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2UDFOH�L�'DWD�0LQLQJ

BENEFITS AND USES OF DATA MINING

,Q�WRGD\·V�FRPSHWLWLYH�PDUNHWSODFH��LW�LV�FULWLFDO�WKDW�FRPSDQLHV�PDQDJH�WKHLU�PRVW
YDOXDEOH�DVVHWV�³�WKHLU�FXVWRPHUV�DQG�WKH�LQIRUPDWLRQ�WKH\�NQRZ�DERXW�WKHLU
FXVWRPHUV���7KDW·V�ZKHUH�GDWD�PLQLQJ�FDQ�KHOS���'DWD�PLQLQJ�FDQ�VLIW�WKURXJK
PDVVLYH�DPRXQWV�RI�GDWD�DQG�ILQG�KLGGHQ�LQIRUPDWLRQ�³�YDOXDEOH�LQIRUPDWLRQ�WKDW
FDQ�KHOS�\RX�EHWWHU�XQGHUVWDQG�\RXU�FXVWRPHUV�DQG�DQWLFLSDWH�WKHLU�EHKDYLRU�
2UDFOH�L�'DWD�0LQLQJ70�VRIWZDUH�KHOSV�\RX�EXLOG�DSSOLFDWLRQV�WR�XQFRYHU�WKLV
KLGGHQ�LQIRUPDWLRQ�DERXW�\RXU�FXVWRPHUV���$UPHG�ZLWK�WKLV�LQIRUPDWLRQ��\RX�FDQ
EXLOG�D�FORVH�UHODWLRQVKLS�ZLWK�DQG�XQGHUVWDQG�\RXU�FXVWRPHUV��ZKLFK�KHOSV�\RX�WR�

• %HWWHU�UHWDLQ�FXVWRPHUV�DQG�DYRLG�FKXUQ

• 3URILOH�FXVWRPHUV�DQG�XQGHUVWDQG�EHKDYLRU

• 0DLQWDLQ�DQG�LPSURYH�SURILW�PDUJLQV

• 5HGXFH�FXVWRPHU�DFTXLVLWLRQ�FRVWV

• 7DUJHW�SURILWDEOH�FXVWRPHUV�ZLWK�WKH�ULJKW�RIIHU

Wants a new
cell phone Has two

daughters

Travels across
state lines
frequently

   Offer her:
1.  Wide-area digital

phone plan
2.  Emergency-use plan

for daughters
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2UDFOH�L�'DWD�0LQLQJ�DOORZV�\RX�WR�EXLOG�DSSOLFDWLRQV�WKDW�JR�EH\RQG�WUDGLWLRQDO
UHSRUWLQJ�WRROV�³�WKDW�WHOO�ZKDW�KDV�DOUHDG\�KDSSHQHG�LQ�WKH�SDVW�³E\�DQDO\]LQJ
WKH�SDVW�DQG�XVLQJ�LW�DV�D�SUHGLFWRU�RI�WKH�IXWXUH���%\�DQDO\]LQJ�WKH�SURILOHV�RI�\RXU
EHVW�FXVWRPHUV��2UDFOH�L�'DWD�0LQLQJ�DOORZV�\RX�WR�EXLOG�DSSOLFDWLRQV�WKDW�LGHQWLI\
RWKHU�FXVWRPHUV�ZKR�PD\�QRW�UHSUHVHQW�\RXU�PRVW�YDOXDEOH�FXVWRPHUV�WRGD\�EXW
ILW�WKH�SURILOHV�RI�WKRVH�ZKR�KDYH�EHFRPH�\RXU�EHVW�FXVWRPHUV���.QRZLQJ�WKH
´VWUDWHJLF�YDOXHµ�RI�FXVWRPHUV�³�ZKR�VKRXOG�EH�SURILWDEOH�LQ�WKH�IXWXUH�DQG�ZKR
LV�QRW�OLNHO\�WR�EH�SURILWDEOH�LQ�WKH�IXWXUH��RU�SUHGLFWLQJ�ZKLFK�FXVWRPHUV�DUH�OLNHO\
WR�FKXUQ�RU�OLNHO\�WR�UHVSRQG�WR�D�PDUNHWLQJ�RIIHU�³�DQG�LQWHJUDWLQJ�WKLV
LQIRUPDWLRQ�LQWR�\RXU�RSHUDWLRQV�DUH�NH\�WR�PDQDJLQJ�\RXU�EXVLQHVV�SURDFWLYHO\�

WHAT IS DATA MINING?

1RZ�OHW·V�GHVFULEH�ZKDW�GDWD�PLQLQJ�LV�DQG�KRZ�LW�ERWK�GLIIHUV�IURP�DQG
FRPSOHPHQWV�RWKHU�EXVLQHVV�LQWHOOLJHQFH�SURGXFWV�³�TXHU\�DQG�UHSRUWLQJ��2/$3�
DQG�VWDWLVWLFDO�WRROV����/HW·V�DOVR�ORRN�DW�VRPH�FRPPRQ�GHILQLWLRQV�RI�EXVLQHVV
LQWHOOLJHQFH�WRROV�

´6LPSO\�SXW��GDWD�PLQLQJ�LV�XVHG�WR�GLVFRYHU�>KLGGHQ@�SDWWHUQV�DQG�UHODWLRQVKLSV�LQ�\RXU�GDWD�LQ
RUGHU�WR�KHOS�\RX�PDNH�EHWWHU�EXVLQHVV�GHFLVLRQV�µ

���+HUE�(GHOVWHLQ��7ZR�&URZV�&RUSRUDWLRQ

4XHU\�DQG�UHSRUWLQJ�WRROV�KHOS�\RX�WR�JHW�LQIRUPDWLRQ�RXW�RI�\RXU�GDWDEDVH�RU�GDWD
ZDUHKRXVH���7KHVH�WRROV�DUH�JRRG�DW�DQVZHULQJ�TXHVWLRQV�VXFK�DV�´:KR�SXUFKDVHG
D�PXWXDO�IXQG�LQ�WKH�ODVW���\HDUV"µ

2/$3�WRROV�JR�EH\RQG�WKLV�DQG�DOORZ�XVHUV�WR�LQWHUDFWLYHO\�´GULOO�GRZQµ�LQWR�WKH
GDWD�IRU�VXPPDULHV��FRPSDULVRQV��DQDO\VLV��DQG�IRUHFDVWV���2/$3�LV�JRRG�DW�GULOO�
GRZQV�LQWR�WKH�GHWDLOV�WR�ILQG��IRU�H[DPSOH��´:KDW�LV�WKH�DYHUDJH�LQFRPH�RI�PXWXDO
IXQG�EX\HUV�E\�\HDU�E\�UHJLRQ"µ

6WDWLVWLFDO�WRROV�DUH�XVHG�WR�GUDZ�FRQFOXVLRQV�IURP�UHSUHVHQWDWLYH�VDPSOHV�WDNHQ
IURP�ODUJHU�DPRXQWV�RI�GDWD���6WDWLVWLFDO�WRROV�DUH�XVHIXO�IRU�ILQGLQJ�SDWWHUQV�DQG
FRUUHODWLRQV�LQ�´VPDOO�WR�PHGLXPµ�DPRXQWV�RI�GDWD�EXW�IDOO�VKRUW�ZKHQ�WKH�DPRXQW
RI�GDWD�EHJLQV�WR�RYHUZKHOP�WKH�WRRO���7\SLFDOO\��ZKHQ�\RX�GHDO�ZLWK�JUHDWHU�WKDQ�
VD\�����LQSXW�YDULDEOHV�DQG�WHQV�RI�WKRXVDQGV�RI�UHFRUGV��WUDGLWLRQDO�VWDWLVWLFDO
UHJUHVVLRQ�WHFKQLTXHV�VWUXJJOH���%HFDXVH�VWDWLVWLFDO�WRROV�FDQ·W�DQDO\]H�DOO�WKH�GDWD�
WKH\�IRUFH�GDWD�DQDO\VWV�WR�XVH�UHSUHVHQWDWLYH�VDPSOHV�RI�WKH�GDWD�DQG�WR�HOLPLQDWH
LQSXW�YDULDEOHV�IURP�WKH�DQDO\VLV���%\�WKURZLQJ�RXW�YDULDEOHV�DQG�XVLQJ�VDPSOHV�RI
WKH�GDWD��\RX�DUH�WKURZLQJ�DZD\�´LQIRUPDWLRQ�µ

4XHU\�DQG�UHSRUWLQJ��2/$3��DQG�VWDWLVWLFDO�WRROV�DUH�JRRG�DW�DOORZLQJ�WKH�XVHU�WR
GULOO�GRZQ�DQG�XQGHUVWDQG�ZKDW�KDV�KDSSHQHG�LQ�WKH�SDVW���:LWK�ERWK�WRROV��LI�\RX
NQRZ�ZKDW�\RX�DUH�ORRNLQJ�IRU��KDYH�D�JRRG�DQDO\WLFDO�WRRO��DUH�D�JRRG�DQDO\VW��DQG
KDYH�D�ORW�RI�WLPH��\RX�FDQ�HYHQWXDOO\�ILQG�WKH�DQVZHU�
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'DWD�PLQLQJ�GRHVQ·W�KDYH�WKHVH�OLPLWDWLRQV���'DWD�PLQLQJ�JRHV�GHHS�LQWR�WKH�GDWD�
'DWD�PLQLQJ�XVHV�PDFKLQH�OHDUQLQJ�DOJRULWKPV�WR�DXWRPDWLFDOO\�VLIW�WKURXJK�HDFK
UHFRUG�DQG�YDULDEOH�WR�XQFRYHU�SDWWHUQV�DQG�LQIRUPDWLRQ�WKDW�PD\�KDYH�EHHQ
KLGGHQ���'DWD�PLQLQJ�JRHV�EH\RQG�WUDGLWLRQDO�EXVLQHVV�LQWHOOLJHQFH�WRROV�DQG
DQDO\]HV�WKH�GHWDLOV�RI�SDVW��H�J��ZKHWKHU�DQ�LQGLYLGXDO�SXUFKDVHV�LWHP�´$µ����'DWD
PLQLQJ�EXLOGV�PRGHOV�DQG�XVHV�WKH�PRGHOV�DV�SUHGLFWRUV�RI�WKH�GHWDLOV�LQ�WKH�IXWXUH
�H�J��WKH�OLNHOLKRRG�WKDW�D�FXVWRPHU�ZLOO�SXUFKDVH�´$µ�LQ�WKH�IXWXUH����'DWD�PLQLQJ
LV�JRRG�DW�SURYLGLQJ�GHWDLOHG�LQVLJKWV�DQG�PDNLQJ�LQGLYLGXDO�SUHGLFWLRQV��VXFK�DV
´:KR�LV�OLNHO\�WR�EX\�D�PXWXDO�IXQG�LQ�WKH�QH[W�VL[�PRQWKV�DQG�ZK\"µ

 DATA MINING CONCEPTS

'DWD�PLQLQJ�FDQ�EH�VHSDUDWHG�LQWR�´VXSHUYLVHG�OHDUQLQJµ�DQG�´XQVXSHUYLVHG
OHDUQLQJµ�WHFKQLTXHV���6XSHUYLVHG�OHDUQLQJ�UHTXLUHV�WKH�GDWD�DQDO\VW�WR�LGHQWLI\�D
WDUJHW�ILHOG�RU�GHSHQGHQW�YDULDEOH���7KH�VXSHUYLVHG�OHDUQLQJ�WHFKQLTXH�WKHQ�VLIWV
WKURXJK�GDWD�WU\LQJ�WR�ILQG�SDWWHUQV�DQG�UHODWLRQVKLSV�EHWZHHQ�WKH�LQGHSHQGHQW
YDULDEOHV�DQG�WKH�GHSHQGHQW�YDULDEOH����2UDFOH�L�'DWD�0LQLQJ�SURYLGHV�WKH�1DwYH
%D\HV�GDWD�PLQLQJ�DOJRULWKP�IRU�VXSHUYLVHG�OHDUQLQJ�W\SHV�RI�SUREOHPV��

,Q�´XQVXSHUYLVHG�OHDUQLQJ�µ�WKH�XVHU�GRHV�QRW�LQGLFDWH�WKH�REMHFWLYH�WR�WKH�GDWD
PLQLQJ�DOJRULWKP���$VVRFLDWLRQV�DQG�FOXVWHULQJ�DOJRULWKPV�PDNH�QR�DVVXPSWLRQV
DERXW�WKH�WDUJHW�ILHOG���,QVWHDG��WKH\�DOORZ�WKH�GDWD�PLQLQJ�DOJRULWKP�WR�ILQG
DVVRFLDWLRQV�DQG�FOXVWHUV�LQ�WKH�GDWD�LQGHSHQGHQW�RI�DQ\
D�SULRUL�GHILQHG�EXVLQHVV�REMHFWLYH����2UDFOH�L�'DWD�0LQLQJ�SURYLGHV�WKH
$VVRRFLDWLRQ�5XOHV�GDWD�PLQLQJ�DOJRULWKP�IRU�XQVXSHUYLVHG�OHDUQLQJ�SUREOHPV��

Knowledge discovery
of hidden patterns
and insights

“Insight and Prediction”

Who will buy a
mutual fund in the
next 6 months and
why?

Extraction of
detailed and
summary data

“Information”

Who purchased
mutual funds in
the last 3 years?

Summaries,
trends and
forecasts

“Analysis”

What is the
average
income of
mutual fund
buyers by
region by year?

Query
and Reporting OLAP Data Mining
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Using the Past to Predict the Future

,Q�WKH�VXSHUYLVHG�OHDUQLQJ�H[DPSOH�EHORZ��D�GHSHQGHQW�YDULDEOH�LV�GHILQHG�WR
GHVFULEH�ZKLFK�FXVWRPHUV�SXUFKDVHG�D�QHZ�FDU���D�´�µ�IRU�´\HVµ�DQG�D�´�µ�IRU
´QR�µ��7KH�GDWD�PLQLQJ�DOJRULWKP�VLIWV�WKURXJK�WKH�GDWD�ILQGLQJ�KLGGHQ�SDWWHUQV
DQG�LQWXLWV�D�´PRGHOµ�WKDW�EHVW�GHVFULEHV�WKH�IXQFWLRQDO�UHODWLRQVKLSV���7\SLFDOO\�WKH
GDWD�LV�VHSDUDWHG�LQWR�WKUHH�HTXDO�SDUWV�³�IRU�WUDLQLQJ��WHVWLQJ��DQG�HYDOXDWLRQ���7KH
LQLWLDO�PRGHO�LV�EXLOW�XVLQJ�WKH�´WUDLQLQJµ�VDPSOH�RI�WKH�GDWD���7KHQ�WKH�PRGHO�LV
DSSOLHG�WR�WKH�´WHVWLQJµ�VDPSOH�RI�WKH�GDWD�WR�UHILQH�WKH�PRGHO���)LQDOO\��WKH�PRGHO
LV�DSSOLHG�WR�WKH�HYDOXDWLRQ�VDPSOH�RI�GDWD�WKDW�LV�XVHG�WR�PDNH�SUHGLFWLRQV�
%HFDXVH�ZH�DOUHDG\�NQRZ�WKH�RXWFRPH�³�ZKR�SXUFKDVHG�D�FDU�DQG�ZKR�GLGQ·W�³
ZH�FDQ�´HYDOXDWHµ�WKH�PRGHO·V�DFFXUDF\���0RGHOV�ZLWK�DFFHSWDEOH�SUHGLFWLRQ
FDSDELOLW\�RIWHQ�KDYH�KLJK�HFRQRPLF�YDOXH�

8QVXSHUYLVHG�OHDUQLQJ��DVVRFLDWLRQ�DQG�FOXVWHULQJ��PRGHOV�XVXDOO\�DUH�DSSOLHG�RQO\
WR�WKH�KLVWRULFDO�GDWD�WR�UHYHDO�FOXVWHUV�DQG�DVVRFLDWLRQV��UHJDUGOHVV�RI�DQ\�VSHFLILF
EXVLQHVV�DSSOLFDWLRQ�RU�SXUSRVH���6RPHWLPHV��DVVRFLDWLRQ�DQG�FOXVWHULQJ�PRGHOV�FDQ
EH�XVHG�WR�PDNH�SUHGLFWLRQV��DV�LQ�2UDFOH�L$6�3HUVRQDOL]DWLRQ��ZKLFK�PDNHV
´UHFRPPHQGDWLRQVµ�IRU�ERWK�UHJLVWHUHG�FXVWRPHUV�DQG�DQRQ\PRXV�:HE�YLVLWRUV�
7KH�UHFRPPHQGDWLRQV�DUH�RWKHU�´LWHPVµ��H�J��SURGXFWV�ZLWKLQ�DQ�H�WDLOHU·V�FDWDORJ
RI�SURGXFWV��WKDW�DUH�DVVRFLDWHG�ZLWK�RWKHU�LWHPV��GHPRJUDSKLFV��SXUFKDVHV��´FOLFNV�µ
DQG�UDWLQJV�GDWD��IRU�WKDW�FXVWRPHU�RU�YLVLWRU�

Independent Variables

X1 X2 ...... Xm Y

Dependent
Variable

Functional
Relationship:

Y = F(X1, X2, …, Xm)

Attributes or Fields

Records

(target value (Y))

Name Income Age  . . . . .  . .
Buy a Buick?
1 =Yes, 0 =No

Jones
Smith
Lee
Rogers

30,000
55,000
25,000
50,000

30
67
23
44

1
1
0
0

Model

Predictions
1
0
1
0

Confidence
.85
.74
.93
.65

Corporate Data
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ORACLE9i DATA MINING:  AN OVERVIEW

2UDFOH�L�'DWD�0LQLQJ�DOORZV�FRPSDQLHV�WR�EXLOG�DGYDQFHG�EXVLQHVV�LQWHOOLJHQFH
DSSOLFDWLRQV�WKDW�PLQH�FRUSRUDWH�GDWDEDVHV��GLVFRYHU�QHZ�LQVLJKWV��DQG�LQWHJUDWH
WKDW�LQIRUPDWLRQ�LQWR�EXVLQHVV�DSSOLFDWLRQV��2UDFOH�L�'DWD�0LQLQJ�LV�D�SULFHG
RSWLRQ�WR�WKH�2UDFOH�L�'DWDEDVH�(QWHUSULVH�(GLWLRQ��((��WKDW�HPEHGV�GDWD�PLQLQJ
IXQFWLRQDOLW\�IRU�PDNLQJ�FODVVLILFDWLRQV��SUHGLFWLRQV��DQG�DVVRFLDWLRQV���$OO�PRGHO�
EXLOGLQJ�DQG�VFRULQJ�IXQFWLRQV�DUH�DFFHVVLEOH�WKURXJK�D�-DYD�EDVHG�$3,�

2UDFOH�L�'DWD�0LQLQJ�KHOSV�FRPSDQLHV�EXLOG�EXVLQHVV�LQWHOOLJHQFH�DSSOLFDWLRQV�WKDW
ILQG�PHDQLQJIXO�SDWWHUQV�DQG�DVVRFLDWLRQV�LQ�FRUSRUDWH�GDWD�³�SDWWHUQV�WKDW�KHOS
\RX�EHWWHU�XQGHUVWDQG�DQG�SUHGLFW�FXVWRPHU�EHKDYLRU���:LWK�LW��FRPSDQLHV�FDQ
IRUJH�VWUDWHJLHV�WR�

• 3UHYHQW�FXVWRPHU�DWWULWLRQ

• &URVV�VHOO�WR�H[LVWLQJ�FXVWRPHUV

• $FTXLUH�QHZ�FXVWRPHUV

• 'HWHFW�IUDXG

• ,GHQWLI\�PRVW�SURILWDEOH�FXVWRPHUV

• 3URILOH�FXVWRPHUV�ZLWK�JUHDWHU�DFFXUDF\

:LWK�2UDFOH�L�'DWD�0LQLQJ��FRPSDQLHV�FDQ�WDS�LQIRUPDWLRQ�KLGGHQ�LQ�WKHLU
FRUSRUDWH�GDWDEDVHV�WR�UHYHDO�QHZ�LQVLJKWV�DERXW�WKHLU�FXVWRPHUV�DQG�WKHLU
EXVLQHVVHV���$W�HYHU\�VWDJH�RI�WKH�FXVWRPHU�OLIH�F\FOH��2UDFOH�L�'DWD�0LQLQJ
GHOLYHUV�YDOXH�³�WKDW�JRHV�VWUDLJKW�WR�\RXU�ERWWRP�OLQH�

2UDFOH�L�'DWD�0LQLQJ�FDQ�DOVR�ILQG�SDWWHUQV�KLGGHQ�LQ�VFLHQWLILF��JRYHUQPHQW�
PDQXIDFWXULQJ��PHGLFDO��DQG�RWKHU�W\SHV�RI�GDWD���$SSOLFDWLRQV�RI�GDWD�PLQLQJ�LQ
WKHVH�DUHDV�LQFOXGH�

• 3UHGLFWLQJ�WKH�TXDOLW\�RI�D�PDQXIDFWXUHG�SDUW

• )LQGLQJ�DVVRFLDWLRQV�EHWZHHQ�SDWLHQWV��GUXJV�DQG�RXWFRPHV

• ,GHQWLI\LQJ�SRVVLEOH�QHWZRUN�LQWUXVLRQV

Data Mining
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caseId Age Income Gender
100 20 1000 M
200 30 2000 F

caseId Attribute Value
100 Age 20
100 Income 1000
100 Gender M
200 Age 30
200 Income 2000
200 Gender F

,QVLJKWV�GLVFRYHUHG�E\�2UDFOH�L�'DWD�0LQLQJ�FDQ�EH�UHYHDOLQJ��VLJQLILFDQW��DQG
YDOXDEOH�

DATA MINING EMBEDDED IN ORACLE9i DATABASE

2UDFOH�L�'DWD�0LQLQJ�VLPSOLILHV�WKH�SURFHVV�RI�H[WUDFWLQJ�EXVLQHVV�LQWHOOLJHQFH
IURP�ODUJH�DPRXQWV�RI�GDWD���,W�HOLPLQDWHV�RII�ORDGLQJ�YDVW�TXDQWLWLHV�RI�GDWD�WR
H[WHUQDO�VSHFLDO�SXUSRVH�DQDO\WLF�VHUYHUV�IRU�GDWD�PLQLQJ�DQG�VFRULQJ���:LWK
2UDFOH�L�'DWD�0LQLQJ��DOO�WKH�GDWD�PLQLQJ�IXQFWLRQDOLW\�LV�HPEHGGHG�LQ�2UDFOH�L
'DWDEDVH��VR�WKH�GDWD��GDWD�SUHSDUDWLRQ��PRGHO�EXLOGLQJ��DQG�PRGHO�VFRULQJ
DFWLYLWLHV�UHPDLQ�LQ�WKH�GDWDEDVH�

%HFDXVH�2UDFOH�L�'DWD�0LQLQJ�SHUIRUPV�DOO�SKDVHV�RI�GDWD�PLQLQJ�ZLWKLQ�WKH
GDWDEDVH��HDFK�GDWD�PLQLQJ�SKDVH�UHVXOWV�LQ�VLJQLILFDQW�LPSURYHPHQWV�LQ
SURGXFWLYLW\��DXWRPDWLRQ��DQG�LQWHJUDWLRQ���6LJQLILFDQW�SURGXFWLYLW\�HQKDQFHPHQWV
DUH�DFKLHYHG�E\�HOLPLQDWLQJ�WKH�H[WUDFWLRQ�RI�GDWD�IURP�WKH�GDWDEDVH�WR�VSHFLDO�
SXUSRVH�GDWD�PLQLQJ�WRROV�DQG�WKH�LPSRUWLQJ�RI�WKH�GDWD�PLQLQJ�UHVXOWV�EDFN�LQWR
WKH�GDWDEDVH���7KHVH�LPSURYHPHQWV�DUH�QRWDEOH�LQ�GDWD�SUHSDUDWLRQ��ZKLFK�RIWHQ
FDQ�FRQVWLWXWH�DV�PXFK�DV�����RI�WKH�GDWD�PLQLQJ�SURFHVV���:LWK�2UDFOH�L�'DWD
0LQLQJ��DOO�WKH�GDWD�SUHSDUDWLRQ�FDQ�EH�SHUIRUPHG�XVLQJ�VWDQGDUG�64/
PDQLSXODWLRQ�DQG�GDWD�PLQLQJ�XWLOLWLHV�ZLWKLQ�2UDFOH�L�'DWD�0LQLQJ�

´6FRULQJµ�WR�PDNH�SUHGLFWLRQV�LV�JUHDWO\�VLPSOLILHG�QRZ��DV�WKH�GDWD�DQG�WKH�PRGHO
DUH�LQ�WKH�VDPH�ORFDWLRQ�³�WKH�GDWDEDVH���7KHUH�LV�QR�QHHG�WR�PRYH�WKH�GDWD�WR�WKH
PRGHO�QRU�H[SRUW�WKH�PRGHO�DV�FRGH��W\SLFDOO\�&��&����RU�-DYD��DQG�WKHQ�PRYH�WKH
PRGHO�EDFN�WR�WKH�GDWD�IRU�VFRULQJ�LQ�WKH�GDWDEDVH���:LWK�2UDFOH�L�'DWD�0LQLQJ�
HYHU\WKLQJ�RFFXUV�ZLWKLQ�WKH�GDWDEDVH�

%HQHILWV�RI�´LQ�GDWDEDVH�PLQLQJµ�EHFRPH�DSSDUHQW�LQ�WKH�ILUVW�VWHSV�RI�D�GDWD�PLQLQJ
SURMHFW���'DWD�SUHSDUDWLRQ�LQFOXGHV�WKH�DQDO\VLV�DQG�DVVHPEO\�RI�UHOHYDQW�GDWD�
GHILQLWLRQ�RI�D�WDUJHW�ILHOG��DQG�SRVVLEO\�FUHDWLRQ�RI�QHZ�VXPPDU\�RU�FDOFXODWHG
ILHOGV���6LQFH�PLQLQJ�ZLOO�RFFXU�LQ�WKH�GDWDEDVH��DQ\�WRROV�RU�DSSOLFDWLRQV�FDQ
FRQWULEXWH�WR�WKLV�SURFHVV���,W�LV�VLPSOH�WR�XVH�OLVWV�DQG�PHDVXUHV�IURP�H[LVWLQJ
EXVLQHVV�DSSOLFDWLRQV�DV�WKH�VWDUWLQJ�SRLQW�IRU�GDWD�PLQLQJ�

2UDFOH�L�'DWD�0LQLQJ�DFFHSWV�ERWK�WUDQVDFWLRQDO�DQG�QRQ�WUDQVDFWLRQDO
�VXPPDUL]HG��VLQJOH�UHFRUG��WDEOHV���,QWHUQDOO\��2UDFOH�L�'DWD�0LQLQJ�XVHV
WUDQVDFWLRQDO�WDEOHV�DQG�DXWRPDWLFDOO\�KDQGOHV�DQ\�FRQYHUVLRQ�QHFHVVDU\�

Non-transactional, summarized, Transactional data format

single-record data format
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2UDFOH�L�'DWD�0LQLQJ�VXSSRUWV�ELQQLQJ��WKH�SURFHVV�RI�FROOHFWLQJ�WKH�YDOXHV�LQ�D
ILHOG�LQWR�PHDQLQJIXO�JURXSV���$�XWLOLW\�DOORZV�SURJUDPPHUV�WR�ELQ�WKH�GDWD�SULRU�WR
EXLOGLQJ�PRGHOV�IRU�PRUH�SUREOHP�VSHFLILF�SXUSRVHV���)RU�H[DPSOH��IRU�D�GULYLQJ
VDIHW\�SUREOHP��WKH�DJH�ILHOG�PLJKW�EH�ELQQHG�LQWR�WKH�UDQJHV��������������DQG
JUHDWHU�WKDQ������)RU�D�OLIH�LQVXUDQFH�SUREOHP��WKH�VDPH�DJH�ILHOG�PLJKW�EH�ELQQHG
LQWR�WKH�UDQJHV���WR������������DQG�JUHDWHU�WKDQ����

ORACLE9i DATA MINING ALGORITHMS

2UDFOH�L�'DWD�0LQLQJ�SURYLGHV�SURJUDPPDWLF�DFFHVV�WR�WZR�GDWD�PLQLQJ�DOJRULWKPV
HPEHGGHG�LQ�2UDFOH�L�'DWDEDVH�WKURXJK�D�-DYD�EDVHG�$3,���'DWD�PLQLQJ
DOJRULWKPV�DUH�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�IRU�DQDO\]LQJ�GDWD�IRU�VSHFLILF
FDWHJRULHV�RI�SUREOHPV���'LIIHUHQW�DOJRULWKPV�DUH�JRRG�DW�GLIIHUHQW�W\SHV�RI
DQDO\VLV��2UDFOH�L�'DWD�0LQLQJ�SURYLGHV�WZR�DOJRULWKPV������1DwYH�%D\HV�IRU
&ODVVLILFDWLRQV�DQG�3UHGLFWLRQV�DQG����$VVRFLDWLRQ�5XOHV�IRU�ILQGLQJ�SDWWHUQV�RI�FR�
RFFXUULQJ�HYHQWV���7RJHWKHU��WKH\�FRYHU�D�EURDG�UDQJH�RI�EXVLQHVV�SUREOHPV�

Classification and Prediction

1DwYH�%D\HV�LV�D�VXSHUYLVHG�OHDUQLQJ�WHFKQLTXH�IRU�FODVVLILFDWLRQ�DQG�SUHGLFWLRQ�WKDW
EXLOGV�PRGHOV�WKDW�SUHGLFW�WKH�SUREDELOLW\�RI�VSHFLILF�RXWFRPHV���1DwYH�%D\HV�XVHV
KLVWRULFDO�GDWD�WR�ILQG�SDWWHUQV�DQG�UHODWLRQVKLSV�DQG�WKHQ�PDNHV�SUHGLFWLRQV�
2UDFOH�L�'DWD�0LQLQJ�HQDEOHV�DSSOLFDWLRQ�GHYHORSHUV�WR�EXLOG�GDWD�PLQLQJ
PRGHOV�WR�FODVVLI\�DQG�SUHGLFW�IRU�D�YDULHW\�RI�SXUSRVHV��VXFK�DV�

• ,GHQWLI\LQJ�ZKLFK�FXVWRPHUV�DUH�OLNHO\�WR�SXUFKDVH�D�FHUWDLQ�SURGXFW

• ,GHQWLI\LQJ�FXVWRPHUV�ZKR�DUH�OLNHO\�WR�FKXUQ

• 3UHGLFWLQJ�WKH�OLNHOLKRRG�WKDW�D�SDUW�ZLOO�EH�GHIHFWLYH

2UDFOH�L�'DWD�0LQLQJ·V�1DwYH�%D\HV�DOJRULWKP�FDQ�SUHGLFW�ELQDU\�RU�PXOWL�FODVV
RXWFRPHV���,Q�ELQDU\�SUREOHPV��HDFK�UHFRUG�HLWKHU�ZLOO�RU�ZLOO�QRW�H[KLELW�WKH
PRGHOHG�EHKDYLRU���)RU�H[DPSOH��D�PRGHO�FRXOG�EH�EXLOW�WR�SUHGLFW�ZKHWKHU�D
FXVWRPHU�ZLOO�FKXUQ�RU�UHPDLQ�OR\DO���1DwYH�%D\HV�FDQ�DOVR�PDNH�SUHGLFWLRQV�IRU
PXOWL�FODVV�SUREOHPV�ZKHUH�WKHUH�DUH�VHYHUDO�SRVVLEOH�RXWFRPHV���)RU�H[DPSOH��D
PRGHO�FRXOG�EH�EXLOW�WR�SUHGLFW�ZKLFK�FODVV�RI�VHUYLFH�ZLOO�EH�SUHIHUUHG�E\�HDFK
SURVSHFW�

Customer ID
4567332
5463433
1123444
9565333
2346557
2257673

Probability
0.92
0.92
0.85
0.85
0.72
0.55

Response
YES
YES
YES
YES
YES
YES
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Binary model example

4���,V�WKLV�FXVWRPHU�OLNHO\�WR�EHFRPH�D�KLJK�SURILW�FXVWRPHU"

$���<HV��ZLWK�����SUREDELOLW\

Multi-class model example

4���:KLFK�RQH�RI�ILYH�FXVWRPHU�VHJPHQWV�LV�WKLV�FXVWRPHU�PRVW�OLNHO\�WR�ILW�LQWR�³
*URZ��6WDEOH��'HIHFW��'HFOLQH��RU�,QVLJQLILFDQW"

$���6WDEOH��ZLWK�����SUREDELOLW\

Oracle9i Data Mining can identify customers who are likely to churn so companies
can examine these customers’ common traits and develop detailed profiles using
other business intelligence tools, such as Oracle9iAS Discoverer as shown above.

%LQDU\�DQG�PXOWL�FODVV�SUHGLFWLRQV�WRJHWKHU�FRYHU�D�KXJH�UDQJH�RI�LPSRUWDQW
EXVLQHVV�SUREOHPV��LQFOXGLQJ�FDPSDLJQ�UHVSRQVH��VDOHV�RIIHUV��IUDXG�GHWHFWLRQ�
SURILWDELOLW\�SUHGLFWLRQ��FXVWRPHU�SURILOLQJ��FUHGLW�UDWLQJ��FKXUQ�DQWLFLSDWLRQ�
LQYHQWRU\�UHTXLUHPHQWV��IDLOXUH�DQWLFLSDWLRQ��DQG�PDQ\�RWKHUV�

2UDFOH�L�'DWD�0LQLQJ�DOVR�SURYLGHV�XWLOLWLHV�IRU�HYDOXDWLQJ�PRGHOV�LQ�WHUPV�RI
PRGHO�DFFXUDF\�DQG�´OLIWµ�³�RU�WKH�LQFUHPHQWDO�DGYDQWDJH�RI�WKH�SUHGLFWLYH�PRGHO
RYHU�WKH�QDwYH�JXHVV�
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Oracle9i Data Mining’s models can be evaluated to measure their “lift,” or
incremental improvement over the naïve guess, as shown here using Oracle9iAS
Discoverer.

Finding Associations

$VVRFLDWLRQ�UXOHV�GHWHFW�´DVVRFLDWHGµ�RU�FR�RFFXUULQJ�HYHQWV�KLGGHQ�LQ�GDWDEDVHV�
$VVRFLDWLRQ�DQDO\VLV��RU�XQVXSHUYLVHG�OHDUQLQJ��LV�RIWHQ�XVHG�WR�ILQG�SRSXODU
EXQGOHV��H�J��PDUNHW�EDVNHW�DQDO\VLV��RI�SURGXFWV�WKDW�DUH�UHODWHG�IRU�FXVWRPHUV�
VXFK�DV�´PLONµ�DQG�´FHUHDOµ�EHLQJ�DVVRFLDWHG�ZLWK�´EDQDQDV�µ��2UDFOH�L�'DWD
0LQLQJ·V�$VVRFLDWLRQV�5XOHV�FDQ�EH�XVHG�WR�LGHQWLI\�FR�RFFXUULQJ�LWHPV�RU�HYHQWV�LQ
D�YDULHW\�RI�EXVLQHVV�SUREOHPV��VXFK�DV�

• :KLFK�PDQXIDFWXUHG�SDUWV�DQG�HTXLSPHQW�VHWWLQJV�DUH�DVVRFLDWHG�ZLWK�IDLOXUH
HYHQWV"

• :KLFK�SDWLHQW�DQG�GUXJ�DWWULEXWHV�DUH�DVVRFLDWHG�ZLWK�ZKLFK�RXWFRPHV"

• :KLFK�LWHPV�RU�SURGXFWV�LV�WKLV�SHUVRQ�PRVW�OLNHO\�WR�EX\�RU�OLNH"

Oracle9i Data Mining’s association rules are stored in Oracle9i Database and may
be examined using other query and reporting tools, such as Oracle9iAS Discoverer
as shown here.
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7KH�$VVRFLDWLRQ�5XOHV�DOJRULWKP�JHQHUDWHV�D�VHW�RI�DQWHFHGHQW�DQG�FRQVHTXHQW
SDLUV�LQ�WKH�IRUP�RI�$�LPSOLHV�%�ZLWK�D�SUREDELOLW\�RI�Q����7KLV�PRGHOLQJ
WHFKQLTXH�DOORZV�XVHUV�WR�GLVFRYHU�DVVRFLDWLRQV�EHWZHHQ�LWHPV�RU�HYHQWV��2UDFOH�L
'DWD�0LQLQJ�LQFOXGHV�XWLOLWLHV�IRU�H[DPLQLQJ�DQG�UHSRUWLQJ�WKH�DVVRFLDWLRQ�UXOHV�
7KH�DVVRFLDWLRQV�RU�´UXOHVµ�WKXV�GLVFRYHUHG�DUH�XVHIXO�LQ�GHVLJQLQJ�VSHFLDO
SURPRWLRQV��SURGXFW�EXQGOHV��DQG�VWRUH�GLVSOD\V�

Model Scoring

2QFH�DQ�2UDFOH�L�'DWD�0LQLQJ�1DwYH�%D\HV�PRGHO�KDV�EHHQ�EXLOW��QHZ�GDWD
UHFRUGV�FDQ�EH�VFRUHG���6FRULQJ�LV�WKH�SURFHVV�RI�SUHGLFWLQJ�RXWFRPHV���,Q�2UDFOH�L
'DWD�0LQLQJ��WKH�GDWD�PLQLQJ�DOJRULWKP�LV�WDNHQ�WR�WKH�GDWD��UDWKHU�WKDQ�WDNLQJ�WKH
GDWD�WR�WKH�DOJRULWKP�DV�LQ�PRVW�WUDGLWLRQDO�DG�KRF�GDWD�PLQLQJ�WRROV���7KLV�LV�D
PRUH�HIILFLHQW�DUFKLWHFWXUDO�VWUDWHJ\�ZKHQ�GHDOLQJ�ZLWK�ODUJH�DPRXQWV�RI�GDWD�

2UDFOH�L�'DWD�0LQLQJ�FDQ�VFRUH�LQ�EDWFK�PRGH�RU�RQ�GHPDQG���%DWFK�VFRULQJ�WDNHV
D�WDEOH�RI�UHFRUGV�DV�LQSXW�DQG�VWRUHV�WKH�SUHGLFWLRQV�LQ�DQRWKHU�WDEOH���2Q�GHPDQG
VFRULQJ�WDNHV�D�VLQJOH�UHFRUG�DQG�UHWXUQV�D�SUHGLFWLRQ�WKDW�FDQ�EH�IHG�GLUHFWO\�LQWR
WKH�´FDOOLQJµ�DSSOLFDWLRQ�

ENHANCING APPLICATIONS WITH DATA MINING

2UDFOH�L�'DWD�0LQLQJ�FDQ�DXWRPDWH�WKH�H[WUDFWLRQ�DQG�LQWHJUDWLRQ�RI�QHZ�LQVLJKW
DQG�SUHGLFWLRQV�LQWR�D�YDULHW\�RI�EXVLQHVV�DSSOLFDWLRQV��LQFOXGLQJ�FDOO�FHQWHUV��:HE
VLWHV��FDPSDLJQ�PDQDJHPHQW�V\VWHPV��$70V��HQWHUSULVH�UHVRXUFH�PDQDJHPHQW
�(50���DQG�RWKHU�RSHUDWLRQDO�DQG�EXVLQHVV�SODQQLQJ�DSSOLFDWLRQV���5DWKHU�WKDQ
KDYLQJ�VSHFLDO�GHSDUWPHQWV�RI�DGYDQFHG�GDWD�DQDO\VWV�ZKR�ZRUN�RQ�DG�KRF�GDWD
PLQLQJ�SURMHFWV��WKH�WUXH�YDOXH�RI�GDWD�PLQLQJ�LV�UHDOL]HG�ZKHQ�WKH�QHZ�LQVLJKWV�DQG
SUHGLFWLRQV�DUH�LQWHJUDWHG�DQG�´RSHUDWLRQDOL]HGµ�LQWR�H[LVWLQJ�EXVLQHVV�DSSOLFDWLRQV�

$XWRPDWLRQ�RI�GDWD�PLQLQJ�WDVNV�LV�IDFLOLWDWHG�E\�2UDFOH�L�'DWD�0LQLQJ·V�-DYD�
EDVHG�$3,���$SSOLFDWLRQ�SURJUDPPHUV�FDQ�FRQWURO�DOO�DVSHFWV�RI�GDWD�PLQLQJ�³
WKH\�FDQ�H[SRVH�FRPSOH[�VHWWLQJV�IRU�DGYDQFHG�XVHUV�RU�FRPSOHWHO\�DXWRPDWH�WKH
SURFHVV�IRU�EXVLQHVV�XVHUV���3URJUDPPDWLF�FRQWURO�H[WHQGV�IURP�GDWD�SUHSDUDWLRQ
DQG�PRGHO�EXLOGLQJ�WR�RQ�GHPDQG�VFRULQJ�RI�VLQJOH�UHFRUGV�DQG�EDWFK�VFRULQJ�RI
ODUJH�GDWD�VHWV���%DWFK�VFRUHV�PD\�EH�VWRUHG�LQ�UHODWLRQDO�WDEOHV�IRU�DFFHVV�E\�RWKHU
EXVLQHVV�DSSOLFDWLRQV��H�J��FDOO�FHQWHUV�RU�PDUNHWLQJ�FDPSDLJQ�V\VWHPV��RU�FDOOHG
¶µRQ�GHPDQGµ�LQ�LQWHUDFWLYH�DSSOLFDWLRQV�ZKHUH�QHZ�LQIRUPDWLRQ�LV�FROOHFWHG�WKDW
PXVW�EH�IDFWRUHG�LQWR�WKH�SUHGLFWLYH�PRGHO�
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Oracle9i Data Mining’s Java-based API enables application developers to enhance
business applications with insights and predictions, such as this example call center
that highlights a customer’s likelihood to churn and to be a profitable customer.  The
probability that the customer will accept the special offers is also displayed for the
customer service representative to better service the customer.

&DSDELOLWLHV�IRU�LQWHJUDWLQJ�GDWD�PLQLQJ�ZLWK�RWKHU�DQDO\WLFDO�WRROV�DQG�DSSOLFDWLRQV
LV�JUHDWO\�H[SDQGHG�ZLWK���%HFDXVH�DOO�UHVXOWV�DUH�FUHDWHG�DQG�VWRUHG�LQ�DQ�RSHQ
UHODWLRQDO�GDWDEDVH��XVHUV�KDYH�DFFHVV�WR�GDWD�PLQLQJ�UHVXOWV�XVLQJ�D�ZLGH�YDULHW\�RI
EXVLQHVV�LQWHOOLJHQFH�WRROV�

ORACLE CRM 11i APPLICATION ADDS DATA MINING

7KH�QH[W�PDMRU�UHOHDVH�RI�2UDFOH�&50���L�DSSOLFDWLRQ�DGGV�LQWHJUDWHG�GDWD�PLQLQJ
WR�DXWRPDWH�PRGHO�EXLOGLQJ�DQG�PRGHO�VFRULQJ�DFWLYLWLHV�IRU�D�VHW�RI�SUHGHILQHG
EXVLQHVV�SUREOHPV���%\�FRQVWUDLQLQJ�WKH�SUREOHP�DQG�KDYLQJ�D�NQRZQ�VFKHPD��GDWD
PLQLQJ�FDQ�PDNH�FHUWDLQ�PRGHOLQJ�DVVXPSWLRQV�WR�DXWRPDWH�WKH�PRGHO�EXLOGLQJ
DQG�PRGHO�VFRULQJ�SURFHVV���&50���L·V�0DUNHWLQJ�2QOLQH�DSSOLFDWLRQ�DOORZV
EXVLQHVV�DQDO\VWV�DQG�PDUNHWLQJ�SURIHVVLRQDOV�WR�WDNH�DGYDQWDJH�RI�WKH�SRZHU�RI
GDWD�PLQLQJ�ZLWKRXW�WKH�QHHG�WR�OHDUQ�FRPSOH[�DQDO\WLFDO�WHFKQLTXHV�RU�KDYH�WR
SHUIRUP�H[WHQVLYH�GDWD�SUHSDUDWLRQ���&50���L�QRZ�SURYLGHV�HDV\�DQG�DFFXUDWH
DQVZHUV�WR�IRXU�EXVLQHVV�TXHVWLRQV�

• :KLFK�FXVWRPHUV�DUH�OLNHO\�WR�UHVSRQG�WR�DQ�HPDLO�RIIHU"

• :KLFK�FXVWRPHUV�DUH�OLNHO\�WR�UHVSRQG�WR�D�GLUHFW�PDLO�RIIHU"

• :KLFK�FXVWRPHUV�DUH�OLNHO\�WR�UHVSRQG�WR�D�WHOHVDOHV�RIIHU"

• :KLFK�FXVWRPHUV�DUH�OLNHO\�WR�UHPDLQ�OR\DO"
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CRM users can design targeted campaigns by selecting “Audience” and answering a
few simple questions.  All of the data preparation, data mining, and data “scoring”
occur automatically for the users.

Market managers can simply select the top deciles of customers identified to be
most likely to respond or behave in a particular way.



Oracle9i Data Mining     Page 14

SUMMARY

2UDFOH�L�'DWD�0LQLQJ�SURYLGHV�D�SRZHUIXO��VFDODEOH�LQIUDVWUXFWXUH�IRU�EXLOGLQJ
DSSOLFDWLRQV�WKDW�DXWRPDWH�WKH�H[WUDFWLRQ�RI�EXVLQHVV�LQWHOOLJHQFH�DQG�LWV�LQWHJUDWLRQ
LQWR�RWKHU�DSSOLFDWLRQV���2UDFOH�L�'DWD�0LQLQJ·V�1DwYH�%D\HV�DQG�$VVRFLDWLRQ
5XOHV�GDWD�PLQLQJ�DOJRULWKPV�FDQ�VROYH�D�ZLGH�YDULHW\�RI�EXVLQHVV�SUREOHPV���'DWD
PLQLQJ��HPEHGGHG�LQ�WKH�2UDFOH�L�'DWDEDVH�DQG�DFFHVVLEOH�WKURXJK�D�-DYD�EDVHG
$3,��SURYLGHV�D�SRZHUIXO�LQIUDVWUXFWXUH�IRU�EXLOGLQJ�DGYDQFHG�HQWHUSULVH�EXVLQHVV
LQWHOOLJHQFH�DSSOLFDWLRQV�

%\�DXWRPDWLQJ��LQWHJUDWLQJ��DQG�´RSHUDWLRQDOL]LQJµ�WKH�H[WUDFWLRQ�DQG�GLVWULEXWLRQ
RI�QHZ�EXVLQHVV�LQWHOOLJHQFH�LQVLJKWV��FRPSDQLHV�FDQ�OHYHUDJH�WKHLU�LQYHVWPHQW�LQ
GDWD��RSHUDWH�PRUH�HIIHFWLYHO\��DQG�REWDLQ�JUHDWHU�FRPSHWLWLYH�DGYDQWDJH�
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