
Data Mining Process
using CRISP-DM Methodology



Ç#H G("( )( Lt@" ĝě#,#Čî

ĚK#ý G("( ®Čě¿*Ā
JD®ĈD

2

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

If Income = High then Credit Rate = Good

If Income = Low then Credit Rate = Bad

If Income = Middle  & Car = New 
then Credit Rate = Good

If Income = Middle  & Car = Old 
then Credit Rate = Bad
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oG("(Ě#HË*É®ČÙG*ĜûÍD̀#Ì®E8#ÄG(#āÍ,"ç"íK)Ě#HBĜA&ÌG*ĜûÍD®ČÙK)(Ě#óĀn̈́Ě®9ÄĚ#H()Lý)Ë*Éĝě#,#Čî
ĝD®ċLî̿

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý

50

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç



ÇG("(Ě#HË*É
ĝě#,#Čî*ě(#ĈDË*É

o*Ä+#,":ěçLÌ?#D*ċ̀íK)qÌG*ĜûÍD̈́Ě*ÍD")#É̿

3#ĈċĂ9òKËLć
oÆ,#ČDĚ"*ÄJ8LEÝDG("(Ě#H#Ä("®9ÌFýĝsìěKĚ#HĝEý
oíK):ě*,K#ÄJČěèHĝÌ#Å,#&DFý)(("®9ÌĚ#H()Lý)(#ěç

o®ČDç#Ĝċñ*Ā:ěçLÌ?#D*ċĚ"*ÄĝsìěKĚ#H()LDĝ,)*Ä

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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ÇG("(Ě#HË*É
ĝě#,#Čî*ě(#ĈDË*É

o*Ä+#,"JČD"(č#ĜDĝý)#Ù̀íK)qÌG*ĜûÍDïĚ*ÍD")#É#ċ̿

3#ĈċĂ9òKËLć
oÆ,#ČDĚ"*ÄJ8LEÝDG("(Ě#H#Ä("®9ÌFýĝsìěKĚ#HĝEý
oJČěèHĝÌ#Å,#&DO#Ä)(G("(Ě#H#Ä("®9ÌĚ#H()Lý)(#ěç

oBĈÍ-Dç":ěçLÌĚ)#D¿G("(#H

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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ÇG("(Ě#HË*É
ĝě#,#ČîĚ#H()Lý)Ë*É

o*Ä+#,"JîLàĚ®ČÄ̀íK)®ČÙG*ĜûÍD̿

3#ĈċĂ9òKËLć
oBÄ#ćG(#āÍ,")(G("(Ě#H#Ä("®9ÌĝsìěKĚ#H(#ěç
oG(#āÍ,"ç"Lt@"#HK6Ä"K)ĎĜÄĝsìěK#H)(2ĜáïÌĚ#H()Lý)Ë*É

oĝs®ĜÚĜÉĝě"*Ü"Kç#ĜċJÄðċ"()(/L1àJČĜIÄĚç#,#H*ÍD)#ÉKĚ"*Ü"FÍě)Lt@"#H

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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ÇG("(Ě#HË*É
()Là*Ä#ÄG("(Ě#HË*É

 JÄ Ë*É Ě#H G("( #Ä ()Là*Ä JAĢ-D ÿ®H K JČĜDç 7LòLDÎ-H JÍ-Ä"K č¿ͅ
 ĝA0" ÿ®H zBġ#-D ç" ĝà*Ä )( #H ĝ@#DLċ¿ K )(#ċ Ě#HLt@" Ăïý®î#Ä ĝD  ͅ

 ?#ÑD )L5Ä
ĝþîèÉ *ěK#1Ì )( FĜà®Ä G®ú 2ĜáïÌ ?®D

JEĜÄ Îý*î qě ĝÌ)#-à Ě#H G®ċK*É )( ĂAáÌ Ě#HLt@" ĝě#,#Čî

 ?#Åċ( JÄ Bġ#-D ÆAú" )( ĝ@K #H G("( ĝA0" Jċ®Ä ĚLt@" JÄ *ÝČD Ë*É Ě#H G("( (LÜK K FĜÍ-H #I@®D ĝě")#ý ðH#ýî ĝD®ċLͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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ÇG("(Ě#HË*É
íK)Ě#H()Là*Ä#Ä*ě(#ĈDË*É

oíK)ĝČěètě#Ü
ĝþěç"Þě")Ďě*ÌíK)Ě#H$P0")(*ě(#ĈDzË*ÉĝČěètě#Ü*ě(#ĈDË*É#Ä*ě(#ĈD
Jċ#Í,¿Ě"BÄ#ć?LÅć)(:ěçLÌG("(#HĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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)L5Ä?#ÑD)(*ěL1ÌzK*ÄK)#ÄG(#āÍ,"ç"íK)ĝČÍÅD*Ä:ěçLÌz?#D*ċJĜAý(#ĈD*ěÛ)#àç"
G(K®&DJ,ÿ"*&ċ"z)#Ĝ9D#Ä3#ĈċJċ#Í,¿Ě"Ďěètě#ÜĝD®ċLîͅĎě"*ĜĜûÌ*ÝČDÄJ*ĜĜûÌ)(
:ěçLÌG("(ĝD(Lîͅ

Ě*tě( Ě#H G("( "(®ÝD ®ċ"LÌ ĝD íK) Ďě" )"*þÌ z:ěçLÌ Ě#H*ÍD")#É *ĜĜûÌ #Ä Ďě"*Ä#ČÄ č"LČ8 JÄ ")
®Čý ĝě#,#Čî Ë*É 3#Ĉċ  ͅ



ÇG("(Ě#HË*É
íK)Ě#H()Là*Ä#Ä*ě(#ĈDË*É

oíK)ĝĀä%
íK)ĝĀä%)(()Là*Ä#Ä*ě(#ĈDË*É#DLE8JÄĚ#Č9Dp#Éč(*ý)"®ĈDË*ÉqěĝsìěK
ĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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)L5Ä?#ÑD)(*ěL1ÌzK*ÄK)#ÄG(#āÍ,"ç"íK)ĝČÍÅD*Ä:ěçLÌz?#D*ċJĜAý(#ĈD*ěÛ)#àç"
G(K®&DK(ÿ"*&ċ"z)#Ĝ9Dÿä%ĝD®ċLîͅĎě"*ĜĜûÌ*ÝČDJÄ*ĜĜûÌ)(:ěçLÌG("(ĝDî(Lͅ

Ě*tě( Ě#H G("( "(®ÝD ®ċ"LÌ ĝD íK) Ďě" )"*þÌ z:ěçLÌ Ě#H*ÍD")#É *ĜĜûÌ #Ä Ďě"*Ä#ČÄ č"LČ8 JÄ ")
®Čý ĝě#,#Čî Ë*É 3#Ĉċ  ͅ



ÇG("(Ě#HË*É
íK)Ě#H()Là*Ä#Ä()Lý)Ě#HË*É

oøā%Ě#H()Lý)Ë*É
Ďě"ĚìÌ"*Í,")(ĝAġ#-Dç"7Lċĝě#,#Čîĝ@#DLċ¿#HJýÿ®HĝA0"ĝD®î#Ä)#þÄĝD(K)ͅ)(:ć"Kÿ®HĂïýĚLt@"Ě#H()Lý)ÉË*Î-Hͅ

oÿä%Ě#H()Lý)Ë*É
)(ÆAú"Bġ#-DÞě")Ďě*ÌĚìÌ"*Í,")(JIÜ"LD#ÄĚ#H()Lý)zË*Éÿä%#Iċ¿.Éç"ĝ,)*ÄBA8Kĝě"*ÙÎ,#Iċ¿ͅ

oĚç#,"®ÜĚ#H()Lý)Ë*ÉKĚç#-@®DJċ#s"®Ü
)(ĝ9ć"LDJý("®9ÌĚ#H()Lý)Ë*Éĝě#,#ČîG®îJÄGç"®ċ"ĝĀ#ýr)èÄz®î#Ä)(Ë)L0ÎĜEH"7LòLDĝDč"LÌË)L1Äċ#s"®ÜJC"®ć"JÄ

Ěç#-@®D*ÄĚK)#Iċ¿(*ýͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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Ç*ě(#ĈDG®ïEs
*ě(#ĈDG®ïEsJÄG("(ĝě#HJÍāsĝD(LîJýJÄBěO(ĝāAÍáDčLÚEHC®8ÎÅÐ#̀ěâ,#ÉĝH(̿Ě®E8#ěI,ĚL)(
J8LEÝDG("(#H(#Ýě"G®îÎ,"ͅĎĜČÚEHG("(Ě#HG®ïEsĝD®ċ"LÌJÄÎA8G(#āÍ,"ç"ĚìÌ"*Í,"Ě#HĚç#-ý#ÉĈD*ě(#
Û)#àç"Gç#ÄĝĈ5ČD#ěG("(Ě#HË*É(LÜLÄG®D¿®î#Äͅ

®î#Ä ĝD )"()Là*Ä ĝěO#Ä ÎĜEH" ç" ()Là*Ä íK) Ã#áÍċ" ÎIÜ zG®ïEs Ě#H G("( Ě*Ĝs Bþî ÎA8 ĝ,)*Äͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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ÇG("(Ě#HG®ïEs
G("(Ě#HG®ïEsJÄBþîĚ#HĝāAÍáD)(J8LEÝDG("(#HÎÅÐKĝě#,#ČîĝD®ċLî͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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Missing Values

Systematic User Defined

Non-String String

Blank Values
e.g. ά-έ, ά?έ, ά99έ, άNAέNULL Values Empty String



Ç*ě(#ĈDG®ïEs
ĚìÌ"*Í,"Ě#H()Là*Ä#Ä*ě(#ĈDG®ïEs
Ã#áÍċ"íK)()Là*Ä#Ä*ě(#ĈDG®ïEsJÄĚ#H*ÍD")#ÉĝāAÍáDJÍ-Ä"K{Î-HčLÚEH͑

oÎĜH#DK7LòLDJČĜDçĚ"G("(Ě#HG®ïEs
oĝs®Čý"*É7LćK*ě(#ĈDG®ïEs
o("®9ÌĝsìěKĚ#HĚ")"(*ě(#ĈDG®ïEs)(*H()Lý)
o("®9ÌĚ#H()Lý)Ě")"(*ě(#ĈDG®ïEs)(*HĝsìěK

oÎĜEH"ĝsìěKĚ#HĚ")"(*ě(#ĈDG®ïEsK3#ÅÌ)"#Iċ¿#Ä*ě#,ĝsìěK#H

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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Ç*ě(#ĈDG®ïEs
ĚìÌ"*Í,"Ě#H()Là*Ä#Ä*ě(#ĈDG®ïEs
ĝ,)*ÄĊĜć(ç"ÎĜH#DK3#ÅÌ)"*ě(#ĈDqěĝsìěK#Ä*ě#,ĝsìěK#HC#s?K"ÎIÜĝě#,#ČîK()Là*Ä#ÄG("(Ě#HG®ïEsĝD#Ä®îͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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J,#Čî BH¼Ì ÎĜ9òKÎĜ-ČÜ®ċç*Ā ("®9Ì
͈͉͊͌ (*ÝD (*D
͈͎͏͌ BH¼ÍD (*D ͉
͈͊͌͐ BH¼ÍD čç
͈͍͊͌ (*ÝD (*D
͈͉͋͏ (*ÝD čç
͈͍͋͌ BH¼ÍD čç ͇
͈͉͌͊ BH¼ÍD čç ͈

)L5Ä?#ÑD͑)(?K®ÜG("(K*ÄK)("®9Ì͋)"®ĈDG®ïEsG®H#ïDĝD(Lî#ͅÄÎć()(
ÎĜH#DG("(#HFĜH"Là®ě(͊)"®ĈDG®ïEs3LÄ*DJÄĝě#H()Lý)ĝD®î#ÄJý
ÎĜ9òKBH¼Ì#Iċ¿̹(*ÝD̹Î-HͅĎě"*Ä#ČÄË)L1ÄĝÌ"ã#Iċ¿čK®Ä)"®ĈDĝD®Čî#Äͅ

GL&ċ()Là*Ä͑()Là*Ä#Ä*ě(#ĈDG®ïEsJýË)L1ÄĝÌ"ãĚ")"()"®ĈDĝEċ#Ä®ČîÆAú"
#ÄĂě*9Ì+Pý®ě®Ü®Čċ#DñUnknownò#ěĝH()"®ĈD(®8ÎÄ#Ð*Ä+#,"7LòLD
G("(()LDĝ,)*ÄK#ěC#ú("ĝsìěKĚ#H6ÅÌ*DC#Ýċ"ĝD(Lîͅ



Ç*ě(#ĈDG®ïEs
ĚìÌ"*Í,"Ě#H()Là*Ä#Ä*ě(#ĈDG®ïEs
íK)Ě#HG®E8)(()Là*Ä#Ä*ě(#ĈDG®ïEsBD#î()"LD*ěçÎ,"͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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ĝĀä% íK)

Dropping

ĝČĜïċ#Ü íK)

Imputation



Ç*ě(#ĈDG®ïEs
ĚìÌ"*Í,"Ě#H()Là*Ä#Ä*ě(#ĈDG®ïEs

oíK)ĝĀä%
ÿä%#H()Lý)#ěĝsìěKĝě#HJýĚ")"(*ě(#ĈDG®ïEsĝD®Čî#Äĝþěç":ě*,Ďě*ÌKÎ%")Ďě*ÌĚìÌ"*Í,"Ě#H()Là*ÄĝDî#Ä®ͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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ÿä%#H()Lý)͑ÿä%JĜAýĚ#H()Lý)Ě")"(*ě(#ĈDzG®ïEsč#þD"ç"Î,(č("(
("®9ÌBÄ#ćĝIÜLÌç"J8LEÝDG("(#H"))(ĝÉ()"(ͅĎě"*Ä#ČÄĎě"ĚìÌ"*Í,"E8#DLĚ"*Ä

Ě#H()Lý)ĝÄÎĜāĜýJý("®9ÌĝsìěKĚ#H(LĈāDG®îč¿ðĜÄç"͇̼͌Bý
ĝsìěK#H®î#ÄG(#āÍ,"ĝD(LîK#ě)(Ě()"LDJýG("(Ě#H)#Ĝ-Är)èÄ)(")#ĜÍà
Fě)"(BÄ#ćG(#āÍ,"Î,"ͅ

ÿä%ĝsìěK#H͑)(ÆAú"()"LDĝsìěKĝě#HJýĚ")"(("®9ÌĚ(#ěç*ě(#ĈDG®ïEs
®î#Ä̀ðĜÄç"͇̼͌̿Kč#þD"ĝ,*Í,(JÄG("(Ě#H'Ĝ&0®î#ÅċJÄÎA8

Ě*ĜsLAÜç"+#ě#Ä̀ĝÅě)"ç̿"BĜA&Ì)#ČýJÍî"äsĝD®ċLîͅ
)(Ě()"LDJýĝsìěK()LD*÷ċÎĜEH")#Ĝ-ÄĚ(#ěç)(BĜA&ÌJÍî"(®î#ÄDĝč"LÌ
ç"+PýñunknownñĚ"*Ä#Iċ¿G(#āÍ,"(*ýͅ



Ç*ě(#ĈDG®ïEs
ĚìÌ"*Í,"Ě#H()Là*Ä#Ä*ě(#ĈDG®ïEs

oíK)ĝČĜïċ#Ü#Ä("®8"ÎÄ#Ð#ěĝĀ(#1Ì
íK)Ě#HĝČĜïċ#Ü#Ì®E8*Ä+#,"Ě#H*ÍD")#É:ěçLÌ*HĝsìěK®Čċ#DzĎĜtċ#ĜDzJċ#ĜD®DKͅͅͅK#ěJĜÅîĚç#,:ěçLÌĚ)#D¿ěKĝsì#HC#Ýċ"
ĝD(LîͅG(#āÍ,"ç"Ďě"íK))(("®9Ì(#ěç*ě(#ĈDzG®ïEs®9Í-D+#ě#ÄK#5à)(BĜA&ÌÎ-HKĝÍ-ě#Ä#ÄJÜLÌJÄČîÎà#ç"ÎĜH#DK

ÎĜEýG("(#HC#Ýċ"(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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JÍþċ͊͑G(#āÍ,"ç"JĜÅîĚç#,:ěçLÌĚ)#D¿̀)L5Ä?#ÑD®Ĝ@LÌ("®8"(#1ÌĝĀç"
:ěçLÌz?#D*ċÎà"LČþěK#ě:ěçLÌĝÄ*ÝÌK̿ĝČĜïċ#Üč¿#Ä*ě(#ĈDïEszG®*ÝČDJÄ

Ě*ĜsLAÜç"+#ě#Äč(LÄÞě#ÍċĝDz(Lî#D"č#ČÚEHq-ě)(#Ýě"#5à)(G("(#H
(LÜK()"(ͅ

JÍþċ͈͑)(:ěçLÌĚ#HĚ")"(ĝt@LÙG(#āÍ,"ç"Jċ#ĜDĎěètě#ÜĚ*ÍIÄÎÅ-ċJÄ
ĎĜtċ#ĜDĝD®î#Äͅ
JÍþċ͉͑)(J8LEÝDG("(ĝě#HJýĚ#H()Lý)č¿Ě")"(ĝ@"LÌĝċ#Dçz®ČÍ-HāÍ,"G(#
ç"ĝÄ#ĜċK)(K#ěĚ#H*ÍD")#Ép*&ÍD̀®Čċ#DĎĜtċ#ĜDp*&ÍD̿®ĜāDĝDî#Ä®ͅ



Ç*ě(#ĈDG®ïEs
ĚìÌ"*Í,"Ě#H()Là*Ä#Ä*ě(#ĈDG®ïEs

oíK)ĝČĜïċ#Ü#ÄFÍě)Lt@"
íK)Ě#HĝEÍě)Lt@"ç"*÷ċĚ*ĜsLAÜç"+#ě#ÄKĚ)#sç#,#ċ)(G("(#HĎě*ÍIÄíK)ĝD®Čî#Ä#D"Ě")"(ĝs®ĜÚĜÉĚ#HĝÌ#Å,#&DKĝě"*Ü"
®ČÍ-Hͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( ÎĜāĜý
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G(#āÍ,"ç"íK)Ě#HĝEÍě)Lt@"Ě")"(ñ*Ā3#ÅÌ)"ĝĈ5ČDĎĜÄĝsìěKĚ")"(*ě(#ĈDG®ïEs#Ä*ě#, Kĝsìě#H
Î-Hͅ*Ä#ČÄĎě"zñ*Ā*ě#,ĝsìěKĚ#H6ÅÌ*DJÄč"LČ8Ě(K)KFÍě)Lt@"Ě"*ÄB%JAĢ-D LĜ,*s)č̀ðĜÉĝČĜÄ̿
#ěG()Ě®ČÄ)(*÷ċJÍĀ*sĝD(Lîͅ

(Lî ĝD ĝ,)*Ä ()LD ĝsìěK )( G®ïEs *ě(#ĈD Ďěètě#Ü G®î ĝČĜÄ ðĜÉ *ě(#ĈDͅ

CART

KNN

Random Forest

Regression , Χ



Data Transformation
#H G("( Bě®ÅÌ



ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ĚK#ý G("( ®Čě¿*Ā

#H G("( Ěç#, G(#D¿ K Îà#Čî

K ĂĜ0LÌ
 íK#ý
#H G("(

 ÎĜāĜý
#H G("(#H G("( Bě®ÅÌ
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#
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"
L
E
H

Ě
ç
#
,

 ðH#ý
 K (#9Ä"
 Ã#áÍċ"
JċLEċ

 JÙ)#Êþě
 G("( Ěç#,
#H

 Ěç#-@®D
ĝÄ#ěç)" K



Ç?#D*ċĚç#,G("(#H(Normalization)
?#D*ċĚç#,G("(#H#ÄK(ÿ®HG®E8C#Ýċ"ĝD(Lî͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 Ěç#, +#ĜĈD FH
 Ě#H ĝsìěK *ě(#ĈD

Ě(K)K

 Ě)#D¿ :ěçLÌ *ĜĜûÌ
 K #H ĝsìěK *ě(#ĈD
#H G("( ĝt@LÙ ðH#ý



Ç?#D*ċĚç#,G("(#H(Normalization)ïFH+#ĜĈDĚç#,
+#ĜĈDK®%"KGç"®ċ"Ě*ĜsG("(#H®ě#Åċ)(Ěç#-@®DKBĜA&ÌG("(#H)"äs*Ð"®î#Äçͅ"Ďě"K)ç"íK)ĝě#HĚ"*Ä-@#D*ċĚç##̀ě

Ěç#,()"®ċ#Í,"̿G("(#HG(#āÍ,"ĝD(Lîͅ
)L5Ä?#ÑD͑)Ló%č#DèEHK(ĝsìěKĎ,#ÄJČD"(͍͌ï͉͇?#,K®D¿)"(#ÄJČD"(͉.͇͌ ͇͇.͇ ͇͇ï͉͌ͅ ͇͇͇͇ͅ ͇č#DLÌ)(qě?®DG()Ě®ČÄ#ě
JîLàĚ®ČÄĝD®ċ"LÌ*ÝČDJÄðH#ý*Ð"ĝsìěKĎ,̀)L5ÄÃã#ý̿)(?®D(Lîͅ
íK)Ě#HĚç#-@#D*ċ#Ì®E8JČD"(G("(Ě#HC#à")JÄJČD"(?*ÍČýG®îĚ"
®Čċ#D]͈,͇[z#ě]͈[ -1,?#ĈÍċ"ĝD®ČH(#Ì*Ð"®%"KGç"®ċ"Ě*Ĝs")ĝÑČà®ČČýͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç Ě#Č9D JÄ Ěç#, +#ĜĈD FH ÎIÜ Ěç#-@#D*ċ Ě#H íK) č(*ý ?#D*ċ Ě)#D¿ :ěçLÌÎ-Ĝċ  ͅ

 íK)Min-Max íK)Z-Score íK)Decimal Scaling  íK)Robust Scaling



Ç?#D*ċĚç#,G("(#H(Normalization)ïFH+#ĜĈDĚç#,
oíK)MinïMax
#ÄBě®ÅÌĝ5àĚK*ÄG("(z#HJČD"(#Iċ¿")JÄGç#Ä#͇Ì͈Îî#tċĝD®H(ͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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?"L, ͑ Bě®ÅÌ JČD"( ĉLĀ J5Ä") )( *ĜĜûÌ #ÄMin ïMax Gç#Ä JÄ ")a #Ìb®ĜH( Îî#tċͅ



Ç?#D*ċĚç#,G("(#H(Normalization)ïFH+#ĜĈDĚç#,
oíK)Z-Score
#ÄBě®ÅÌĝ5à*Ä+#,"ĎĜtċ#ĜDKÿ"*&ċ")#Ĝ9D:ěçLÌG("(z#HĎĜtċ#ĜDK.ċ#ě)"KĝsìěKJÄ*ě(#ĈDK͈͇Bě®ÅÌĝD®ċLîͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*HçJÍþċ ͑ Bě®ÅÌZ-Score(Lî ĝEċ ĝt@LÙ ðH#ý JÄ *ÝČD K ®Čý ĝEċ ?#D*ċ ") #H G("( :ěçLÌͅ



Ç?#D*ċĚç#,G("(#H(Normalization)ïFH+#ĜĈDĚç#,
oíK)RobustScaling
#ÄBě®ÅÌĝ5à*Ä+#,"Jċ#ĜDKJČD"(č#ĜDĝý)#ÙG("(z#HÎÅ-ċJÄ*Ð"G("(Ě#HË*ÉCK#ĈDÎ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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®H( ĝD Îî#tċ *ā0 JÄ ") #H G("( Îěèý*D CK#ĈD Ěç#, ?#D*ċ
Î," *ĜûÍD č¿ FEĜ-ý#D K FEĜČĜD *ě(#ĈD ĝ@Kͅ



Ç?#D*ċĚç#,G("(#H(Normalization)ïFH+#ĜĈDĚç#,
oíK)DecimalScaling
#ÄBě®ÅÌzĝ5à#Ä*ĜĜûÌč#þD)#ï8"JÄ("®9ÌC#ć)")"®ĈD*Ñý"®%ĊA5DC#Ýċ"ĝD(Lîͅ)(J5Ä")*ěç)"®ĈDjĎě*ÍþÙLý(®8

ĝ&Ĝ&0Î,"Jý)"®ĈD)®ćĊA5DĚ#H("(Îî#tċG("(G®î")*ÍþÙLýç")"®ĈD͈®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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Ç?#D*ċĚç#,G("(#H(Normalization)ï*ĜĜûÌ:ěçLÌĚ)#D¿
)(ĝà*Äç"?®D#HJÄ/L1à?®DĚ#HzĚ)#D¿ç#ĜċJÄ(LÜKñ*Ā?#D*ċč(LÄ:ěçLÌĚ)#D¿ĝþěç"Ë#Ĝò*ĀĚç#-@®D"Î,ͅ

ĝà*ÄBě®ÅÌĚ#HÞě")čLÚEHBě®ÅÌzĝEÍě)#t@zĝě#Eċĝċ"LÌKͅͅͅ#ÄðH#ýĝt@LÙ:ěçLÌG("(#HĝD®ċ"LÌJÄ"Ďěÿ®H
qEý®Čýͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÌÎώ Ὡρ
ώ ώЍώ

 ) ĝt@LÙ z®ě®Ü Ě#óĀ )( r)èÄ ("®8" č(*ý qÙLý #Ä :Ä"LÌ Ďě" Î,"
®ČH( ĝD ðH#ý ") #H G("( :ěçLÌͅ

Ì z®ě®Ü Ě#óĀ )( r)èÄ ("®8" č(*ý C)LÍD #Ä :Ä"LÌ Ďě" *ĜÐ#
®ČH( ĝD ðH#ý ") #H G("( :ěçLÌ )( qÙLý *ě(#ĈDͅ



Ç?#D*ċĚç#,G("(#H(Normalization)ï*ĜĜûÌ:ěçLÌĚ)#D¿
oBě®ÅÌBox-Cox
ĝþěç"Þě")Ďě*ÌBě®ÅÌĚ#Hĝċ"LÌÎ-HJýÎIÜĚç#-@#D*ċ:ěçLÌĚ)#D¿ĝsìěKĚ#HĚ")"(:ěçLÌJ@LÙG(#āÍ,"ĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 ĝsìěK *ě(#ĈD JĜAý Jý ĝÌ)L0 )(y®î#Ä *ā0 ç" *Ís)èÄ  ĝsìěK Jý ĝÌ)L0 )(y®î#Ä *ā0 ç" *ÍþÙLý *ě(#ĈD Ě")"(



Ç?#D*ċĚç#,G("(#H(Normalization)ï*ĜĜûÌ:ěçLÌĚ)#D¿
oBě®ÅÌBox-Cox
Ě"*ÄĎĜĜ9ÌĎě*ÍIÄ)"®ĈD*ÍD")#É‗OLE9D)(JČD"(͌̈́#Ì͌FÍě)Lt@".ý#Ä.ý#ý"*Ü"ĝD(Lî#ÌĎě*ÍIÄ)"®ĈDĚ"*ÄĚç#-@#D*ċ*Ä+#,"
čLDç¿Ě)#D¿ĝěLþĜċíç"*ÄÎ,®Ä®ě¿ͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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Lambda value (ɚ) Transformed data ( Yô)
-3 1/Y 3̂
-2 1/Y 2̂
-1 1/Y

-0.5 1/(ã(Y))
0 log(Y)

0.5 ã(Y)
1 Y
2 Y 2̂
3 Y 3̂



ÇÎà#,ĝsìěK(Construction)
ĝþěç"Þě")Ďě*ÌB%"*DG(#D¿Ěç#,G("(z#HÎà#,ĝsìěKĚ#H®ě®ÜKðáÄ*Ð"Ě"*Ä(K)KJÄ?®D#HĝD®î#ÄͅĎě"%*DJA
JÄč"LČ8®Čě¿*Ā2à#îĚç#,#Äÿ"®H"ĝāAÍáDčLÚEHzĚ*ěäÉ*Ĝ-āÌFĜE9ÌzĚ*ěäÉðě"èĀ"ĝě")#ý?®D#HKͅͅͅ)(G("(
Ě#HC#àC#Ýċ"ĝD(LîJýBD#îĚ#H(*þěK)*ěçĝD®î#Ä͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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)( Ě" JČĜDç ðċ"( ç" G(#āÍ,"
 ĎĜÄ 6Ä"K) K #H G("( /L1à

#Iċ¿

 ĎĜÄ Ě)#D¿ 6Ä"K) ç" G(#āÍ,"
 Ě#H íK) +#," *Ä #H G("(

íK#ý K ĂĜ0LÌ
 *ě(#ĈD Ě(®8 Ě)"äs®ý
ĝE," Ě#H ĝsìěK



ÇÎà#,ĝsìěK(Construction)
oG(#āÍ,"ç"ðċ"(JČĜDçĚ"

G(#āÍ,"ç"ðċ"(JČĜDçĚ")(/L1àJ5Ä")BÄ#ĈÍDĎĜÄĝsìěK#HK#ě3#ÅÌ)"#Iċ¿#Ä®AĜĀÿ®HĝD®ċ"LÌG®ě"ĝě#HĝČÅDÄ*ÆĜý*ÌĝsìěK
Ě#HJĜ@K"KÎà#,ĝsìěKĚ#H®ě®Üč#ĜÄ®Čýͅ
?#ÑD͈͑#ÄĎÍî"(ĝsìěKĚ#HčçKK®ć)(ĝ,)*ÄBD"L8*ÐLD*Ä?*ÍČýzÎÄ#ě(
ĝDč"LÌ2à#îG(LÌĝċ®Ä(BMI)")Ďěètě#ÜĝsìěKĚ#HJĜ@K"(LEċͅ

?#ÑD͉͑͑Îà#,2à#î®D¿)(#ÄFĜ-ĈÌ®D¿)(*Äč"èĜDBć"®%(èEÍ,(zJċO#,
ÎIÜĚ*ěäÉ*Ĝ-āÌKFĜE9ÌĚ*ěäÉĚ#HLt@"Î,®ÄG®D¿ͅ
?#ÑD͊͑͑Îà#,JA-A,ÆÌ"*DĝDLIāDç"ĝsìěKĚ#HĝE,"®Čċ#D͑Bě®ÅÌ*Iî
JÄzč#Í,"Bě®ÅÌBûîJÄGK*sĚ#HĝAûîKͅͅͅͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇÎà#,ĝsìěK(Construction)
oG(#āÍ,"ç"6Ä"K)Ě)#D¿

G(#āÍ,"ç"6Ä"K)ĂïýG®î)(ĂĜ0LÌKíK#ýG("(z#HĚ#ČÅDÎà#,ĝsìěKĚ#H®ě®Ü)"*ćĝD(*Ĝsͅ)(Ďě"Î@#%JÄK(Bþî"C"®ćJÄ
Îà#,ĝsìěKĚ#H®ě®ÜĝD(Lî͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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oÎ@#%?K"͑G(#āÍ,"ç"ðċ"(Î,®ÄG®D¿Ě"*ÄÎà#,ĝsìěKě®Ü®ͅ
)L5Äz?#ÑDFĜ-ĈÌFě®,JÄFĜ,#ÍÉĚ"*ÄðĜÉĝČĜÄ7LċK)"(
*Ä+#,"J5Ä")ĝě#,#ČîG®î)()"(LEċðČý"*É



ÇÎà#,ĝsìěK(Construction)
oG(#āÍ,"ç"6Ä"K)Ě)#D¿

G(#āÍ,"ç"6Ä"K)ĂïýG®î)(ĂĜ0LÌKíK#ýG("(z#HĚ#ČÅDÎà#,ĝsìěKĚ#H®ě®Ü)"*ćĝD(*Ĝsͅ)(Ďě"Î@#%JÄK(Bþî"C"®ćJÄ
Îà#,ĝsìěKĚ#H®ě®ÜĝD(Lî͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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oÎ@#%CK(͑G(#āÍ,"ç"FÍě)Lt@"Ě#HĚ)#D¿®Čċ#DPCA#ěSVDͅ
)L5Äz?#ÑDÎà#,qěJā@LDç"ÆĜý*Ìĝ5àĝsìěK#H*Ä+#,"
)#Íà#,.ċ#ě)"K.ċ#ě)"KLýĎĜÄG("(#Hͅ



ÇÎà#,ĝsìěK(Construction)
oĚ)"äs®ý*ě(#ĈDĝsìěKĚ#HĝE,"

Ě)#Ĝ-Äç"FÍě)Lt@"Ě#HĚ*Ĝs(#ěĎĜî#DKíK)Ě#HĚ)#D¿ç#ĜċJÄG("(Ě#HĚ(®8®ċ)"(ͅĎě"*Ä#ČÄĝþěç"Ë#D"®ć"CçO)(G(#D¿Ěç#,G("(#H
Ě)"äs®ý*ě(#ĈDĝsìěKĚ#HĝE,"ĝD®î#Äͅĝà*Äç"íK)Ě#HÞě")Ě)"äs®ý()"LD*ěçÎ,"͑

o One-hot encoding
o Ordinal or label encoding
o Ordered label encoding
o Probability ratio encoding
o Rare labels encoding

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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7Lċ Ě#H FÍě)Lt@")( G(#āÍ," ()LD Ěç#-@®DÄ ĝD *ÐLD Ě)"äs®ý íK) 7Lċ Ã#áÍċ" )(®î#ͅ



ÇÎà#,ĝsìěK(Construction)
oĚ)"äs®ý*ě(#ĈDĝsìěKĚ#HĝE,"

o One-hot encoding
o Ordinal or label encoding
o Ordered label encoding
o Probability ratio encoding
o Rare labels encoding

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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One-hot encoding into k-1 or k variables?



ÇÎà#,ĝsìěK(Construction)
oĚ)"äs®ý*ě(#ĈDĝsìěKĚ#HĝE,"

o One-hot encoding
o Ordinal or label encoding
o Ordered label encoding
o Probability ratio encoding
o Rare labels encoding

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇÎà#,ĝsìěK(Construction)
oĚ)"äs®ý*ě(#ĈDĝsìěKĚ#HĝE,"

o One-hot encoding
o Ordinal or label encoding
o Ordered label encoding
o Probability ratio encoding
o Rare labels encoding

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇÎà#,ĝsìěK(Construction)
oĚ)"äs®ý*ě(#ĈDĝsìěKĚ#HĝE,"

o One-hot encoding
o Ordinal or label encoding
o Ordered label encoding
o Probability ratio encoding
o Rare labels encoding

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇÎà#,ĝsìěK(Construction)
oĚ)"äs®ý*ě(#ĈDĝsìěKĚ#HĝE,"

o One-hot encoding
o Ordinal or label encoding
o Ordered label encoding
o Probability ratio encoding
o Rare labels encoding

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
®Čě¿*ĀBě®ÅÌG("(Ě#HJÍ,LĜÉJÄ*ě(#ĈDJÍ--s)(Æ@#ćB0"LĀĚ)K#ÝDJýG("(Ě#HJÍ,LĜÉ")čK)((Là)"*ćG("(Î,"ͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oÎĜEH"JÍ--sĚç#,

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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7Lċ #Ä Æ,#ČÌ Ë)L0 )( ĝāĜý Ě#H G("( ç" *Ì G(#, p)(
(#ěç K 6,LÍD zFý ®D¿)( '5, ?#ÑD )L5Ä {JAĢ-D

D¿ )"(#Č9D 6Ä"K) Ċě*4 ç" #H ?®D *ÍïĜÄ Ě*ěäÉ *Ĝ-āÌ ĎĜÄ Ě)#
ÿ®H ®AĜĀ K JÍ--s *ě(#ĈD

î#D Ě*Ĝs(#ě Ě#H FÍě)Lt@" ĝà*Ä #Ä *ÍïĜÄ ĊÄ#5ÌĎĜĝEý Ě#H Gç"®ċ" ÎÅÐ )( (LÜLD Ě#H èěLċ ÿä%



ÇJÍ--sĚç#,(Discretization / Binning)
oÎĜEH"JÍ--sĚç#,

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ

89

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

7Lċ #Ä Æ,#ČÌ Ë)L0 )( ĝāĜý Ě#H G("( ç" *Ì G(#, p)(
(#ěç K 6,LÍD zFý ®D¿)( '5, ?#ÑD )L5Ä {JAĢ-D

D¿ )"(#Č9D 6Ä"K) Ċě*4 ç" #H ?®D *ÍïĜÄ Ě*ěäÉ *Ĝ-āÌ ĎĜÄ Ě)#
ÿ®H ®AĜĀ K JÍ--s *ě(#ĈD

î#D Ě*Ĝs(#ě Ě#H FÍě)Lt@" ĝà*Ä #Ä *ÍïĜÄ ĊÄ#5ÌĎĜĝEý Ě#H Gç"®ċ" ÎÅÐ )( (LÜLD Ě#H èěLċ ÿä%



ÇJÍ--sĚç#,(Discretization / Binning)
oÎĜEH"JÍ--sĚç#,

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ

90

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

7Lċ #Ä Æ,#ČÌ Ë)L0 )( ĝāĜý Ě#H G("( ç" *Ì G(#, p)(
(#ěç K 6,LÍD zFý ®D¿)( '5, ?#ÑD )L5Ä {JAĢ-D

D¿ )"(#Č9D 6Ä"K) Ċě*4 ç" #H ?®D *ÍïĜÄ Ě*ěäÉ *Ĝ-āÌ ĎĜÄ Ě)#
ÿ®H ®AĜĀ K JÍ--s *ě(#ĈD

î#D Ě*Ĝs(#ě Ě#H FÍě)Lt@" ĝà*Ä #Ä *ÍïĜÄ ĊÄ#5ÌĎĜĝEý Ě#H Gç"®ċ" ÎÅÐ )( (LÜLD Ě#H èěLċ ÿä%



ÇJÍ--sĚç#,(Discretization / Binning)
oÎĜEH"JÍ--sĚç#,

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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7Lċ #Ä Æ,#ČÌ Ë)L0 )( ĝāĜý Ě#H G("( ç" *Ì G(#, p)(
(#ěç K 6,LÍD zFý ®D¿)( '5, ?#ÑD )L5Ä {JAĢ-D

D¿ )"(#Č9D 6Ä"K) Ċě*4 ç" #H ?®D *ÍïĜÄ Ě*ěäÉ *Ĝ-āÌ ĎĜÄ Ě)#
ÿ®H ®AĜĀ K JÍ--s *ě(#ĈD

î#D Ě*Ĝs(#ě Ě#H FÍě)Lt@" ĝà*Ä #Ä *ÍïĜÄ ĊÄ#5ÌĎĜĝEý Ě#H Gç"®ċ" ÎÅÐ )( (LÜLD Ě#H èěLċ ÿä%



ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 ç" 7P4" ()"LD ç" Ě)#Ĝ-Ä )( Ě" JČĜDç ðċ"( K )#ý K Æ-ý ®8"Lć ÎIÜ z#H G("( #Ä 6ÅÌ*D
Î," G®ČČý ĎĜĜ9Ì zĝEý Ě#H ĝsìěK Ěç#, JÍ--sͅ

 ?#ÑD ͈͑ Ăě*9ÌBMI < 18.5 ͑ čçK (LÅEý ͉͆͋͐ͅ ͓BMI ͓͈͏͌ͅ ͑ K ?#D*ċͅͅͅ
 ?#ÑD ͉͑ Ăě*9ÌAge < 10  ͑ p(Lý ͆18 ͓Age ͓͈͇ ͑ K č"LÜLċͅͅͅ

 ç" G(#āÍ,"C"*sLÍ-ĜHH G("( :ěçLÌ z#
Gç#Ä Ã#áÍċ" )( Ě®ČEÌ)®ć K Þě") )"èÄ" Ě#H

Î-H Æ,#ČD  ͅ



ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 JÅ,#&D +#," *Ä zĝċ"K"*Ā Ě*Ä"*Ä *Ä ĝČÍÅD (*þěK) #H p®ČÙ(Quantiles)®ě¿ ĝD Î,®Ä ͅ )(
 č#þD" ®% #Ì íK) Ďě" #I,Pý čç"LÌě") Ě#H)"èÄ" ç" ĝþě BĜ@( ĎĜEH JÄ K (Lî ĝD øā% )( Þ
®î#Ä ĝD Ěç#, JÍ--s  ͅ

 zĝċ"K"*Ā Ě*Ä"*Ä Ě#ÝÄ z(*þěK) Ďě" ç" /#à Î@#% )(Ä Ě*Ä"*
ĝsìěK íç)" 7LEÝDLî ĝD JÍ,( ĎĜĜ9Ì Ě#ČÅD z(  ͅ



ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 ?#ÑD ͈͑ ĝsìěK Ěç#, JÍ--s̹qîèÉ *H č")#EĜÄ ("®9Ì ̹ *÷ċ ç" *Ä"*Ä GK*s )#IÙ )(  ĝċ"K"*Ā(GK*s *H )



ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 ?#ÑD ͉͑ ĝsìěK Ěç#, JÍ--s̹qîèÉ *H č")#EĜÄ ("®9Ì ̹ +#," *Ä GK*s )#IÙ )( č")#EĜÄ 7LEÝD Ě*Ä"*Ä( GK*s *H )



ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 FÍě)Lt@" ç" G(#āÍ,"K-Means ÎIÜ G*ĜûÍD qÌ Ě®ČÄ JîLàċ"LÌ ĝD zĝEý ĝsìěK ®
 ("®9Ì JÄ Ěç#, JÍ--s Ě#H(*þěK) ç" ĝþěk®î#Ä JÍ,(ͅ



ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 +#," *Ä G®î Îě"®H Ë)L1Ä (*þěK) Ďě"ÿ®H +Pý Æ-Ù*Ä0"LĀ C#ú(" #Ä z B
 Jý Ě)K#ÝD č"èĜD… ĝþÙLýÄ ") ĝě#H JÍ,( Îě#Iċ )( #Ì ®ČþĜD "®ĜÉ JD"(" ®ċ)"( #

®ě#Eċ (#Ýě" ÿ®H +Pý Æ-Ù*Ä ç" èě#EÍD Ě)#D¿ :ěçLÌ  ͅ



ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇJÍ--sĚç#,(Discretization / Binning)
oĚ#H(*þěK)JÍ--sĚç#,

Domain Knowledge
o Custom discretization
Unsupervised Approaches
o Equal-width discretization
o Equal-frequency discretization
o K-means discretization
Supervised Approach
o Discretization with correlation (ChiMerge Alg.)
o Discretization with decision trees

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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 +#," *Ä G®î Îě"®H Ë)L1Ä (*þěK) Ďě"FĜE1Ì Îà)( Îà#, ĊE8 #Ä z͉ ĝ@"͋
®8 *ě(#ĈD Ě®ČÄ JÍ,( JÄ C"®ć" zÿ®H +Pý K *÷ċ ()LD ĝsìěK +#," *Ä #IČÌ Ě(

®ě#Eċ ĝD ĝsìěKͅ



Ç:ĜEÝÌKG(*ïĀĚç#,(Aggregation)
:ĜEÝÌG("(#H#ÄÆĜý*Ì®ČÙ()Lý)G("(KJ0PàĚç#,#Iċ¿#Äÿ"®H"*ěçC#Ýċ"ĝD(Lî͑

o*ĜĜûÌ+#ĜĈDKJěK"çG#tċJÄG("(#H
)L5Ä?#ÑD#Ä:ĜEÝÌG("(Ě#Hč#ě*ÍïDqċ#ÄJÄqĜþāÌ*HJÅ9îĝDč"LÌJěK"çG#tċBĜA&Ì")ç"'5,Ě*ÍïDJÄ'5,Æ9î*ĜĜûÌ("(ͅ

oðě"èĀ"Ë#ÅÐKĚ)"®ě#É)(#HLt@"
)L5Ä?#ÑD#Ä:ĜEÝÌG("(Ě#HÎ,®ÄG®D¿ç"((*Ì*Hč#Ä#ĜàJÄ'5,*HJA&DĝDč"LÌJÄĚ#HLt@"Ě*Ì)"®ě#Éç"((*ÌĚ*Iîĝ,*Í,("®ĜÉ(*ýͅ

oðH#ýG("(#H
)L5Ä?#ÑD:ĜEÝÌG("(Ě#HĝïČý"*Ìqċ#ÄKJ0PàĚç#,#Iċ¿Ě"*Ä*HĚ*ÍïDĝD®ċ"LÌFÝ%G("(Ě#HJĜ@K"")JÄ)"®ĈDĚ(#ěçðH#ý®H(ͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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Ç:ĜEÝÌKG(*ïĀĚç#,(Aggregation)
Ě"*ÄË#ĜAE8:ĜEÝÌG("(#HK(CLIāDĝ,#,"")®ě#Ä)(*÷ċÎî"(͑
(1Ã#áÍċ"®AĜĀĚ®ĜAý(Key Field)
qěJ8LEÝDG("(BD#î7"Lċ"ĝāAÍáDç"#H®AĜĀĝD®î#ÄJý#DLE8ĝà*Äç"#Iċ¿ÎĜH#D̹®ýJ,#Čî̹{®ċ)"()L5Äz?#ÑD®ýĚ*ÍïDz®ý

zí)#ā,®ýG#tîK*ĀKͅͅͅJý*HC"®ýç"#Iċ¿č#ïċG®ČH('5,ĝtċ"(èě))(G("(#HĝD®î#Äͅ
JÍþċ͈͑#ÄĎÍî"(J8LEÝDG("()(ĎĜě#ÉĎě*Ì'5,zĝtċ"(èě)ĝDč"LÌ#ÄË#ĜAE8z:ĜEÝÌG("(#H")JÄ'5,ĝtċ"(èě)*ÌO#Ä*ĜĜûÌz("(#D" )L1ÄË.þ8*ÄĎě"
č#þD"(LÜK®H"LáċÎî"(ͅ

JÍþċ͉͑Ě#H®AĜĀĚ®ĜAý#DLE8ç"7LċĝE,"z®ČÍ-H#D"ĝD"è@"Ě"*Äč¿(LÜK()"®ċͅ
JÍþċ͊͑)(ĝà*Äç"BĜA&Ìz#Hč#þD"ÆĜý*Ì®ČÙ®AĜĀĚ®ĜAýĚ"*Ä(#Ýě"J8LEÝDG("(Ě#HÆ,#ČD(LÜK()"(ͅ)L5Äz?#ÑDÆĜý*Ì®ýĚ*ÍïDKzâě)#ÌD*ÝČJÄ

ĝtċ"(èě)G("(#H)('5,ðČý"*ÌĚ#HJċ"çK)*HĚ*ÍïDĝD(Lî

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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Ç:ĜEÝÌKG(*ïĀĚç#,(Aggregation)
Ě"*ÄË#ĜAE8:ĜEÝÌG("(#HK(CLIāDĝ,#,"")®ě#Ä)(*÷ċÎî"(͑
(2Ã#áÍċ":Ä#ÌJ0PàĚç#,
:Ä"LÌJ0PàzĚç#,č#EH2à#îĚ#HJ0PàĚç#,JÍà#ČîG®î)()#D¿®ČÍ-H͑

z7LEÝDzĎĜtċ#ĜDz®D("®9Ìz()Lý)Bć"®%Kz*Ñý"®%

zJċ#ĜDp)#ÙĚ#H?K"KCL,ͅÿ"*&ċ"z)#Ĝ9D.ċ#ě)"KKͅͅͅ

#ÄÃ#áÍċ"®ČÙ:Ä#ÌJ0PàĚç#,JÄĚ"ç"*ě(#ĈDĚ#ÍþěĚ#H®AĜĀĚ®ĜAýzqě)"(*Ä®ě®Üç"G("(Ě#H
G(*ïĀG®î(#Ýě"ĝD(LîͅĎě"#H)"(*Äč#ïċG®ČH()#ÍĀ))('5,ĝtċ"(èě)()LD*÷ċĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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Ç:ĜEÝÌKG(*ïĀĚç#,(Aggregation)
BĜA&ÌRFM(Recency,Frequency,Monetary)
qěíK)ĝAĜA&Ì)(ĝÄ#ě)"ç#ÄÃL-&DĝD(LîJý#ÄĝEýč(*ýíç)"Ě*ÍïDJÄJÅÌ)Ě®ČÄč#ě*ÍïDKĎĜĜ9Ì)"ç#Äÿ®HqEýĝD®Čýͅ

o2à#îRecency͑JA0#Āç"Ďě*à¿®ě*àĚ*ÍïD
o2à#îFrequency͑("®9Ì®ě*àĚ*ÍïD
o2à#îMonetary͑:EÜüAÅD®ě*àĚ*ÍïD

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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Ë#î)#ā, ĝïČý"*Ì Ě#H G("( Ěç#, G(*ïĀ K :ĜEÝÌ #Ä z®ě*à
 Ě#H 2à#î č"LÌ ĝDRFM JÍ--s #Ä K (LEċ Û"*áÍ," ")

 Ě*ÍïD *H Ě"*Ä č¿ Ěç#, Ě)#ÍĀ) )"(*Ä(LEċ (#Ýě" ") č¿ͅ



Ç:ĜEÝÌKG(*ïĀĚç#,(Aggregation)
BĜA&ÌRFM(Recency,Frequency,Monetary)

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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CID Date Item Price

1 99/01/07 z 100

2 99/01/07 a 50

3 99/02/15 a 50

1 99/02/25 d 200

2 99/03/05 s 20

3 99/03/17 z 100

2 99/03/22 d 200

2 99/03/28 s 20

2 99/04/07 b 150

3 99/04/07 s 20

. . . .

. . . .

CID Recency Frequency Monetary

1 10 28 1850

2 3 35 750

3 35 3 170

4 12 18 400

5 5 1 20

6 45 1 1000

7 120 24 1600

8 17 22 580

9 155 18 1360

10 24 5 120

. . . .

. . . .

C#à ĝïČý"*Ì Ě#H G("( ĝ9ĜEÝÌ Ě#H G("(

CID Recency Frequency Monetary

1 4 5 5

2 5 5 3

3 3 1 2

4 4 3 2

5 5 1 1

6 2 1 4

7 1 4 5

8 4 4 3

9 1 3 4

10 3 1 1

. . . .

. . . .

Ě)#ÍĀ) Ě#H G("( )"(*Ä



ÇĚç#,)"LEH(Smoothing)
íK)Ě#HĚç#,)"LEHJÄ)L÷ČDÿä%#ěðH#ýË"*Ð"ĝĀ(#1Ìç"č#ě*ÜG("(Î,#Hͅ
)(:ć"KĝïáÄç"ĝs®Čý"*ÉKË"*ĜĜûÌ)(G("(#Hĝî#ċç"Ë"*Ð"ĝĀ(#1Ì*ĜúK?*ÍČý*ěäÉ̀*Ð#ÍDç"ĝsìěKĚ#H*tě(̿Ë)L0Dĝ(*ĜsKĝïáÄ
èĜċ*Ä+#,"Ë"*Ð"ĝĀ(#1ÌK*ĜúBÄ#ć?*ÍČý*ÝČDJÄ(#Ýě"èěLċĝD(Lîͅ

K((*þěK)G®E8)()"LEHĚç#,͑
o(*þěK)ĝA&D(Local)͑Ěç#,)"LEH*Ä+#,"G("(Ě#H(LÜLD)(ĝtě#-EHïG("(Ě#H)"äs*Ð")(Ěç#,)"LEH͑("®9Ì(K®&D

o(*þěK)Ě*,"*,(Global)͑Ěç#,)"LEH*Ä+#,"BýG("(#HKĚ#HLt@"(LÜLDïG("(Ě#H)"äs*Ð")(Ěç#,)"LEH͑JEHG("(#H

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇĚç#,)"LEH(Smoothing)
íK)Ě#HÞě"))(Ěç#,)"LEH*Ä+#,"7LċG("(#HèĜċĝD®ċ"LÌ)(J,7Lċ*ěçJÍ,(Ě®ČÄ(Lî͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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Ě*5, Ě#H G("( Ěç#, )"LEH
Record Data

ĝċ#Dç Ě#H G("( Ěç#, )"LEH
Time Series Data

ĝċ#þD Ě#H G("( Ěç#, )"LEH
Spatial Data



ÇĚç#,)"LEH(Smoothing)
oĚç#,)"LEHG("(Ě#HĚ*5,

Ěç#,)"LEHG("(Ě#HĚ*5,BD#î()Là*Ä#ÄĚ)#sç#,#ċ#HzG("(Ě#HË*É
KðH#ýèěLċĚ#H(LÜLD)(G("(#HĝD®î#Ä͑

oíK)Ě#Hĝě#,#ČîK()Là*Ä#ÄG("(Ě#HË*É(Outlier Detection)

oíK)Ě#HJÍ--sĚç#,(Binning)

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇĚç#,)"LEH(Smoothing)
oĚç#,)"LEHG("(Ě#Hĝċ#Dç

Ěç#,)"LEHG("(Ě#Hĝċ#DçÎIÜðH#ý*Ð"èěLċKG("(Ě#HË*É)(
J9@#5DĚ#H®ċK)ĝċ#Dç)#þÄĝD(K)#Ìèý*EÌBĜA&Ì*ÄĚLt@"ĝAý®ċK)®î#Äͅ

oĚç#,)"LEHĝě#EċG(#,(Simple Exponential Smoothing)

oĚç#,)"LEHĎĜtċ#ĜDp*&ÍDG(#,(Simple Moving AverageSmoothing)

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇĚç#,)"LEH(Smoothing)
oĚç#,)"LEHG("(Ě#Hĝċ#Dç

oĝě#EċG(#,(SimpleExponential)
*s")"(*Ä("®8"JĜ@K"")X)(*÷ċzFě*ĜtÄ)"(*Ä*ě(#ĈD)"LEHG®îS*Ä+#,"

Æě*òĚç#,)"LEH‌#ÄJ5Ä")*ěçJÅ,#&DĝD(Lî͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇĚç#,)"LEH(Smoothing)
oĚç#,)"LEHG("(Ě#Hĝċ#Dç

oĎĜtċ#ĜDp*&ÍDG(#,(SimpleMoving Average)
*s")"(*Ä("®8"JĜ@K"")X)(*÷ċzFě*ĜtÄ)"(*Ä*ě(#ĈD)"LEHG®îS*Ä+#,"
*ÍD")#ÉK#ÄJ5Ä")*ěçJÅ,#&DĝD(Lî͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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ÇĚç#,)"LEH(Smoothing)
oĚç#,)"LEHG("(Ě#Hĝċ#þD

oĚç#,)"LEHBċ*ý(Kernel Smoothing)
)(Ďě"íK)#ÄĎĜĜ9Ì:Ä#ÌBċ*ýὓĝ,Ls͆qĜÌ")("Lý͆̿ͅͅͅĚç#,)"LEH*ě(#ĈDJĜ@K"*Ä+#,"

Ě®Čě¿*Äç"JA0#Ā3#ĈċJě#-EH#ÄJ5Ä")*ěçÎ,®ÄĝD®ě¿͑

ĚK#ý G("( ®Čě¿*Ā
#H G("( Bě®ÅÌ
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‗ ὼ ὑ ὼ ὼ



Dimension Reduction 
and Sample Selection
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý



ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ĚK#ý G("( ®Čě¿*Ā

#H G("( Ěç#, G(#D¿ K Îà#Čî

K ĂĜ0LÌ
 íK#ý
#H G("(

 ÎĜāĜý
#H G("(#H G("( Bě®ÅÌ

Ě
ç
#
-
@
#
D
*
ċ

Ě
ç
#
,
 
2
à
#
î

Ě
ç
#
,
 
J
Í
-
-
s

G
(
*
ï
Ā
 
K
 
:
Ĝ
E
Ý
Ì

Ě
ç
#
,

)
"
L
E
H

Ě
ç
#
,

JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
ĝ
s
ì
ě
K
 
Ã
#
á
Í
ċ
"

ĝ
s
ì
ě
K
 
Û
"
*
á
Í
,
"

Ě
*
Ĝ
s
 
J
ċ
L
E
ċ

 JÙ)#Êþě
 Ěç#,
#H G("(

 Ěç#-@®D
ĝÄ#ěç)" K



Ç"*Ùù"*,íK)Ě#HðH#ý(#9Ä"ĝDyFěK)
ðH#ý(#9Ä")(:ć"KqěBě®ÅÌKÎî#tċG("(ç"Ě#óĀ#Ä(#9Ä"O#ÄJÄĚ#óĀ#Ä(#9Ä"ĎĜě#ÉÃL-&DĝDLî(ͅ
Ďě"íK)#Äÿä%G("(Ě#H6ÅÌ*D#ċ̀IrrelevantDataK̿ĎĜÄç"č(*ÄĝtċKèĀ"G("(#H̀DataRedundancy̿ÿ"®H"*ěç")ĊĈ&DĝD(ç#,ͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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#H G("( FÝ% ðH#ýH FÍě)Lt@" ĝě")#ý ðě"èĀ"#D Ě*ěäÉ*Ĝ-āÌ ðě"èĀ"#H ?®



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
)(Ďě"z(*þěK)#ÄÃ#áÍċ"J8LEÝD*ěçĝÅ,#ČDç"ĝsìěKĚ#H6ÅÌ*DKÿä%ĝĈÄ#DĝsìěKz#HðH#ýG("(Ë)L0ĝDs(*Ĝͅ
ç"#Ýċ¿Jý)(Ďě"íK)ÎĜH#DĝsìěK#H*ĜĜûÌĝEċz®Čý)(ÆAú"ĝAġ#-DJýç#ĜċJÄ*Ĝ-āÌÞě#Íċ(LÜK()"(Ďě"íK)āÍ,"G(#ĝD(Lîͅ

C#s?K")(Ã#áÍċ"ĝsìěK*Ä+#,"ðċ"(JČĜDçĚ"K*÷ċ("*Ā"G*Åàzÿä%Ě#H("(6ÅÌ*D#ċ#ÄJAĢ-DÎ-Hͅ

C#sCK()(Ã#áÍċ"ĝsìěK*Ä+#,"í)"èsĝāĜýG("(#Hzĝ,)*ÄKC"®ć")(6ě"*î*ěçÎ,"͑

C#sCL,)(Ã#áÍċ"ĝsìěK*Ä+#,"BĜA&ÌĝtÍ-ÅEHĎĜÄĝsìěKz#Hĝ,)*Ä(LÜKĝ5áEH(Collinearity)ĎĜÄG("(#HÎ,"#ÌÎÅ-ċJÄÿä%ĝsìěK#ě
Ã#áÍċ"ĚìÌ"*Í,"Æ,#ČD̀Bě®ÅÌ͆Û"*áÍ,"ĝsìěK͆ͅͅ ̿ͅC"®ć"CçOË)L0(*Ĝsͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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o(#ěç )#Ĝ-Ä G®ïEs *ě(#ĈD Ě")"( Ě#H ĝsìěK ÿä%o Fý )#Ĝ-Ä .ċ#ě)"K Ě")"( Ě#H ĝsìěK ÿä%o (#ěç Ě#H +Pý Ě")"( ĝāĜý Ě#H ĝsìěK ÿä%



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
C#sC)#IÙ)(Ã#áÍċ"ĝsìěK*Ä+#,"J5Ä")#Ä®AĜĀÿ®H̀(*þěK)#ÄË)#÷ċz̿G(#āÍ,"ç"Ě#H(*þěK)*ěçĝD®î#Ä͑

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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*ÍAĜĀ íK)
Filter Method

®ČÄ JÍ-Ä íK)
Wrapper Method

)#ýLÌ íK)
Embedded Method



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)*ÍAĜĀ(Filter Method)

ĝČÍÅD*ÄíK)Ě#HĚ)#D¿(Statistical Method)
(*þěK)?K")(Ďě"zíK)#Ä3#ÅÌ)"ĝÝČ,Ě)#D¿ĎĜÄ*HC"®ýç"ĝsìěK#H#Ä®AĜĀÿ®H̀BĈÍ-Dç"?®Dz̿JÄÃ#áÍċ"J8LEÝD*ěçČDĝÅ,#ç"
ĝsìěKĚ#H6ÅÌ*DĝD(ç"(*Éͅ
3#ĈċËLć

oĝs(#,ĝÌ#Å,#&DK:ě*,
3#ĈċĂ9ò

oBþïDĝtċKèĀ"G("(")B%ĝEċ®Čý
oBÄ#ĈÍD*Ð"ĎĜÄĝsìěK#Hĝ,)*ÄĝEċ(Lî

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)*ÍAĜĀ(Filter Method)

ĝČÍÅD*ÄíK)Ě#HĚ)#D¿(Statistical Method)
*tě(2à#îĚ#HÞě"))(ĝ,)*Ä3#ÅÌ)"͑

o2à#îĝÉK*Íċ¿(Entropy)

o2à#îG*IÄĝÌ#8P4"(Information Gain)

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ὉὝ ὴÌÏÇὴ



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)*ÍAĜĀ(Filter Method)

ĝČÍÅD*ÄÎĜEH"ĝsìěK͑(*þěK)*tě()(íK)z*ÍAĜĀJÅ,#&DKJÅÌ)Ě®ČÄÎĜEH"*HĝsìěKĚ"*Ä*HJAĢ-DĝD®î#Äͅ"®ċ"GçĚ*ĜsÎĜEH"
*HĝsìěK#ÄíK)BĜA&ÌÎĜ,#-%C#Ýċ"ĝD(Lî͑
oBĜA&ÌÎĜ,#-%
)(JA%*D?K"#ÄÎà#,?®DĚK)JEHĝsìěK#Hč"èĜD#5àJÅ,#&DĝD(Lî
K.Ê,)(*HJA%*Dĝþěç"ĝsìěK#Hÿä%G®îK#ÄJ-ě#ĈDč"èĜDĚ#5à

®ě®Ü#Ä)"®ĈDzJĜ@K"č"èĜDÎĜEH"č¿ĝsìěK()K¿*ÄĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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FID JÍþċ ͑ ÎA8 JÄ zĝsìěK ÎĜEH" *Ä ĝČÍÅD íK) )( ĝtÍ-ÅEH K BÄ#ĈÍD *Ð" ĝ,)*ÄÄ )( #H ĝsìěK ĎĜ
 *Ð" z#H ?®D Îà#, #H G("( ĝtċKèĀ"(Lî ĝD ?*ÍČý #I@®D 6,LÌ  ͅ



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)JÍ-Ä®ČÄ(Wrapper Method)
Ďě"íK)#ÄÎà#,("®9ÌĚ(#ěç?®DðĜÉJċ#ČĜÄĚK)J8LEÝD*ěçĚ#HĝāAÍáDç"ĝsìěKĚ#HzĚ(K)KKĝÄ#ěç)"(*þAE8#Iċ¿ě*ÍIÄĎ

J8LEÝD*ěçç"ĝsìěKĚ#HĚ(K)K")Ã#áÍċ"ĝD®Čýͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)JÍ-Ä®ČÄ(Wrapper Method)

ÎĜAÄ#ćJČĜIÄĚç#,)(Ã#áÍċ"ĝsìěKĚ#H*ÐLD#ÄĚ#H(*þěK)*ěç͑

oG(#āÍ,"ç"FÍě)Lt@"Ě#HSearch
o(*þěK)Forward Selection
o(*þěK)Backward Elimination
o(*þěK)Step-wise Selection (Bidirectional Elimination)

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ËLć Ë#þċ
o#H ĝsìěK ĎĜÄ BÄ#ĈÍD *Ð" K ĝtÍ-ÅEH ĝ,)*Ä
o#H G("( ĝtċKèĀ" ?*ÍČý
o*ÐLD Ě#H ĝsìěK ç" JČĜIÄ ("®9Ì ĎĜĜ9Ì

Ă9ò Ë#þċ
oAĜĀ íK) JÄ ÎÅ-ċ *ÍïĜÄ ĝÌ#Å,#&D ĝs®ĜÚĜÉ*Í
oÄ ðĜÉ ?®D ç" G(#āÍ," ÎA8 JÄ íç"*Ä ðĜÄ ®9Í-DJċ#ČĜ



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)JÍ-Ä®ČÄ(Wrapper Method)

oG(#āÍ,"ç"FÍě)Lt@"Ě#HSearch

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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o Hill- climbing (Greedy stepwise)
o Best-first search
o Genetic Algorithm
o Ant Colony
o é



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)JÍ-Ä®ČÄ(Wrapper Method)

oG(#āÍ,"ç"FÍě)Lt@"Ě#HSearch

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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o Hill- climbing (Greedy stepwise)
o Best-first search
o Genetic Algorithm
o Ant Colony
o é



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)JÍ-Ä®ČÄ(Wrapper Method)

o(*þěK)Forward Selection

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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o)(Ďě"z(*þěK)"®ÍÄ"?®DJĜ@K"čK®ÄC"®þÚĜHç"ĝsìěK#H)(*÷ċJÍĀ*sĝDî(Lͅ

o.Ê,)(C#sĚ®9ÄĝsìěKĚ")"(Ďě*ÍïĜÄ3#ÅÌ)"#Ä®AĜĀÿ®H()"K?®DĝD(Lî
K(LÅIÄÎĜāĜý?®DĝÄ#ěç)"ĝD(Lîͅ

o)(C#sĚ®9ÄJÄ3*î)Ló%ĝsìěKz?K"Ďě*ÍIÄĝsìěKCK(ç"*÷ċz3#ÅÌ)"JÄ?®D
JĀ#ò"G®îKÎĜāĜý?®Dĝ,)*ÄĝD(Lîͅ

oĎě"C#s#H#Ì3*îĂćLÌ̀)"(#Č9Dč(LÅċ3#ÅÌ)"ĝsìěKĚ#HG®ċ#EĜć#Ä̿K#ě K(K)
C#EÌĝsìěK#HJD"("ĝD®Ä#ěͅ



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)JÍ-Ä®ČÄ(Wrapper Method)

o(*þěK)Backward Elimination

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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o)(Ďě"z(*þěK)"®ÍÄ"?®DJĜ@K"BD#îC#EÌĝsìěK#H)(*÷ċJÍĀ*sĝD(Lîͅ

o.Ê,)(C#sĚ®9ÄĝsìěKĚ")"(Ďě*ÍEý3#ÅÌ)"#Ä®AĜĀÿ®Hÿä%ĝD(LîK
)"(#Č9Dč(LÅċðH#ýÎĜāĜý?®DĝÄ#ěç)"ĝD(Lîͅ

o)(C#sĚ®9ÄĎě*ÍāĜ9òĝsìěKCK(ç"*÷ċz3#ÅÌ)"ç"?®Dÿä%G®îKĜāĜýÎ
?®Dĝ,)*ÄĝD(Lîͅ

oĎě"C#s#H#Ì3*îĂćLÌ̀)"(#Č9Dč(LÄ3#ÅÌ)"ĝsìěKĚ#HG®ċ#EĜć#Ä̿K#ěK*àÛ
C#EÌĝsìěK#HJD"("ĝD®Ä#ěͅ



ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK)JÍ-Ä®ČÄ(Wrapper Method)

o(*þěK)Step-wise Selection (Bidirectional Elimination)

Ďě"(*þěK)Ë)L1ÄĚ®ě*ÅĜHç"K((*þěK)BÅćG(#āÍ,"ĝD(LîͅĎě®ÄË)L0Jý
)(C#sz?K"qěĝsìěK*Ä+#,"(*þěK)Forward()"K?®DĝD(LîK)(C#sCK(
*Ä+#,"6ě"*î(*þěK)Backwardč#þD"ÿä%č¿ç"?®D()LDĝ,)*Ä)"*ćĝD(*Ĝsͅ
Ďě"C#s#H#ÌJþĜě#ÜĝsìěKĚ®ě®Ü6ě"*î(K)KJÍî"®ċ®î#ÄKC"®þÚĜHç"#IĜsìěK

6ě"*îÿä%ç"?®D")JÍî"®ċ®Čî#ÄJD"(""®ĜÉĝD®Čýͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÃ#áÍċ"ĝsìěK(Feature Selection)
oíK))#ýLÌ(Embedded Method)
)(Ďě"íK)Ã#áÍċ"ĝsìěK)(®Čě¿*ĀÎà#,?®DC#ú("G®îÎ,"ͅ
Ďě"íK)®Čċ#EHíK)z*ÍAĜĀ:ě*,G(LÄKĝsìěKĚ#H6ÅÌ*D#ÄJAĢ-D")ĝě#,#ČîĝD®ČýK®Čċ#DíK)JÍ-Äz®ČÄ#Äĝ,)*Ä

ĝsìěK#H)()#ČýFHç"ĝtċKèĀ"G("(#HĚ*ĜsLAÜĝD®ČýK#ÄĎĜĜ9Ì("®9ÌJČĜIÄç"ĝsìěKĚ#H*ÐLDç"ðĜÄíç"*Äč®î?®D
èĜċĚ*ĜsLAÜĝD®Čýͅ

o lasso regression or L1 regularization
o ridge regression or L2 regularization
o elastic nets or L1/L2 regularization

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ěç Ě#H ĝsìěK ("®9Ì K O#Ä (#9Ä" #Ä Ěç#-@®D )( íK) Ďě" ç" G(#āÍ," (#
 Îà#, JÄ *ÝČD qČÌ Ě#I@®D(Sparse Models)(Lî ĝDͅ

Ě*Ĝs(#ě +)Lý JÍĀ*ïĜÉ Ò%#ÅD )( č¿ Ě#H®ÍD K íK) Ďě" Ë#ĜġèÜ
(Lî ĝD G("( ðîLÉ ĎĜî#Dͅ



ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
)(qĜČþÌĚ#HÛ"*áÍ,"zĝsìěK#Ä(#Ýě"ÆĜý*ÌĚ#Hĝ5àç"ĝsìěKĚ#HzJĜ@K"Ě#óĀnïĚ®9ÄG("(#HJÄĚ#óĀĚ*ÍþÙLýÎî#tċG("(
ĝDz(LîJþě)L5ÄĝsìěKĚ#HJÍà#,G®î®ě®ÜG®Čě#EċĝÄLàç"G("(Ě#HJĜ@K"®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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Feature 
Extraction

Supervised

Linear Non -Linear

Unsupervised

Linear Non-Linear

LDA, PLS, Χ Kernel LDA, ΧPCA, ICA, Χ Kernel PCA, Χ

JÄÎA8*ĜĜûÌ)(ÎĜH#DK
*ě(#ĈDĝsìěKĚ#HzJĜ@K"ÆAú"()
ĝAġ#-DčLÚEHíç"(*É L1Ìz*ě
?#ČtĜ,K#ěĝAġ#-DJýJÄ

Ě*ěäÉ*Ĝ-āÌÞě#ÍċĚç#Ĝċ®ċ)"®ċ
G(#āÍ,"ĝD(Lîͅ



ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"(Principle Component Analysis)

BĜA&ÌĚ#H Jā@ēDĝA0")(Ăě*9Ìĝò#ě)qěBě®ÅÌĝ5à®D#9ÍDÎ,"JýG("(")JÄG#tÍ,(Ë#1ÍáD®ě®Ü(*Ä ĝDĚ)L4 JÄJý Ďě*Ís)èÄ
.ċ#ě)"KG("(*ÄĚK)ĎĜ@K")L&DzË#1ÍáDĎĜDK(Ďě*Ís)èÄ.ċ#ě)"K*ÄĚK)ĎĜDK()L&DË#1ÍáD)"*ć(*Ĝs ĝDK)L4 ĎĜEHĚ"*ÄÄJĜĈͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"(Principle Component Analysis)

B%"*DJÅ,#&DJā@LDĚ#HĝA0"
.1Ěç#-@#D*ċG("(#H(Z-Score)

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"(Principle Component Analysis)

B%"*DJÅ,#&DJā@LDĚ#HĝA0"
.2JÅ,#&D.ě*Ì#D.ċ#ě)"KLýὃ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oĚ)K*D:ě*,*ÄFĜH#āD*ÅÜĝ5à()LDç#Ĝċ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"(Principle Component Analysis)

B%"*DJÅ,#&DJā@LDĚ#HĝA0"
.3JÅ,#&D*ě(#ĈDGìěK‗̿̀.ě*Ì#D.ċ#ě)"KLý(ȿὃ ‗Ὅȿ π

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"(Principle Component Analysis)

B%"*DJÅ,#&DJā@LDĚ#HĝA0"
.4ÆÌ*DĚç#,r)èÄJÄqÙLý*ě(#ĈDGìěKKÃ#áÍċ"*ě(#ĈDGìěKÆáÍČD
.5JÅ,#&DĚ#H)"(*ÄGìěK(ὺ)*ö#ČÍD#Ä*ě(#ĈDGìěKÆáÍČD(ὃὺ ‗ὺ)

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"(Principle Component Analysis)

B%"*DJÅ,#&DJā@LDĚ#HĝA0"
.6 ĝA0" Jā@LD )"(*Ä *ě(#ĈD JÅ,#&D

 J5Ä") #Ä(Transpose of Eigen vector) X (Feature vector)

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"(Principle Component Analysis)

Ë#Ĝò*ĀBĜA&ÌJā@LDĚ#HĝA0"
oĎě"íK)#Ì"ãĚ"*ÄG("(Ě#HĝEýBÄ#ćG(#āÍ,"Î,"ͅ
oĎĜÄG("(Ě#HĚ(K)KĝtÍ-ÅEHĝ5à(LÜK()"(ͅ

Ë#Ĝ0L1àBĜA&ÌJā@LDĚ#HĝA0"
o)"(*ÄGìěKÎIÜĚ#H)L&D®ě®Ü")#Ä?L4ÎÄ#ÐqěĎĜĜ9ÌĝD®ČČýK*ě(#ĈDGìěKGç"®ċ"K

ĝs)èÄ.ċ#ě)"KG("(#HK))(ÎIÜĎĜĜ9ÌG®î2áïDĝD®Čýͅ
oJā@LDĚ#H(#Ýě"G®î#Äÿ®Høā%Ďě*ÍïĜÄË#8P4"KðîLÉ*Ñý"®%.ċ#ě)"K(#Ýě"ĝD(Lîͅ
oJā@LDĚ#H(#Ýě"G®î®D#9ÍDKJÍ-ÅEH#ċ®ČÍ-H̀ͅ?PĈÍ,"Jā@LD#HĎĜEóÌĝEċ(Lî̿

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oÎě(K®&DĚ#HíK)PCA

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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 qĜþāÌ zG®î (#Ýě" Ě#H Jā@LD
 C#Ýċ" ÿ®H ®AĜĀ '5, )( Ě*ěäÉ
 )( ?PÍà" č#þD" K ®H( ĝEċ

()"( Ě*ěäÉ qĜþāÌͅ

)( ĝ5à *Ĝú 3#ÅÌ)" (LÜK Ë)L0 )(
 *Ñý"®% øā% č#þD" z#H G("(
 (LÜK *ÍþÙLý (#9Ä" )( .ċ#ě)"K

()"®ċͅ

 :ěçLÌ ñ*Ā (LÜK C®8 Ë)L0 )(
 zĚ(K)K Ě#H ĝsìěK )( ?#D*ċ
ĜEóÌ #H Jā@LD ĎĜÄ ?PĈÍ," Ď

(Lî ĝEċ ͅ

Solution:

ICA
Solution:

Kernel PCA
Solution:

LDA

Ĝý*Ì +#," *Ä #H Jā@LD Ăě*9Ì Æ
 JÄ *ÝČD z#H ĝsìěK C#EÌ ç" ĝ5à
BÄ#ć*Ĝú K G®ĜÚĜÉ *ě(#ĈD (#Ýě"

(Lî ĝD *Ĝ-āÌͅ

Solution:

Rotation



ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oðà*ÙBĜA&ÌJā@LDĚ#HĝA0"(Rotated PCA)
#Äðà*ÙĚ#H)L&DË#1ÍáDĝDč"LÌčçKĝsìěK#H)(ÆĜý*Ìĝ5àJā@LD#H
")*ĜĜûÌ("(Kç"Ďě"Ċě*4*Ĝ-āÌĚ*ěäÉĚ*ÍIÄç"Jā@LDĚ#Hĝ5àÎî"(ͅ

7"Lċ"ðà*ÙĚ#HÞě"))(PCA
oðà*ÙVarimax

.ċ#ě)"KĎĜÄ*ě(#ĈDčçKĝsìěK#H")JČĜïĜÄĝD®ČýK)(JÝĜÍċqěJā@LD#Ä
("®9ÌĝEýç"ĝsìěKĚ#HFID'ĜòLÌG("(ĝD(Lîͅ

oðà*ÙQuartimax
*Ä.þ8íK)zĝAÅć("®9ÌĚ#H)LÍý#ĀCçOĚ"*Ä'ĜòLÌ*HĝsìěK")FýĝD®Čýͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HBĈÍ-D(Independent Component Analysis)

BĜA&ÌĚ#H Jā@ēDBĈÍ-D)(Ăě*9Ìĝò#ě)qěBě®ÅÌĝ5à*Ĝú®D#9ÍDÎ,"JýG("(")JÄG#tÍ,(Ë#1ÍáD®ě®Ü(*Ä ĝDJý Ě)L4 JÄ
ÆĜý*ÌĚ#Hĝ5à(#Ýě"zG®îBĈÍ-Dç"FH®Čî#Äͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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)(Ě)#Ĝ-Äç"Bġ#-D®Čċ#D2ĜáïÌèěLċ)(?#ČtĜ,Ě#HĝÌL0K#ěqĜþāÌ
Ě#H"®0ĂAÍáD)(Ě#IAě#ĀĝÌL0KͅͅͅJýĚç#,"®Ü:Ä#ČDKĚ#I,)L,
BĈÍ-DÎĜEH"ĝěO#Äz()"(G(#āÍ,"ç"íK)ICAĚ"*ÄÛ"*áÍ,"ĝsìěK
Æ,#ČDÎ-Hͅ



ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"*Ĝúĝ5à(Kernel PCA)
)(ĝÌ)L0Jý3#ÅÌ)"ĎĜÄĝsìěK#Hĝ5à*Ĝúz®î#Ä#ÄôĈċñ*ĀFIDĝ5àč(LÄĝsìěKz#H(*þAE8PCA)#Ù(?PÍà"®H"Là®îKč#þD"

JČĜïĜÄč(*ý)"®ĈD.ċ#ě)"K)((#9Ä"*ÍþÙLýç"ĎĜÄĝD(K)ͅ

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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)#þH") ͑ ç" G(#āÍ," Bċ*ý Bě®ÅÌ :Ä"LÌ 5à*Ĝú Ě#H G("( Îî#tċ ÎIÜ JÄ ĝ
®ě®Ü Ě#óĀ )( ĝ5à 3#ÅÌ)" Ě)"*ć*Ä )L÷ČD JÄ ËK#āÍD Ě#óĀͅ



ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌJā@LDĚ#HĝA0"*Ĝúĝ5à(Kernel PCA)

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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BþïDĚ*tě(Jý)(6Ä"K)*Ĝúĝ5àĚ#óĀG("(Ě#HĝA0"č#þD"LćK7
()"(Ďě"Î,"zJýJÄÎA8ÎĜH#D*ĜúĝÌ)#÷ċíK)PCAKC®87P4"ç"

ÎĜ9òKÆ-Ù*ÄĚ#H®AĜĀzÿ®H)(Îî#tċG("(#HJÄ(#9Ä"z®ě®ÜD*ÝČ
JÄč#-EHĚç#,G("(Ě#H#ÄĚ#I,PýËK#āÍDG®îK)(JÝĜÍċ8#ÄÒ

ðH#ý(*þAE8Ě#I@®DG()Ě®ČÄ(Lîͅ

)#þH") ͑ ç" G(#āÍ," Bċ*ý Bě®ÅÌ :Ä"LÌ 5à*Ĝú Ě#H G("( Îî#tċ ÎIÜ JÄ ĝ
®ě®Ü Ě#óĀ )( ĝ5à 3#ÅÌ)" Ě)"*ć*Ä )L÷ČD JÄ ËK#āÍD Ě#óĀͅ



ÇÛ"*áÍ,"ĝsìěK(Feature Extraction)
oBĜA&ÌĚèĜEDĝ5à(Linear Discriminative Analysis)

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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íK)LDAç"7LċĚ*Ĝs(#ě#ÄË)#÷ċG(LÄK*ÄÿPàíK)PCAíK)
ðH#ý®9Ä"))(ĝÍIÜC#Ýċ"ĝD®H(JýÎî#tċG("(#HĚK)#Iċ¿
Ďě*ÍïĜÄqĜþāÌĚ*ěäÉĎĜÄĚ#I,Pýÿ®H(#Ýě"®ě#Eċͅ

 C#ċ JÄ íK) Ďě" ç" *ïĜĀ ĝ5à èĜ@#ċ¿(Lî ĝD G(*Ä C#ċ èĜċͅ

#H ĝsìěK ĎĜÄ ĝ5à *Ĝú J5Ä") Ë)L0)(͑
)#þH") ͑ ç" G(#āÍ," Bċ*ý Bě®ÅÌ :Ä"LÌ 5à*Ĝú Ě#H G("( Îî#tċ ÎIÜ JÄ ĝ

®ě®Ü Ě#óĀ )( ĝ5à 3#ÅÌ)" Ě)"*ć*Ä )L÷ČD JÄ ËK#āÍD Ě#óĀͅ



ÇJċLEċĚ*Ĝs(Sampling)
JċLEċĚ*ĜsqěíK)Ě)#D¿FýJČěèHĚ"*ÄðH#ýG("(Î,#H#Ì*Ä+#,"Ã#áÍċ"J8LEÝD*ěçĚ"ç"Ě#H()Lý)zG("(
G®Čě#EċĝÅ,#ČDç"G("(#H"))(FÝ%*ÍEý(#Ýě"®ě#Eċͅ

oÎ8*,*ÍïĜÄĚ"*Ü"FÍě)Lt@"#H

oç#ĜċJÄ:Ä#ČDĝÌ#Å,#&D*ÍEý

oèý*EÌ*ÄĚ#HLt@"ĝA0"K)"(#Č9D

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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ÇJċLEċĚ*Ĝs(Sampling)
®Čě¿*ĀÃ#áÍċ"JċLEċ")ĝDč"LÌJÄK(JÍ,(ĝAýFĜ-ĈÌ(*ý͑

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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 JċLEċ Ã#áÍċ"
Ě)"ätě#Ü čK®Ä

 JċLEċ Ã#áÍċ"
Ě)"ätě#Ü #Ä

 JċLEċ *H Î@#% Ďě" )( )#Ä qě 6ĈĀ
()"( Ã#áÍċ" .ċ#î ͅ

 JċLEċ *H Î@#% Ďě" )(Ä qě ç" ðĜÄ )#
()"( Ã#áÍċ" .ċ#î ͅ



ÇJċLEċĚ*Ĝs(Sampling)
íK)Ě#HJċLEċĚ*Ĝs")ĝDč"LÌJÄK(JÍ,(ĝAýFĜ-ĈÌ(*ý͑

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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oJċLEċĚ*Ĝsĝ@#EÍ%"
)(Ďě"(*þěK)JċLEċĚ#H(LÜLD)(zJ9D#ÜĚ")"(?#EÍ%"Ã#áÍċ"*Ä"*ÄÍ-H®Čͅ
JÄĎĜEHBĜ@(Ďě"(*þěK).ċ#îĝÄLàĚ"*ÄÃ#áÍċ"JċLEċĚ"JýÄJĝÄLà
ç"J9D#Üĝs®Čě#Eċ®Čý")Î,")"(ͅ
oJċLEċĚ*Ĝs*Ĝúĝ@#EÍ%"
)(Ďě"(*þěK)JċLEċĚ#H(LÜLD)(zJ9D#ÜĚ")"(?#EÍ%"Ã#áÍċ"*Ä"*Ä#ċ

z®ČÍ-HKĎě"7LòLDĝD®ċ"LÌ*ÝČDJÄÃ#áÍċ"JċLEċĚ"(LîJýćÎĜAÄ#
FĜE9ÌĚ*ěäÉĝÄLàJÍî"®ċ®î#Äͅ



ÇJċLEċĚ*Ĝs(Sampling)
oJċLEċĚ*ĜsĝĀ(#1ÌG(#,

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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)(JċLEċĚ*ĜsĝĀ(#1ÌzG(#,C#EÌJċLEċ#H.ċ#î*Ä"*ÄáÍċ"Ã#č®î
®ċ)"(Kč"èĜD+#ě#Ä̀ĝÅě)"̿)(Ã#áÍċ"JċLEċ#H)#Ĝ-ÄFýĝDÄ®î#ͅ

)L5Ä?#ÑD*s"FĜH"LáÄç"ĎĜÄ͇͌*āċLó8qěĉK®Č0zĝs("Lċ#à͊*āċ")JÄÿ(#1Ì
Ě"*ÄJġ")"C"KÃ#áÍċ"zFĜČý?(#9D®Ĝ@LÌÃ#áÍċ"ĝĀ(#1Ì͊(®8ĝ9ĜÅ4)(Gç#Ä#͈Ì
͇͌ĝD®î#Äͅ



ÇJċLEċĚ*Ĝs(Sampling)
oJċLEċĚ*ĜsqĜÌ#EÍ-Ĝ,

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý
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*s"("®9ÌBýJċLEċĚ#HqěJ9D#Ü")ὔ)(*÷ċFě*ĜtÄKFĜH"LáÄJÄ
("®9ÌὲJċLEċç"č¿Ã#áÍċ"zFĜČý)(Ďě"$*4Î-ĜĀ#ý"®ÍÄ"îG)#E
#H()Lý)")ÆÌ*DFĜČýK)(Gç#ÄG)#Eî()Lý)?K"#ÌG)#Eî()Lý)Ὧ̈́C"qě
JċLEċĝĀ(#1ÌÃ#áÍċ"(LîK.Ê,#ÄC#sĚ#HJÄJA0#ĀὯĝD#EÌ

Ě#H()Lý)*tě(èĜċÃ#áÍċ"®ċ(*sͅ

Ὧ
ὔ

ὲ



ÇJċLEċĚ*Ĝs(Sampling)
oJċLEċĚ*ĜsJĈÅ4Ě"

ĚK#ý G("( ®Čě¿*Ā
JċLEċ Ã#áÍċ" K (#9Ä" ðH#ý

155

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

)(JċLEċĚ*ĜsJĈÅ4zĚ"BýJ9D#ÜJÄ®ČÙGK*s#ěJĈÅ4Ĝ-ĈÌFĝD
(LîJþě)L5ÄĝDFĜċ"(2à#îĚ#H()LDĊĜĈ&Ì)(Ďě"GK*s#H )"(Ě"
ËK#āÌĝD®Čî#ÄͅĎě"*Ä#ČÄ)(Ě"*Ü"$*4JċLEċĚ*ĜsJĈÅ4zĚ""ç*H
JĈÅ4Ë)L1ÄJċ#s"®Ü*Ä+#,"íK)Ě#HĝĀ(#1ÌG(#,#ě

qĜÌ#EÍ-Ĝ,JċLEċĚ)"(*ÄĝD(Lîͅ

)L5Ä?#ÑDĚ"*Äĝ,)*Ä2à#îĚ#H*ÐLD*ÄĚ#ĈÌ)"ĝAûîč"®ČD)#ýqě,zč#Dç#
Ã#áÍċ"ĝĀ(#1Ì)(GK*sč#ċçKč"(*D*Ä+#,"ÎÅ-ċ#Iċ¿)(Býč#Dç#,"C#ÝċĝD
(Lîͅ


