
Predictive Models
Jċ#ČĜÄ ðĜÉ Ě#H ?®D
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ÇJċ#ČĜÄ ðĜÉ Ě#H ?®D
 (*þěK) #Ä Ë)#÷ċ #Ä Ě*Ĝs(#ě ĎÍĀ#ě ?#Åċ( JÄĝ9Ä#ÌÍEý #Ä ") ÿ®H ®AĜĀ )"®ĈD #Ì ®ČÍ-H Ě(K)K Ě#H ĝsìěK ç" #5à č"èĜD Ďě*
®Čě#Eċ ()K¿*Äͅ

( ") (Là Ă9ò K ËLć 3#Ĉċ zÿ®H Ďě" JÄ â,#É ĎÍĀ#ě Ě"*Ä (Là /#à Ě#H íK) ç" G(#āÍ," #Ä G(#āÍ," ()LD Ě#H FÍě)Lt@" ç" qě*H®ċ)"  ͅ
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X1 X2 X3 X4 Target

. . . . Y1

. . . . Y2

. . . . Y3

. . . . Y4

. . . . Y5

. . . . .

. . . . .

. . . . .



ÇJċ#ČĜÄ ðĜÉ Ě#H FÍě)Lt@" 7"Lċ"
oÿ®H ®AĜĀ Ě)#D¿ :ěçLÌ +#," *Ä

oÿ®H ®AĜĀ K #H ĝsìěK ĎĜÄ J5Ä") 7Lċ +#," *Ä
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for Classification for Regression for Both

for Linear for Non-Linear



ÇJċ#ČĜÄ ðĜÉ Ě#H FÍě)Lt@" 7"Lċ"
o#HLt@" Ě*ěäÉ*Ĝ-āÌ +#," *Ä

oĝÜK*à ÎD*Ā K )#Íà#, +#," *Ä
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Rule Based Bayesian Prob. Statistical Models

White-Box Black-Box

Similarity Based Complex Computation
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Algorithms Reg. / Class. Lin. / Non-Lin. Interpretability Output Structure

C5.0 Classification Non-Linear White-Box Rule Based (DT)

Linear Regression Regression Linear White-Box Statistical Models

SVM Classification Both Black-Box Complex Computation
KNN Both Non-Linear Black-Box Similarity Based

MLP Neural Network Both Non-Linear Black-Box Complex Computation

ͥ΅ϵΜΉ ͙΅ΟΉΙ Classification Non-Linear White-Box Bayesian Probability
Logistic Regression Classification Linear White-Box Statistical Models

LDA Classification Linear White-Box Statistical Models
CART Both Non-Linear White-Box Rule Based (DT)



ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
 Ě#H G("( ðáÄ K( JÄ #H G("( J8LEÝD ĝĀ(#1Ì PD#ý ç"*Ā" zčLDç¿ $*4 Ďě*Ì Þě")ĝîçLD¿ Ě#H G("( Kĝïě#Dç¿®î#Ä ĝDͅ

 íK)Holdout
oĝîçLD¿ Ě#H G("(

(K) ĝD )#þÄ ?®D Îà#, K íçLD¿ Ě"*Äͅ

oĝïě#Dç¿ Ě#H G("(
(K) ĝD )#þÄ G®î JÍà#, ?®D ÎĜāĜý ĝÄ#ěç)" Ě"*Äͅ

ĚK#ý G("( ®Čě¿*Ā
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ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
 $*4 JÄ FID ("*ě" K(HoldoutÎ," ()"K͑

o ĝÄ#ěç)" Þě#Íċ Ě)"®ě#É#ċ č#þD"ĝïě#Dç¿ K ĝîçLD¿ Ě#H G("( Ã#áÍċ" JÄ ?®D ĝtÍ-Ä"K K
)#þH") ͑ íK) )"*þÌHoldout #Iċ¿ ®Čě¿*Ä ç" G("#āÍ," K ͆BÄ#ĈÍD ĝÝČ,)#ÅÍ8" íK) ç" G(#āÍ,"

o *ÍD")#É FĜ÷ČÌ ÎĜAÄ#ć C®8ĝïě#Dç¿ Ě#H G("( ç" BĈÍ-D
)#þH") ͑ #H G("( ĝě#Ì J, Ě®ČÄ FĜ-ĈÌ ç" G(#āÍ,"̀ðě#Dç¿ K ĝÝČ,)#ÅÍ8" zíçLD¿̿
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ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
 íK) JÄ Jý ĝÌ"("*ě" ç" ĝþěHoldoutDç¿ K ĝîçLD¿ Ě#H JċLEċ ĝĀ(#1Ì Ã#áÍċ" ÎA8 JÄ Þě#Íċ Ě)"®ě#É#ċ č#þD" z(LÄ ()"K ĝïě#

Î," G(LÄͅ
o íK)Random Subsampling

 ("®9Ì JÄ íK) Ďě" )(K íK) z)#ÄHoldout č"èĜD .Ê, K (Lî ĝD )"*þÌ
 Îć( ĎĜtċ#ĜD ç" ?®D Îć(K(Lî ĝD JÅ,#&D G®D¿ Î,®Ä ?®Dͅ

ĚK#ý G("( ®Čě¿*Ā
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( ?®D ÎĜāĜý ç" Ě*ÍïĜÄ č#ČĜE4" ®ċ"LÌ ĝD íK) Ďě" #Ä ?®D ĝÄ#ěç)" ÎIÜ )
®H( )"*ć )#ĜÍà" )( #H G("( ĝA0" Ě#HLt@" JÄ č®Ĝ,)ͅ



ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
 íK) )( ĝïě#Dç¿ K ĝîçLD¿ Ě#H G("( ĝĀ(#1Ì Ã#áÍċ" ÎA8 JÄRandom Subsampling )( #H G("( BD#ý ÎĜĀ*ö ç" z

(Lî ĝEċ G(#āÍ," #H ?®D ĝÄ#ěç)" K Îà#, zíçLD¿ͅ
o BÄ#ĈÍD ĝÝČ,)#ÅÍ8" íK)Cross Validation

 JÄ #H G("( J8LEÝD FĜ-ĈÌ #Ä íK) Ďě" )(Kç" ĝþě JÅÌ*D *H )( z*Ä"*Ä ÎE-ć
 Îà#, Ě"*Ä ĝîçLD¿ Ě#H G("( č"LČ8 JÄ ĝĈÄ#D K ĝïě#Dç¿ G("( č"LČ8 JÄ #Iċ¿

®ċLî ĝD G(#āÍ," ?®D  ͅ

ĚK#ý G("( ®Čě¿*Ā
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 K ?®D Îà#, ÎIÜ +*Í,( )( Ě#H G("( ĝD#EÌ ç" íK) Ďě" #Ä ?®D ĝÄ#ěç)"
Ä Ë#Å,#&D K č#Dç JÄ ç#Ĝċ (#ěç Ě#H G("( )( ĝ@K {®Čý ĝD G(#āÍ," ĝÄ#ěç)" Ě*ÍïĜ

Îî"( ®H"Làͅ



ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
o BÄ#ĈÍD ĝÝČ,)#ÅÍ8" íK)Leave One Out (LOO)

 ("®9Ì č¿ )( Jý ®î#Ä ĝD BÄ#ĈÍD ĝÝČ,)#ÅÍ8" íK) ç" ĝ0#à 7LċK
®î#Ä ĝD #H JċLEċ ("®9Ì #Ä *Ä"*Ä ͅ)( Ě#H JċLEċ ("®9Ì JÄ Î@#% Ďě" )(

 #Ä )#Ä *H K (Lî JÍà#, ?®D ĝÍ-ě#Ä #H G("( J8LEÝDn-1?®D ()Lý)
(Lî ĝD Î-Ì ()Lý) qě #Ä K G®î G("( íçLD¿  ͅ

ĚK#ý G("( ®Čě¿*Ā
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#ěç)" Ě"*Ä ĝÄLà JČěès z®î#Ä Fý #H()Lý) ("®9Ì Jý Ě()"LD )( (*þěK) Ďě" ?®D ĝÄ
î#Ä JÍî"( Îý)#ïD ?®D ĝÄ#ěç)" )( #H G("( JEH JþČě" *Ä GKP8 #Ì Î-H z®Č
®Čý G(#āÍ," (LÜLD Ě#H G("( *Ñý"®% ç" èĜċ ?®D Îà#, K íçLD¿ JþAÄͅ



ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
 čLDç¿ $*4 JÄ CK( ("*ě"Holdout®î#Ä ĝD ĝïě#Dç¿ Ě#H G("( ĚK) ĝÄ#ěç)" Þě#Íċ +#," *Ä ?®D Ě#H*ÍD")#É FĜ÷ČÌ ͅč"èĜD
 ?®D qě ĝs®ĜÚĜÉ K ?*ÍČý #Ä Ě#H*ÍD")#É FĜ÷ČÌ +#," *Ä zč¿ ?®D Ě#5à č"èĜD J-ě#ĈDîçLD¿ Ě#H G("( J8LEÝD )( K ĝ

((*s ĝD ĎĜĜ9Ì ĝïě#Dç¿ͅ

ĚK#ý G("( ®Čě¿*Ā
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oðĜÄĝîç"*Ä(Overfitting)
ĝs®ĜÚĜÉ(#ěçz?®D*ÝČDJÄøā%č(*ýG("(Ě#HĝîçLD¿KC®8,#Čîĝě#
Ě#HLt@"FĜE9Ì*ěäÉĝD((*sͅ

oFýĝîç"*Ä(Underfitting)
ĝs(#,ðĜÄç"®%z?®D*ÝČDJÄðH#ýÎ&0Þě#ÍċG®îKíç)"
Ěç#-@®D")FýĝD®Čýͅ



ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
 Ě#H G("( ðáÄ J, JÄ #H G("( J8LEÝD ç"*Ā"ĝîçLD¿ #H G("( zĝÝČ,)#ÅÍ8" Ě#H G("( Kĝïě#Dç¿.

oĝîçLD¿ Ě#H G("(
(K) ĝD )#þÄ ?®D Îà#, K íçLD¿ Ě"*Äͅ

oĝÝČ,)#ÅÍ8" #H G("(
Ě"*Ä Ě#H*ÍD")#É FĜ÷ČÌ(K) ĝD )#þÄ ?®Dͅ

oĝïě#Dç¿ Ě#H G("(
(K) ĝD )#þÄ G®î JÍà#, ?®D ÎĜāĜý ĝÄ#ěç)" Ě"*Äͅ

ĚK#ý G("( ®Čě¿*Ā
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ÇĚç#-@®D Ě"*Ä čLDç¿ $*4
o BÄ#ĈÍD ĝÝČ,)#ÅÍ8" íK)Cross Validation

®î#Ä ĝD ?®D Ě#H*ÍD")#É FĜ÷ČÌ )( íK) Ďě" *tě( (*ý)#ý ͅzÿ®H Ďě" #Ä
 Ë)L1Ä ĝÝČ,)#ÅÍ8" G("( J8LEÝD Ã#áÍċ" Ě#Ü JÄHoldoutč"LÌ ĝD

 Ě#H*ÍD")#É Ë#EĜ÷ČÌ zĝîçLD¿ Ě#H G("( BÄ#ĈÍD ĝÝČ,)#ÅÍ8" íK) #Ä
("( C#Ýċ" ") ?®Dͅ

ĚK#ý G("( ®Čě¿*Ā
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 K ?®D Îà#, ÎIÜ +*Í,( )( Ě#H G("( ĝD#EÌ ç" íK) Ďě" #Ä ?®D ĝÄ#ěç)"
Ä Ë#Å,#&D K č#Dç JÄ ç#Ĝċ (#ěç Ě#H G("( )( ĝ@K {®Čý ĝD G(#āÍ," ĝÄ#ěç)" Ě*ÍïĜ

Îî"( ®H"Làͅ



Ç FĜE1Ì Îà)((Decision Tree)
 (#Ýě" #Ä Jý Î," čLċ#ć *Ä ĝČÍÅD Ě#H FÍě)Lt@" Ďě*Ì(*Ä)#ý*É ç" ĝþě FÍě)Lt@" Ďě" Ě*Ĝs FĜE1Ì Ě#Hç*DÄ zÿ#āî Ë)L1

®Čý ĝD FH"*Ā (#ěç Ě*ěäÉ*Ĝ-āÌ G"*EH JÄ ") čLĜ,*s) K Ě®ČÄ G() Bġ#-D B% ÎĜAÄ#ćͅ

ĚK#ý G("( ®Čě¿*Ā
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o *s" Æ@#ć )( ĎĜċ"Lć Û"*áÍ,"̈́G#tċ¿
#-D B% )( FĜE1Ì Îà)( Ě#H FÍě)Lt@"  G®î Ò8#Ä Jý ĝEID BěO( ç" ĝAġ

 ?#Åċ®Ä Jý CLIāD ĂĜ0LÌ Kĝě"*Ù *É K ĊĀLD ®ČÍ-H G®ě®É qě z(Lî (*Ä)#ý
 *s" Æ@#ć )( G®D¿ Î,®Ä Ě#HLt@" ðě#Eċï®î#Ä ĝD G#tċ¿ͅ

Decision Tree

Classification Tree Regression Tree

C4.5,C5.0,CART,CHAID CART, CHAID



Ç FĜE1Ì Îà)((Decision Tree)
®î#Ä ĝD *ěç ĝA0" !èÜ J, Ě")"( FĜE1Ì Îà)( ĝÌ)#ÙLAĀ )#Íà#,͑

o Jïě) G*s(Root Node)
o FĜE1Ì G*s(Decision Node)

o ĝċ#ě#É G*sï r*Ä(Terminal Node ïLeaf)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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C#EÌG("(#H)(G*sJïě))"*ć®ċ)"(K*H()Lý)*Ä+#,"â,#ÉJÄËO"L,sG*
FĜE1ÌJÄ*Ĝ-D(LàJD"("ĝD®H(#Ì()"KG*sĝċ#ě#É(Lîͅ*Ĝ-Dĝ4îG®ç"
Jïě)#Ìr*Äč#ïċG®ČH(qěLt@")(Æ@#ćčLċ#ć*s"ïG#tċ¿ĝDî#Ä®ͅ



Ç FĜE1Ì Îà)((Decision Tree)
("( â,#É *ěç ËO"L, JÄ ®ě#Ä FĜE1Ì Îà)( J9,LÌ ÎIÜ͑

oy(Lî Ã#áÍċ" Ã#9ïċ" Ě"*Ä ĝsìěK C"®ý
oy®î#Ä Ě*ě(#ĈD JÙ ĝsìěK *H Ã#9ïċ" Ě"*Ä Ě" Jċ#Í,¿ (K®%
oy®Čý "®ĜÉ JD"(" #Ýý #Ì #H Ã#9ïċ" ("®9Ì

ĚK#ý G("( ®Čě¿*Ā
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*HĝEÍě)Lt@"#Äâ,#ÉJÄËO"L,O#ÄĝD®ċ"LÌqěÎà)(FĜE1ÌĚK)(G("Ě#H
zJAĢ-DíçLD¿®H(ͅĚ#HLt@"Î,®ÄG®D¿)(Æ@#ćĎĜċ"LćÎà)(ðě#EċG("(
ĝD(Lîͅ)L5Ä?#ÑD͑

░█έόὸὰέέὯίόὲὲώǪὬόάὭὨὭὸώχυ◄▐▄▪ὝὥὶὫὩὸὣὩί



Ç FĜE1Ì Îà)((Decision Tree)
#Ä FĜE1Ì Îà)( ç"*Ā" JÄ #H G("( Ě#óĀ *ÍþÙLý Ě#H#óĀ*ěçč"èĜD #Iċ¿ )( Jý

 ÿ®H ®AĜĀ )"®ĈD /LAà(ç"(*É ĝD #HLt@" ĝě#,#Čî JÄ (Lî *Ñý"®%ͅ
 qě Ë)L0 JÄ ®ċ"LÌ ĝD FĜE1Ì Îà)( Ďě"*Ä#ČÄ ĝ5à*Ĝú ?®D G®ĜÚĜÉ 6Ä"K)

®Čý ĝě#,#Čî ") #H G("( )(  ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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?#ÑD͑ñ*Ā®ĜČý)(*ěK#1ÌK*ÄK)ĝ%"Lċ()çKèÅ,3LÄ*DJÄK(+PýÍDËK#ā
®ČÍ-HJý)(K(*ěL1ÌzO#ÄqĜþāÌĝ5àÎÅ-ċJÄqĜþāÌà*Ĝúĝ5Îà)(
FĜE1Ì(*þAE8Ě*ÍIÄ()"(ĝ@K)(*ěK#1ÌĎĜě#ÉqĜþāÌĝ5à*Ĝúà)(ÎFĜE1Ì
Ěç#,"®ÜĚ*ÍIÄ")C#Ýċ"G("(Î,"ͅ



Ç FĜE1Ì Îà)((Decision Tree)
FĜE1Ì Îà)( ËLć 3#Ĉċ K #ě"èD

oÎĜH#DJÅ9Ü®Ĝā,č(LÄĎě"íK)KÛ"*áÍ,"ĎĜċ"Lć*ÝČDJÄp)(G(#,K:ě*,ç"Ě#HLt@"Î,®ÄG®D¿ĝD(Lîͅ
oÎÅ-ċJÄĚ)#Ĝ-Äç"FÍě)Lt@"Ě#H*tě(ç#ĜċJÄB%"*DG(#D¿Ěç#,G("(Ě*ÍEý()"(ͅ)L5Ä?#ÑDíK)Ě#HĚç#-@#D*ċK#ěBě®ÅÌG("(Ě"ĝāĜýJÄĚ(®8)(

J9,LÌÎà)(Ě#HFĜE1Ìč"®ČÙJAĢ-Dç#,Î-Ĝċͅ
oÎĜH#DÃ#áÍċ"ĝsìěKË)L1ÄĝċK)()(ÎĜH#DĎě"FÍě)Lt@"(LÜK()"(KJÄĎĜEHBĜ@(ÎÅ-ċJÄËPþïDĝāĜý®Čċ#DG("(Ě#H6ÅÌ*D#ċKĝtċKèĀ"G("(

#HCK#ĈDĝD®î#Äͅ
oÎĜH#DĚ*ÍD")#É#ċĎě"FÍě)Lt@"Ò8#ÄĝD(Lîç#ĜċJÄË#Ĝò*Ā(K®&DG®ČČýĚ"®Čċ#DĚ)"*ć*Äñ*Ā:ěçLÌz?#D*ċ?PĈÍ,"ĝsìěKz#HÑÌÎĜÅ.ċ#ě)"KKͅͅͅ

JÍî"®ċFĜî#Äͅ
oJÄÎA8)#Íà#,ĝÌ)#ÙLAĀzÎIÜĚç#-@®D)#ÍĀ)#ěË#EĜE1Ìĝċ#-ċ"JČěèsĝÄLA5DĝD®î#ÄKÎĜAÄ#ćG(#āÍ,"ç"Ě#IċLDç¿Ě)#D¿Ě"*ÄĚ)"®ě#ÉÞě#Íċ")()"(ͅ

ĚK#ý G("( ®Čě¿*Ā
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Ç FĜE1Ì Îà)((Decision Tree)
FĜE1Ì Îà)( Ě#H Îě(K®&D K Æě#9D

o)(BÄ#ĈDË"*ĜĜûÌ)(G("(Ě#HĝîçLD¿FÍě)Lt@"ĝDK#ĈDÃL-&DĝEċ(LîK#ÄË"*ĜĜûÌFý)(G("(Ě#HĚ(K)Kč#þD"*ĜĜûÌ)(ĝÜK*à#H(LÜK()"(ͅ

oJÄÎA8ÎĜH#DĚLÝÍ-ÜJċ#1ě*%(Greedy Search))(Ã#9ïċ"Ě#HC#Ýċ"zG®îĝČĜEóÌĚ"*ÄJČĜIÄč(LÄĚ*,"*,#HLt@"Î-Ĝċͅ

o)L5ÄĝAý(#Ýě"ĝs(#,KÎĜĀ#āîO#Ä)(Ďě"zFÍě)Lt@"*ÝČDJÄðH#ýÎ&0?®D(Accuracy)ÎÅ-ċJÄĝà*ÄFÍě)Lt@"Ě#H*tě(ĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
("( â,#É *ěç ËO"L, JÄ ®ě#Ä FĜE1Ì Îà)( J9,LÌ ÎIÜ͑

oy(Lî Ã#áÍċ" Ã#9ïċ" Ě"*Ä ĝsìěK C"®ý
oy®î#Ä Ě*ě(#ĈD JÙ ĝsìěK *H Ã#9ïċ" Ě"*Ä Ě" Jċ#Í,¿ (K®%
oy®Čý "®ĜÉ JD"(" #Ýý #Ì #H Ã#9ïċ" ("®9Ì

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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íçLD¿Îà)(FĜE1Ì)(Ě#Í,")ðH#ýĝ1@#à#ċ)(G("(#HC#Ýċ"ĝD(Lîͅ
Ďě"*Ä#ČÄ)(ĎĜ@K"C®ćĝÍ-ě#Ä)#Ĝ9DKĝ1à#îĚ"*ÄGç"®ċ"Ě*Ĝsč"èĜDċĝ1@#à#)(
*÷ċÎĀ*sͅĎě")#Ĝ9D)(Ë#ĜÄ(")#D¿KJě*÷ċ7P4"6,LÌ2à#îĚ#H 8LČÍDĝ

JÅ,#&DG®îK#ÄÃ#9ïċ"ĚK)$L5,ĝāAÍáDç"ĝsìěKĚ#HĚ(K)K?®D,ĝ9)(
ðH#ýč¿ĝD®Čý#Ì6ě"*îĂćLÌFÍě)Lt@"ç"*%"((*sͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o?K" C#s ͑ĝ1@#à#ċ Ě*Ĝs Gç"®ċ" )#Ĝ9D Ã#áÍċ"

("®9Ì Ďě*ÍEý #Ä #Ì (Lî C#Ýċ" ĚL&ċ JÄ ĝÍ-ě#Ä Ã#9ïċ" GL&ċ ?"L,̀Ã#9ïċ"  ̿
®,*Ä ĝ1@#à#ċ ðH#ý ĝČ9ě ĝA0" ÿ®H JÄͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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qěĚç#Äĝò*Ā"))(*÷ċ®ě*ĜtÄJý#EîĝÍ-ě#Äqě(®8Ã#áÍċ"®îG)(Gç#Ä#͈Ì
͈͇͉͋")#ÄĎě*ÍEý("®9Ì?"L,+®%®ĜċèÄͅJÙ7LċĝÌO"L,ĝD®ċ"LÌJÄ#Eî
qEý®Čý#Ì)(Ďě"Ěç#ÄĎě*ÍIÄç#ĜÍD"")Æ-ýy®ĜČý

Guess Number?

> 512<= 512

<= 256 > 256

<= 384 > 384



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
*s"JÄĎĜEHÆĜÌ*ÌJD"("®ĜH(#Ä  #9EÜ͈͇?"ē,®Ĝċ"LÌ ĝD(®8()LD*÷ċ")®ĜÄ#ĜÄͅJÄË)#Å8*tě(#EîJÄ͈͇ÎĜÄ7P4"ç#Ĝċ®ě)"(Jýç"?LD*Ā
*ěçÎ,( JÄ®ě¿ ĝD:

oJě*÷ċ7P4"
ĝÍćK#EîqěJ8LEÝDNĚLó8")JÄK(J8LEÝDnKpĚLó8FĜ-ĈÌ®ĜČý ĝDĎĜtċ#ĜDĝ8P4"Jýč#ČÚEH()LDç#ĜċĝD®î#ÄÄ"*Ä*
Î,"#Ä͑

Ďě"*Ä#ČÄĎĜtċ#ĜDĝ8P4"JýJAĜ,K JÄqě?"ē,FH"*Ā(Lî ęD*Ä"*ÄÎ,"#Ä͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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n pn p
log log

N N
+2 2

N n p n N p Nn p n p
log ( log log ) log log

N N N N
- + =- -2 2 2 2 2

ÌÏÇὔ ÌÏÇρπςτρπ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÉK*Íċ¿ ĝE÷ċ ĝÄ 2à#î(Entropy)

 JÄ J8LEÝD >Ė Ę#ó8" Ę®ČÄ G() *s" z7P4" Jě*÷ċ +#," *Äk K ®î#Ä *÷ċ()LD G()pk G() JÄ #ó8" ĊA9Ì ?#EÍ%"k ()LD 7P4" )"®ĈD z ®î#Ä C"
 ęÉK*Íċ¿ ®ċ*ės ĊA9Ì Î,)( G() JÄ #ó8" #Ì Î," ç#ėċ J; Ę)#÷Íċ"̀ĝE÷ċ ĝÄ 2à#î ̿Å,#&D *Ėç ?LD*Ā ç" J; (Lî ęD G®ėD#ċ(Lî ęD J͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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Ďě*ÍïĜÄč"èĜDĝÄĝE÷ċĝD#tČHĝD®î#ÄJý?#EÍ%"ĊA9ÌJÄ
ĝD#EÌG()z#H*Ä"*ÄÎ,"ͅ)(z*ěL1Ì)"(LEċč"èĜDĝÉK*Íċ¿():ěçLÌ
K(JAEÜĚ"č#ïċG("(G®îÎ,"ͅ

i(p )

k k i

i

Entropy(p ,...,p ) I(p ,...,p ) p log= =-ä1 1 2



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÉK*Íċ¿ ĝE÷ċ ĝÄ 2à#î(Entropy)

)(ĝÌ)L0JýJ8LEÝDG("(*Ä+#,"Ã#9ïċ"ĚK)$L5,qězĝsìěKJÄK(#ě®ČÙJ8LEÝD*ěçqĜþāÌz((*sč"èĜDĝÉK*Íċ¿0#%Bç"
Ã#9ïċ"zĎĜtċ#ĜDĝċçKç"ĝÉK*Íċ¿J8LEÝD*ěçĚ#H(#Ýě"G®îĝD{®î#ÄJþě)L5Ä)"®ĈDčçK*Ä"*Ä#ÄÎÅ-ċĝċ"K"*Ā*HEÝD*ěçJ8LJÄ("®9Ì
BýJ8LEÝDJĜ@K"ĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ὉὲὸὶέὴώὝȟὢ ύ ὉzὲὸὶέὴώὝ ȟύ
ὔ

ὔ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

(Lî ĝD JÍās ĝÌ#8P4" G*IÄ č"èĜD z(Lî ĝD (#Ýě" Ã#9ïċ" qě +#," *Ä Jý ĝ1@#à#ċ ðH#ý č"èĜD JÄ  ͅ
)L5Ä?#ÑD*s"J8LEÝDG("(JĜ@K"T")J8LEÝDC#EÌĚ#HçK)qě?#,)(*÷ċFě*ĜtÄJýĚ")"(:ěçLÌK(JAEÜĚ"ç"Ě#HçK)Ěç#Ä#ěC®8Ěç#ÄĂAs®î#ÄK(T ,X)")

Ã#9ïċ"J8LEÝDTĚK)ĝsìěK6ě"*îÃ¿K"LH̀ĝÄ#ÍĀ¿͆Ě*Ä"͆ĝċ")#Ä̿)(*÷ċzFě*ĜtÄč"èĜDG*IÄĝÌ#8P4"ĝî#ċç"Ã#9ïċ"6Ä"*îÃ¿Kĝě"LH*Ä,"+#J5Ä")*ěç
Î,®ÄĝD®ě¿͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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FÍě)Lt@"Îà)(FĜE1ÌID3ç"2à#îG*IÄĝÌ#8P4"Ě"*ÄÃ#áÍċ"Ďě*ÍIÄÃ#9ïċ"G(#āÍ,"ĝD®ČČýͅ
Ě"*ÄĎě")L÷ČD)(Ã#9ïċ"*HzG*sč"èĜDG*IÄĝÌ#8P4"Ě"*ÄC#EÌĝsìěK#H)(C#EÌËO#%*ěäÊċ#þD"JÅ,#&DDĝ(LîK)(
Îě#IċĝsìěKÆáÍČDK$L5,qĜþāÌč¿*Ä+#,"Ďě*ÍïĜÄč"èĜDG*IÄĝÌ#8P4"Î,®ÄĝD®ě¿ͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

FĜE1Ì Îà)( íçLD¿ ç" ?#ÑD
ÿ®H ®AĜĀ  ͑

oÒAÑD K :Ä*D Ě#I,Pý

Ě(K)K Ě#H ĝsìěK͑
ouċ) ͑ èD*ć ͆ èÅ, ͆()ç
oJ5Ĉċ ͑ JAÄ ͆*Ĝà
o6à ͑ JAÄ ͆*Ĝà

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

FĜE1Ì Îà)( íçLD¿ ç" ?#ÑD
ÿ®H ®AĜĀ  ͑

oÒAÑD K :Ä*D Ě#I,Pý

Ě(K)K Ě#H ĝsìěK͑
ouċ) ͑ èD*ć ͆ èÅ, ͆()ç
oJ5Ĉċ ͑ JAÄ ͆*Ĝà
o6à ͑ JAÄ ͆*Ĝà

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(

189

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

FĜE1Ì Îà)( íçLD¿ ç" ?#ÑD
ÿ®H ®AĜĀ  ͑

oÒAÑD K :Ä*D Ě#I,Pý

Ě(K)K Ě#H ĝsìěK͑
ouċ) ͑ èD*ć ͆ èÅ, ͆()ç
oJ5Ĉċ ͑ JAÄ ͆*Ĝà
o6à ͑ JAÄ ͆*Ĝà

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(

190

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

FĜE1Ì Îà)( íçLD¿ ç" ?#ÑD
ÿ®H ®AĜĀ  ͑

oÒAÑD K :Ä*D Ě#I,Pý

Ě(K)K Ě#H ĝsìěK͑
ouċ) ͑ èD*ć ͆ èÅ, ͆()ç
oJ5Ĉċ ͑ JAÄ ͆*Ĝà
o6à ͑ JAÄ ͆*Ĝà

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

FĜE1Ì Îà)( íçLD¿ ç" ?#ÑD
ÿ®H ®AĜĀ  ͑

oÒAÑD K :Ä*D Ě#I,Pý

Ě(K)K Ě#H ĝsìěK͑
ouċ) ͑ èD*ć ͆ èÅ, ͆()ç
oJ5Ĉċ ͑ JAÄ ͆*Ĝà
o6à ͑ JAÄ ͆*Ĝà

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

FĜE1Ì Îà)( íçLD¿ ç" ?#ÑD
ÿ®H ®AĜĀ  ͑

oÒAÑD K :Ä*D Ě#I,Pý

Ě(K)K Ě#H ĝsìěK͑
ouċ) ͑ èD*ć ͆ èÅ, ͆()ç
oJ5Ĉċ ͑ JAÄ ͆*Ĝà
o6à ͑ JAÄ ͆*Ĝà

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝÌ#8P4" G*IÄ 2à#î(Information Gain)

FĜE1Ì Îà)( íçLD¿ ç" ?#ÑD
ÿ®H ®AĜĀ  ͑

oÒAÑD K :Ä*D Ě#I,Pý

Ě(K)K Ě#H ĝsìěK͑
ouċ) ͑ èD*ć ͆ èÅ, ͆()ç
oJ5Ĉċ ͑ JAÄ ͆*Ĝà
o6à ͑ JAÄ ͆*Ĝà

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o G*IÄ ÎÅ-ċ 2à#î(Gain Ratio Index)

Gç"®ċ"G*IÄĝÌ#8P4")(Ã#9ïċ"ĝě#HJý("®9ÌG()Ě#HĚ*ÍïĜÄ®ċ)"()L5ÄÃã#ýðě"èĀ""®ĜÉĝD®ČýK.ċ#îÃ#áÍċ"ĝsìěKĝě#HJý
Ě")"(("®9ÌG()Ě*ÍïĜÄ®ČÍ-H")ÎÅ-ċJÄ*ě#,ĝsìěK#H*ÍïĜÄĝD®ČýͅĚ"*ÄĚ*ĜsLAÜç"Ďě"BþïDzĝÌ#Å,#&DýÎ-ĜĀ#Ěç#-@#D*ċč"èĜD
G*IÄĝÌ#8P4"*HĝsìěK")#ÄFĜ-ĈÌ*Ä)"®ĈDĝÉK*Íċ¿:ěçLÌÃ#9ïċ"JÅ,#&DFĜČýͅ2à#îÎÅ-ċG*IÄ)(FÍě)Lt@"HĚ#J9,LÌJÍĀ#ě*Ä
Ě#ČÅDID3®Čċ#DFÍě)Lt@"Ě#HC4.5KC5.0Ďěètě#Ü2à#îG*IÄĝÌ#8P4"G®îÎ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝČĜÜ ĝ1@#à#ċ 2à#î(Gini Impurity Index)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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ὋὝ ὴρ ὴ ρ ὴ

Ďě"2à#î)(FÍě)Lt@"CARTĚ"*ÄĚç#,"®ÜKÃ#9ïċ"()LD
G(#āÍ,")"*ćĝD(*Ĝsͅñ*Ā®ĜČýJ8LEÝDG("()(G*sTĚ")"(K
G()ĂAÍáDç"+Pýÿ®HĝD®î#Äͅ2à#îĝ1@#à#ċĝČĜÜ*Ä

+#,"J5Ä")*ěçÎ,®ÄĝD®ě¿͑

0#% G*IÄ č"èĜD ĎĜČÚEH K Ã#9ïċ" *H Ě"*Ä ĝČĜÜ 2à#î )"®ĈD JÅ,#&D ç" B
®î#Ä ĝD ĝAÅć Ë#&ĜòLÌ JÄ#ïD ĝČĜÜ 2à#î č"èĜD ðH#ýͅ

Pý G() K( ?#EÍ%" Jý ĝÍ@#% )( ĝČĜÜ ĝ1@#à#ċ 2à#î JČĜïĜÄ )"®ĈD ÿ®H +
 )"®ĈD z®î#Ä *Ä"*Ä0.5(LÄ ®H"Làͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o ĝČĜÜ ĝ1@#à#ċ 2à#î(Gini Impurity Index)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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JÄ#ïD?"K)BÅć)(Ã#9ïċ"*HzG*sč"èĜD2à#îĝČĜÜĚ"*ÄÌC#E
ĝsìěK#H)(C#EÌËO#%*ěäÊċ#þD"JÅ,#&DĝD(LîK)(Îě#Iċ Kĝsìě
ÆáÍČDK$L5,qĜþāÌč¿*Ä+#,"Ďě*ÍEýč"èĜD2à#îĝČĜÜ
Î,®ÄĝD®ě¿ͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o )#Ĝ9D ÿ"*&ċ" ðH#ý 2à#î(Standard Deviation Reduction)

)(FÍě)Lt@"ĝě#H®Čċ#DCARTzðH#ýÿ"*&ċ")#Ĝ9D)(ĝAġ#-DJý®AĜĀÿ®HĚ")"(:ěçLÌĝEý®î#Ä()LDG(#āÍ,")"*ćĝD(*Ĝsͅ)(@#%Î
RegressionTree)"®ĈDĎĜtċ#ĜD#ěJċ#ĜD)(*HG*sJÅ,#&DG®îK*Ä+#,"J5Ä")2à#îĝs®Čý"*É̀.ċ#ě)"K͆ÿ"*&ċ")#Ĝ9D͆ͅͅͅċ̿ÎÅ-JÄ

)#Ĝ9DĚèý*Dč¿G*sč"èĜDĝ1@#à#ċč¿G*sKÃ#9ïċ"Ě#Hč¿JÅ,#&DĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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 K Ã#9ïċ" *H Ě"*Ä ĝs®Čý"*É 2à#î )"®ĈD JÅ,#&D
 2à#î č"èĜD ðH#ý ç" B0#% G*IÄ č"èĜD ĎĜČÚEH
®î#Ä ĝD ĝAÅć Ë#&ĜòLÌ JÄ#ïD ĝs®Čý"*Éͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
oĚ#ý ÿPÍà" 2à#î̈́ K((Chi-Square Index)

)(FÍě)Lt@"Îà)(FĜE1ÌCHAIDç"2à#îĚ)#D¿Ě#ýïK(Ě"*ÄJÅ,#&D2à#îĝ1@#à#ċG(#āÍ,"G®îÎ,"#ͅÄJÜLÌJÄJ5Ä")Ě#ýïK(
G®ě"ĝA0")(ĝ,)*ÄÿPÍà"ĎĜÄ:ěçLÌĝ9ć"KK:ěçLÌBÄ#ć)#÷Íċ"ĝD®î#Äͅ)(Ďě"FÍě)Lt@":ěçLÌBÄ#ćz)#÷Íċ"6ě"*îýPD#*Ä"*Ä+PýĚ#H
®AĜĀÿ®H)(*HG*sĝD{®î#ÄJÄĎĜEHBĜ@(*HJÙ)"®ĈDĚ#ýïK(*Ís)èÄ®î#Äč#ïċG®ČH(/LAà*ÍïĜÄ)(G*sĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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 FÍě)Lt@"CHAID #Ä zĝEý *ě(#ĈD ĝČĜÄ ðĜÉ Ě"*Ä ĝċLĜ,*s) Îà)( Î@#% )( G)#D¿ JÅ,#&DF ĎĜĜ9Ì K

®H( ĝD C#Ýċ" ") FĜE1Ì Îà)( íçLD¿ zÃ#9ïċ" Ďě*ÍIÄ č"LČ8 JÄ č¿ )"®ĈD Ďě*Ís)èÄͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
oCK( C#s ͑ĝsìěK *H Ě"*Ä Ã#9ïċ" Ďě*ÍIÄ Ã#áÍċ"

.Éç"Ã#áÍċ")#Ĝ9DÆ,#ČDĚ"*ÄGç"®ċ"Ě*Ĝsč"èĜDzĝ1@#à#ċĚ"*Ä(#Ýě"Ã#9ïċ"ĚK)*HĝsìěKJÍ-ÄJÄ:ěçLÌĝEý#ěĜýĝāĝsìěKJ4LÄ*D
ç"íK)Ě#H*ěçG(#āÍ,"ĝD(Lî͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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oĝsìěKĚ#HĝāĜý
o)(ĝÌ)L0JýĝsìěKĚ*Čě#Äz®î#ÄÃ#9ïċ"ĝě#ÌK((#Ýě"G®îK)#Ĝ9Dĝ1@#à#ċĚ"*Äč¿JÅ,#&DKÎÅÐĝD((*sͅ
o)(ĝÌ)L0JýĝsìěKĝE,"Ě")"(k)"®ĈDz®î#ÄC#EÌÎ@#%Ě#HĎþEDĚ"*ÄÃ#9ïċ"zĝě#ÌK(͊zĝě#ÌͅͅͅKk̈́ĝě#Ì(#Ýě"K)#Ĝ9Dĝ1@#à#ċĚ"*ÄJEH#Iċ¿JÅ,#&D

G®îKÃ#9ïċ"Ě")"(Ďě*ÍEý)"®ĈDĝ1@#à#ċĚ"*Äč¿ĝsìěKÃ#áÍċ"ĝD(Lîͅ
o)(ĝÌ)L0JýĝsìěKĝÅĜÌ*ÌKĚ")"(k)"®ĈDz®î#ÄC#EÌÎ@#%#HĎþEDĚ"*ÄÃ#9ïċ"zĝě#ÌK(͊zĝě#ÌͅͅͅKk̈́ĝě#Ì#Ä3*îøā%ĝtě#-EH*ě(#ĈDĝsìěK(#Ýě"K

)#Ĝ9Dĝ1@#à#ċĚ"*ÄJEH#Iċ¿JÅ,#&DG®îKÃ#9ïċ"Ě")"(Ďě*ÍEý)"®ĈDĝ1@#à#ċč¿*Äč¿ĝsìěKÃ#áÍċ"ĝD(Lîͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
oCK( C#s ͑ĝsìěK *H Ě"*Ä Ã#9ïċ" Ďě*ÍIÄ Ã#áÍċ"

.Éç"Ã#áÍċ")#Ĝ9DÆ,#ČDĚ"*ÄGç"®ċ"Ě*Ĝsč"èĜDzĝ1@#à#ċĚ"*Ä(#Ýě"Ã#9ïċ"ĚK)*HĝsìěKJÍ-ÄJÄ:ěçLÌĝEý#ěĜýĝāĝsìěKJ4LÄ*D
ç"íK)Ě#H*ěçG(#āÍ,"ĝD(Lî͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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oĝsìěKĚ#HĝEý
ÎIÜĎĜĜ9Ì("®9ÌÃ#9ïċ"ĝsìěKĚ#HĝEýK*ě(#ĈDJċ#Í,¿Ě"zč¿B%"*D*ěçC#Ýċ"ĝD(Lî͑

oJĜAý*ě(#ĈDĚ#ÍþěĝsìěKĝEý()LDz*÷ċç"qÙLýJÄr)èÄÆÌ*DĝD®ċLîͅ
o®%6,K*ě(#ĈDJÄč"LČ83#ĈċJċ#Í,¿Ě"JĜ@K"Ã#áÍċ"G®îKJÍ--sĚç#,*Ä+#,"Gç#ÄĚ#H(#Ýě"G®îC#Ýċ"ĝD(Lîͅ
oJÄ#ïDG("(Ě#HzĝÅĜÌ*ÌĝD#EÌÃ#9ïċ"Ě#HĎþEDC#Ýċ"K)#Ĝ9Dĝ1@#à#ċĚ"*Ä#Iċ¿JÅ,#&DG®îKÃ#9ïċ"Ě")"(Ďě*ÍEýč"èĜDĝ1@#à#ċÄJč"LČ8Ďě*ÍIÄ

Ã#9ïċ"Ě"*Äč¿ĝsìěKÃ#áÍċ"ĝD(Lîͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
oCL, C#s ͑G*s *H Ě"*Ä ĝsìěK Ďě*ÍIÄ Ã#áÍċ"

)(qě*Hç"G*sĚ#HFĜE1ÌzĚ*Ĝs.Éç"ĝ,)*ÄĝD#EÌËO#%ĎþEDÃ#9ïċ"Ě"*Ä*Hqěç"ĝsìěK#HKÃ#áÍċ"Ďě*ÍIÄÎ@#%ÄĚ"*z#Iċ¿
FÍě)Lt@"Îà)(FĜE1ÌJÄJ-ě#ĈDč"èĜDĝ1@#à#ċ(#Ýě"G®îĎĜÄC#EÌĝsìěK#HJÍà"(*ÉKĎě*ÍIÄĝsìěKĚ"*Ä(#Ýě"EýĎě*Íĝ1@#à#ċ")Ě"*Ä
Ã#9ïċ")(*÷ċĝD(*Ĝsͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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 qě č"LČ8 JÄ PĈÍ-D ®ě®Ü G®î (#Ýě" Ě#H G*s ç" qě *H zÃ#9ïċ" (#Ýě" ç" ®9ÄFĜE1Ì G*s *÷ċ )(
 #Iċ¿ ç" qě*H Ě"*Ä G®î JÍās B%"*D JĜAý K G®î JÍĀ*s )"*þÌ +#," *Ä #Ì (Lî ĝDĜċ"Lć ĂćLÌ Ď

(Lî Ě*ĜsLAÜ Îà)( *ÍïĜÄ ®î) ç" FÍě)Lt@"ͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
oC)#IÙ C#s ͑FĜE1Ì Îà)( č(*ý +*H

JA%*DFID*tě()(Îà#,Îà)(FĜE1ÌG(#āÍ,"ç"íK)Ě#H+*Hč(*ýÎà)(JÄ)L÷ČDĚ*ĜsLAÜç"ðĜÄíç"*Äč®î?®DĝDÄ®î#ͅ
)(JÝĜÍċ#Äÿä%ĎĜċ"LćĂĜ9òKG(#,č(*ý?®DÎà)(zFĜE1Ì)()#Čýðě"èĀ"Ë)®ćFĜE9ÌĚ*ěäÉzč"èĜDĚ*ěäÉ*Ĝ-āÌ?®DèĜċ

ðě"èĀ"ĝD®Ä#ěͅ
qĜČþÌĚ#H+*HÎà)(#ÄK((*þěK)C#Ýċ"ĝD(*ěäÉ͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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+*H .É
Post-Pruning

+*H ðĜÉ
Pre-Pruning

 Ăě*9Ì #Ä ĂćLÌ ĎĜċ"Lć( J9,LÌ C#tČH )( Îà)
ý ĝD Ě*ĜsLAÜ č¿ ®% ç" ðĜÄ ®î) ç" FĜE1Ì®Č  ͅ

+#," *Ä zFĜE1Ì Îà)( BD#ý J9,LÌ ç" .É
 JČěèH JÅ,#&D®Čý ĝD ?®D +*H JÄ C"®ć"ͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o FĜE1Ì Îà)( č(*ý +*H ðĜÉ íK)(Pre-Pruning)

)L5Ä?LE9Dç"Ċě*4FĜ÷ČÌĎĜċ"LćĂćLÌ*ěçĝDč"LÌç"J9,LÌÎà)(FĜE1ÌĚ*ĜsLAÜ(*ý͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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oĎĜĜ9ÌĊE8Îà)(FĜE1Ì
#ÄĎĜĜ9ÌĊE8Îà)(FĜE1ÌĝDč"LÌ Ì("®9

Ã#9ïċ"#H")?*ÍČý(*ýͅĎě®ÄÆĜÌ*Ì()
ĝÌ)L0JýÃ#9ïċ"qězG*sç"*Ñý"®%E8Ċ
2áïDG®î*ÍïĜÄz((*sGç#Ü"Ã#9ïċ"
(LÜKJÍî"®ċKč¿G*sJÄč"LČ8G*sċ#ě#Éĝ#ě
r*Ä)(*÷ċJÍĀ*sĝD(Lî

oĎĜĜ9ÌBć"®%()Lý)Ě"*ÄÃ#9ïċ"
#ÄĎĜĜ9Ì("®9ÌBć"®%()Lý)Ě"*Ä#9ïċ"zÃ)(

ĝÌ)L0Jý("®9ÌĚ#H()Lý)qěG*sç"č"èĜD
2áïDG®î*ÍEýz®î#ÄGç#Ü"Ã#9ïċ"0)(#
G®ïċKč¿G*sJÄč"LČ8G*sĝċ#ě#É)(÷ċ*
JÍĀ*sĝD(Lîͅ

oĎĜĜ9ÌBć"®%()Lý)Ě"*ÄG*sĝċ#ě#É
#ÄĎĜĜ9Ì("®9Ìĉ"®%()Lý)Ě"*ÄG*sċ#ě#Ézĝ)(

ĝÌ)L0JýÃ#9ïċ"G*sz®@"K*ÝČDJÄ(#Ýě"G*s
ĝě#H#Ä*ÍEýç"("®9Ì()Lý)ĎĜĜ9ÌG®îîz(L
Gç#Ü"Ã#9ïċ")(#0G®ïċKG*s®@"KJÄč"LČ8
G*sĝċ#ě#É#ěr*Ä)(*÷ċJÍĀ*sĝD(Lîͅ



ÇFĜE1Ì Îà)( íçLD¿ GL&ċ
o FĜE1Ì Îà)( č(*ý +*H .É íK)(Post-Pruning)

)(Ďě"z(*þěK)Îà)(FĜE1ÌJĜ@K"čK®ÄÎě(K®&DJÍà#,ĝD(Lîͅ.Ê,*Ä+#,"Gç"®ċ"Ě*Ĝsč"èĜDJČěèHJ9,LÌzč¿)(1à/L
ÿä%K+*Hč(*ýðáÄĝě#Hç"Îà)(FĜE1ÌĚ*ĜsĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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Ὑ Ὕ 24 ɻȿὝȿ

R(T): 7LEÝDĚ#5àíçLD¿)(G*sĚ#Hĝċ#ě#É̀r*Ä#H̿
|T|: ("®9ÌBýG*sĚ#Hĝċ#ě#É̀r*Ä#H̿
Ŭ: č"èĜDË®î+*H



ÇFĜE1Ì Îà)( ĎĜċ"Lć *Ĝ-āÌ
ĊÅ4)#Íà#,Îà)(zFĜE1Ì*Ĝ-D3K*îKFĜE1Ìĝě#HJýç"G*sJïě)

JÄG*sĝċ#ě#É̀r*Ä̿ĝDz®,)qěčLċ#ć)(*÷ċJÍĀ*sĝD(LîͅĎě"*Ä#ČÄ*Ä
+#,"GL&ċ®î)KJ9,LÌÎà)(zFĜE1ÌBýĚ#óĀG("(Ě#HJĜ@K"JÄ
J8LEÝDĎĜċ"LćÎ,®ÄG®D¿ç"*Ā"ĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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 K ®î#Ä ĝD ĝîçLD¿ Ě#H G("( Bý ç" J8LEÝD *ěç qě zčLċ#ć *H JÝĜÍċ )( ðě"èĀ"
 #H r*Ä ("®9Ì ĝČ9D JÄ zFĜE1Ì Îà)( )( *ÍïĜÄ ĎĜċ"Lć ("®9ÌJÝĜÍċ )( K (#Ýě"

 *ÍþÙLý Ě#H J8LEÝD*ěç̀*ÍEý ()Lý) ("®9Ì #Ä ̿®î#Ä ĝDͅ



ÇFĜE1Ì Îà)( ĎĜċ"Lć *Ĝ-āÌ
ĎĜČÚEH*Ä+#,"Ě#H)#Ĝ9DÃ#áÍċ"ĝsìěK)()#Íà#,zÎà)(*HÃ#9ïċ"

JÄÎE,/LAà*ÍïĜÄ)(:ěçLÌ*ě(#ĈD®AĜĀÿ®HÎý*%ĝD®ČýͅĎě®Ä
ÆĜÌ*Ì#Ä(#Ýě"Ã#9ïċ"z*ÍïĜÄðĜÉĝČĜÄ)"®ĈDÿ®H#ÄÎć(Ě*ÌO#Ä
C#Ýċ"ĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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 Ì Jý G®î #H r*Ä ("®9Ì ðě"èĀ" JÄ *ÝČD zÃ#9ïċ" ("®9Ì ðě"èĀ" JÝĜÍċ )( ĎĜċ"Lć ("®9
ČD FĜĈÍ-D Ë)L1Ä 7LòLD Ďě" K ®Čý ĝD *ÍïĜÄ ") Îà)( ç" G®D¿ Î,®Ä JÄ *Ý

 Îà)( ?®D K ĎĜċ"Lć Îć( ðě"èĀ"(Lî ĝD FĜE1Ìͅ



ÇFĜE1Ì Îà)( ĎĜċ"Lć *Ĝ-āÌ
o2à#îĚ#HĝÄ#ěç)"ÎĜāĜýĎĜċ"Lć

o)#Ĝ9Dĝċ#ÅĜÍïÉ(Support Index)
Ďě")#Ĝ9DJÄÎÅ-ċ("®9ÌĚ#H()Lý)qěčLċ#ćJÄBýG("(Ě#HĝîçLD¿͆ĝïě#Dç¿
G)#î"()"(Kč#ïċG®ČH(Ë)®ćFĜE9ÌĚ*ěäÉč¿čLċ#ćĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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Ὓόὴὴέὶὸὃᴼὄ
Ὢὶήὃ

ὔ
 ÎIÜ )( ĎĜċ"Lć ĝċ#ÅĜÍïÉ č"èĜD ðě"èĀ" Î-H ĝIě®ÄK ?®D ĝs®ĜÚĜÉ ðH#ý *ÍþÙLý

 FĜE1Ì Îà)( č(*ýÎ," ͅč"èĜD Î@#% Ďě" )( ?®D Ě*ěäÉ FĜE9ÌK ®Ä#ě ĝD ðě"èĀ"
®Ä#ě ĝD ðH#ý ?®D ĝîç"*Ä ðĜÄ .ċ#îͅ



ÇFĜE1Ì Îà)( ĎĜċ"Lć *Ĝ-āÌ
o2à#îĚ#HĝÄ#ěç)"ÎĜāĜýĎĜċ"Lć

o)#Ĝ9Dč#ČĜE4"(Confidence Index)
Ďě")#Ĝ9DJÄÎÅ-ċ("®9ÌĚ#H()Lý)#ÄÆ-Ù*ÄĚ#Hĝ9ć"K+Pýÿ®HK("®9ÌBý

Ě#H()Lý)G*sĝċ#ě#É̀r*Ä̿JÍāsĝD(LîKč#ïċG®ČH(č#ČĜE4"čLċ#ćĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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#έὲὪὭὨὩὲὧὩὃᴼὄ ὖὄȿὃ
ὖὃ᷊ὄ

ὖὃ

Ὢὶήὃȟὄ

Ὢὶήὃ

 ÎIÜ )( ĎĜċ"Lć č#ČĜE4" č"èĜD ðě"èĀ" Î-H ĝIě®ÄK ?®D ĝs®ĜÚĜÉ ðě"èĀ" *Ís)èÄ
 FĜE1Ì Îà)( č(*ýÎ," ͅ č"èĜD Î@#% Ďě" )( ?®D Î&0Ä ĝ@K ®Ä#ě ĝD ðě"èĀ" ®ě#

®Ä#ě ĝD ðě"èĀ" èĜċ ?®D ĝîç"*Ä ðĜÄ .ċ#î (LEċ JÜLÌͅ



ÇFĜE1Ì Îà)( ĎĜċ"Lć *Ĝ-āÌ
o2à#îĚ#HĝÄ#ěç)"ÎĜāĜýĎĜċ"Lć

o)#Ĝ9D#ĈÌ)"(Lift Index)
Ďě")#Ĝ9DJÄÎÅ-ċč#ČĜE4"B0#%ç"qěčLċ#ćJÄ?#EÍ%"7LćKJĜ@K")"®ĈDðĜÉĝČĜÄG®î
6,LÌč¿čLċ#ćJÍāsĝD(LîKč#ïċG®ČH(č"èĜD:ě®Äč(LÄqěčLċ#ćĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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,ὭὪὸὃᴼὄ
ὅέὲὪὭὨὩὲὧὩὃᴼὄ

ὖὄ

 )"®ĈD Î-H ĝIě®ÄLift #ě *Ä"*Ä qě JÄ qě(èċ% čLċ#ć Jý ®î#Ä ĝD ĝČ9D Ďě" JÄ B0#
 *Ä Ě*ĜÐ#Ì G®î 7LćK .ċ#îB JÍî"®ċÎ," ͅ (®8 )®ĈÙ*HLift (*ĜtÄ JA0#Ā qě )"®ĈD ç"

 G®D¿ Î,®Ä čLċ#ćÎĜÄ"äÜÎî"( ®H"Là Ě*ÍïĜÄͅ



ÇFĜE1Ì Îà)( ĎĜċ"Lć *Ĝ-āÌ
oJ-ě#ĈD2à#îĚ#HĝÄ#ěç)"KJÅÌ)Ě®ČÄĎĜċ"Lć
ĊÅ4ĝāě)#9ÌJýç"2à#îĚ#HĝÄ#ěç)"ÎĜāĜýĎĜċ"LćJÍāsG®îč"èĜD2à#îĚ#Hĝċ#ÅĜÍïÉKč#ČĜE4")(BÄ#ĈÌ#Ä*tě®þě®ČÍ-HK
ðě"èĀ"ĝþěç"#Iċ¿ĝD®ċ"LÌ*ÝČDJÄðH#ýĚ*tě(((*sͅ

o)(Ã#áÍċ"KJÅÌ)Ě®ČÄĎĜċ"LćOLE9D)"®ĈDBć"®%2à#îĝċ#ĜÍïÉ*Ä+#,"6ě"*îJAĢ-DKÆ-ýK)#ýĎĜĜ9ÌG®îK.Ê,Ĝċ"LćĎÆáÍČD*ÄĚ#ČÅD
č"èĜD2à#îč#ČĜE4"K#ě2à#î#ĈÌ)"JÅÌ)Ě®ČÄĝD®ċLîͅ

o)(Bġ#-DG()Ě®ČÄ#Ä+PýĚ#Hzčç"LÍD#ċOLE9Dč"èĜD2à#îč#ČĜE4"Ě"*Ä+Pý)LČĜD(®8Ě*ÍþÙLýĝD®î#ÄK2à#î#ĈÌ)"p)(Ě*ÍIÄç"ÎĜāĜý
ĎĜċ"LćÎ,®ÄG®D¿ĝD®H(ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FĜE1Ì Ě#H Îà)(
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Ç#H ?®D ĝÄ#ěç)"
ĝÄ#ěç)"?®D#H*ÄĚ#ČÅD$*4čLDç¿G(#āÍ,"G®î)(ç#ĀzĚç#-@®DJÄJ-ě#ĈD*ě(#ĈDĝ9ć"KK*ě(#ĈDðĜÉČĜÄĝG®î
6,LÌ?®DĝD(ç"(*Éͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"

212

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

X1 X2 X3 X4 Target Partition Pred. Error

. . . . 75 Train 69 6

. . . . 68 Train 72 -4

. . . . 92 Test 94 -2

. . . . 77 Train 80 -3

. . . . 84 Test 81 3

. . . . . . . .

. . . . . . . .

. . . . . . . .

X1 X2 X3 X4 Target Partition Pred. Error

. . . . Cold Train Cold 0

. . . . Cold Train Hot 1

. . . . Hot Test Hot 0

. . . . Cold Train Cold 0

. . . . Hot Test Cold 1

. . . . . . . .

. . . . . . . .

. . . . . . . .

Ě®ČÄ G() Ě#H ?®D ĝÄ#ěç)"čLĜ,*s) Ě#H ?®D ĝÄ#ěç)"



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o2à#îÎ&0(Accuracy)

2à#îG(#,K(*Ä)#ý*É)(ĝÄ#ěç)"?®DĚ#HG()Ě®ČÄÎ,"JýÎÅ-ċĚ#H()Lý)#ÄðĜÉĝČĜÄ'Ĝ&0JÄC#EÌ#H()Lý)")JÅ,#&DĝD®Čýͅ

?"L,)͑(JAĢ-D2ĜáïÌqěĚ)#EĜÄ)(#ċJý.ċ#î7LćKč¿͉̼ĝDz®î#Ä

#ě¿2à#îÎ&0?®D(Accuracy)*ÍDĝÅ,#ČDĚ"*ÄĝÄ#ěç)"?®DĝDy®î#Ä

ĚK#ý G("( ®Čě¿*Ā
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X1 X2 X3 X4 Target Partition Pred. Error

. . . . Cold Train Cold 0

. . . . Cold Train Hot 1

. . . . Hot Test Hot 0

. . . . Cold Train Cold 0

. . . . Hot Test Cold 1

. . . . . . . .

. . . . . . . .

. . . . . . . .

ὃὧὧόὶὥὧώρ ὅὰὥίίὭὪὭὧὥὸὭέὲὉὶὶέὶ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o.ě*Ì#DFH)(ĝtÍáě)(Confusion Matrix)
)(.ě*Ì#DFH)(ĝtÍáě)J-ě#ĈD*ě(#ĈDĝ9ć"KK*ě(#ĈDðĜÉĝČĜÄz?®DJÄqĜþāÌ*Hqěç"+PýĚ#H®AĜĀÿ®H:ěçLÌDĝ(Lîͅ

TP͑J8LEÝDĝě#H()Lý)Jý6,LÌ?®DJÄĝÍ,)(z+PýÎÅÑDðĜÉĝČĜÄ®îͅ
TN͑J8LEÝDĝě#H()Lý)Jý6,LÌ?®DJÄĝÍ,)(z+PýĝāČDðĜÉĝČĜÄ®îͅ
FP͑J8LEÝDĝě#H()Lý)Jý6,LÌ?®DJÄG#ÅÍî"z+PýÎÅÑDðĜÉĝČĜÄ®îͅ
FN͑J8LEÝDĝě#H()Lý)Jý6,LÌ?®DJÄG#ÅÍî"z+PýĝāČDðĜÉĝČĜÄ®îͅ

ĚK#ý G("( ®Čě¿*Ā
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ὝὖὝὔ

ὝὖὊὖὝὔ Ὂὔ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o.ě*Ì#DFH)(ĝtÍáě)(Confusion Matrix)
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2à#îRecall̀ĝÄ#ěç#Ä#̿ěSensitivitỳÎĜ,#-%̿č#ïċG®ČH(Î-Čě"Jý
JÙĝÍÅ-ċç"*ě(#ĈDĝ9ć"K+PýÎÅÑDJÄĝÍ,)(6,LÌ?®D,#Čîĝě#KðĜÉ
ĝČĜÄG®îÎ,"ͅ

ὙὩὧὥὰὰὛὩὲίὭὸὭὺὭὸώὝὶόὩὖέίὭὸὭὺὩὙὥὸὩὝὖὙ
Ὕὖ

ὝὖὊὔ

2à#îRecallĚ"*Ä+PýĝāČD")JÄč"LČ8SpecificitỳĝsìěK̿ĝD®Č,#Čîͅ

ὛὴὩὧὭὪὭὧὭὸώ
Ὕὔ

Ὕὔ Ὂὖ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o.ě*Ì#DFH)(ĝtÍáě)(Confusion Matrix)
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2à#îPrecisionzč#ïċG®ČH(Î-Čě"JýJÙĝÍÅ-ċç"*ě(#ĈDðĜÉÄĝČĜ
G®î+PýÎÅÑD'Ĝ&0G(LÄÎ,"̀ͅÎć(?®D)(+PýÎÅÑD̿

ὖὶὩὧὭίὭέὲ
Ὕὖ

ὝὖὊὖ

ὊὥὰίὩὖέίὭὸὭὺὩὙὥὸὩὊὖὙ ρ ὛὴὩὧὭὪὭὧὭὸώ
Ὂὖ

Ὕὔ Ὂὖ

ß*ċÎÅÑDzÃã#ýč#ïċG®ČH(Î-Čě"JýJÙĚ®0)(ç"+PýĚ#HāČDĝJÄ
G#ÅÍî"+PýÎÅÑD)(*÷ċJÍĀ*sĝD®ċLîͅĎě"2à#îJÄč"LČ8ß*ċ)"®ïH
Ãã#ý(False Alarm Rate)èĜċJÍà#ČîĝD(Lîͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o.ě*Ì#DFH)(ĝtÍáě)(Confusion Matrix)
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Ě"*ÄÃ#áÍċ"?®DC"®ýqěç"2à#îĚ#HRecall#ěPrecisionÎĜEH"y()"(

â,#ÉJÄĎě"?"L,JÍ-Ä"KJÄÎĜEH"qě*Hç"Ě#H#5à7Lċ?K"#ěCK(ĝDÄ®î#ͅ

?#ÑD͈͑ñ*Ā®ĜČý+PýÎÅÑD2ĜáïÌqěG®úĝċ#4*,FĜà®Ä{Î,")(Ďě"Ë)L0Íċ")#÷Fě)"(
)"®ĈDFN*Ä"*Ä#Ä*ā0®î#Ä̀ĝČ9ě)"®ĈDRecall*Ä"*Ä#Ä͈͇͇̿ͅĎě"*Ä#ČÄĝ@®D")Ã#áÍċ"ĝDFĜČýJý#Ä")"(
č(LÄĎě"z3*î)"®ĈDPrecision")FEĜ-ý#D®Čýͅ

?#ÑD͉͑ñ*Ā®ĜČý+PýÎÅÑD7LćKJ@è@ç®ě®î{®î#Ä)(Ďě"Ë)L0'ĜÜ*ÌĝDFĜH(Ě"*ÄĚ*ĜsLAÜ
ç"7LćKC)O¿Ě#HzG#ÅÍî")"®ĈDFPç"qě)"®ĈDĎĜĜ9ÌG®î*ÍïĜÄ®î#Åċ̀)L5Ä?#ÑDBć"®%͇̼͐

PrecisionK̿ĝ@®D")Ã#áÍċ"ĝDFĜČýJý#Ä")"(č(LÄĎě"3*î)"®ĈDRecall")FEĜ-ý#D®Čýͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o.ě*Ì#DFH)(ĝtÍáě)(Confusion Matrix)
)(Ě()"LDJýĎě®ČÙ?®DJÍà#,zG®î6ě"*îĝAć"®%č"èĜDRecallKPrecision")")"(ĝDz®Čî#ÄĝDč"LÌç"2à#îĚ®ě*ÅĜHJý*Ä+#,"
K(2à#îĉLĀÎ,®ÄĝDz®ě¿JÄč"LČ8)#Ĝ9DĝÄ#ěç)"G(#āÍ,"(LEċ͑
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& ὛὧέὶὩὊ ὓὩὥίόὶὩ
ςz ὙὩὧὥὰὰὖzὶὩὧὭίὭέὲ

ὙὩὧὥὰὰὖὶὩὧὭίὭέὲ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o)"(LEċG*IÄK#ĈÌ)"(Gain & Lift Chart)
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*HK()"èÄ"GainChartKLift Chart#ÄJÅ,#&DÎÅ-ċĎĜÄÞě#ÍċÎ,®ÄG®D¿
#Ä?®DKčK®Ä?®D̀ĝĀ(#1Ìz̿ĝïáÄ*Ð"?®D")Gç"®ċ"Ě*ĜsĝD®ČČýͅ
JÄĝÌ)#Å8Ďě"#H)"èÄ"č#ïċĝD®H(#ě¿G(#āÍ,"ç"?®DĝïáÄ*Ð"()"(ě#y*Ĝà

)"èÄ"Ě*tě(JýĚ"*ÄĝÄ#ěç)"?®DĚ#HG()Ě®ČÄG(#āÍ,"ĝD(LîÍ,"G(#āç"
íK)Ě#HĚ*1ÄGainChartKLift ChartĝD®î#Ä*ͅÄÿPà.ě*Ì#DFH)(
ĝtÍáě)Jý2à#îĚ#HĝÄ#ěç)"ĚK)BýJ8LEÝDG("(#HJÅ,#&DĝD
z®ċ®îĎě"#H)"èÄ"ĚK)ÎÅ-ċĚ#HĝāAÍáDç"G("(#HJÅ,#&DĝD®ċLîͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,))"(LEċG*IÄK#ĈÌ)"(Gain & Lift Chart)

C#s?K"͑Ã#áÍċ"+Pýÿ®H(hit)Ě"*ÄF,)Ë)#Ù̀)L5Ä?#ÑD+PýÎÅÑD̿
C#sCK(͑ÆÌ*DĚç#,r)èÄJÄqÙLýJĜAý#H()Lý)*Ä+#,"?#EÍ%"")"(č(LÄ+Pýÿ®H
*̀Ä+#,"č"èĜDConfidence*HðĜÉĝČĜÄ6,LÌ?®DJÍà#,G®î̿
ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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0ὶέὴὩὲίὭὸώὖ ὃ
ὅέὲὪὭὨὩὲὧὩὖὶὩὨὭὧὸὖέίὭὸὭὺὩὅὰὥίί
ρ ὅέὲὪὭὨὩὲὧὩὖὶὩὨὭὧὸὔὩὫὥὸὭὺὩὅὰὥίί



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,))"(LEċG*IÄK#ĈÌ)"(Gain & Lift Chart)

C#sCL,͑FĜ-ĈÌĚ®ČÄJĜAýĚ#H()Lý)ÆÌ*DG®î)(nJÍ,(*Ä"*Ä̀)L5Ä?#ÑD͈͇JÍ,(#̿Äøā%ÆĜÌ*Ì#Iċ¿
̀C#sCK(KzCL,)(:ć"KË#ĜAE8JÍ--sĚç#,z#H()Lý)ĚK)č"èĜDč#ČĜE4"+Pýÿ®H#ÄíK)p®ČÙ#HĝD®î#Ä̿ͅ
C#sC)#IÙ͑JÅ,#&D2à#îGainKLiftĚ"*Ä*HJÍ,(KJÅ,#&Dč"èĜDĝ9EÝÌ#Iċ¿

C#sFÝČÉ͑F,)Ë)#Ùͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"

221

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

'ὥὭὲ
ὔόάὦὩὶέὪὬὭὸίὭὲήόὥὲὸὭὰὩ

ὝέὸὥὰὲόάὦὩὶέὪὬὭὸί
ρzππ ,ὭὪὸ

ὋὥὭὲ

ὴὩὶὧὩὲὸϷέὪὨὥὸὥὭὲήόὥὲὸὭὰὩί



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,))"(LEċG*IÄK#ĈÌ)"(Gain & Lift Chart)
?#ÑD͑
7LEÝD#H()Lý)͉͇͇͇͑͌
7LEÝDĚ#H()Lý)+Pýÿ®H͑͋͏͎͋
JÍ--sĚç#,)͑(͈͇qH(

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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'ὥὭὲ
ὔόάὦὩὶέὪὬὭὸίὭὲήόὥὲὸὭὰὩ

ὝέὸὥὰὲόάὦὩὶέὪὬὭὸί
ρzππ

,ὭὪὸ
ὋὥὭὲ

ὴὩὶὧὩὲὸϷέὪὨὥὸὥὭὲήόὥὲὸὭὰὩί



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,))"(LEċG*IÄK#ĈÌ)"(Gain & Lift Chart)
?#ÑD͑
7LEÝD#H()Lý)͉͇͇͇͑͌
7LEÝDĚ#H()Lý)+Pýÿ®H͑͋͏͎͋
JÍ--sĚç#,)͑(͈͇qH(

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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'ὥὭὲ
ὔόάὦὩὶέὪὬὭὸίὭὲήόὥὲὸὭὰὩ

ὝέὸὥὰὲόάὦὩὶέὪὬὭὸί
ρzππ

,ὭὪὸ
ὋὥὭὲ

ὴὩὶὧὩὲὸϷέὪὨὥὸὥὭὲήόὥὲὸὭὰὩί



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,))"(LEċG*IÄK#ĈÌ)"(Gain & Lift Chart)

oJÅ,#&DBaseline
)(Ďě"Î@#%#Äñ*ĀÆ-Ù*ÄĚ)"äszĝĀ(#1Ìč"èĜD?#EÍ%"7LćK+Pý

ÿ®H)(J8LEÝDG("(#HË#Å,#&D3LÄ*DJÄ2à#îĚ#HGainKLift
C#Ýċ"ĝD(Lîͅ)L5Ä?#ÑD)(ĝÌ)L0Jý͉͇̼G("(#H+PýÎÅÑDz®Čî#Ä
)(*HJÍ,(JÄč"èĜD͉͇ç̼"G("(#HÆ-Ù*ÄÎÅÑDG("(ĝD(Lîͅ

oJÅ,#&DBest Line (Perfect CAP)
)(Ďě"Î@#%?®D#ÄĚ#5à*ā0)(*÷ċJÍĀ*sĝD(LîK)(*HJÍ,(ĝD#EÌ

Ě#H()Lý)ĎþEDĚ")"(Æ-Ù*Ä+Pýÿ®H)(*÷ċJÍĀ*sĝD(Lî#Ìĝě#Ü
Jý("®9ÌĚ#H()Lý)+Pýÿ®HJÄC#EÌ"®,*Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oĝČ&ČDROC(ReceiverOperating Characteristics curve)
ĝþěç"Þě")Ďě*ÌĚ#H)"èÄ"Ě*1ÄÎIÜĝÄ#ěç)"ĝě")#ý?®DĚ#HG()Ě®ČÄ

G(#āÍ,"ç"ĝČ&ČDROCĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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)(Ďě"z)"èÄ"*ě(#ĈDTPR̀ß*ċÎÅÑDĝě#HJýJÄĝÍ,)(6,LÌ?®Dĝě#,#Čî
®ċ®î̈́2à#îRecall/Sensitivity̿JÄč"LČ8J5ĈċËLć?®D̀č"èĜD(L,̿)(
BÄ#ĈD*ě(#ĈDFPR̀ß*ċÎÅÑDÃã#ýï1-Specificity̿JÄč"LČ8J5ĈċĂ9ò
?®D̀č"èĜDJČěèH̿)"*ćĝD(*ĜsKĚ"*ÄĝÄ#ěç)"?®DJÄ?#Åċ(J&@#1DĎĜÄ,(LK
JČěèHĝD®î#Äͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oĝČ&ČDROC(ReceiverOperating Characteristics curve)
ĝþěç"Þě")Ďě*ÌĚ#H)"èÄ"Ě*1ÄÎIÜĝÄ#ěç)"ĝě")#ý?®DĚ#HG()Ě®ČÄ

G(#āÍ,"ç"ĝČ&ČDROCĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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)(Ďě"z)"(LEċ6àç#-EĜċJÄč"LČ8?®DÃ#áÍċ"ĝĀ(#1ÌÎ,"KJÙ*H&ČDĝČ
ROCqěz?®DJA0#ĀĚ*ÍïĜÄç"č¿(*ĜtÄč#ïċG®ČH(ĝě")#ý*ÍïĜÄč¿?®D
Î,"ͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,)ĝČ&ČDROC
Ě"*ÄJÅ,#&D3#ĈċĝČ&ČDROCzĝÍ-ě#Ä*ě(#ĈDĝāAÍáDç"*ě(#ĈDTPRK

FPRJÄĚ"ç"*H?®DJÅ,#&D(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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?#ÑD͑ñ*Ā®ĜČýĚ"*Ä͈͇()Lý)?K®ÜzĉLĀ#ÄG(#āÍ,"ç"?®DG()®ČÄAz?#EÍ%"
ĊA9ÌJÄ+PýÎÅÑDĚ"*ÄC#EÌ#H()Lý)JÅ,#&DG®îÎ,"͑

C#s?K"͑ÆÌ*DĚç#,#H()Lý)*Ä+#,"?#EÍ%"ĊA9ÌJÄ+PýÎÅÑD



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,)ĝČ&ČDROC

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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C#sCK(#͑Ä)(*÷ċĎÍĀ*s*Hqěç"*ě(#ĈD?#EÍ%"ĊA9ÌJÄ+PýzÎÅÑDJÄč"LČ8®%Jċ#Í,¿Ě"̀í*Ä̿Ě"*ÄqĜþāÌĚ#I,PýÎÅÑDKDzĝāČ.ě*Ì#DFH)(
ĝtÍáě)3LÄ*DJÄč¿(#Ýě"K*Ä+#,"č¿*ě(#ĈD2à#îĚ#HTPRKFPRJÅ,#&DĝD(Lîͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
oJÅ,#&DKF,)ĝČ&ČDROC

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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C#sCL,͑F,)ĝČ&ČDROC*Ä+#,"3#ĈċTPRKFPRJÄqĜþāÌ*H®%
Jċ#Í,¿Ě"̀í*ÄK̿?#1Ì"#Iċ¿

Ďě®ÄÆĜÌ*ÌG(#āÍ,"ç")"(LEċROC)(ĎĜĜ9ÌĎě*ÍIÄJ5ĈċJċ#Í,¿Ě"ÄĚ"*
qĜþāÌ+Pý#HèĜċ®ĜāDÎ-Hͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o2à#îArea Under Curve (AUC)

ĚK#ý G("( ®Čě¿*Ā
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2à#îAUCĝČ&ČDROC"))(Æ@#ćqě)"®ĈDĝEýGç"®ċ"Ě*ĜsG(*ýK
ÎĜAÄ#ćJ-ě#ĈDĎĜÄ?®D#H")FH"*ĀĝD®Čýͅ
#ÄJÜLÌJÄJþČě"Î%#-D*ěç6àç#-EĜċ*Ä"*Ä#Ä(®8͇͌ͅĝDz®î#ÄĎě"*Ä#ČÄ

?®DÃLA5DĝÍ-ě#ÄĚ)"®ĈDðĜÄç"͇͌ͅJÍî"(®î#ÄͅĝIě®ÄÎ-H)(
Ďě*ÍIÄÎ@#%Jý)"®ĈDFPR*Ä"*Ä#Ä*ā0K)"®ĈDTPR*Ä"*Ä#Äqěz®î#Ä)"®ĈD
JČĜïĜÄÎ%#-D*ěçĝČ&ČD*Ä"*Ä#Äqě®H"Là(LÄK(®8AUC)(ÆAú"
#I@®D)(Gç#Ä(0,1))"*ćĝD®ċ*Ĝsͅ



ÇĚ®ČÄ G() Ě#H ?®D ĝÄ#ěç)"
o2à#îArea Under Curve (AUC)

ĚK#ý G("( ®Čě¿*Ā
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G(#āÍ,"ç"2à#îAUCĚ"*ÄĝAġ#-DJý:ěçLÌ®AĜĀÿ®Hčç"LÍD#ċĝDz®î#ÄĝD®ċ"LÌ
G"*EsG®ČČý®î#Äͅ)(Ďě"7LċBġ#-DG(#āÍ,"ç"2à#îĚ#HRecallKPrecision
ĝD®ċ"LÌJČěèsĚ*ÍIÄĚ"*ÄĝÄ#ěç)"?®D#H®î#Äͅ

?#ÑD͑č"èĜDAUC)(?®DĚ#HAKB*Ä"*Ä{Î,"#D"JÄ$LòKĝDč"LÌ®ě()(ĝAġ#-D
Jýß*ċ)"®ïHG#ÅÍî"Ě")"(JČěèHĚ(#ěçÎ-H?®DAĚ")"(JÝĜÍċĚ*ÍIÄÎÅ-ċJÄ
?®DBĝD®î#ÄͅĎĜČÚEH?®DBèĜċ)(ĝAġ#-DJýĝ,*Í,(JÄ+PýÎÅÑD

ÎĜEH"ĝěO#Ä()"(ÎÅ-ċJÄ?®DAĚ")"(ÎĜ&Ü)"Î,"ͅ



ÇĝċLĜ,*s) Ě#H ?®D ĝÄ#ěç)"

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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*ÄÿPà?®DĚ#HG()zĚ®ČÄ)(Bġ#-DðĜÉĝČĜÄG("(Ě#HzĝEý2à#î
ĝě#H®Čċ#DÎ&0?®D#̀ÄĝDLIāDJý)(Bġ#-DG()Ě®ČÄ#Čî¿Fě®î̿(LÜK
()"®ċͅJþAÄJÄ?#Åċ(ĝě#H)#Ĝ9DĚ"*ÄGç"®ċ"Ě*Ĝsč"èĜDĝþě(èċ)"®ĈDÉðĜĝČĜÄ
G®î#Ä)"®ĈDĝ9ć"KFĜÍ-Hͅ
JÄĎĜEHBĜ@(Jě#ÉÆAú"2à#îĚ#HĝÄ#ěç)"?®DĚ#HzĝċLĜ,*s)*ÄDĚ#ČÅ

JÅ,#&DGç"®ċ"Ě#5àðĜÉĝČĜÄĝD®î#Äͅ
Error = Real Value ïPredicted Value

X1 X2 X3 X4 Target Partition Pred. Error

. . . . 75 Train 69 6

. . . . 68 Train 72 -4

. . . . 92 Test 94 -2

. . . . 77 Train 80 -3

. . . . 84 Test 81 3

. . . . . . . .

. . . . . . . .

. . . . . . . .



ÇĝċLĜ,*s) Ě#H ?®D ĝÄ#ěç)"
o2à#îMean Absolute Error (MAE)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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2à#îMAEĝþěç"G(#,Ďě*ÌĚ#H)#Ĝ9DĝÄ#ěç)"Ě#I@®DĝċLĜ,*s)ĝDÄ®î#ͅ
Ďě"2à#î6,LÍDGç"®ċ"Ě#5àðĜÉĝČĜÄ")JÅ,#&DĝD®ČýK-āÌ*ĜĝÄLà
ç"č"èĜDĝïáÄ*Ð"?®DFH"*ĀĝD®Čýͅ

JÍþċ ͑ #5à ĎĜtċ#ĜD JÅ,#&D K ĊA5D )®ć ÿä% #Ä(Mean Error) JÄ JÜLÌ #Ä z 6à )äs
#H G("( BĈÐ èý*D ç" ĝċLĜ,*s)®ě¿ Î,®Ä *ā0 (®8 ĝÍ-ě#Ä z ͅD JÅ,#&D Ë)L0 )( )"®Ĉ

 Ě")"( ?®D Îās č"LÌ ĝD z*ā0 ç" *Ís)èÄ #ě *ÍþÙLý Ě*ĜsL,(Bias) ÎE, JÄĚ()K¿*Ä ðĜÄ
 #ě Ě()K¿*Ä Fý®î#Ä ĝDͅ



ÇĝċLĜ,*s) Ě#H ?®D ĝÄ#ěç)"
o2à#îMean Absolute Percentage Error (MAPE)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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2à#îMAPEÎH#ÅîĚ(#ěçJÄMAEz()"(#ÄĎě"ËK#āÌJýGç"®ċ"
Ě#5àðĜÉĝČĜÄ)(Ďě"2à#îË)L1ÄĚ®0)(ç")"®ĈDĝ9ć"KÄč#Ĝ
ĝD(LîͅJÄĎĜEHÎA8*Ĝ-āÌÎ%")Ě*Ìç"ĝÄ#ěç)"?®D(#Ýě"ĝDý®Čͅ

)(Ë)L0ĎÍî"(*Ä)®ćĊA5Dç"zJ5Ä")ĝDč"LÌÎIÜÎÅÑDKĝāČD#5à"))(D)"®Ĉ
2à#îMean Percentage Error (MPE)G®H#ïD(*ýKJÄ#ïD2à#î

Mean Error)(/L1àč#þD"Ě*ĜsL,?®DËK#óć(LEċͅ



ÇĝċLĜ,*s) Ě#H ?®D ĝÄ#ěç)"
o2à#îMean Absolute Percentage Error (MAPE)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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)(G(#āÍ,"ç"2à#îMAPEJÄK(()LDĝÍ-ě#ÄJÜLÌ(LEċ͑
o)(Ë)L0*ā0č(LÄ)"®ĈDĝ9ć"K)(qěz()Lý))"®ĈDMAPEBÄ#ć

JÅ,#&DĝEċ®î#Äͅ
o®0)(Ě#5àðĜÉĝČĜÄJÅ,#&DG®î)(Ďě"2à#î)(3#ÅÌ)"#Ä

Gç"®ċ")"®ĈDĝ9ć"KĝD®ċ"LÌËK#āÌĚ(#ěç(#Ýě"®ě#Eċͅ



ÇĝċLĜ,*s) Ě#H ?®D ĝÄ#ěç)"
o2à#îMean Square Error (MSE)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"
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)(JÅ,#&D2à#îMSEç"ĎĜtċ#ĜDč"LÌCK(Ě#5àðĜÉĝČĜÄ
G(#āÍ,"ĝD(LîͅJÄĎĜEHBĜ@(*ÄÿPà2à#îMAEJý)(
JÅ,#&Dč¿C#EÌ#H#5àFHčçKG(LÄz®ċ")(Ďě"2à#î*HJÙč"èĜD
Ě#5àðĜÉĝČĜÄ*Ís)èÄz®î#ÄčçKĚ*ÍïĜÄ)(č"èĜDMSE®H"Là
Îî"(ͅ

 2à#î Ďě" :ć"K )( Ě*ÍïĜÄ ÎĜ,#-% JÄ Ë*É *ě(#ĈD®H( ĝD č#ïċͅ



ÇĝċLĜ,*s) Ě#H ?®D ĝÄ#ěç)"
o2à#îMean Square Error (MSE)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï #H ?®D ĝÄ#ěç)"

237

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

Ã#áÍċ"ĎĜÄ2à#îĚ#HMAEKMSEPD#ýJÄÿ"®H"JAĢ-DJÍ-Ä"K
Î-HͅG(#āÍ,"ç"2à#îMSEĎě"č#ČĜE4"")JÄ#DĝD®H(Jý?®D

ÎĜ,#-%CçO)(ĝÄ#ěç)"*ě(#ĈDË*É")Î,")"(ͅ

r)èÄ Ě#H G("( (#Ýě" JÄ *ÝČD zĝČĜÄ ðĜÉ Ě#5à CK( č"LÌ JþČě" JÄ JÜLÌ #Ä K G®î
ç" ĝÄ#ěç)" Þě#Íċ *ÍIÄ *Ĝ-āÌ Ě"*Ä OLE9D z®H( ĝD *ĜĜûÌ ") #H G("( +#ĜĈD Ďě" )äÜ

 2à#î č"LČ8 JÄRoot Mean Square Error (RMSE)(Lî ĝD G(#āÍ,"ͅ



Ç čç"LÍD#ċ Ě#H G("( Ě®ČÄ G() ð@#Ù(Imbalanced Dataset)
ĝþěç"Bġ#-DÞě"))(G()zĚ®ČÄ:ěçLÌčç"LÍD#ċ)(+PýĚ#H®AĜĀÿ®HĝD®î#Äͅ)(Ě)#Ĝ-Äç"G("(z#Hç"JAEÜG("(Ě#HË#āAáÌDĝ@##ě
JEĜÄzĚ"Ě)#EĜÄĚ#Hz/#àG®ě®ÉĚ#H)(#ċKͅͅͅĝEċč"LÌ)#÷Íċ"Îî"(ĝċ"K"*ĀJEH+Pý#HJÄqěGç"®ċ"®î#Äͅ
Ďě"7LòLDÒ8#ÄĝD(LîĚ)#Ĝ-Äç"FÍě)Lt@"z#HÆ-Ù*Ä+PýĚ#H)(#ċ")JÄč"LČ8Ě#H()Lý)Ë*ÉK#ěĝÍ%Ě#5àðĜÉĜÄĝČG®ě(#ċ

z®ċ*ĜtÄ)(JþĜÌ)L0zOLE9DĎě"+PýĚ#H)(#ċÎĜEH"ĝěO#Ä)(JAĢ-D®ċ)"(ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Ç čç"LÍD#ċ Ě#H G("( Ě®ČÄ G() ð@#Ù(Imbalanced Dataset)
)L5ÄĝAýË®îčç"LÍD#ċč(LÄG("(#Hĝs®ĜÚĜÉJAĢ-D")ðě"èĀ"ĝD®H(KÆAú"FÍě)Lt@"#HJÄÎA8JþČě"ÄJ?#Åċ(
ðě"èĀ"Î&0ĝAý?®D(Accuracy)#ěðH#ý#5à®ČÍ-H#DLE8)(G("(Ě#Hčç"LÍD#ċ(*þAE8ĝÄLà")®ČH"LáċÎî"(ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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ĝ@(#9ÍD#ċ JÜ)( ¦ĜAć" +Pý ÎÅ-ċÎ

Mild 20-40%

Moderate 1-20%

Extreme <1%

)L5Ä?#ÑDñ*Ā®ĜČýĚ"*ÄB%JAĢ-D2ĜáïÌĂAáÌ)(qěÎý*îĜÄzJEJ8LEÝD
G("(Ě")()#ĜÍà"#EîJÍî"äsG®îÎ,"K.Éç"qěG(#D¿Ěç#,JĜ@K"*ÄĚK)(zG("

FÍě)Lt@"Îà)(FĜE1Ì")ĚK)G("(#HíçLD¿®ě("(Kç"JÝĜÍċ?®DÎātîG(ç
®ě®î̼͑͐͐͌ͅÎ&0?®D)(ðĜÉĝČĜÄ̸̸
ĝ@K#ÄĝEýÎć(®ĜH"Là®ě(Jý?®D#EîJÄJEH#H()Lý)Æ-Ù*ÄF@#,zG("(K
͐͐͌ͅç̼"G("(Ě#H#EîÆ-Ù*ÄF@#,JÍî"(®ċ"̸)(:ć"Kĝ@®D#Äíç)"*ā0ͅ



Ç čç"LÍD#ċ Ě#H G("( Ě®ČÄ G() ð@#Ù(Imbalanced Dataset)
Ě"*ÄĊġ#Āč®D¿*Äð@#ÙG("(Ě#Hzčç"LÍD#ċíK)Ě#Hĝ8LČÍD(LÜK()"(Jý)(Ě"*Ü"GëK*ÉĚ#HG("(ĚK#ýĝ9,ĝDLî(
ç"G(#,Ďě*Ì#IîK)Ě"*ÄB%č¿G(#āÍ,"(LîK)(Ë)L0ç#ĜċJÄÎE,íK)Ě#HG®ĜÚĜÉ*ÌÎĀ)ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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oJA%*D?K"͑¶ĜH)#ýJĀ#ò"Ě"®ĜČþċ̸
®ě#îíLà.ċ#îFĜî#ÄKù)#Āç"Ë®îčç"LÍD#ċč(LÄG("(z#H?®DĚ#H
Î,®ÄG®D¿ç"ĝsìěKĚ#H)(z+*Í,(JÄĝÄLà+PýĚ#Hčç"LÍD#ċ )"
qĜþāÌ®ČČýͅ

oJA%*DCK(͑ĝsìěK*ÐLDĚ*tě(JÄG("(#HJĀ#ò"Čý®Ĝ̸
*s"JÄGç"®ċ"JA%*D?K"íLà.ċ#îzFě(LÅċĝ,)*Ä®ĜČý#ě¿č#þD"JĀ#ò"
č(*ýĝsìěKĚ*ÐLDJýqĜþāÌĚ*ěäÉ+Pý#H")#ĈÌ)"®H((LÜK )"((ͅ



Ç čç"LÍD#ċ Ě#H G("( Ě®ČÄ G() ð@#Ù(Imbalanced Dataset)
oJA%*DCL,͑JÄG("(Ě#H+PýĝAć"®%JĀ#ò"®ĜČý̸
®ě#îč#þD"ĝ,*Í,(JÄG("(Ě#H®ě®Ü#Ä+PýÎĜAć"(LÜKJÍî"(®î#Äͅ)(Ë)L1Čě"*ÍIÄÎ-HJD"("B%JAĢ-D.Éç"BĜEþÌG("(#HK9ÍD?(#č(*ý#Iċ¿
C#Ýċ"(*ěäÉͅ

oJA%*DC)#IÙ͑(*þěK)B%JAĢ-D")ĝDč"LÌ*ĜĜûÌ("(̸
ĝH#sÎćK#H®ě#ÄÎĜ9ć"K")ÎĀ*ěäÉK6ě"*îJAĢ-D")ç"JěK"çĚ*tě(G#tċ(*ýͅ
)L5Äz?#ÑDBě®ÅÌJAĢ-DG()Ě®ČÄJÄJAĢ-Dĝě#,#ČîË#Ā"*&ċ"

#̀ěAnomaly Detection̿ĝD®ċ"LÌĝþěç"Ě#H)#þH")(LÜLDĚ"*ÄĚç#-@®D
KB%JAĢ-D)(*÷ċJÍĀ*s(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Ç čç"LÍD#ċ Ě#H G("( Ě®ČÄ G() ð@#Ù(Imbalanced Dataset)
oJA%*DFÝČÉ͑G(#āÍ,"ç"Ě#H(*þěK)JIÜ"LD#ÄG("(Ě#Hčç"LÍD#ċ
.Éç"ĝ,)*Ä)#IÙJA%*DBÅćK)(Ë)L0CK"®ÌzBþïDJ,(*þěK)G®E8)(B%JAĢ-DG()Ě®ČÄG("(Ě#Hčç"LÍD#ċ(LÜK()"(͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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 *Ä ĝČÍÅD (*þěK)

Ě*Ĝs JċLEċ
*Ä ĝČÍÅD (*þěK)

JČěèH :Ä#Ì
*Ä ĝČÍÅD (*þěK)

FÍě)Lt@" Ě)#E9D



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ÿ®Hç"qĜČþÌĚ#H()LDG(#āÍ,")(Ďě"z(*þěK)?(#9ÍDĚç#,:ěçLÌ+PýĚ#H®AĜĀÿ®HĝD®î#Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling

JÍþċFID͑*ĜĜûÌ:ěçLÌG("(#H6ĈĀK6ĈĀ)(J8LEÝDG("(Ě#HĝîçLD¿Ě"*ÄÎà#,?®DC#Ýċ"ĝD(*ěäÉͅ



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ðH#ýĚ#H()Lý)+PýÎě*Ñý"JÄíK)Ě#HĝāAÍáDBÄ#ćC#Ýċ"Î-HͅJ,íK)Þě")JÄ$*î*ěçÎ,"͑
íK)ÿä%ĝĀ(#1Ì(Random Under-Sampling)
)(Ďě"zíK)ç"Ċě*4JċLEċĚ*ĜsĝĀ(#1ÌG(#,z("®9ÌĚ#H()Lý)+PýÎě*Ñý"JÄč"èĜD#̀ěqě(èċJÄ̿("®9ÌĚ#H()Lý)

+PýÎĜAć"ĝD®,)ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ðH#ýĚ#H()Lý)+PýÎě*Ñý"JÄíK)Ě#HĝāAÍáDBÄ#ćC#Ýċ"Î-HͅJ,íK)Þě")JÄ$*î*ěçÎ,"͑
íK)ÿä%qě(èċĎě*ÌJě#-EH#H(Near Miss Under-Sampling)
)(Ďě"zíK)Ë)L1Ä*ĜúĝĀ(#1ÌK#ÄĚLt@"*ěçĚ#H()Lý)+PýÎě*Ñý"ðH#ýĝD®Ä#ě͑

oÎ¦ĜAć" +Pý K Î¦ě*Ñý" +Pý Ě#H JċLEċ C#EÌ ĎĜÄ B0"LĀ JÅ,#&D

o Îî"®Itċ K ĝě#,#Čîk()"( Î¦ĜAć" +Pý 3#Ĉċ #Ä ") JA0#Ā Ďě*ÍEý Jý Î¦ě*Ñý" +Pý JċLEċͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ðH#ýĚ#H()Lý)+PýÎě*Ñý"JÄíK)Ě#HĝāAÍáDBÄ#ćC#Ýċ"Î-HͅJ,íK)Þě")JÄ$*î*ěçÎ,"͑
íK)ÿä%TomeKLinks

o®ċ)"( ĊA9Ì ĝÌK#āÍD +Pý JÄ C"®ý *H Jý #H G("( )( ĝě#H JċLEċ ÎāÜ ĝě#,#Čîͅ
)®ċ)"( )"*ć +Pý K( ĎĜÄ ç*D ĝþě(èċ )( B0" )( #H JċLEċ ÎāÜ Ďě"̿

o#H ÎāÜ Ďě" )( Îě*Ñý" +Pý Ě#H JċLEċ ÿä%ͅ
̀®Ä#ě ĝD ðě"èĀ" FH +Pý K( ĎĜÄ ç*D z#H JċLEċ ("®9Ì č®î ?(#9ÍD *Ä GKP8̿

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ðě"èĀ"Ě#H()Lý)+PýÎĜAć"JÄíK)Ě#HĝāAÍáDBÄ#ćC#Ýċ"Î-HͅJ,íK)Þě")JÄ$*î*ěçÎ,"͑
íK)ðě"èĀ"ĝĀ(#1Ì(Random Over-Sampling)
)(Ďě"zíK)ç"Ċě*4JċLEċĚ*ĜsĝĀ(#1Ì#ÄĚ)"ätě#ǛËLÄÇ*Í,"Bootstrapz̿#Ä)"*þÌĚ#H()Lý)+PýzÎĜAć"("®9Ì#Iċ¿
JÄč"èĜD#̀ěqě(èċJÄ̿("®9ÌĚ#H()Lý)+PýÎě*Ñý"ĝD®,)ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ðě"èĀ"Ě#H()Lý)+PýÎĜAć"JÄíK)Ě#HĝāAÍáDBÄ#ćC#Ýċ"Î-HͅJ,íK)Þě")JÄ$*î*ěçÎ,"͑
íK)JċLEċĚç#,Synthetic Minority Oversampling Technique (SMOTE)
)(Ďě"zíK)ç"Ċě*4Îà#,JċLEċĚ#HJĜÅîJÄ+PýÎĜAć"z("®9Ìč¿ðě"èĀ"ĝD®Ä#ě#Ìčç"LÌ+Pý#H)"*ć*Ä((*sͅ

o "®ÍÄ"k̈́®ċLî ĝD 2áïD Î¦ĜAć" +Pý ç" JċLEċ *H Ě"*Ä Î¦ĜAć" +Pý Ě#H JċLEċ Jě#-EH Ďě*Ì qě(èċ

o(Lî ĝD Ã#áÍċ" #H Jě#-EH ç" ĝþě ĝĀ(#1Ì Ë)L0 JÄ ÎĜAć" +Pý JċLEċ *H Ě"*Ä

o ĝÄ#ě čK)( ç" G(#āÍ," #Ä̀Interpolation̿FĜČý ĝD (#Ýě" )LýäD JċLEċ K( ĎĜÄ ®ě®Ü JċLEċ qě

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ðě"èĀ"Ě#H()Lý)+PýÎĜAć"JÄíK)Ě#HĝāAÍáDBÄ#ćC#Ýċ"Î-HͅJ,íK)Þě")JÄ$*î*ěçÎ,"͑
íK)JċLEċĚç#,ADASYN
)(Ďě"zíK)#ÄG(#āÍ,"ç"JÅ,#&D:ěçLÌĝ@#tÙG("(Ě#HÎĜAć"zË#ĜAE8JċLEċĚç#,")Ě"*ÄJċLEċĝě#Hç"+PýÎĜAć"
JýĚ"*ÄĚ*Ĝs(#ě?®DÎá,*Ìz®ČÍ-HC#Ýċ"ĝD®H(ͅ

JÅ,#&Dĝ@#tÙ͑
)̀(ĝtě#-EHqě()Lý)ÎĜAć"̿

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs

ðě"èĀ"Ě#H()Lý)+PýÎĜAć"JÄíK)Ě#HĝāAÍáDBÄ#ćC#Ýċ"Î-HͅJ,íK)Þě")JÄ$*î*ěçÎ,"͑
íK)JċLEċĚç#,ADASYN

o íK) Ďě" )(k̈́(Lî ĝD 2áïD Î¦ĜAć" +Pý ç" JċLEċ *H Ě"*Ä #H G("( Bý ç" Jě#-EH Ďě*Ì qě(èċͅ

o č¿ ĝtě#-EH )( Îě*Ñý"  +Pý ĝ@#tÙ Î¦ĜAć" +Pý ç" JċLEċ *H Ě"*Ä .Ê,ὶ̀ ̿(Lî ĝD JÅ,#&Dͅ

o ?®D Ě"*Ä #H č¿ Ě*Ĝs(#ě Jý ĝÍ¦ĜAć" +Pý Ě#H JċLEċ ĚK) #IČÌ

 Î," *Ì Îá,̀Ěç*D Ě#H JċLEċ̿(Lî ĝD JÍà#, ®ě®Ü JċLEċ zͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄJċLEċĚ*Ĝs
)(Ě)#Ĝ-Äç"ĝAġ#-DJýË®îčç"LÍD#ċč(LÄG("(#H(#ěçz®î#ÄG(#āÍ,"ç"íK)Ě#HĝÅĜý*Ìç"Ě#H(*þěK)ðH#ýG("(Ě#HÑý"Îě*K

ðě"èĀ"G("(Ě#HÎĜAć"()LDG(#āÍ,")"*ćĝD(*Ĝsͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Hybrid Approach

Over-Sampling

Under-Sampling



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*Ä:Ä#ÌJČěèH
)(Ďě"(*þěK)#Ä*ĜĜûÌ:Ä#ÌJČěèHĚ#H#5àðĜÉzĝČĜÄ®ċK)Ě*Ĝs(#ě?®DJÄÎE,ðĜÉĝČĜÄ+PýÎĜAć"ĉL,G("(Dĝ(Lîͅ

oÎ," č#-þě ËK#āÍD Ě#H +Pý Ě"*Ä Ě®ČÄ G() Ě#5à JČěèH Jý Î," Ďě" *Ä ñ*Ā #H ®ČÄ G() *Ñý" )(̀ ͅyÎ," JċLs Ďě" ĝ9ć"K Ě#Ĝċ( )( #ě¿̿
o z(*þěK) Ďě" )( J¦Ĝ@K" B0" Ě®ČÄ G() Ě#H#5à JČěèH Ě*Ä"*Ä#ċÎ,"ͅ

o(Lî ĝD JÍĀ*s *÷ċ )( ËK#āÍD z+Pý *H Ě"*Ä G#ÅÍî" Ě®ČÄ G() JČěèH zJċLEċ *H Ě"*Ä #5à G(#, JÅ,#&D Ě#Ü JÄ íK) Ďě" )(ͅ
o Î&0 Ěç#, JČĜïĜÄ Ě"*Ä íPÌ Ě#Ü JÄ ?®D̀Accuracy̿ )( ĝ9, z G#ÅÍî" Ě®ČÄ G() Ě#H JČěèH Bý Ěç#, JČĜEý()"( ")ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*Ä:Ä#ÌJČěèH
#ÄĂě*9Ì.ě*Ì#DzJČěèHíçLD¿?®D*Ä+#,"Ě*Ĝs(#ě+#-%JÄJČěèH(Cost-Sensitive Learning)®H"Là(LÄͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Ã#áÍċ")"®ĈD*ÍD")#ÉJČěèH͑
o*Ä+#,"BĜA&ÌĚ(#1Íć"K,#&DJÅ

JČěèHĚ(#1Íć"#5à)(ðĜÉĜÄĝČ
o*Ä+#,"ÎÅ-ċC®8čç"LÌG("(H#
oJÄíK)čLDç¿K#5à



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄĚ)#E9DFÍě)Lt@"

FÍě)Lt@"Ě#HĂAÍáD*Ä+#,"ĝsìěKĚ#HzĝÌ#Ĝò#ě)Ě)#D¿Kĝ,®ČHz(LàĝD®Čċ"LÌÞě#ÍċĝÌK#āÍD)(()Là*Ä#ÄG("(Ě#Hċčç"LÍD#JÍî"(
®Čî#ÄͅĎě"*Ä#ČÄÎà#ČîCçOKĝH#s¿ç"Ë#ĜġèÜFÍě)Lt@"#HĝD®ċ"LÌ)(Ã#áÍċ"FÍě)Lt@"Ě#HÆ,#ČDĚ"*ÄB%qěJAĢ-D ÌĎĜĜ9G®ČČý
®î#Äͅ

oK#ĈD #QH G("( č(LQÄ čç"LÍD#Qċ ð@#QÙ BQÄ#ĈD )( #QDLE8 z®Qċ)"( JQý Ě)"èQĀ" K LÝÍQ-Ü ÎQĜH#D ÎQA8 JQÄ FĜEQ1Ì ÎQà)( ®QČċ#D ĝě#H FÍě)Lt@" ?#ÑD )L5Ä ÎQD
Îî"( ®ČH"Là Ě*ÍïĜÄͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄĚ)#E9DFÍě)Lt@"

ĎĜĜ9Ì®%Jċ#Í,¿?®DG()Ě®ČÄ(Classification Threshold)Ě"*ÄÆ-Ù*ÄĚ)"äs+PýĚ#HðĜÉĝČĜÄzG®îĝþěç"íK)Ě#H
Æ,#ČD)(JIÜ"LD#ÄG("(Ě#Hčç"LÍD#ċÎ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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ÆAú"FÍě)Lt@"#H)L5ÄðĜÉñ*Ā)(Bġ#-DG()Ě®ČÄ̀Ě*Čě#Ä̿)"®ĈD͇͌ͅ")JÄč"LČ8®%
Jċ#Í,¿Ě")(*÷ċĝD®ċ*Ĝsͅ)(JþĜÌ)L0)"®ĈD?#EÍ%"+PýÎÅÑD)(?®Díç"*ÄG("(
G®îAĝČ9ěP ( + |A )ĚO#ÄĎě"®%z®î#ÄÆ-Ù*Ä+PýÎÅÑDK)(*ĜúË)L1Čě"

Æ-Ù*Ä+PýĝāČD2Ĝ1áÌG("(ĝD(Lîͅ

 )"(LEċ ç" G(#āÍ,"Recall-PrecisionĜĜ9Ì )( ĝÝě") )"èÄ" zËK#āÍD Ě" Jċ#Í,¿ (K®% Ě"*Ä Ď
®î#Ä ĝD čç"LÍD#ċ Ě#H G("( Ě" Jċ#Í,¿ ®% Ďě*ÍIÄͅ



Çčç"LÍD#ċ Ě#H G("( #Ä JIÜ"LD Ě#H(*þěK)
o(*þěK)ĝČÍÅD*ÄĚ)#E9DFÍě)Lt@"
ĝþěç"Ě#H íK)Æ,#ČDÎIÜJIÜ"LD#ÄĚ#H G("(?(#9ÍD#ċG(#āÍ,"ç"Ë)®ćĎě®ČÙ?®DG()®ČÄJÄĚ#Ü G(#āÍ,"ç"qě?®DÎ,"ͅ)(Ďě"
íK)B%zJAĢ-DJÄĚ#Üèý*EÌ*ÄÎà#,qě?®D)#Ĝ-ÄÃLàJÄÎE,Îà#,qěFÍ-Ĝ,(*àĝ9EÜĎĢE5DĝDFěK)ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïčç"LÍD#ċ Ě#H G("(
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 č"LČ8 Î&Ì (*þěK) Ďě" ĝ9ĜEÝÌ Ě#H ?®D(Ensemble Models)®ċLî ĝD JÍà#Čî  ͅ



Ç?#EÍ%" Ě)LĢÌ FĜH#āD *Ä Ě)K*D
o®D#ïĜÉĚ#HBĈÍ-DKčLċ#ćÃ*ò?#EÍ%"

o?#EÍ%"ĝ4*î

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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ĝÍćK7LćKqěz®D#ïĜÉBĈÍ-Dç"7LćK®D#ïĜÉĚ*tě(z®î#Ä?#EÍ%"7LćKC"LÌ
̀č#DèEH̿#Iċ¿*Ä"*Ä#ÄB0#%Ã*ò?#EÍ%"qě*Hç"#H®D#ïĜÉĝD®î#Äͅ

)(Ě)#Ĝ-Äç"ĝ9ć"LDJýĎĜÄ7LćKK(®D#ïĜÉ?PĈÍ,"(LÜKJÍî"®ċz®î#ÄDĝč"LÌ#Ä
ĝH#s¿ç"JÝĜÍċ®D#ïĜÉz?K"?#EÍ%"7LćK®D#ïĜÉCK("))(Ě#óĀJċLEċþÙLýĚ*Í
LÝÍ-Ü(*ýK)"®ĈD?#EÍ%"")JÅ,#&D(LEċͅ



Ç?#EÍ%" Ě)LĢÌ FĜH#āD *Ä Ě)K*D

očLċ#ć?#EÍ%"Bý

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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?#EÍ%"qě®D#ïĜÉ")ĝDzč"LÌJÄË)L0B0#%:EÜ?#EÍ%"Ě#Hĝ4*îč¿)( *Ā"ç"
®D#ïĜÉĚ*tě(ĝ-ěLċç#Ä(*ýͅ

P(B)=P(BžA1)+ P(BžA2)+ P(BžA3)+ P(BžA4)+ P(BžA5) + P(BžA6)
= P(B |A1) P(A1) + P(B |A2) P(A2)+ P(B |A3) P(A3)+ P(B |A4) P(A4)+ P(B |A5) P(A5)+ P(B |A6) P(A6) 
=В░ͧ ͙̿Σ͘Ώ̀ ͧ̿͘Ώ̀



Ç?#EÍ%" Ě)LĢÌ FĜH#āD *Ä Ě)K*D

očLċ#ćèĜÄ

o6-ÄčLċ#ćèĜÄ*Ä+#,"čLċ#ć?#EÍ%"Bý

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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JÅ,#&D?#EÍ%"ĝ4*îčK®Äç#ĜċJÄJÅ,#&D?#EÍ%"C"LÌ̀ͅJÅ,#&D?#EÍ%"ÌC"LK(
®D#ïĜÉ)(Ě)#Ĝ-Äç"()"LDJÄĝs(#,BÄ#ćJÅ,#&DÎ-Ĝċ̿



Ç G(#, èĜÄ FÍě)Lt@"(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
Ďě"FÍě)Lt@"qě?®DG()®ČÄĝÌO#EÍ%"®Ĝ@LÌG(*ýK*Ä+#,"Ë"®H#ïD3LÄ*DJÄG("(Ě#HzĚ(K)KĚ)"®ĈDç"ĜĀ®Aÿ®H
")JýĚ")"(Ďě*ÍïĜÄ?#EÍ%"7LćK®î#Ä")*ÄĝD®ċ"(*sͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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FÍě)Lt@"èĜÄzG(#,ĝþěç"7"Lċ"FÍě)Lt@"Ě#HĚ*Ĝs(#ě#Ä÷ċË)#ç"7Lċ
G()Ě®ČÄĚ"*Ä®AĜĀÿ®HĝāĜýĝD®î#Äͅ
ñ*Ā®ĜČý*Ä+#,"ĝsìěKĚ(K)KxJÄ?#Åċ(JÅ,#&D?#EÍ%"7LćK
®AĜĀÿ®HyFĜÍ-HͅĎě"*Ä#ČÄ*Ä+#,"čLċ#ćèĜÄJ5Ä")*ÄK)K")

FĜH"LàÎî"(͑

Posterior = Likelihood * Prior / Evidence



Ç G(#, èĜÄ FÍě)Lt@"(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
G(#āÍ,"ç"FÍě)Lt@"G()Ě®ČÄèĜÄG(#,)(6ě"*îzĝ9ć"KBD#îË"®H#ïD®ČÙĚ®9Äὼ ὼȟὼȟȣȟὼĝD®î#ÄͅĎě"
zFÍě)Lt@"#Ä)(*÷ċĎÍĀ*sñ*ĀĚLć?PĈÍ,"ĎĜÄĚ#H)"(*ÄĚ(K)KKG(#āÍ,"ç"čLċ#ćÃ*ò?#EÍ%"KčLċ#ć%"?#EÍBýz
JÅ,#&DčLċ#ćèĜÄ")JÄË)L0*ěçC#Ýċ"ĝD®H(͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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╟╨╧ ὖὣὼȟὼȟȣȟὼ ὖὣὼ ὖzὣὼ Ễz ὖzὣὼ ὖὣὼ

╟╨╧ ὖὣὼ
ὖὼὣὖὣ

ὖὼ
░

▪
╟●░╨╟╨

╟●░╨╟╨╟╨ ╟●░ͯ ╨╟ ╨ͯ



Ç G(#, èĜÄ FÍě)Lt@"(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
oJÅ,#&DJČĜïĜÄ?#EÍ%"ĎĜ-É͑Maximum a Posterior (MAP)

ðĜÉĝČĜÄÆ-Ù*Ä®AĜĀÿ®H#ÄJÅ,#&D?#EÍ%"7LćK*Hqěç"+Pýz#HJÄ3*î*ě(#ĈDĝsìěKĚ#HĚ(K)KKĎĜĜ9Ì,PýĝJý)"®ĈD
?#EÍ%"")JČĜïĜÄ®Čý(MAP)C#Ýċ"ĝD(*ěäÉͅ

ñ*Ā®ĜČý®AĜĀÿ®HJÄ("®9ÌK+Pý{()"()(Ë)L1Čě"ðĜÉĝČĜÄÆ-Ù*Ä+Pý®AĜĀÿ®HǶώ*Ä+#,"J5Ä")*ěçÎ,®ÄĝD®ě¿͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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Ƕώ ÁÒÇάὥὼБÉρ
Î 0ØÉ9ὧ09

0ØÉ

Ὧɴ ρȟςȟȣȟὑ

 ÿ®H ®AĜĀ +Pý ç" Ě)"®ĈDὧ G®î ĝČĜÄ ðĜÉ G() č"LČ8 JÄ
®Čý JČĜïĜÄ ") èĜÄ ®ČÄ G() :Ä#Ì )"®ĈD Jý z((*s ĝD Ã#áÍċ"ͅ



Ç G(#, èĜÄ FÍě)Lt@" Ě#H ĝsìěK(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
JÄÎA8ñ*Ā?PĈÍ,"ĎĜÄĝsìěKĚ#HzĚ(K)KJÅ,#&DJ5Ä")èĜÄ#ÄĚç#,"®Ü:ěçLÌ?#EÍ%"ĝ4*îĚ"*Ä*HìěKĝsË)L1Ä

BĈÍ-Dç"*ě#,ĝsìěK#HC#Ýċ"ĝD(LîKĎě"7LòLDK(JÝĜÍċFID)(ĝÉ®H"LàÎî"(͑
oÎÅ-ċJÄĚ)#Ĝ-Äç"FÍě)Lt@"Ě#H*tě(G()zĚ®ČÄç#ĜċJÄG("(Ě#HĚ*ÍEýĚ"*ÄË#Å,#&D(Là()"(Kç"Ďě"K)ĝþěç"®ċ#ýĚ#H"®ě

Æ,#ČDĚ"*Äĝ9ć"LDJý#ÄG("(Ě#HFýJÜ"LDFĜÍ-HĝD®î#Äͅ
o®ČÙ*H#ÄG(#,Ěç#,6Ä"K)ĎĜÄĝsìěKĚ#HzĚ(K)K)"®ĈD?#EÍ%"ĎĜ-ÉÎ,®ÄG®D¿ÆAú"Ě")"(#5àKÿ"*&ċ"ç")"®ĈDĝ9ć"KĝDÄz®î#

#D"#ÄJÜLÌJÄGL&ċ2Ĝ1áÌÆ-Ù*Ä+Pýÿ®H*Ä+#,"MAPzù)#Āç"JþČě"()K¿*Ä?#EÍ%"Fý#ě(#ěçĚ")"(#5àz®î#Ä#D"Æ-Ù*Ä
ðĜÉĝČĜÄG®îJÄĝÍ,)(JČěèsBEÍ&DĚ*ÌÎÅ-ċJÄ*ě#,*ě(#ĈDÎ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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Ç G(#, èĜÄ FÍě)Lt@" Ě#H ĝsìěK(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
JÄÎA8ñ*Ā?PĈÍ,"ĎĜÄĝsìěKĚ#HzĚ(K)KJÅ,#&DJ5Ä")èĜÄ#ÄĚç#,"®Ü:ěçLÌ?#EÍ%"ĝ4*îĚ"*Ä*HìěKĝsË)L1Ä

BĈÍ-Dç"*ě#,ĝsìěK#HC#Ýċ"ĝD(LîKĎě"7LòLDK(JÝĜÍċFID)(ĝÉ®H"LàÎî"(͑
oJÄÎA8Ë#Å,#&D)#Ĝ-Äz:ě*,)(ĝAġ#-DJýç#ĜċJÄðĜÉĝČĜÄuċ)(PÄ(Real Time)K#ě)(6ě"*î(LÜKG("(Ě#H#ÄFÝ%)#Ĝ-Ä

(#ěçzJČěèsĝÄLA5DÎ-Hͅ

 +Pý *H Ě"*Ä ĎĜ-É ?#EÍ%" JÅ,#&D K J,Pý ®ČÙ ÿ®H ®AĜĀ ç" BD#ý ĝċ#ÅĜÍïÉ ÎA8 JÄ̀ íK)MAP̿ ®Čċ#D Ě®ČÄ G() Bġ#-D ÆAú" )( z G()
 čLÍD Ě®ČÄ(Text Classification) z FÊ," 2ĜáïÌ(Spam Filtering) z ĝ8#EÍÜ" Ě#H JþÅî )( Ë#,#-%" BĜA&Ì(Sentiment 

Analysis) K G®ČH( (#IČïĜÉ Ě#H FÍ-Ĝ,(Recommendation System)®î#Ä ĝD JÜLÌ ()LD )#Ĝ-Äͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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Ç G(#, èĜÄ FÍě)Lt@" ç" Ě(®8 ?#ÑD(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
oG(#āÍ,"ç"FÍě)Lt@"èĜÄG(#,)(2ĜáïÌFÊ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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ñ*Ā®ĜČýG("(Ě#HĝîçLD¿)(+*Í,(BD#î͍ĎÍDBĜEě"ĊÄ#5D?K®ÜK*ÄK)Î,"Jý#Ä
Æ-Ù*ÄĚ#HñhamòKñspamò+Pý#Iċ¿2áïDG®îÎ,"ͅ
ĝDFĜH"Là#ÄG(#āÍ,"ç"FÍě)Lt@"èĜÄzG(#,Æ-Ù*ÄBĜEě"®ě®Ü#ÄĎÍDñreview us nowò")

2ĜáïÌFĜH(ͅSend Us Your Password Review Account Class

1 1 1 1 0 0 Spam

1 1 1 0 1 0 Ham

0 0 0 1 1 0 Ham

0 1 0 0 1 0 Spam

1 0 1 1 0 0 Spam

1 1 1 0 0 1 Spam



Ç G(#, èĜÄ FÍě)Lt@" ç" Ě(®8 ?#ÑD(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
oG(#āÍ,"ç"FÍě)Lt@"èĜÄG(#,)(2ĜáïÌFÊ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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*Ä+#,"6Ä"K)zèĜÄ?#EÍ%"ĎĜïĜÉ+PýĚ#Hÿ®HKĎĜČÚEH?#EÍ%"ĎĜ-ÉJÄ3*î K7Lćqě
ĝsìěK#ÄqEýG("(Ě#HĝîçLD¿Î,®ÄĝD®ě¿͑



Ç G(#, èĜÄ FÍě)Lt@" ç" Ě(®8 ?#ÑD(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
oG(#āÍ,"ç"FÍě)Lt@"èĜÄG(#,)(2ĜáïÌFÊ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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Ě"*ÄG(#āÍ,"ç"G()®ČÄèĜÄzG(#,ĝÍ-ě#ÄË#Å,#&DčLċ#ćèĜÄË)L1ÄJċ#s"®ÜĚ"*Ä*HĝsìěKK
ĎĜČÚEHJÄqĜþāÌ+PýĚ#H®AĜĀÿ®HC#Ýċ"(Lîͅ)(?K®Ü*ěçJÅ,#&D)"®ĈDEČÍ,)(ĝě#C#EÌ
ĝsìěKĚ#H()LDĝ,)*ÄJÄqĜþāÌK(+Pýč#ïċG("(G®îÎ,"͑



Ç G(#, èĜÄ FÍě)Lt@" ç" Ě(®8 ?#ÑD(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
oG(#āÍ,"ç"FÍě)Lt@"èĜÄG(#,)(2ĜáïÌFÊ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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JÅ,#&D)"®ĈDĝě#EČÍ,)(Ě"*ÄË)#Å8BĜEě"®ě®ÜJÄqĜþāÌ+PýĚ#Hÿ®HC#Ýċ"ĝDî(L͑



Ç G(#, èĜÄ FÍě)Lt@" ç" Ě(®8 ?#ÑD(ͥ ΅ϵΜΉ ͙΅ΟΉΙ)
oG(#āÍ,"ç"FÍě)Lt@"èĜÄG(#,)(2ĜáïÌFÊ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïG(#, èĜÄ FÍě)Lt@"
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)(Îě#IċJÅ,#&D?#EÍ%"ĎĜ-ÉĚ"*ÄË)#Å8BĜEě"®ě®ÜJÅ,#&DĝD(LîK#ÄJÜLÌJÄJþČě")"®ĈD
č¿Ě"*Ä+Pýspam*ÍþÙLýĝDz®î#Ä)(JÝĜÍċ#Ä?#EÍ%"͇ͅ͏ ͎͎BĜEě"®ě®ÜĊA9ÍDJÄ+Pý

hamĝD®î#Äͅ



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD
ĝþěç"(*Ä)#ý*ÉĎě*ÌFÍě)Lt@"Ě#HĚ*Ĝs(#ěĚ)#D¿#Äÿ®Hĝ,)*ÄKĚç#-@®D3#ÅÌ)"ĝ5àĎĜÄqě#ě®ČÙĝsìěK KĚ(K)BĈÍ-Dç"
FH#Ä*ĜûÍDJÍ-Ä"K̀â,#É̿ĝD®î#ÄͅčLĜ,*s)ĝ5àç"7LċĚ*Ĝs(#ě#ÄË)#÷ċ#Äÿ®HðĜÉĝČĜÄ*ě(#ĈDĝEýÎ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

Ě(K)K ĝsìěK qě ç" ðĜÄ

Jċ#s®ČÙ ĝ5à čLĜ,*s)
Multiple Linear Regression



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD
ĝþěç"(*Ä)#ý*ÉĎě*ÌFÍě)Lt@"Ě#HĚ*Ĝs(#ěĚ)#D¿#Äÿ®Hĝ,)*ÄKĚç#-@®D3#ÅÌ)"ĝ5àĎĜÄqě#ě®ČÙĝsìěK KĚ(K)BĈÍ-Dç"
FH#Ä*ĜûÍDJÍ-Ä"K̀â,#É̿ĝD®î#ÄͅčLĜ,*s)ĝ5àç"7LċĚ*Ĝs(#ě#ÄË)#÷ċ#Äÿ®HðĜÉĝČĜÄ*ě(#ĈDĝEýÎ,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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x

y

Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

E(Y|X) = ?



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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x

y

Y

Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

E(Y) = Mean(Y)
E(Y|X) = ?



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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x

y

y = b0+ b1x

Mean of Y given X
E(Y|X) =b0 + b1x Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

b0



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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x

y

X1

Y1

1
ĔY

Mean of Y given X
E(Y|X) =b0 + b1x 

Predicted value of Y

Independent Variable X

Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

b0

y = b0+ b1x



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

1 unit

units

Response (Y)

Predictor (X)



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

1 unit

b0

b1

y

0

x= 0, y=  b0

y x= + ³b b0 1

x



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

1 unit

b0

b1

y

0

x= 0, y=  b0

y x= + ³b b0 1

x



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě 6ĈĀ

G(#, ĝ5à čLĜ,*s)
Simple Linear Regression

D JÄ ?®D Ě#H*ÍD")#É Ě"*Ä )"®ĈD Ďě*ÍIÄ ĎÍĀ#ě zčLĜ,*s) ?®D ÿ®H )L÷Č
 #H#5à )KäÝD 7LEÝD č®ċ#,) Bć"®% JÄ®î#Ä ĝDͅ



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě ç" ðĜÄ

Jċ#s®ČÙ ĝ5à čLĜ,*s)
Multiple Linear Regression

0 1 1 2 2 k ky x x xb b b b e= + + + + +

Dependent 

(response) 

variable

Independent 
(explanatory) 
variables

slopes
intercept

Random 
error

x1
x2

y

b0=10

0

(xi1, xi2)

E(yi)
yi

ei
Response Surface



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě ç" ðĜÄ

Jċ#s®ČÙ ĝ5à čLĜ,*s)
Multiple Linear Regression

Ù 8ɼ ʀ



Çĝ5à čLĜ,*s) *Ä Ě" JD®ĈD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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Ě(K)K ĝsìěK qě ç" ðĜÄ

Jċ#s®ČÙ ĝ5à čLĜ,*s)
Multiple Linear Regression

D JÄ ?®D Ě#H*ÍD")#É Ě"*Ä )"®ĈD Ďě*ÍIÄ ĎÍĀ#ě zčLĜ,*s) ?®D ÿ®H )L÷Č
 #H#5à )KäÝD 7LEÝD č®ċ#,) Bć"®% JÄ®î#Ä ĝDͅ

Ù 8ɼ ʀ



Ç?®D Ě#H*ÍD")#É ()K¿*Ä
o ĝ@LE9D Ë#9Ä*D Bć"®% íK)(OrdinaryLeast Square Method - OLS)

(*Ĝs ĝD )"*ć G(#āÍ," ()LD čLĜ,*s) ?®D Ě#H*ÍD")#É ()K¿*Ä )( (*þěK) Ďě*Ì(*Ä)#ý*É K Ďě*Ì Þě") č"LČ8 JÄ íK) Ďě" ͅò JÅ,#&D Ě"*Ä #Ä z?®D Æě"*
 ç" G(#āÍ,"ĝ5à *ÅÜ )( ĝ-ě*Ì#D Ë#Å,#&D Jý (Lî ĝD ÎĀ#ě ĝAþî JÄ ?®D ?LIÝD Ě#H*ÍD")#É Ě"*Ä *ě(#ĈD Ďě*ÍIÄ®D Ě#5à Ë#9Ä*D 7LEÝD ?

̀ĝċLĜ,*s) 6à )"®ĈD K ĝ9ć"K )"®ĈD ĎĜÄ ÿPÍà" ̿JČĜEý(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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‍ ÁÒÇÍÉÎὛ‍

‍

Where Ὓ‍= В ώ ώ В ώ В ὢ‍ ȿώ ὢ‍ȿ

‍ ὢὢ ὢώ

 Ďě" )( CçO ĝ-ě*Ì#D Ë#Å,#&D z(#ěç Ě#H G("( FÝ% )(
 JÄ ç#Ĝċ íK) ĝĀ#ý J÷Ā#% K BD#ý Ě#H G("( JÄ ĝ,*Í,(

(Memmory)®î#Ä ĝDͅ
 ÿ®H :Ä#Ì ç" Ě*Ĝs ĊÍïD #Ä
Ä z#ÍÄ Ě#H*ÍD")#É JÄ ÎÅ-ċ ()K¿*
(*ěäÉ ĝD C#Ýċ" #H*ÍD")#Éͅ



Ç?®D Ě#H*ÍD")#É ()K¿*Ä
o ĝě#EČÍ,)( JČĜïĜÄ ĎĜEáÌ íK)(Maximum Likelihood Estimation - MLE)

Î-H ĝě#EČÍ,)( :Ä#Ì *Ä ĝČÍÅD íK) z)#D¿ )( ()K¿*Ä Ě#IîK) Ďě*Ì ĎĢE5D K Ďě*ÍIÄ ç" ĝþěͅ
ĝě#EČÍ,)( :Ä#Ì͑JĜò*Ā qě ĝÍ,)( 3*î JÄ z") #H G("( ç" ĝ1áïD Ě#H JċLEċ G®H#ïD ?#EÍ%"

̀:ěçLÌ Ě#H*ÍD")#É #ě ?®D ̿®ČěLs ĝD ĝě#EČÍ,)( ͅ#Ä Fě*ĜtÄ *÷ċ )( ÎÄ#Ð ") #H JċLEċ JþĜÌ)L0 )(
Îî"( FĜH"Là ") ĝě#EČÍ,)( :Ä#Ì zč¿ JÄ 3LÄ*D Ě#óĀ )( *ÍD")#É )"®ĈD *ĜĜûÌͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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,ʃὼ 08 Øʃ

Î-H JAĢ-D JÄ #Iċ¿ G#tċ 7Lċ )( ĝě#EČÍ,)( :Ä#Ì K ?#EÍ%" :Ä#Ì ËK#āÌ  ͅ
 #Ä ?#EÍ%" :Ä#Ì )(*ÍD")#É )"®ĈD ĎÍî"( Jtċ ÎÄ#ÐĜs ĝD )"*ć ĝ,)*Ä ()LD #H G("( ?#EÍ%" )"®ĈD :ěçLÌ z(*ͅ

 #Ä ĝě#EČÍ,)( :Ä#Ì )( JþĜÌ)L0 )(G("( *ě(#ĈD ĎÍî"( Jtċ ÎÄ#ÐÄ *ÍD")#É ĝÍ,)( ?#EÍ%" )"®ĈD z(Lî ĝD ĝ,)*ͅ

,ʃὼ ὖὼȿ—
ὼ~ i.i.d



Ç?®D Ě#H*ÍD")#É ()K¿*Ä
o ĝě#EČÍ,)( JČĜïĜÄ ĎĜEáÌ íK)(Maximum Likelihood Estimation - MLE)

 ĝċLĜ,*s) ?®D Æě"*ò ()K¿*Ä )((h) ĝě#EČÍ,)( JČĜïĜÄ ĎĜEáÌ íK) z(MLE) Ě(K)K Ě#H G("( ĎÍĀ*s *÷ċ )( #ÄX Ďě*ÍIÄ ĎÍĀ#ě ?#Åċ( JÄ z?®D JÄ
 ?®D Ě#H*ÍD")#É̀#ÍÄ Æě"*ò ̿®î#Ä JÍî"( G®î JÍĀ*s *÷ċ )( Ě#H G("( #Ä ") ĝċ"LáEH Ďě*ÍïĜÄ Jý Ě)L5Ä Î,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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ὓὥὼὭάὭᾀὩÌÏÇὒὬὼ ὓὭὲὭάὭᾀὩÌÏÇὖὼὬ

 )"®ĈD *H Ě"*Ä ?#EÍ%" )"®ĈD č(LÄ qÙLý ÎA8 JÄxî ĝD G(#āÍ," JAĢ-D B% )( ĝě#EČÍ,)( :Ä#Ì FÍě)#t@ ç" OLE9D K (L
 č"LČ8 JÄ íK) Ďě" ÿ®H :Ä#Ì BĜ@( ĎĜEH JÄLog ïLikelihood(Lî ĝD JÍà#Čî èĜċͅ

Ä qě Ë#9Ä*D Bć"®% ()K¿*Ä zčLĜ,*s) ?®D )( #5à :ěçLÌ č(LÄ ?#D*ċ ñ*Ā Ě)"*ć*Ä Ë)L0 )( Jý (Lî ĝD ÎÄ#Ð ()K¿*MLE
((*s ĝD ÃL-&D èĜċͅ



Ç?®D Ě#H*ÍD")#É ()K¿*Ä
o č#ě("*s ðH#ý íK)(Gradient Decent Method)

 ĎÍĀ*s *÷ċ )( #Ä Jý ®î#Ä ĝD č#ě("*s ðH#ý íK) ç" G(#āÍ," ĝċLĜ,*s) ?®D Æě"*ò ()K¿*Ä Ě#H íK) ç" *tě( ĝþě" ĝĀ(#1Ì )"®ĈD JĜ@K qě*H Ě"*Ä
 qě ĝ4 K G(*ý Îý*% #5à ðH#ý ÎIÜ )( ĝČĜÄ ðĜÉ Ě#5à č"èĜD JÅ,#&D K ?®D Æě"*ò ç" Ě)"*þÌ ®Čě¿*ĀD "*tEH JČĜIÄ Æě"*ò JÄ(Lî ĝͅ

 #Ä Jý ĝ9ć"LD )( íK) Ďě" Ě(#ěç Ě#H G("( FÝ% #H ĝsìěK K Ë"®H#ïD ("®9Ì )(
 FĜî#Ä JÜ"LD̀Îî"( ®H"Là ĝ-ě*Ì#D Ë#Å,#&D Ě"*Ä Ě(#ěç J÷Ā#% JÄ ç#Ĝċ ̿ JČěès

(LÄ ®H"Là ĝÄLA5Dͅ

ĚK#ý G("( ®Čě¿*Ā
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G(#āÍ," č#ě("*s ðH#ý íK) ç" #DLE8 ĝÅ18 JþÅî FÍě)Lt@" )( ?®D Æě"*ò ()K¿*Ä®ě#Eċ ĝDͅ



Ç?®D Ě#H*ÍD")#É ()K¿*Ä
o Ěç#, FĜ÷ČÌ íK)(Regularization Method)

 Jý ®ČH( ĝD C#Ýċ" Ě" JċLs JÄ ") ?®D Æě"*ò ĎÍĀ#ě zË#9Ä*D Bć"®% čLĜ,*s) ?®D ĚK) JÍĀ#ě J9,LÌ Ě#H íK) ĝà*Äà ðH#ý *Ä GKP8 Ě#5
 ĝČĜÄ ðĜÉ č#DèEH )L5Ä ?®D ĝs®ĜÚĜÉ ðH#ý®Čě#Eċ ĝD õ#&@ èĜċ ") ͅî ĝD JÍà#Čî Ěç#, FĜ÷ČÌ íK) č"LČ8 Î&Ì Jý #H íK) Ďě" #Ä z®ċL

Ěç#, JČĜIÄ :Ä#Ì JÄ Æě"*ò CK( #ě ?K" C*ċ 7LEÝD č(*ý JĀ#ò"®ČH( ĝD C#Ýċ" ") Æě"*ò ()K¿*Ä Ë#ĜAE8 zͅ

 )"®ĈD‗Ě#H ĝsìěK ("®9Ì Jý ĝČ9D Ďě" JÄ {(Lî ĝD ?®D *ÍïĜÄ ĝs(#, JÄ *ÝČD č¿ *Ís)èÄ *ě(#ĈD K ®î#Ä ĝD FĜ÷ČÌ *ÍD")#É č"LČ8 JÄ J5Ä") Ďě" )(Ä )"(#Č9D Ě#ÍÄ )"®ĈD #
Îî"( FĜH"Là Ě*Ì G(#, ?®D K G®î *ÍEý ͅ Ě"*Ä ĝîK) Ěç#, FĜ÷ČÌ JÝĜÍċ )( ĝîç"*Ä ðĜÄ ç" Ě*ĜsLAÜ®î#Ä ĝDͅ

ĚK#ý G("( ®Čě¿*Ā
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‍ ÁÒÇÍÉÎВ ώ В ὢ‍ В ‗ȿ‍ȿ



Ç?®D Ě#H*ÍD")#É ()K¿*Ä
o Ěç#, FĜ÷ČÌ íK)(Regularization Method)

o L,O čLĜ,*s)(Lasso Regression)
)(JþĜÌ)L0)"®ĈDq=1z®î#ÄJÄč"LČ8L1-RegularizationJÍà#ČîG®îKĝsìěKFIDĎě"íK))(Ďě"ĝD®î#ÄJý*ÝČDJÄ*ā0č®î)"®ĈD#ÍÄĚ"*Ä Ì("®9
BÄ#ćĝIÜLÌç"ĝsìěKĚ#HFýÎĜEH"ĝD(LîͅJÄĎĜEHBĜ@(?®DÎ,®ÄG®D¿#ÄĎě"íK)Î&Ìč"LČ8?®DqČÌ(Sparse)ĝîK)Æ,#ČDĚ"*ÄÃ#áÍċ"
ĝsìěK)(G("(Ě#H#Ä(#9Ä"O#ÄJÍà#ČîĝD(Lîͅ

o ĝûĜÍ, čLĜ,*s)(Ridge Regression)
)(JþĜÌ)L0)"®ĈDq =2z®î#ÄJÄč"LČ8L2-RegularizationJÍà#ČîG®îK*ÝČDJÄqÙLýč®îč"èĜD#ÍÄĚ"*ÄĝsìěKĚ#HFýÎĜEH"ĝD(Lî̀qě(èċÄJ
*ā0K̿ÎA9ÄC*ĀJÍ-Äč"LÌCK(č¿ÎÅ-ċJÄÎ@#%L1ĝs®ĜÚĜÉĝÌ#Å,#&DĚ*ÍEý()"(ͅ

ĚK#ý G("( ®Čě¿*Ā
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Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
 zĝċLĜ,*s) ?®D Îà#, K Æě"*ò ()K¿*Ä ç" .É Ě)#D¿ ñ*Ā Ě#H čLDç¿ĜġèÜ K ĝ5à ?®D íç"*Ä Ě)"(#Č9D ĝ,)*Ä ÎIÜ Ë#

(K) ĝD )#þÄ G®D¿ Î,®Ä ͅ®H( ĝD )"*ć ĝ,)*Ä ()LD ") ?®D Ě)"(#Č9D '5, K( )( #H čLDç¿ Ďě"͑
oĝ5à ?®D íç"*Ä Ě)"(#Č9D

 .ċ#ě)"K BĜA&Ì ?K®Ü +#," *ÄANOVA

oĝ5à ?®D Æě"*ò Ě)"(#Č9D
 čLDç¿ +#," *ÄtG®î ()K¿*Ä Æě"*ò

ĚK#ý G("( ®Čě¿*Ā
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Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝ5à ?®D íç"*Ä Ě)"(#Č9D

 .ċ#ě)"K BĜA&Ì ?K®Ü +#," *ÄANOVA ĝs®Čý"*É z̀.ċ#ě)"K ̿(Lî ĝD JěèÝÌ ðáÄ K( JÄ ÿ®H ®AĜĀ *ě(#ĈD ͅý ĝs®Čý"*É ç" ĝïáÄ 6,LÌ J
 ĝċLĜ,*s) ?®D č"LČ8 JÄ Jý č¿ ç" *tě( ðáÄ K (Lî ĝD G("( 'ĜòLÌ #5à JAEÜ(Lî ĝD JÍĀ*s *÷ċ )(ͅ

ὛὛὝὛὛὙὛὛὉ

ὛὛὝὛόάέὪὛήόὥὶὩὨὝέὸὥὰȡ ώ Ӷώ

ὛὛὙὛόάέὪὛήόὥὶὩὨὙὩὫὶὩίίὭέὲȡ Ƕώ Ӷώ

ὛὛὉὛόάέὪὛήόὥὶὩὨὉὶὶέὶȡ ώ Ƕώ

ĚK#ý G("( ®Čě¿*Ā
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ĝIě®ÄÎ-H)®ĈÙ*H
FI,SSRç"7LEÝD
Ë#9Ä*DBýG("(#H(SST)
*ÍïĜÄz®î#ÄĝDLÌč"
JÝĜÍċÎĀ*s?®DÍIÄĚ*
FĜH"LàÎî"(ͅ

Ë)L0.ċ#ě)"K®AĜĀÿ®H

:Ä#Ìÿ®H?®DĝċLĜ,*s)



Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝ5à ?®D íç"*Ä Ě)"(#Č9D

.ċ#ě)"K BĜA&Ì ?K®Ü Îà#,͑

ĚK#ý G("( ®Čě¿*Ā
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)"®ĈDk*Ä"*Ä#Ä("®9ÌÆě"*ò?®DĝċLĜ,*s)ĝD®î#Äͅ)(JþĜÌ)L0)"®ĈDñ*8"ç"®ÅD)(
?®DJÍî"(FĜî#ÄKp("®9ÌĝsìěKĚ#HĚ(K)KJÄ?®Dz®î#Ä)"®ĈDK*Ä"*Ä#Äp+1Î,"ͅ

)"®ĈDn*Ä"*Ä#Ä("®9ÌJċLEċĚ#H()LDĝ,)*Ä)(?®DĝDî#Ä®ͅ



Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝ5à ?®D íç"*Ä Ě)"(#Č9D

Ě("ç¿ JÜ)( ͑Degree of Freedom
Î," 6ÅÌ*D ĝs®Čý"*É :Ä#ČD JÄ Ě("ç¿ JÜ)( CLIāD ͅ z®î#Ä *ÍïĜÄ Ě("ç¿ JÜ)( č"èĜD )®ĈÙ *H Ě*ÍïĜÄ ÿ#59ċ"

Îî"( FĜH"Là #H G("( :ěçLÌ ĝs®Čý"*É )(ͅ
 ®ĜČý ñ*Ā #Ì G®î JÍ,"Là #Eî ç"͊ #Eî Ďě"*Ä#ČÄ z®ĜČý Ã#áÍċ" G"Lá@( (®8͊#Ì Îî"( ®ĜH"Là Ě("ç¿ JÜ)(

®ě*ĜtÄ *÷ċ )( ð@#Ù Ďě" Ě"*Ä ") ĝH"Lá@( (®8 *H ͅ ®ČH"LáÄ #Eî ç" *s" ?#%͊Jþě)L5Ä ®ĜČý Ã#áÍċ" G"Là"( (®8
 ĝò*Ā )"®ĈD #Ä *Ä"*Ä #Iċ¿ ĎĜtċ#ĜD͇͌ Îî"( ®ĜH"Là G"Lá@( (®8 K( Ã#áÍċ" Ě"*Ä Ě("ç¿ JÜ)( K( #IČÌ G#tċ¿ z(Lî

 (®8 #Ä ĎĜtċ#ĜD )"®ĈD Ě*Ä"*Ä Jý (Lî JÍĀ*s *÷ċ )( Ě)"®ĈD ĝÍ-ě#Ä CL, (®8 K͇͌(Lî ĎĜEóÌͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"

293

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç6Ä)ͅKzĝAýJÄĚ"ç"()K¿*Ä*H*ÍD")#Éç"J8LEÝDG("(z#Hqě®%"Kç"JÜ)(Ě("ç¿#5àFýĝDLî(ͅ



Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝ5à ?®D íç"*Ä Ě)"(#Č9D

 ĎĜĜ9Ì Æě*òὙ ͑Coefficient of Determination
 )"®ĈD ĝċLĜ,*s) Ě#I@®D BĜA&Ì )( (*Ä)#ý*É K FID Ě#H 2à#î ç" ĝþě ĎĜĜ9Ì Æě*òὙ ?®D 6,LÌ Jý Î," ÿ®H ®AĜĀ Bý ĝs®Čý"*É ç" ĝÍÅ-ċ Jý ®î#Ä ĝD

(Lî ĝD G("( 'ĜòLÌ ĝċLĜ,*s) ͅ 2à#î Ďě" :ć"K )( íç"*Ä Ë)®ć®Čý ĝD Ě*Ĝs Gç"®ċ" ") #H G("( ĚK) čLĜ,*s) ?®Dͅ

ĚK#ý G("( ®Čě¿*Ā
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Ὑ
ὛὛὙ

ὛὛὝ
ρ
ὛὛὉ

ὛὛὝ
ρ
Вώ Ƕώ

Вώ Ӷώ

 )"®ĈD ®ĜČý ñ*ĀὙ ?®D qě Ě"*Ä͇ͅ͏͎Î," G®D¿ Î,®Ä ͅ Jý ®î#Ä ĝD ĝČ9D Ďě" JÄ
͏͎ ̼î ĝD G("( 'ĜòLÌ K ?*ÍČý ĝċLĜ,*s) ?®D 6,LÌ ÿ®H ®AĜĀ Ë"*ĜĜûÌ ç" Jý (L

č"èĜD G®ČH( č#ïċ Ě(K)K Ě#H ĝsìěK ĝïáÄ *Ð"®î#Ä ĝD ?®D JÄ  ͅ



Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝ5à ?®D íç"*Ä Ě)"(#Č9D

 G®î Bě®9Ì ĎĜĜ9Ì Æě*òὃὨὮόίὸὩὨὙ

 2à#î FID Ă9òὙ®Ä#ě ĝD ðě"èĀ" Ãã#ý Ë)L1Ä z?®D JÄ Ě(K)K Ě#H ĝsìěK ("®9Ì ðě"èĀ" #Ä Jý Î-Čě" ͅ #Ä Ďě"*Ä#ČÄ Ì JÄ ÎÅ-ċ č¿ Bě®9Ì Ě#H ĝsìěK ("®9
?®D JÄ Ě(K)KÎî"( FĜH"Là ?®D íç"*Ä Ë)®ć Ě*Ĝs Gç"®ċ" Ě"*Ä Ě*ÍČĢE5D )"®ĈD zͅ

ĚK#ý G("( ®Čě¿*Ā
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ὃὨὮόίὸὩὨὙ ρ

ὛὛὉ
ὲ Ὧ
ὛὛὝ
ὲ ρ

ρ
ρ Ὑ ὲ ρ

ὲ ὴ ρ

 )"®ĈDKěK ("®9Ì #Ä *Ä"*Ä Jý ®î#Ä ĝD ?®D G®î ()K¿*Ä Ě#H*ÍD")#É ("®9Ì #Ä *Ä"*Ä Ě#H ĝsì
 ?®D JÄ Ě(K)K(p)Î," "®ÅD ç" ñ*8 *ÍD")#É K  ͅ



Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝ5à ?®D Æě"*ò Ě)"(#Č9D

Æě"*ò?®DĝċLĜ,*s)()K¿*ÄG®îĚ")"(:ěçLÌ?#D*ċ#ÄĎĜtċ#ĜD?LIÝD‍ĝD®Čî#ÄͅĎě"*Ä#ČÄç"Ċě*4čLDç¿ĎĜtċ#ĜDĝDč"LÌñ*Ā*ā0
č(LÄ#Iċ¿")()LDĝ,)*Ä)"*ć("(#ͅÄG(#āÍ,"ç"čLDç¿t)#þČě"C#Ýċ"ĝD(Lîͅ

ĚK#ý G("( ®Čě¿*Ā
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Ὄȡ‍ π
Ὄȡ‍ π

)(JþĜÌ)L0ĝAĜ@(*Ä()ñ*Ā*ā0č(LÄLÜK(
JÍî"®ċz®î#ÄĝDč"LÌJÝĜÍċÎĀ*sĝsìěK3LÄ*DJÄ
č¿Æě*òĚ")"(3#ÅÌ)")"(#Č9Dĝ5à)(?®DĝEċ#Ä®î
K#Äÿä%č¿"(®ÝDĚç#-@®D(Lîͅ



Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝ5à ?®D Æě"*ò Ě)"(#Č9D

ĚK#ý G("( ®Čě¿*Ā
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)(Ë)L0)"(#Č9Dč(LÄÆě*òzĝċLĜ,*s)*Ä+#,"
ÎÅÑD#ěĝāČDč(LÄč¿ĝDč"LÌJÄ7Lċ3#ÅÌ)"DFĜĈÍ-
#ě+Lþ9Dč¿#Ä®AĜĀÿ®HĝÉ(*ÄͅĎĜČÚEHGç"®ċ"

Æě*òč#ïċG®ČH(Ďě"ĝDz®î#ÄJÄĚ"ç"*Hÿ"*&ċ"
)#Ĝ9D*ĜĜûÌ)(ĝsìěKzJ4LÄ*DJÄč"èĜDÆě*ò®ÄÎ,
G®D¿)(ÿ"*&ċ")#Ĝ9D®AĜĀzÿ®H)"®ĈD®AĜĀÿ®H
ðě"èĀ"#ěðH#ýĝD®Ä#ěͅ1 unit

units

Response (Y)

Predictor (X)



Çĝ5à čLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿
oĝċLĜ,*s) ?®D ñ*Ā Ě#H čLDç¿ ĝÜK*à ç" ?#ÑD

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"

298

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

Coefficientsa

81.517 10.465 7.789 .000

1.222 .213 .718 5.741 .000

(Constant)

Age1

Model

1

B Std. Error

Unstandardized

Coefficients

Beta

Standardized

Coefficients

t Sig.

Dependent Variable: SBP1a. 

ANOVAb

11449.926 1 11449.926 32.958 .000a

10769.710 31 347.410

22219.636 32

Regression

Residual

Total

Model

1

Sum of

Squares df Mean Square F Sig.

Predictors: (Constant), Age1a. 

Dependent Variable: SBP1b. 

Model Summary

.718a .515 .500 18.639

Model

1

R R Square

Adjusted

R Square

Std. Error of

the Estimate

Predictors: (Constant), Age1a. 

)(JþĜÌ)L0ç"G("(Ě#H()"®ċ#Í,"G®îÎIÜ
Ěç#-@®DG(#āÍ,"z(LîĝIě®ÄÎ,")"®ĈD8ñ*

ç""®ÅD)(?®DĝċLĜ,*s)*Ä"*Ä#Ä*ā0ĝDÄ®î#ͅ

)"®ĈDP-Value)(?K®ÜèĜ@#ċ¿.ċ#ě)"Kč#ïċ
G®ČH()"(#Č9Dč(LÄ?®Dĝ5àíç"*ÄG("(G®î
ĝD®î#Äͅ



Çĝ5à čLĜ,*s) ?®D Ë#òK*āD ĝ,)*Ä

oÿ®H ®AĜĀ K Ě(K)K Ě#H ĝsìěK ĎĜÄ ĝ5à J5Ä") (LÜK

oÎÄ#Ð .ċ#ě)"K K *ā0 ĎĜtċ#ĜD #Ä ĝċLĜ,*s) ?®D Ě#H#5à ?#D*ċ :ěçLÌ

oĝċLĜ,*s) ?®D Ě#H#5à ĎĜÄ ĝtÍ-ÅEH C®8

o?®D JÄ Ě(K)K Ě#H ĝsìěK ĎĜÄ ĝ5à FH C®8

ĚK#ý G("( ®Čě¿*Ā
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Çĝ5à čLĜ,*s) ?®D Ë#òK*āD ĝ,)*Ä
oÿ®H ®AĜĀ K Ě(K)K Ě#H ĝsìěK ĎĜÄ ĝ5à J5Ä") (LÜK

®î#Ä ĝD ÿ®H ®AĜĀ #Ä Ě(K)K Ě#H ĝsìěK ĎĜÄ ĝ5à 3#ÅÌ)" (LÜK zĝ5à čLĜ,*s) ?®D +#," Ë#Ĝò*Ā ç" ĝþěͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïĝ5à čLĜ,*s) FÍě)Lt@"
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ĝ,)*ÄĎě"7LòLD#Ì®E8ç"Ċě*4F,))"(LEċðČý"*ÉĎĜÄĝsìěKĚ#H
Ě(K)KK®AĜĀÿ®HKĎĜČÚEHJÅ,#&D2à#îĝě#H®Čċ#DG)#D¿

ĝtÍ-ÅEHzĎ,*ĜÉĎD*ĜÊ,"KͅͅͅC#Ýċ"ĝD(Lîͅ
ĝD z®ïċ G®H#ïD ÿ®H ®AĜĀ K ĝsìěK ĎĜÄ ĝ5à J5Ä") Jý ĝÌ)L0 )( č"LÌ

 ç" G(#āÍ," #Ä K ĝEÍě)#t@ Bě®ÅÌ :Ä"LÌ  ͅͅͅĀ zĚ(K)K Ě#H ĝsìěK ĚK) J5Ä") ñ*
(LEċ (#Ýě" ") čLĜ,*s) ?®D Ě"*Ä ĝ5àͅ



Çĝ5à čLĜ,*s) ?®D Ë#òK*āD ĝ,)*Ä
oÎÄ#Ð .ċ#ě)"K K *ā0 ĎĜtċ#ĜD #Ä ĝċLĜ,*s) ?®D Ě#H#5à ?#D*ċ :ěçLÌ

Ě)#D¿ :ěçLÌ č(LÄ ?#D*ċ ĝ,)*Ä z(*Ĝs ĝD )"*ć ĝ,)*Ä ()LD ?®D Ě#H#5à JÅ,#&D K ĝċLĜ,*s) ?®D Îà#, ç" ®9Ä Jý Ě*tě( ñ*Ā Ě#H#5à
®î#Ä ĝD ?®D  ͅ

ĚK#ý G("( ®Čě¿*Ā
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®î#Ä *ā0 )"®ĈD ĝÍ-ě#Ä ?®D Ě#H#5à :ěçLÌ ĎĜtċ#ĜD ͅ®î#Ä *ā0 ç" *ÍEý #ě *ÍïĜÄ #H#5à ĎĜtċ#ĜD )"®ĈD Jý ĝÌ)L0 )( ĝD ĝČ9D Ďě" JÄ z
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oÎÄ#Ð .ċ#ě)"K K *ā0 ĎĜtċ#ĜD #Ä ĝċLĜ,*s) ?®D Ě#H#5à ?#D*ċ :ěçLÌ

 #H#5à .ċ#ě)"K č(LÄ ÎÄ#Ð ñ*Ā (LÜK z?®D Ě#H#5à Ě)#D¿ :ěçLÌ ĝ,)*Ä )( *tě( FID )#Ĝ-Ä JÍþċ
®î#Ä ĝD  ͅ
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Ďě"G)#D¿)(Gç#Ä#͇Ì͋ĝD®î#ÄK)"®ĈD͉JÄĝČ9DC®8(LÜKĝtÍ-ÅEH(LàÎ,"ͅ

OLE9DĚ*Ĝs)"*ćĎě"G)#D¿)(Gç#Ä͈͌ͅ#Ì͉͌ͅBÄ#ć?LÅćĝD®î#Äͅ



Çĝ5à čLĜ,*s) ?®D Ë#òK*āD ĝ,)*Ä
oĝ5à FH C®8 ͆ ?®D JÄ Ě(K)K Ě#H ĝsìěK ĎĜÄ Jċ#s®ČÙ ĝ5à FH(Collinearity/Multicollinearity)

 Ë#9Ä*D Bć"®% ()K¿*Ä )( FID Ë#òK*āD ç" ĝþě(OLS)®î#Ä ĝD ?®D Ě#H Ě(K)K č(LÄ BĈÍ-D ñ*Ā ͅ )( ĝÅě)" JÄ *ÝČD ñ*Ā Ďě" ôĈċ
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ÎIÜĝ,)*ÄĎě"zñ*ĀG(#āÍ,"ç")"(LEċðČý"*ÉK.ě*Ì#D.ċ#ě)"K̈́
.ċ#ě)"KLýĎĜÄĝsìěKĚ#HĚ(K)KqEýG®ČČýĝD®î#ÄͅĎĜČÚEH.Éç"
(#Ýě"?®DĝċLĜ,*s)2à#î)LÍý#ĀC)LÌ.ċ#ě)"K(Variance Inflation

Factor ïVIF)Ě"*Ä*HĝsìěKJÅ,#&DG®îK*ě(#ĈD*ÍïĜÄç"͈͇č#ïċç"
BþïDFHĝ5àč¿ĝsìěK#Ä*ě#,ĝsìěK#HĝD®î#Äͅ
íK)()Là*ÄzÆ,#ČDÿä%ĝsìěKzG(#āÍ,"ç"íK)PCAK#ěíK)FĜ÷ČÌ
Ěç#,(Regularization))(()K¿*ÄÆě"*ò?®DĝċLĜ,*s)ĝD®î#ÄͅFH ç" BĈÍ-D Ě(K)K Ě#H ĝsìěKĝ5à FH Ě")"( Ě(K)K Ě#H ĝsìěK



Ç qĜÍ-Ý@ čLĜ,*s) *Ä Ě" JD®ĈD(Logistic Regression)
 *Ä ?#Åċ( JÄ ĝ5à čLĜ,*s) ÿPà *Ä Jý ®î#Ä ĝD Ě®ČÄ G() 7Lċ ç" Ë)#÷ċ #Ä Ě*Ĝs(#ě #Ä Ě#H FÍě)Lt@" 7"Lċ" ç" ĝþě K J5Ä") ĝ,)

 #Ä BĈÍ-D Ě(K)K Ě#H ĝsìěK Ěç#-@®D ÿ®H ®AĜĀ̀â,#É ̿ ĝāĜý 7Lċ ç"®î#Ä ĝD  ͅ
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o#ě¿Ě*ÍïDíèě)ĝD®Čý#ěy*Ĝà
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Ç qĜÍ-Ý@ čLĜ,*s) *Ä Ě" JD®ĈD(Logistic Regression)
 *Ä ?#Åċ( JÄ ĝ5à čLĜ,*s) ÿPà *Ä Jý ®î#Ä ĝD Ě®ČÄ G() 7Lċ ç" Ë)#÷ċ #Ä Ě*Ĝs(#ě #Ä Ě#H FÍě)Lt@" 7"Lċ" ç" ĝþě K J5Ä") ĝ,)

 #Ä BĈÍ-D Ě(K)K Ě#H ĝsìěK Ěç#-@®D ÿ®H ®AĜĀ̀â,#É ̿ ĝāĜý 7Lċ ç"®î#Ä ĝD  ͅ

Îî"( FĜH"Là ÿ®H ®AĜĀ ĝ@Lċ*Ä :ěçLÌ JÄ JÜLÌ #Ä͑

 ĝÍ-ě#Ä zÿ®H ®AĜĀ Ě"*Ä Ě"*Ä ĝČĜÄ ðĜÉ )"®ĈD zĉLĀ J5Ä") +#," *Ä
 Gç#Ä )( ?#EÍ%" )"®ĈD͇ #Ì͈®î#Ä  ͅ
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 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïqĜÍ-Ý@ čLĜ,*s) FÍě)Lt@"

307

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

ώ %ὣὢ ὼ 0ὣ ρὢ ὼ “ὼ



Ç qĜÍ-Ý@ čLĜ,*s) *Ä Ě" JD®ĈD(Logistic Regression)
o qĜÍ-Ý@ :Ä#Ì̀®ěLEtĜ, ̿Logistic (Sigmoid) Function

)"®ĈD JþČě" JÄ JÜLÌ #Ä“ὼ Gç#Ä )(͇ #Ì͈ )"®ĈD ĝČĜÄ ðĜÉ ÎIÜ Î-H ç#Ĝċ Ďě"*Ä#ČÄ z(*Ĝs ĝD )"*ćy ®Čċ#D ĝ9Ä#Ì ç" qĜÍ-Ý@ :Ä#ÌÌ (Lî G(#āÍ," #
 Gç#Ä )( ĝÜK*à )"®ĈD͇ #Ì͈(*Ĝs )"*ć ͅ((*s ĝD Ăě*9Ì *ěç Bþî JÄ G(#, čLĜ,*s) 6à Ě"*Ä qĜÍ-Ý@ :Ä#Ì͑

 ()K¿*Ä ?®D ðě#Eċ ĝs®ĜÚĜÉ JÄ JÜLÌ #Äyðě#Eċ Æ,#ČD Ě#H Bě®ÅÌ #Ä FĜÍ-H ®ČEćP8 z

FĜČý *Ì G(#, ") č¿ ͅ C#ċ JÄ ĝDLIāD ç" )L÷ČD Ďě" JÄ ÎáÄ(Odds)FĜČý ĝD G(#āÍ,"ͅ
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Ç qĜÍ-Ý@ čLĜ,*s) *Ä Ě" JD®ĈD(Logistic Regression)
o ÎáÄ CLIāD(Odds)

 +#," *Ä ÎáÄ JÅ,#&D 7LćK C®8 ?#EÍ%" JÄ 7LćK ?#EÍ%" ÎÅ-ċ(Lî ĝD C#Ýċ" ͅÌ ĝD ?#EÍ%" )"®ĈD ÿPà *Ä zÎáÄ )"®ĈD Ďě"*Ä#ČÄ qě ç" *Ís)èÄ ®ċ"L
®î#Ä èĜċ ͅ ?#ÑD )L5Ä 2áî qě Ě"*Ä ĝċ#4*, G®ú č(LÄ FĜà íLà ?#EÍ%" ®ĜČý ñ*Ā͇͎͌ͅ (*Ā Ďě" Ě"*Ä ÎáÄ )"®ĈD Ďě"*Ä#ČÄ zÎ," G®î ()K¿*Ä͊®î#Ä ĝDͅ

Îî"( FĜH"Là ") *ěç 6Ä"K) CLIāD Ďě" JÄ JÜLÌ #Ä͑
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Ç qĜÍ-Ý@ čLĜ,*s) *Ä Ě" JD®ĈD(Logistic Regression)
o ÎĜÜL@ Bě®ÅÌ(Logit Transformation )

 č"LČ8 JÄ ÎáÄ ĝ9ĜÅ4 FÍě)#t@ ÎĜÜL@ Bě®ÅÌ #ó9Ä #ě(Log-Odds)(Lî ĝD JÍà#Čî ͅÄ ÎĜÜL@ Bě®ÅÌ ç" G(#āÍ," #Ä qĜÍ-Ý@ čLĜ,*s) )( ĚK) *
 7LćK ?#EÍ%"x̀ )"®ĈD ()K¿*Äy ̿("( ðě#Eċ *ěç Bþî JÄ ") čLĜ,*s) ĝ5à J5Ä") č"LÌ ĝDͅ

 ĝě#EČÍ,)( *Ñý"®% íK) +#," *Ä ?®D Æě"*ò ()K¿*Ä ç" .É(MLE) )"®ĈD zĝ5à čLĜ,*s) ÿPà *Ä zqĜÍ-Ý@ čLĜ,*s) )(y(Lî ĝEċ ()K¿*Ä FĜĈÍ-D Ë)L1Ä ͅ JþAÄ
 )"®ĈDLogit(ώ)Ě(K)K Ě#H ĝsìěK ç" ĝ5à ÆĜý*Ì Ë)L1Ä K G®î JÅ,#&D qě +Pý ?#EÍ%" )"®ĈD̀#ČÅD +Pý̿(#āÍ," Ě®ČÄ G() K Ě*Ĝs FĜE1Ì Ě"*Ä(Lî ĝD Gͅ

ĚK#ý G("( ®Čě¿*Ā
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ÇqĜÍ-Ý@ čLĜ,*s) ñ*Ā Ě#H čLDç¿
 '5, K( )( G®î íç"*Ä ?®D Ě)#D¿ ĝ,)*Ä èĜċ ðáÄ Ďě" )( ?®D íç"*Ä Ě)"(#Č9D K G®D¿ Î,®Ä Æě"*ò(Lî ĝD C#Ýċ"ͅ

oqĜÍ-Ý@ ?®D íç"*Ä Ě)"(#Č9D
 ç" G(#āÍ," qĜÍ-Ý@ čLĜ,*s) BĜA&Ì )( ?®D íç"*Ä č"èĜD ĝÄ#ěç)" Ě#H íK) ç" ĝþě ĝě#EČÍ,)( ÎÅ-ċ(Likelihood Ratio) Jý Î,"

 č¿ G)#D¿ :ěçLÌ… G)#D¿ ?(#9D K ®î#Ä ĝDFÎ," ĝ5à čLĜ,*s) .ċ#ě)"K BĜA&Ì )(  ͅ
G®î 7#Åî" #ě BD#ý ?®D #Ä G®î G("( í)"èÄ ?®D Ě"*Ä ĝě#EČÍ,)( č"èĜD J-ě#ĈD íK) Ďě" ĝA0" G®ě"

(Saturated Model) 2à#î K Î,"ÿ"*&ċ"Deviance(Lî FEĜČĜD ĝÍ-ě#Ä Jý (Lî ĝD JÍāsͅ
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 '5, K( )( G®î íç"*Ä ?®D Ě)#D¿ ĝ,)*Ä èĜċ ðáÄ Ďě" )( ?®D íç"*Ä Ě)"(#Č9D K G®D¿ Î,®Ä Æě"*ò(Lî ĝD C#Ýċ"ͅ

oqĜÍ-Ý@ ?®D íç"*Ä Ě)"(#Č9D
 Ě)#D¿ čLDç¿ z®H( ĝD )"*ć ĝ,)*Ä ()LD ") ?®D íç"*Ä č(LÄ Æ,#ČD Jý Ě*tě( íK)Hosmer-Lemeshow Ě#IċLDç¿ Ďě*Ì(*Ä)#ý*É ç" ĝþě

D z#H G("( ç" ĂAÍáD Ě#H GK*s*ěç )( ĝ9ć"K K G®î ĝČĜÄ ðĜÉ *ě"®ĈD ß*ċ J-ě#ĈD #Ä Jý ®î#Ä ĝD qĜÍ-Ý@ ?®D íç"*Ä ĝěLþċ č(LÄ Æ,#Č
®Čý ĝD Ě*Ĝs Gç"®ċ" ") ?®Dͅ
 ç" èĜċ čLDç¿ Ďě" G)#D¿ :ěçLÌ…Î," ĝ9ć"K K G®î ĝČĜÄ ðĜÉ *ě(#ĈD ß*ċ Ě*Ä"*Ä zčLDç¿ ()LD JĜ@K" ñ*Ā K ®Čý ĝD ĚK*ĜÉ ͅĜ@( Jý ĝÌ)L0 )( Ďě"*Ä#ČÄ () *Ä Ě)#D¿ B

 ®î#Ä JÍî"®ċ (LÜK JĜ@K" ñ*Ā̀ )"®ĈDP-Value®î#Ä Ě)"(#Č9D '5, ç" *Ís)èÄ ̿®î#Ä ĝD G®î G("( íç"*Ä ?®D č(LÄ Æ,#ČD G®ČH( č#ïċͅ
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ÇqĜÍ-Ý@ čLĜ,*s) ñ*Ā Ě#H čLDç¿
oqĜÍ-Ý@ ?®D Æě"*ò Ě)"(#Č9D

 ç" G(#āÍ," #Ä zqĜÍ-Ý@ čLĜ,*s) ?®D Æě"*ò Ě)"(#Č9D čLDç¿ ®@"K G)#D¿(Wald)(Lî ĝD C#Ýċ" ͅ čLDç¿ ?(#9D čLDç¿ Ďě"t ĝ5à čLĜ,*s) )(
®H( ĝD )"*ć čLDç¿ ()LD ") *ā0 #Ä ?®D Æě"*ò )"®ĈD Ě*Ä"*Ä JĜ@K" ñ*Ā K ®î#Ä ĝDͅ
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č¿Æě*òĚ")"(3#ÅÌ)"Ě)"(#Č9D)(?®DĝEċ®î#ÄK#Ä
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ÇqĜÍ-Ý@ čLĜ,*s) ñ*Ā Ě#H čLDç¿
oqĜÍ-Ý@ ?®D Æě"*ò Ě)"(#Č9D

 ÎáÄ ÎÅ-ċ(Odds Ratio)
Å-ċ 2à#î +#," *Ä č¿ Ě)"äs*Ð" č"èĜD *Ĝ-āÌ z(Lî JÍà#Čî )"(#Č9D ®@"K čLDç¿ +#," *Ä ĝsìěK qě Æě*ò Jý ĝÌ)L0 )( C#Ýċ" ÎáÄ Î
Ä ĊA9Ì Ë)L0 )( č¿ 7LćK ÎáÄ JÄ ?K" GK*s JÄ ĊA9Ì ñ*Ā #Ä ®D#ĜÉ qě 7LćK ÎáÄ ÎÅ-ċ Ě#Č9D JÄ 2à#î Ďě" (Lî ĝD CK( GK*s J

Î,"ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïqĜÍ-Ý@ čLĜ,*s) FÍě)Lt@"
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)L5Ä?#ÑD͑
)(ĝÌ)L0Jý?#EÍ%"Îà"(*Éç#ÄJÄ:ćLDËPĜI-Ì)(zč"(*D͇͎ͅ ͌K)(č#ċç
͇ͅ͏z®î#ÄĎě"*Ä#ČÄ2à#îÎáÄč"(*D)(Îà"(*Éç#ÄJÄz:ćLDÄ"*Ä*#ÄK͊)(
č#ċç͋ĝD(Lîͅ*ÄĎě"+#,"ÎÅ-ċÎáÄč"(*DJÄč#ċç)(Îà"(*Éç#ÄJÄ
:ćLD?(#9D͇͎ͅ ͌Î,"ͅĝČ9ěč"(*DÎÅ-ċJÄč#ċç͇͉ͅ ͌ÎáÄ*ÍEý)(

Îà"(*É)#ÄJÄ:ćLDËPĜI-Ì®ČH"LàÎî"(ͅ



ÇqĜÍ-Ý@ čLĜ,*s) ñ*Ā Ě#H čLDç¿
oqĜÍ-Ý@ ?®D Æě"*ò Ě)"(#Č9D

ÎáÄ ÎÅ-ċ K ?®D Æě"*ò J5Ä")
(*Ĝs ĝD Ë)L0 ÎáÄ ÎÅ-ċ CLIāD +#," *Ä qĜÍ-Ý@ čLĜ,*s) ?®D Æě"*ò *Ĝ-āÌ ͅJÄ ĝEý Ě(K)K Ě#H ĝsìěK Æě"*ò ®%"K qě ÎÅ-ċ

 č¿ *ě(#ĈD )( ðě"èĀ" ĎĜČÚEH K G() *ĜĜûÌ ÎÅ-ċ JÄ ĝāĜý Ě#H Ě(K)K Æě"*ò̀GK*s ̿ #ČÅD G() JÄ(Base Category)((*s ĝD *Ĝ-āÌͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïqĜÍ-Ý@ čLĜ,*s) FÍě)Lt@"

315

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

ὭὪὼ ὛὉὢύὭὸὬὧέὨὭὲὫȡ
άὥὰὩρǪὪὩάὥὰὩπ

ὭὪὼ ὃὋὉ

ὕὙ
ὕὨὨίάὥὰὩ

ὕὨὨίὪὩάὥὰὩ

“ρ
ρ “ρ
“π
ρ “π

Ὡ ᶻ

Ὡ ᶻ
Ὡ

ὕὙ
ὕὨὨίὼ ρ

ὕὨὨίὼ

“ὼ ρ
ρ “ὼ ρ
“ὼ
ρ “ὼ

Ὡ ᶻ

Ὡ ᶻ
Ὡ



Ç FÍě)Lt@"Kï Jě#-EH Ďě*Íþě(èċKïNearest Neighbors (KNN)
 FÍě)Lt@"KNNċ" )( Ě*Ĝs)#þÄ ÎĜAÄ#ć Jý ®î#Ä ĝD Ë)#÷ċ #Ä Ě*Ĝs(#ě ?®D #Ä G#Ĝ, JÅ9Ü Ě#H FÍě)Lt@" 7"Lċ" ç" ĝþě Bġ#-D 7"L

()"( ") čLĜ,*s) K Ě®ČÄ G()ͅ
 FÍě)Lt@" ĝA0" G®ě"KNN Jý Î-Čě" FH ĝþě(èċ )( JÄ#ïD Ě#HèĜÙ®ċ)"( )"*ć  ͅ

 ñ*Ā Ďě" č"LÌ ĝD z#H()Lý) ĎĜÄ JA0#Ā č"èĜD Ě*Ĝs Gç"®ċ" #Ä ĝÌ)#Å8 JÄ
®ČÍ-H ÎIÄ#ïD Ě")"( FH JÄ *Íþě(èċ Ě#H()Lý) Jý ÎĀ*s *÷ċ )( ")ͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FÍě)Lt@"kïJě#-EH Ďě*Íþě(èċ
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ç#Ä #Ä ç#Ä z*ÌLÅý #Ä *ÌLÅý
ç"K*É .ČÜ FH #Ä .ČÜ FH ®Čý



Ç FÍě)Lt@"Kï Jě#-EH Ďě*Íþě(èċKïNearest Neighbors (KNN)
ÎĀ*s *÷ċ )( č"LÌ ĝD ÎH#Åî Gç"®ċ" Ě"*Ä ĝÌK#āÍD Ě#H)#Ĝ9D͑

oĝ,®ĜAć" JA0#Ā

oĎÍIČD JA0#Ā

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FÍě)Lt@"kïJě#-EH Ďě*Íþě(èċ

317

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

Þě")Ďě*Ì)#Ĝ9DJA0#ĀJý)(Ë)L0Fýč(LÄ("®9ÌĝsìěK#HÄJÎA8
ĝs(#,KĚ(LIîč(LÄzč¿Þě#Íċ)#Ĝ-ÄĝÄLà®H"LàÎî"(ͅ

p)(Ě(LIîKF-ÝÌĎě")#Ĝ9DÎÅ-ċJÄJA0#Āĝ,®ĜAć",Îá*Ì
Î,"ĝ@KOLE9D)(G("(Ě#H#Ä(#9Ä"O#Ä(*þAE8ĝÄLàč#ïċĝD(®Hͅ

 FH zÎî"( *÷ċ )( ĝÍ-ě#Ä JA0#Ā Gç"®ċ" )( Jý ĝEID JÍþċ+#ĜĈD č(LÄ
®î#Ä ĝD ĝ,)*Ä ()LD Ě#H ĝsìěK *ě(#ĈDͅ



Ç FÍě)Lt@"Kï Jě#-EH Ďě*Íþě(èċKïNearest Neighbors (KNN)
o FÍě)Lt@" (*þAE8 GL&ċKNN͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FÍě)Lt@"kïJě#-EH Ďě*Íþě(èċ
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.1 )"®ĈD ĎĜĜ9ÌK

.2 JA0#Ā )"®ĈD JÅ,#&D̀ÎH#Åî )#Ĝ9D ̿(LÜLD Ě#H()Lý) ĝD#EÌ #Ä *÷ċ ()LD ()Lý) Ě"*Ä

.3 G)#Eî Ěç#, ÆÌ*D̀.ě®ċ" ̿JA0#Ā *ě(#ĈD Ďě*ÍþÙLý +#," *Ä #H()Lý)

.4 Ã#áÍċ"KG®î Ěç#, ÆÌ*D Î-Ĝ@ ç" ?K" ()Lý)

.5ÿ®H )"®ĈD ĝČĜÄ ðĜÉ
oĚ®ČÄ G() JAĢ-D ͑ ®D JÅ,#&D̀ĝċ"K"*Ā Ďě*ÍïĜÄ ̿ )( ÿ®H +PýKÆáÍČD ()Lý)
očLĜ,*s) JAĢ-D ͑ ĎĜtċ#ĜD JÅ,#&D̀Jċ#ĜD ̿ )( ÿ®H )"®ĈDKÆáÍČD ()Lý)

 ç" OLE9D zĚ®ČÄ G() Bġ#-D )( Ě"*Ä (*Ā *ě(#ĈDK Ě*Ĝs Ě") )( #Ì (Lî ĝD G(#āÍ,"
FĜî#Ä JÍî"( +Pý Ã#áÍċ" ç" č#ČĜE4" zÿ®H +Pýͅ



Ç FÍě)Lt@"Kï Jě#-EH Ďě*Íþě(èċKïNearest Neighbors (KNN)
 )"®ĈD ĎĜĜ9Ì FÍě)Lt@" Ďě" FID ð@#Ù #IČÌK®î#Ä ĝD͑

o Ã#áÍċ"KJČĜIÄ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FÍě)Lt@"kïJě#-EH Ďě*Íþě(èċ
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)(ĝÌ)L0Jý)"®ĈDKqÙLýÃ#áÍċ"z(Lî*ÝČDJÄÞě#Íċ)"®ě#É#ċĝD(LîK#ÄÃ#áÍċ"D*ě(#Ĉ
r)èÄKĝDč"LÌJĜ%#ċFĜE1ÌĚ*Ĝs")*Ì)"LEH(LEċKÞě#ÍċĚ*Ì)"®ě#É")(#Ýě"{(LEċ Kĝ@)(
Bġ#-DG()Ě®ČÄčç"LÍD#ċq-ě)G®ě(#ċĎÍĀ*s+Pý)LČĜD̀+PýĝAć"®%"̿)ě"èĀ"ðG("(K
)#Ù(Ě#5àĚ®Ü)(ðĜÉĝČĜÄÎ,)(®H"Là®îͅ

OLE9D#ÄÃ#áÍċ"$*4ĝÝČ,)#ÅÍ8"BÄ#ĈÍDKĚ"*Ä*ě(#ĈDĂAÍáDKz?®DKNN"*Ü"G®îK)"®ĈD
ĎĜtċ#ĜDĚ#5àðĜÉĝČĜÄJÄĚ"ç"*HKJÅ,#&DK)()"(LEċðě#EċG("(ĝD(Lîͅ)"®ĈDK#Ä
Ďě*ÍEýč"èĜDz#5àJÄč"LČ8KJČĜIÄÃ#áÍċ"ĝD((*sͅ



Ç FÍě)Lt@"Kï Jě#-EH Ďě*Íþě(èċKïNearest Neighbors (KNN)
 FÍě)Lt@" FID Ě#H(*Ä)#ý ç" ĝþěKNN z JÄ#ïD ()"LD Ďě*Íþě(èċ ĎÍĀ#ě #Ā*0®î#Ä ĝD ͅĜĀ )Ló% z(*Ä)#ý Ďě" )( Ďě"*Ä#ČÄ ĝD"è@" ÿ®H ®A
 ç" ĝÍ-Ĝ@ í)"ès K Î-ĜċK®î#Ä ĝD JAĢ-D ÿ®H JÄ#ïD ()Lý)ͅ

?#ÑD͈͑ñ*Ā®ĜČý("®9Ì͈͇͇G®ċK*ÉJD#ċ)#Iö"ĝÌ#Ĝ@#DĂAáÍD̀Ě")"(Ěç#,(®8K*ě(#ĈD*Ĝúĝ9ć"K"̿)ĝě#,#ČîG(*ýFě"#ͅÄG(#āÍ,"ç"Ďě"FÍě)Lt@"ĝDč"LÌJÄĚ"ç"*H
qěç"Ďě"G®ċK*Éz#H("®9ÌKG®ċK*ÉJÄ#ïDç"č#ĜDč")"èHG®ċK*É)(Ă0ĚèĜED")Û"*áÍ,"(LEċK#ÄÎěL@"ĝ,)ç#Äz*ÌO#Ä)(ĝċ#Dç*Í9ě*,JÄ*ě#,G®ċK*ÉĚ#HĂAáÍD

ĝ,*Í,("®ĜÉFĜČýͅ
?#ÑD͉͑ñ*Ā®ĜČýJÄč"LČ8qěĎïĜþĜAÉ"ðáÉzqěçLDJ8LEÝDG("(ĝě#HBþïÍDç"z*ċ"ë)"èÄ"zĝĈĜ,LDzG®ċç"LċG®Čċ"LàKç#ĜÍD"č"*Ä)#ý")Ě"*Ä*Hěqç"Jċ"*ÌĚ#H
LĜî)¿(Là)(+*Í,(®ě)"(#ͅÄG(#āÍ,"ç"FÍě)Lt@"KNNĝDč"LÌĚ"*Ä*HJċ"*ÌJÄ("®9ÌKJċ"*Ì#ÄĎě*Íþě(èċč"èĜDÎH#Åî")ĎĜĜ9Ì(LEċKJÄč"LČ8qěFÍ-Ĝ,
(#IČïĜÉG®ČH((Recommender Systems)JÄč"*Ä)#ýzĎïĜþĜAÉ"Jċ"*ÌĚ(#IČïĜÉĚ®9Ä")ĝĀ*9D(*ýͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FÍě)Lt@"kïJě#-EH Ďě*Íþě(èċ
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Ç FÍě)Lt@"Kï Jě#-EH Ďě*Íþě(èċKïNearest Neighbors (KNN)
 FÍě)Lt@"KNN Ě#I@®D J8LEÝD ç" ()"LD *Ä ĝČÍÅD Û#ÍČÍ,"(Case Based Reasoning) Ě#H FÍě)Lt@" *ě#, ÿPà *Ä K ®î#Ä ĝD

(Lî ĝEċ G("( íç"*Ä #H G("( ĚK) *Ä ĝ@®D ¶ĜH *tě( ͅJÝĜÍċ )(͑

o J÷Ā#% )( (LÜLD Ě#H G("( ĝD#EÌ )Ló% JÄ ç#Ĝċ z()Lý) *H Ě"*Ä FÍě)Lt@" Ě"*Ü" )L÷ČD JÄ(Memory)®î#Ä ĝDͅ

o O#Ä (#9Ä" #Ä Ě#H G("( )( FÍě)Lt@" Ě"*Ü"̀(#ěç #H ĝsìěK K #H()Lý) ̿®î ®H"Là ®Čý )#Ĝ-Ä ͅBÅČÌ Ě#I@®D JÍ,( KèÜ BĜ@( ĎĜEH JÄ(Lazy)
(*Ĝs ĝD )"*ćͅ

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dï FÍě)Lt@"kïJě#-EH Ďě*Íþě(èċ
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Ç ĝ8LČ1D ĝÅ18 JþÅî FÍě)Lt@"(Artificial Neural Network - ANN)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïĝÅ18 JþÅî FÍě)Lt@"
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FÍě)Lt@"JþÅîĝÅ18zĝ8LČ1D#ÄC#I@"ç"FÍ-Ĝ,ĝÅ18 Í-ěçzĝ#Ä(#Ýě"JþÅî
Ě"ç"Ě#H®%"KG®ċç"(*ÉJÄC#ċčK*ċK?#1Ì"#Iċ¿ç"Ċě*4?#ě#HzË#ĜAE8Å,#&DJK

Îà#,?®DFĜE1ÌĚ*Ĝs")C#Ýċ"ĝD®H(ͅ
*Hz?#ě®Čċ#D.É#ČĜ,#H)(JþÅîĝÅ18zĝÍ-ěç?#ČtĜ,Ě#HĚ(K)K")JÄqě
čK*ċBĈÍČDĝD®ČýͅčK*ċ#Híç"(*ÉCçOĚK)?#ČtĜ,Ě(K)K")C#Ýċ"G("(K
ĝÜK*à")Jýqě(®8Î,""(®ÝDç"Ċě*4?#ě#HJÄčK*ċ*tě(?#ĈÍċ"ĝD®H(Ì#
)(Îě#IċJÄJĜ%#ċFĜE1Ì®,*Äͅ

JþÅîĝÅ18)(®Čě¿*ĀĚ*Ĝs(#ě#ÄzË)#÷ċÎĜAÄ#ćB%Bġ#-D,*s)čLĜKG()Ě®ČÄ
")(#Ýě"ĝD®ě#Eċͅ



Ç čK*ÍÊ,*É(Perceptron)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïĝÅ18 JþÅî FÍě)Lt@"
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zčK*ÍÊ,*Éqě®%"Kç"čK*ċĚ#HJþÅîĝÅ18Î,"Jý#ÄÎĀ#ě)(ĈD*ě(#
Ě(K)KKC#Ýċ"Ë#Å,#&DĚ"*ÄB%Bġ#-DG()Ě®ČÄĝěK(K(ç"Ċě*4*Ĝs(#ěĚ#Ä
zË)#÷ċ)(?#,19586,LÌqċ"*ĀËPÅċçK)ĝĀ*9D®îͅ?#ČtĜ,Ě#H(K)KĚç"
Ċě*4?#ěĚ#HčçKĝH(G®î()"KčK*ċG®îKË#Å,#&Dĝîç"(*Éč¿C#Ýċ"
ĝD(LîͅĝDč"LÌ)"®ĈD®AĜĀÿ®H")Ë)L1Ä*ěçðě#Eċ("(͑

 :Ä#Ì• č"LČ8 JÄ Ěç#-@#9Ā :Ä#ÌActivation Function(Lî ĝD JÍà#Čî ͅčK*ÍÊ,*É qě ĝîç"(*É Ë#ĜAE8 :ć"K )( z
 Ěç#-@#9Ā :Ä#Ì ?#E8"Heaviside®î#Ä ĝD qě #ě *ā0 ĝÜK*à Jġ")" K Ě(K)K Ě#H ?#ČtĜ, ĝċçK 7LEÝD ĚK)ͅ



Ç Ěç#, ?#9Ā :Ä#Ì(Activation Function )

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïĝÅ18 JþÅî FÍě)Lt@"
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#ÄJÜLÌJÄ7LċJAĢ-DĝDč"LÌç":Ä"LÌĚç#-@#9Āĝ8LČÍDĚ"*ÄÍÊ,*ÉčK*G(#āÍ,"(*ýͅ
)(JAĢ-DG()zĚ®ČÄG(#āÍ,"ç":Ä#ÌĚç#-@#9Ā®ěLEtĜ,̀qĜÍ-Ý@̿JÄč"LČ8ĝþěç"
:Ä"LÌ(*Ä)#ý*É)(zčK*ÍÊ,*É?®DčLĜ,*s)qĜÍ-Ý@")JÝĜÍċĝD®H(ͅ

ĎĜČÚEH)(JAĢ-DčLĜ,*s)̀ðĜÉĝČĜÄ̿G(#āÍ,"ç":Ä#ÌĚç#-@#9ĀEHĝċ#)(
zčK*ÍÊ,*É*ÝČDJÄ?®DčLĜ,*s)ĝ5àĝD(Lîͅ

FID JÍþċ ͑î ĝD Ò8#Ä zĝÅ18 JþÅî )( ĝ5à Ěç#, ?#9Ā :Ä"LÌ ç" G(#āÍ," Jý (L
®î#Ä ĝ5à Ěç#, ?®D JÄ )(#ć 6ĈĀ ĝÅ18 JþÅîͅ



Ç JěO ®ČÙ čK*ÍÊ,*É(Multilayer Perceptron -MLP)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïĝÅ18 JþÅî FÍě)Lt@"
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)"®ĈD+#ě#Ä

FÍě)Lt@"JþÅîĝÅ18čK*ÍÊ,*ÉJěO®ČÙ#Äÿ®H(#Ýě"ÎĜAÄ#ć-@®DĚç#Ě#HLt@"
ĝ5à*ĜúKG®ĜÚĜÉJ9,LÌG("(G®îÎ,"ͅ
Ďě"zJ9,LÌBD#îJĀ#ò"č(*ýqě#ě®ČÙJěOč#IČÉJÄ)#Íà#,*ÍÊ,*ÉčKĝDz®î#Ä

Jþě)L5Ä)(*HJěOqě#ě®ČÙčK*ċĝÌ#Å,#&D)"*ćG("(G®îÎ,"ͅ
GL&ċË#Å,#&D)(*HzčK*ċPD#ýJÄ#ïDqěčK*ÍÊ,*É#̀Ä:Ä#ÌĚç#-@#9Ā*Ĝúĝ5à̿
C#Ýċ"ĝDz(LîĎě"*Ä#ČÄFÍě)Lt@"JþÅîĝÅ18čK*ÍÊ,*É®ČÙzJěOîBD#("®9ÌĚ(#ěç
?®DĚ#HĚ)LÌ#ĜČĜDqÙLý)()#Íà#,(LàĝD®î#ÄJý*tě®EH")JěäûÌĝDý®ČČK
Ò8#ÄĝD(Lî#ÌJþÅîĝÅ18JîLsĚ#HĂAÍáDç"Ě#HLt@"ĝ5à*Ĝú)(("(G#H")

ĝě#,#Čî®Čýͅ



Ç JěO ®ČÙ čK*ÍÊ,*É(Multilayer Perceptron -MLP)

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®DïĝÅ18 JþÅî FÍě)Lt@"

326

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

FÍě)Lt@"JþÅîĝÅ18čK*ÍÊ,*ÉJěO®ČÙ#Äÿ®H(#Ýě"ÎĜAÄ#ć-@®DĚç#Ě#HLt@"
ĝ5à*ĜúKG®ĜÚĜÉJ9,LÌG("(G®îÎ,"ͅ
Ďě"zJ9,LÌBD#îJĀ#ò"č(*ýqě#ě®ČÙJěOč#IČÉJÄ)#Íà#,*ÍÊ,*ÉčKĝDz®î#Ä

Jþě)L5Ä)(*HJěOqě#ě®ČÙčK*ċĝÌ#Å,#&D)"*ćG("(G®îÎ,"ͅ
GL&ċË#Å,#&D)(*HzčK*ċPD#ýJÄ#ïDqěčK*ÍÊ,*É#̀Ä:Ä#ÌĚç#-@#9Ā*Ĝúĝ5à̿
C#Ýċ"ĝDz(LîĎě"*Ä#ČÄFÍě)Lt@"JþÅîĝÅ18čK*ÍÊ,*É®ČÙzJěOîBD#("®9ÌĚ(#ěç
?®DĚ#HĚ)LÌ#ĜČĜDqÙLý)()#Íà#,(LàĝD®î#ÄJý*tě®EH")JěäûÌĝDý®ČČK
Ò8#ÄĝD(Lî#ÌJþÅîĝÅ18JîLsĚ#HĂAÍáDç"Ě#HLt@"ĝ5à*Ĝú)(("(G#H")

ĝě#,#Čî®Čýͅĝ5à Ěç#,"®Ü ĝ5à *Ĝú Ěç#,"®Ü
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ĝsìěKFIDĚ*tě(Jý)()#Íà#,JþÅîĝÅ18MLP(LÜK
z()"(ÎĜH#DðĜÉG®ċK)č(LÄ(Feed Forward)ĝD®î#Äͅ
Ďě"CLIāDJÄĎě"Î,#Č9DJýč#ě*ÜG("(#HË)L1Äqě
JĀ*4ç"ÎE,Ě(K)KJÄÎE,ĝÜK*àÎý*%ĝD®Čýͅ



Ç JěO ®ČÙ čK*ÍÊ,*É(Multilayer Perceptron -MLP)
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JěOĚ(K)K
qě*Hç"ĝsìěKĚ#HĚ(K)Kç"Ċě*4qě?#ěčçKĝH(G®î()"KJþÅîĝÅ18ĝD((*sͅĜAýJ
*ě(#ĈDĚ(K)KBÅćç"(K)KJÄzJþÅîç#ĜċJÄĚç#-@#D*ċ®ċ)"(JýÆAú"#ÄíK)Min-MaxJČD"(JEH
#Iċ¿)(Gç#Ä͈̀K͇̿#ě͈̀z͈͂̈́̿)"*ćĝD(*ĜsͅĚ)"äs®ýĚ#H®AĜĀĝāĜýèĜċOLE9D#ÄíK)OneHot
C#Ýċ"G®îKĚ"*Ä*H+Pýç"®AĜĀĝāĜýqě?#ěčçKĝH(G®î/#1Íà"G("(ĝD(Lîͅ
JěOĚ#Hč#IČÉ
qě*Hç"čK*ċĚ#HJěOč#IČÉç"C#EÌĚ(K)KĚ#HJěOBÅć)"®ĈDJÍĀ*sKJÄč"LČ8qěčK*ÍÊ,*É,#&DË#ÅCçO")
C#Ýċ"G("(KĝÜK*à")ç"Ċě*4?#ěĚ#HčçKĝH(G®îJÄĝD#EÌčK*ċĚ#HJěOĚ®9ÄBĈÍČDĝD®ČČýͅ)(:ć"K)(
JþÅîĝÅ18MLP*HčK*ċ#ÄĝD#EÌčK*ċĚ#HBÅćK®9Äç"(Là)(3#ÅÌ)"FĜĈÍ-DÎ-Hͅ

JěOĝÜK*à
ĝÜK*àčK*ÍÊ,*É)(Ďě"JěO#Ä*ě(#ĈD®AĜĀÿ®HJ-ě#ĈDG®îK#ÄGç"®ċ"Ě*Ĝsč"èĜD#5àJÄ$P0"čçK?#ě#HJÍà"(*ÉDĝ(Lîͅ
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)(Ě*Ĝs(#ě?®DJþÅîĝÅ18#ÄĂě*9Ì:Ä#ÌJČěèH̀č#ěç̿JÄ#ïD?®DĚ#H )zĝċLĜ,*s
JÄ?#Åċ(ĎĜĜ9Ì*ě(#ĈDčçKJČĜIÄĝDFĜî#ÄJþě)L5Ä:Ä#ÌJČěèH")ČĜDFEĜ®Čýͅ

ËK#āÌFID)(JþÅîĝÅ18MLPÎ-Čě"JýJÄÎA8(LÜKčK*ÍÊ,*ÉĚ#H(®9ÍD
̀?®DĚ#HĚ)LÌ#ĜČĜDqÙLý̿Ë"*ĜĜûÌĝġèÜ)()"®ĈD*HzčçK)(*ě(#ĈD*ě#,Ê,*ÉčK*Í
#HèĜċ)"äs*Ð"Î,"KJČĜIÄĚç#,:Ä#ÌJČěèH")G®ĜÚĜÉ*ÌĝD®ČýͅJČĜIÄ,Ěç#:Ä#Ì

JČěèHK()K¿*ÄčçK#H)(Ďě"?®D*Ä+#,"íK)ðH#ýč#ě("*s(Gradient
Decent)C#Ýċ"ĝD(LîKÎIÜĝċ#,)çK*ÄčçK#H)(JěO#HèĜċç"(*þěK).É)#ïÍċ"

(Backpropagation)G(#āÍ,"ĝD(Lîͅ
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:Ä#ÌJČěèH̀č#ěç)̿(JþÅîĝÅ18
)(JAĢ-DzčLĜ,*s)JÄ#ïDFÍě)Lt@"čLĜ,*s)ĝ5àç"ĎĜtċ#ĜD)KäÝDĚ#5à?®D(MSE)G(#āÍ,"ĝD(Lîͅ
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:Ä#ÌJČěèH̀č#ěç)̿(JþÅîĝÅ18
)(JAĢ-DG()zĚ®ČÄJÄ#ïDFÍě)Lt@"čLĜ,*s)qĜÍ-Ý@ç":Ä#Ì+"*ýĝÉK*Íċ¿(Cross Entropy)G(#āÍ,"ĝD(Lîͅ



ÇĝÅ18 JþÅî Ě*Ĝs(#ě ®Čě¿*Ā
o č#ě("*s ðH#ý íK)(Gradient Decent Method)
Ďě"íK)#Ä)(*÷ċĎÍĀ*s)"®ĈDĝĀ(#1ÌJĜ@K"Ě"*Äqě*Hç"Æě"*ò?®D̀čçK#HK̿JÅ,#&Dč"èĜDĚ#5àðĜÉĝČĜÄ)(ÎIÜðH#ý#5àÎý*%G(*ýKĝ4ěq®Čě¿*Ā
Ě)"*þÌJÄÆě"*òJČĜIÄ"*tEHĝD(Lîͅ)(:ć"K#ÄĎĜĜ9Ìč#ě("*s:Ä#ÌJČěèHJýBD#îĚ)"(*Äç"Ë#ĈÍïDĝġèÜJÄqĜþāÌ*HÆě*ò̀čçK#H̿Î,"KÎý*%)(ÎIÜ
Ďě*ÍïĜÄzÆĜî)(qě®Čě¿*ĀĚ)"*þÌKC#sJÄC#sJÄÎE,FEĜČĜD:Ä#ÌÎý*%ĝD®Čýͅ

 )( ĝċ"èĜD JÙ JÄ #H čçK *ě(#ĈD ç" qě*H )( ĝġèÜ *ĜĜûÌ ®H( ĝD č#ïċ #D JÄ č#ě("*s )"(*Ä *1Č8 *H
()"( *ĜÐ#Ì č#ě("*s ðH#ý ÎIÜ ͅ (*ý ĎĜĜ9Ì č"LÌ ĝD Ďě"*Ä#ČÄ Ě)"®ĈD JÙ JÄ K čçK C"®ý®ě#Eċ *ĜĜûÌͅ
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ÇĝÅ18 JþÅî Ě*Ĝs(#ě ®Čě¿*Ā
o )#ïÍċ" .É íK)(Backpropagation Method)

ÿPà*ÄÎIÜÎý*%K)JÄĚLAÜJþÅîĝÅ18MLPJý*ě(#ĈDĚ(K)K")JěOJÄJěOJÄÎE,čK*ċĚ#HĝÜK*àBĈÍČDĝDz®ČýíK).É)#ïÍċ")"®ĈDĚ#5à,#&DJÅ
G®î)(čK*ċ*à¿")JěOJÄJěOJÄčK*ċĚ#HJěOĚ(K)KBĈÍČDĝD®Čýͅ
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o )#ïÍċ" .É íK)(Backpropagation Method)

FÍě)Lt@"Ě*Ĝs(#ěJþÅîĝÅ18K*Ð"ß*ċĚ*Ĝs(#ě
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ÇĝÅ18 JþÅî Ě*Ĝs(#ě ®Čě¿*Ā
o )#ïÍċ" .É íK)(Backpropagation Method)
?#ÑD͑JÅ,#&DíK).É)#ïÍċ")(qěčK*ÍÊ,*É
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ß*ċ*Ĝs(#ěĚĝċ#,)çK*Ä*ě(#ĈDčçK



ÇĝÅ18 JþÅî Ě*Ĝs(#ě ®Čě¿*Ā
oĝÅ18 JþÅî ?®D Ě#H*ÍD")#É FĜ÷ČÌ

("®9ÌJěOč#IČÉ͑¶ĜHčLċ#ćKJ5Ä")Ě"Ě"*ÄĎĜĜ9Ì("®9ÌJěOĚ#HÆ,#ČDJþÅîĝÅ18(LÜK{()"®ċĝ@KĝDč"LÌÎÄ#Ð(*ýÆAú"Bġ#-D*Ĝú 5àĝ)(čLĜ,*s)K
G()Ě®ČÄ#ÄqěJěOč#IČÉÎĜAÄ#ćĚç#-@®D®ċ)"(KĎĜČÚEH#ÄK(JěOč#IČÉĝDč"LÌ*HBþîKĝD*Āç"6Ä"K)*Ĝúĝ5à")?®D(*ýͅ

("®9ÌčK*ċĚ#Hč#IČÉ͑ĎĜĜ9ÌĊĜć(("®9ÌčK*ċ#H)(JěOĚ#Hč#IČÉzèĜċ¶ĜH)#þH")ĝÌ#Å,#&D()"®ċKĚ"*Ä*HJAĢ-DĝÍ-ě#Ä*Ä+#,"čLDç¿K5à#KĝÄ#ěç)"Þě#Íċ
?®D#ÄFĜ÷ČÌĚ#H*ÍD")#ÉĂAÍáDÎ,®Ä®ě¿ͅ
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)(ĝà*Äç"z:Ä#ČDĚ®8"LćĚ"*ÄFĜ÷ČÌJĜ@K"JþÅîĝÅ18ĝĀ*9DG®îK*Ä+#,"ĝÄ#ěç)"Þě#ÍċzJĜ@K"ĝDč"LÌJÄFý#ěJĀ#ò"ýč(*čK*ċ#HKJěOĚ#H
JþÅîĝÅ18Îà"(*É͑

-("®9ÌčK*ċĚ#HJěOč#IČÉĝÍ-ě#Ä)(Gç#Ä("®9ÌčK*ċĚ#HĝÜK*àKĚ(K)K®î#Äͅ
-("®9ÌčK*ċĚ#HJěOč#IČÉĎĜtċ#ĜD("®9ÌčK*ċĚ#HJěOĚ(K)KKĝÜK*à®î#Äͅ
-("®9ÌčK*ċ#H)(JěOĚ#Hč#IČÉĚ)L4ĎĜĜ9Ì((*sJý)#Íà#,ĝD*HBþîJþÅîĝÅ18ç"Ě(K)KJÄĝÜK*àøā%(Lîͅ



ÇĝÅ18 JþÅî Ě*Ĝs(#ě ®Čě¿*Ā
oĝÅ18 JþÅî ?®D Ě#H*ÍD")#É FĜ÷ČÌ

 G)K((Epoch) ͑ ĝîçLD¿ Ě#H G("( J8LEÝD zĝÅ18 JþÅî Ě#H ?®D Ě*Ĝs(#ě )( )#Ä qě ç" ðĜÄÄ ðĈċ ?®D Ě#H čçK ĎĜĜ9Ì )( K G®î ()"K Ě*Ĝs(#ě ®Čě¿*Ā )( ĝD Ěç#
®ČČý ͅ qě G("( J8LEÝD )"*þÌ )#Ä *H JÄ G)K( #ě Jà*Ù(Cycle or Epoch) #H)#Ä zĝîçLD¿ Ě#H G("( J8LEÝD )( ()Lý) *H z(Lî ĝD Ò8#Ä )"®ĈD Ďě" ðě"èĀ" (Lî ĝD JÍās

(Lî ?®D Þě#Íċ (LÅIÄ JÄ *ÝČD K G®î ()"K ?®D Ě*Ĝs(#ě ®Čě¿*Ā )(ͅ

 JÍ-Ä Gç"®ċ"(Batch Size) ͑ç" *Ä"*Ä ("®9Ì JÄ ĝîçLD¿ Ě#H G("( J8LEÝD FĜ-ĈÌ #Ä č"LÌ ĝD zĝÅ18 JþÅî Ě#H ?®D Ě*Ĝs(#ě )(Bć"®% Gç"®ċ" )( ĝě#H JÍ-Ä ()Lý) qě
ĝîçLD¿ Ě#H G("( Bý ("®9Ì JÄ *Ñý"®% #Ì("( C#Ýċ" ") č#ě("*s ðH#ý íK) )( ?®D Ě#H čçK ĝċ#,)çK*Ä ®Čě¿*Ā z ͅðĜÉ Ě#5à Ě*Ĝs Gç"®ċ" ç" .É Jý ĝČ9D Ďě" JÄ )( ĝČĜÄ

®ċLî ĝD $P0" )#ïÍċ" .É íK) #Ä ?®D Ě#IċçK K G®î C#Ýċ" č#ě("*s ðH#ý Ë#Å,#&D zĝîçLD¿ Ě#H G("( ç" JÍ-Ä *Hͅ
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?#ÑD ͑ ®ĜČý ñ*Ā͈͇͇ JÍ-Ä Gç"®ċ" #Ä ĝÅ18 JþÅî ?®D Ë#EĜ÷ČÌ K Fě)"( ĝîçLD¿ ()Lý)͌ ("®9Ì K͈͇͇͇Î," G®î C#Ýċ" G)K( ͅ Ďě"*Ä#ČÄ
 ("®9Ì JÄ ?®D Ě#H čçK zĝÅ18 JþÅî JÄ #H G("( Ě(K)K ç" ?K" G)K( )(͉͇ čçK z?®D Ě*Ĝs(#ě ®Čě¿*Ā č#ě#É )( K ®ċLî ĝD $P0" JÅÌ*D

 ç" .É ?®D ĝě#Iċ Ě#H͉͇®Čě¿ ĝD Î,®Ä ĝċ#,)çK*Ä JÅÌ*D )"èHͅ



Ç č#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"(Support Vector Machine ïSVM)
o FÍě)Lt@" *Ä Ě" JD®ĈDSVM

ĚK#ý G("( ®Čě¿*Ā
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338

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

Ďě"FÍě)Lt@"#Ä(*þěK)Ě*Ĝs(#ě#ÄË)#÷ċ)(B%Bġ#-DG()Ě®ČÄKčLĜ,*s)()LD,"G(#āÍ)"*ć
ĝD(*ĜsͅJÍÅ@"Ďě*ÍïĜÄ()"LDG(#āÍ,"č¿)(Bġ#-DG()Ě®ČÄĝD®î#ÄKĚ"*Ä"ĎĜ@K)#Ä)(?#,
͈͐͐͌6,LÌVapnikĚ"*ÄJAĢ-DG()Ě®ČÄĝěK(K(ĝĀ*9D®îͅ
J9,LÌĎě"FÍě)Lt@"Ě"*ÄB%Bġ#-D®ČÙzJ,PýčLĜ,*s)KĝÍ%JîLàĚ®ČÄ̀Ě*Ĝs(#ě
čK®ÄË)#÷ċ̿èĜċC#Ýċ"G®îÎ,"͑

SVR: Support Vector Regression
SVC: Support Vector Clustering

K G®ČČý"®Ü 6à ĎÍĀ#ě z#H FÍě)Lt@" *ě#, JÄ ÎÅ-ċ FÍě)Lt@" Ďě" èě#EÍD K ĝA0" G®ě" JÄ ®ČÄ G()
 Jý Î," ĝAþî ÿ®H Ě#H +Pý Ě#H()Lý) ç" JA0#Ā *Ñý"®%®î#Ä JÍî"( ")  ͅ



Ç č#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"(Support Vector Machine ïSVM)
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Ç č#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"(Support Vector Machine ïSVM)
o FÍě)Lt@" *Ä Ě" JD®ĈDSVM

ĚK#ý G("( ®Čě¿*Ā
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ñ*Ā®ĜČýJ8LEÝDG("(#HBD#îĚ#H)"(*Äὼȟώȟὼȟώ ,é, ὼȟώ }®î#ÄJþě)L5Ä)"(*Ä
pïĚ®9ÄXĝsìěKĚ#HĚ(K)K?®DKY®AĜĀÿ®HKĚ")"(K()"®ĈD͈͂K͈̈́ĝD®î#Äͅ
ĝDč"LÌJ@(#9D6à̀J&ā0*Ä"̿G®ČČý"®Ü")JÄC*Ā*ěçðě#Eċ("(͑

ύ ὼz ὦ π

Ďě"6à̀J&ā0*Ä"̿ç*DFĜE1ÌĚ*ĜsĚ"*ÄĊA9ÌG("(Ě#HĚ(K)KJÄ+PýĚ#H®AĜĀHÿ®
{Î,")(FÍě)Lt@"SVMJÄ?#Åċ(ðH#ýq-ě)FĜE1ÌĚ*Ĝsç"Ċě*4(#Ýě"ě*ÍïĜÄĎJA0#Ā
6àĚç*D#Ä3#ĈċĚç*D+PýĚ#H)K#ÝDĝD®î#ÄͅĎě"*Ä#ČÄJĜ%#ċFĜE1ÌĚ*ĜsJÄĀC**ěç

ðě#EċG("(ĝDz(LîJþě)L5ÄJA0#ĀĎĜÄK(6à̀J&ā0*Ä"̿FEĜ-ý#D((*s͑
ύ ὼz ὦ ρȟ ÉÆώ ρ

ύ ὼz ὦ ρȟ ÉÆώ ρ



Ç č#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"(Support Vector Machine ïSVM)
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#ÄÃ*ò*ě(#ĈDY)(J@(#9D3L5àzĚç*DĝDč"LÌ)(Æ@#ćqěJ@(#9DJÄBþî*ěçðě#Eċ"((͑
ώύ ὼz ὦ ρȟ Ὢέὶρ Ὥ ὲ

*Ä+#,"CLIāD)"(*Ä?#D*ċw)(J,®ČHĝAĜA&ÌÎÄ#ÐĝDz(LîJA0#ĀĎĜÄK(6àĚç*DýJ
JÄč"LČ8JĜî#%(Margin)JÍà#ČîĝDz(Lî*Ä"*Ä#Ä͉*Ä"*Ä+Lþ9DC*ċCK(wĝD®î#Äͅ
#ÄJÜLÌJÄÿ®HFEĜ-ý#Dč(*ýĎě"JA0#ĀĝDč"LÌJAĢ-D")JÄË)L0:Ä#ÌÄJČĜIĚç#,*ěç
)(*÷ċÎĀ*s͑

ὓὭὲύ έὶὓὭὲ
ρ

ς
ύ έὶὓὭὲ

ρ

ς
ύ ύ

ίόὦὮὩὧὸὸέώ Æzὼ ρȟ ὭὪὪὼ ύ ὼ ὦ

 *ě(#ĈD ()K¿*Ä K JAĢ-D B% ç" .Éw  Kb ç" ĝÌ"®H#ïD zX Ěç*D 3L5à ĚK) Jý
 z®ČÍ-H #Iċ¿ JÄ qě(èċ )#Ĝ-Ä #ě K ®ċ*Ĝs ĝD )"*ćÅĜÍïÉ Ě#H)"(*Ä č#®ČěLs ĝDͅ



Ç č#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"(Support Vector Machine ïSVM)
oC*ċ JĜî#% BÄ#ĈD )( Îá, JĜî#%

Eċ (#Ýě" ĝČĢE5D Ěç*D Ě#H JA0#Ā zJċ"*Ĝs Îá, Ě#H JĜî#% #Ä G®ČČý"®Ü 6à qě ç" G(#āÍ," #Ä č"LÌ ĝD ĝÍá, JÄ OLE9D ĝ9ć"K Ě#H G("( )((L ͅĎě"*Ä#ČÄ #Ä ĎÍĀ*ěäÉ
 #5à Ě)"®ĈD č"LÌ ĝD Ě*Ĝs FĜE1Ì )( Ě*Ì C*ċ Ě#H JĜî#%(LEċ (#Ýě" Ě®ČÄ G() Ě"*Ä͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïč#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"

342

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç



Ç č#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"(Support Vector Machine ïSVM)
oC*ċ JĜî#% BÄ#ĈD )( Îá, JĜî#%

Eċ (#Ýě" ĝČĢE5D Ěç*D Ě#H JA0#Ā zJċ"*Ĝs Îá, Ě#H JĜî#% #Ä G®ČČý"®Ü 6à qě ç" G(#āÍ," #Ä č"LÌ ĝD ĝÍá, JÄ OLE9D ĝ9ć"K Ě#H G("( )((L ͅĎě"*Ä#ČÄ #Ä ĎÍĀ*ěäÉ
 #5à Ě)"®ĈD č"LÌ ĝD Ě*Ĝs FĜE1Ì )( Ě*Ì C*ċ Ě#H JĜî#%(LEċ (#Ýě" Ě®ČÄ G() Ě"*Ä͑

ĚK#ý G("( ®Čě¿*Ā
 Jċ#ČĜÄ ðĜÉ Ě#H ?®Dïč#ÅĜÍïÉ )"(*Ä ĎĜî#D FÍě)Lt@"

343

"LÍ&D ®Ĝ@LÌ ͑)®Ĉ@"Kã "*Hç

FĜ÷ČÌ *ÍD")#É


