHG XVLQJ D &RPPRQ *DWHZD\ ,QWHUIDFH �&*,� VFULSW�

� $Q $SSOLFDWLRQ

:H KDYH HPSOR\HG WKH 230 0XOWLGDWDEDVH WRROV IRU FRQVWUXFWLQJ VHYHUDO SURWR�
W\SH PXOWLGDWDEDVH V\VWHPV WKDW LQYROYH KHWHURJHQHRXV GDWDEDVHV DFFHVVHG HLWKHU
UHPRWHO\ RYHU WKH QHW RU YLD FRSLHV ORFDWHG RQ WKH VDPH VHUYHU DV WKH 0XOWL�
GDWDEDVH WRROV� ,Q WKLV VHFWLRQ ZH GLVFXVV RQH RI WKHVH SURWRW\SHV� QDPHO\ D
IHGHUDWLRQ RI PROHFXODU ELRORJ\ GDWDEDVHV WKDW LQFOXGHV WKH *HQRPH 'DWDEDVH
�*'%�� WKH *HQRPH 6HTXHQFH 'DWDEDVH �*6'%�� DQG *HQ%DQN�

*'% LV DQ DUFKLYDO GDWDEDVH PDLQWDLQHG DW -RKQV +RSNLQV 6FKRRO RI 0HGLFLQH�
LQ %DOWLPRUH >�@� *'% FRQWDLQV LQIRUPDWLRQ DERXW JHQRPLF GDWD� OLWHUDWXUH
UHIHUHQFHV� SHRSOH DQG RUJDQL]DWLRQV� *HQRPLF GDWD LQFOXGH LQIRUPDWLRQ RQ
JHQRPLF PDSV �H�J� JHQHV DVVRFLDWHG ZLWK PDSV�� ELRORJLFDO IXQFWLRQV� DQG
H[SHULPHQWDO GDWD DERXW PDSV� 7KH FXUUHQW YHUVLRQ� *'% �� LV D QDWLYH



230 GDWDEDVH� LW ZDV GHVLJQHG DQG LPSOHPHQWHG XVLQJ WKH 230 GDWD PRGHO
DQG 'DWDEDVH 'HYHORSPHQW WRROV� DQG 6\EDVH �� LV XVHG DV LWV XQGHUO\LQJ
'%06��

*6'% LV PDLQWDLQHG DW WKH 1DWLRQDO &HQWHU IRU *HQRPH 5HVRXUFHV� LQ 6DQWD
)H� *6'% FRQWDLQV LQIRUPDWLRQ PDLQO\ DERXW QXFOHRWLGH VHTXHQFHV DQG WKHLU
IHDWXUHV� ZKLFK UHSUHVHQW ELRORJLFDOO\ LQWHUHVWLQJ UHJLRQV RQ WKHVH VHTXHQFHV��

*6'% LV LPSOHPHQWHG DV D UHODWLRQDO GDWDEDVH XVLQJ 6\EDVH ��� DQG WKH 230
UHWURpWWLQJ WRROV KDYH EHHQ XVHG WR FRQVWUXFW DQ 230 YLHZ RQ WRS RI WKH
UHODWLRQDO YLHZV SURYLGHG E\ *6'% IRU SXEOLF DFFHVV�

*HQ%DQN LV RQH RI WKH PDLQ LQWHUQDWLRQDO DUFKLYDO JHQRPH GDWD UHSRVLWRULHV�
PDLQWDLQHG DW WKH 1DWLRQDO &HQWUH IRU %LRWHFKQRORJ\ ,QIRUPDWLRQ �1&%,��
*HQ%DQN FRQWDLQV LQIRUPDWLRQ DERXW QXFOHRWLGH DQG SURWHLQ VHTXHQFHV DQG
VXSSRUWLQJ ELEOLRJUDSKLF DQG ELRORJLFDO GDWD�� *HQ%DQN LV LPSOHPHQWHG DV
DQ LQGH[HG qDW pOH� 7KH 230 YLHZ RI *HQ%DQN KDV EHHQ EXLOW XVLQJ WKH
230 qDW�pOH UHWURpWWLQJ WRROV DQG LV EDVHG RQ WKH 656 �6HTXHQFH 5HWULHYDO
6\VWHP� LQWHUIDFH WR *HQ%DQN�

$ 0XOWLGDWDEDVH 'LUHFWRU\ IRU WKLV IHGHUDWLRQ KDV EHHQ VHW XS� DQG LQFOXGHV
LQIRUPDWLRQ UHJDUGLQJ WKH FRPSRQHQW GDWDEDVHV DQG WKHLU LQWHU�GDWDEDVH OLQNV�
)RU H[DPSOH�

6HTXHQFHV DUH WKH PDLQ HQWLWLHV UHFRUGHG LQ *6'% DQG *HQ%DQN� DQG DUH UHS�
UHVHQWHG E\ LQVWDQFHV RI FODVV 6HTXHQFH LQ ERWK GDWDEDVHV� 6HTXHQFH GDWD
LQFOXGH WKH DFWXDO VHTXHQFH� VHTXHQFH OHQJWK� LQIRUPDWLRQ RQ WKH VRXUFH �RUL�
JLQ� RI WKH VHTXHQFH� DQG VR RQ� 6HTXHQFH LQIRUPDWLRQ LQ *'% LV UHSUH�
VHQWHG E\ REMHFWV RI FODVV 1XFOHLF$FLG6HTXHQFH/LQN WKDW FRQWDLQ DQQR�
WDWLRQV UHSUHVHQWLQJ OLQNV IURP SULPDU\ *'% REMHFWV WR H[WHUQDO VHTXHQFH
GDWDEDVHV VXFK DV *6'% DQG *HQ%DQN� DV ZHOO DV LQIRUPDWLRQ UHJDUGLQJ WKH
EHJLQQLQJ DQG HQG SRLQWV RI VHTXHQFHV� 1XFOHRWLGH VHTXHQFH UHIHUHQFHV IURP
*'% WR *6'% DQG *HQ%DQN DUH UHSUHVHQWHG E\ WKH LQWHU�GDWDEDVH OLQNV
*'% WR *6'% VHTXHQFH DQG *'% WR *(1%$1. VHTXHQFH UHVSHFWLYHO\� (YDOX�
DWLQJ WKH OLQN *'% WR *6'% VHTXHQFH LQYROYHV �D� GHWHUPLQLQJ ZKLFK H[WHU�
QDO GDWDEDVH LV UHIHUHQFHG� XVLQJ DWWULEXWH H[WHUQDO'% RI FODVV 1XFOHLF�
$FLG6HTXHQFH/LQN DQG DWWULEXWH VHDUFK1DPH RI FODVV ([WHUQDO'%� LQ WKH
230 FRQGLWLRQ

1XFOHLF$FLG6HTXHQFH/LQN�H[WHUQDO'%>([WHUQDO'%@VHDUFK1DPH

 �JVGE�

DQG �E� pQGLQJ VHTXHQFH REMHFWV LQ *6'% UHODWHG WR VHTXHQFHV LQ *'%
XVLQJ DWWULEXWH DFFHVVLRQ,' RI FODVV 1XFOHLF$FLG6HTXHQFH/LQN LQ D MRLQ
FRQGLWLRQ ZLWK DWWULEXWH LF DFFHVVLRQ RI FODVV 6HTXHQFH RI *6'%�

� 6H H KWWS���JGEZZZ�JGE�RUJ�JGE�JGE'DWD0RGHO�KWPO�
� 6H H KWWS���ZZZ�QFJU�RUJ�JVGE�VFKHPD�KWPO�
� 6H H KWWS���ZZZ�QFEL�QOP�QLK�JRY�:HE�*HQ%DQN�LQGH[�KWPO�
� KWWS���JL]PR�OEO�JRY�'0 722/6�230�0%'�0%'�KWPO



*6'%�6HTXHQFH�LFBDFFHVVLRQ

 *'%�1XFOHLF$FLG6HTXHQFH/LQN�DFFHVVLRQ,'

7KH OLQN IURP *'% WR *HQ%DQN VHTXHQFHV LV LPSOHPHQWHG LQ D VLPLODU ZD\�
*HQHV DUH DPRQJ WKH PDLQ HQWLWLHV UHFRUGHG LQ *'%� ZKHUH WKH\ DUH UHSUH�

VHQWHG E\ REMHFWV RI FODVV *HQH DQG DUH FKDUDFWHUL]HG E\ LQIRUPDWLRQ WKDW
LQFOXGHV WKH HYLGHQFH WKDW D JHQRPLF UHJLRQ LV FRQVLGHUHG D JHQH� DQG OLQNV
WR JHQH IDPLOLHV WKH JHQH EHORQJV WR� *6'% DOVR KDV D FODVV *HQH� EXW QRW
QHFHVVDULO\ UHSUHVHQWLQJ WKH VDPH UHDO�ZRUG FRQFHSWV DV WKH *'% *HQH FODVV�
*'% JHQHV DUH LQ PRVW FDVHV UHSUHVHQWHG E\ LQVWDQFHV RI RWKHU *6'% FODVVHV�
VXFK DV 3URGXFW DQG )HDWXUH� *HQH UHIHUHQFHV EHWZHHQ *6'% DQG *'% DUH
UHSUHVHQWHG E\ LQWHU�GDWDEDVH OLQN *6'% WR *'% JHQH ZKLFK LQYROYHV �D� GH�
WHUPLQLQJ ZKLFK H[WHUQDO GDWDEDVH LV UHIHUHQFHG� XVLQJ DWWULEXWH H[WGE RI
FODVV '%/LQN LQ *6'% LQ FRQGLWLRQ '%/LQN�H[WGE  �*'%�� DQG �E� pQG�
LQJ JHQHV LQ *'% UHODWHG WR JHQHV LQ *6'% XVLQJ DWWULEXWH H[WLG RI FODVV
'%/LQN LQ D MRLQ FRQGLWLRQ ZLWK DWWULEXWH DFFHVVLRQ,' RI FODVV *HQH RI *'%�

*6'%�'%/LQN�H[WLG  *'%�*HQH�DFFHVVLRQ,'

6RPH UHIRUPDWWLQJ RI DFFHVVLRQ QXPEHUV LV DOVR LQYROYHG LQ GHpQLQJ WKLV OLQN�

,Q WKLV SURWRW\SH PXOWLGDWDEDVH V\VWHP� *'% DQG *6'% DUH DFFHVVHG UH�
PRWHO\ YLD WKH QHW� ZKLOH *HQ%DQN LV DFFHVVHG YLD D ORFDO FRS\� ([DPSOHV RI
TXHULHV VSHFLpHG RYHU WKLV V\VWHP� H[SUHVVHG LQ 230
4/ RU XVLQJ WKH 230
0XOWLGDWDEDVH :HE 4XHU\ ,QWHUIDFH� ZHUH JLYHQ LQ VHFWLRQV � DQG � UHVSHFWLYHO\��

)LJXUHV � DQG � FRQWDLQ H[DPSOHV RI XVLQJ WKH 230 0XOWLGDWDEDVH WRROV IRU
EURZVLQJ DQG TXHU\LQJ WKLV V\VWHP�

� &RQFOXGLQJ 5HPDU NV

7KH H[LVWLQJ YHUVLRQ RI WKH 230 0XOWLGDWDEDVH WRROV KDV GHPRQVWUDWHG WKH IHD�
VLELOLW\ DQG DGYDQWDJH RI RXU WRRO�EDVHG LQFUHPHQWDO VWUDWHJ\ LQ GHDOLQJ ZLWK KHW�
HURJHQHRXV GDWDEDVHV� :RUN LV XQGHU ZD\ WR LPSURYH WKH 0XOWLGDWDEDVH 4XHU\
3URFHVVRU E\ GHYHORSLQJ LQFUHDVLQJO\ HrFLHQW TXHU\ SURFHVVLQJ VWUDWHJLHV� LQ�
FOXGLQJ FRQFXUUHQF\ DQG OD]\ HYDOXDWLRQ WHFKQLTXHV IRU HYDOXDWLQJ GLVWULEXWHG
TXHULHV� DQG HPSOR\LQJ KHXULVWLFV IRU HVWLPDWLQJ WKH FRVW RI LQGLYLGXDO VXETXHULHV
DQG GHWHUPLQLQJ DQ RSWLPDO HYDOXDWLRQ RUGHU� :H DOVR SODQ WR H[SHULPHQW ZLWK
XVLQJ VHFRQGDU\ VWRUDJH� UDWKHU WKDQ PDLQ PHPRU\� IRU LQWHUPHGLDWH UHVXOWV� LQ
RUGHU WR KDQGOH TXHULHV LQYROYLQJ ODUJH DPRXQWV RI LQWHUPHGLDWH GDWD� DQG WR
DOORZ WKH UHVXOWV RI PXOWLGDWEDVH TXHULHV WR EH VWRUHG IRU IXUWKHU TXHU\LQJ�
7KH PRVW GLrFXOW SUREOHPV RI TXHU\LQJ PXOWLSOH KHWHURJHQHRXV GDWDEDVHV

LQFOXGH �L� IRUPXODWLQJ D TXHU\� ZKLFK LQYROYHV GHWHUPLQLQJ ZKLFK GDWDEDVHV
FRQWDLQ UHOHYDQW GDWD� XQGHUVWDQGLQJ KRZ GDWD DUH UHSUHVHQWHG LQ HDFK RI WKHVH

� 7 KLV SUR WR W\ SH PXOWLGD WD ED VH V\ VWH P LV D Y D LOD EOH R Q WKH :H E D W
KWWS���JL]PR�OEO�JRY�MRSP'HPR�JGEV PTV�KWPO



GDWDEDVHV� DQG KRZ GDWD LQ WKHVH GDWDEDVHV UHODWH WR RQH DQRWKHU� DQG �LL� LQ�
WHUSUHWLQJ WKH UHVXOW RI D PXOWLGDWDEDVH TXHU\� 7KH IDFLOLWLHV SURYLGHG E\ WKH
0XOWLGDWDEDVH 'LUHFWRU\ DQG WKH :HE EDVHG LQWHUIDFHV DGGUHVV WKH pUVW SUREOHP�
7KH VHFRQG SUREOHP KDV EHHQ RQO\ SDUWO\ DGGUHVVHG� :H SODQ WR XVH LQIRUPDWLRQ
LQ WKH 0XOWLGDWDEDVH 'LUHFWRU\ WRJHWKHU ZLWK WKH VHPDQWLFV RI WKH RSHUDWLRQV
XQGHUO\LQJ PXOWLGDWDEDVH TXHU\ SURFHVVLQJ IRU LQWHUSUHWLQJ UHVXOWV RI TXHULHV H[�
SUHVVHG DFURVV PXOWLSOH GDWDEDVHV� )RU H[DPSOH� LQIRUPDWLRQ RQ WKH VHPDQWLFV RI
REMHFWV LQ D JLYHQ FODVV FDQ EH XVHG IRU DQQRWDWLQJ TXHU\ UHVXOWV� ZKLOH LQIRUPD�
WLRQ DERXW LQFRQVLVWHQW LQWHUGDWDEDVH OLQNV FDQ EH XVHG IRU H[SODLQLQJ QXOO TXHU\
UHVXOWV�
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