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u}= QO "CU= C=R}yHD |@=QN |v}@V}B 'O}rwD |=yOv}=Qi hkwD R= |Q}owrH Qw_vt x@ =Q=m
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MQv 'OyO Ow@y@ =Q C=R}yHD \}=QW O}=@ C=Q}taD w |Q=Oyov ?U=vt Q=mx=Q l} '|rm
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[4]"OwW C=R}yHD O}it Qta |R=Uxv}W}@ x@ QHvt C}=yv
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|=Q@ xDW=@v= lQLDt u}ov=}t uw}UQoQOwN VwQ w |r=tDL= |=ypOt |=Q@ 6|R}@
l} QO xm xOW ?Yv V=QD R= |ak=w O=O} wQ l} R= xO=iDU= =@ w xv=} woW}B |=ypOt
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|=ywor= QD`t=H |R=UpOt p}rO x@ |O=yvW}B VwQ %QDj}kO G}=Dv x@ uO}UQ "2
Cr=L QO '=yxO=O C=}YwYN w ẁv R= dQ=i 'xar=]t OQwt |=yxO=O QO OwHwt
C}r@=k 'QDu}}=B |R=UpOt C}at=H =@ |v}@V}B |=yVwQ Q}=U x@ C@Uv '|rm

"OQ=O QDj}kO G}=Dv x@ |@=}DUO
sD} Qwor=l} '|O=yvW}B VwQ |yOuRw sD} Qwor= %QDu}}=B |D=@U=Lt |=yxv} Ry "3
|@}mQD |=ypOt Q}=U x@ C@Uv '|O=yvW}B VwQ 'T=U= u}= Q@ "CU= |Q=QmDQ}e
'Ovvm|t xO=iDU= u=Rw= u}}aD QO |Q=mD@==Qi =} |Q=mD@= |=ysD} Qwor= R= xm |R=wt
'|O=yvW}B VwQ =Pr "OQm Oy=wN x@U=Lt |QDtm Q=}U@ u=tR COt QO =Q =yuRw
|R=wt |@}mQD |=ypOt R= xvwou}= x@ C@Uv '|D=@U=Lt |=yxv} Ry Q_v x]kv R=

"CiQo Oy=wN Q=Qk |QDq=@ x=o}=H QO
|v=yH|xv}y@ sD} Qwor=l} '|O=yvW}BVwQ|yOuRw sD} Qwor= %QD=Q=m|yOuRw "4
xm |R=wt |@}mQD |=ypOt Q}=U x@ C@Uv '|O=yvW}B VwQ 'T=U= u}= Q@ "CU=
=Q =yuRw 'Ovvm|t xO=iDU= u=Rw= u}}aD QO |Q=mD@==Qi =} w |Q=mD@= |=ysD} Qwor= R=

|xm@W |r=tDL= pOt ?}mQD xm OvDi=} QO =yv; u}vJty "CU= Vy=m p@=k xOW hrD
VN@C}=[Q xm =Q COtOvr@ w COtu=}t |=yji= u}tND |v}@V}B |=ypOt =@ |R}@
w |Q=Oyov OQm} wQ l} [8]uwtr}i w O} w}O ,=Q}N= u}vJty "Ovm|t u}t[D 'CU=
|Q}oO=} R= xO=iDU= =@ |@=QN |xOvyOQ=OWy sDU}U x@ C@Uv =Q xv=} woW}B C=Q}taD
xrmU= AtB xm Ow@ u; R= |m =L G}=Dv "Ov=xO=O x�=Q= QoUL |Qw=:vi =@ p@=kD QO 'u}W=t
"OW=@ xDW=O C=Q}taD x@ R=}v =} OwW ?=QN sDWy w sDiy |=yxDiy u}@ CU= umtt
|=yxO=O sm sHL w C}i}m x@ u=wD|t =Q |ak=w |@=QN u=tR R= �13/85 h=QLv=
|v}@V}B Q=R@= '=yxO=O QDtm s=y@= =@ 'h=Yw= u}= =@ "O=O C@Uv xOW C@F |D=}rta
QO QoUL |Qw=:vi R= xO=iDU= R= p@k |}=v@t u=wva x@ Ov=wD|t C=Q}taD w |Q=Oyov
OvO=O u=Wv [9]QHvQo w TD}@ Q=@ u}rw= |=Q@ "OQ}o Q=Qk xO=iDU= OQwt xrmU= |=yAtB
OQivt |=ypOt x@ C@Uv |QDy@ OQmrta Ov=wD|t |mD |=ypOt R= |]N ?}mQD xm
x�=Q= =aO= u}= O}}-=D Q@ |v@t |Oy=wW 'C=k}kLD R= |Q=}U@ u; R= TB "OW=@ xDW=O
hrDNt |=ypOt ?}mQD xm OyO|t u=Wv [10]u=@ |xar=]t G}=Dv u}vJty "Ov=xO=O
"Ovm|t xO=iDU= x}=B |=ypOt |=}=Rt R= xm CU= |v}@V}B CkO Ow@y@ |=Q@ |WwQ
xv=} woW}B C=Q}taD w |Q=Oyov |xRwL QO xDiQo CQwY C=t=Ok= u} QDtyt R= |NQ@

"CU= xOW xYqN 1 pwOH QO Q}N= |=yp=U QO
|xRwL QO |v}@V}B |=yVwQ ẁ[wt C=}@O= QO xOW s=Hv= |=y|UQQ@
OQmrta OwHw =@ Tv=HDt=v |=ypOt ?}mQD xm OyO|t u=Wv xv=} woW}B C=Q}taD
OQwt O=} R xv=} woW}B C=Q}taD w |Q=Oyov |xRwL QO 'Ov=xO=O u=Wv OwN R= xm |}q=@
?}mQD xm OvyO|t u=Wv |UQQ@ OQwt Cq=kt u}vJty [16]"CU= xDiQov Q=Qk xO=iDU=
QO |mD CQwY x@ =ypOt u}= OQ@ Q=m =@ xU}=kt QO OvtWwy w l}Uqm |=ypOt
|=ypOt u=}t QO "OvQ=OQwNQ@ |QDq=@ CkO R= xv=} woW}B C=Q}taD w |Q=Oyov |xRwL
R= |Q=OQwNQ@ seQ|ra |R=wt |@}mQD pOt 'R}v Tv=HDt=v |R=wt w |QU |@}mQD
|=yC} Rt x@ xHwD =@ 'T=U= u}= Q@ "Ov=xDiQov Q=Qk xO=iDU= OQwt u=OvJ 'Q=}U@ |=}=Rt
xO=iDU= sOa u}vJty w QDj}kO G}=Dv ?Um QO Tv=HDt=v |R=wt |@}mQD |=ypOt
Q=DWwv QO 'xv=} woW}B C=Q}taD w |Q=Oyov |xRwL QO |@}mQD |=yQ=DN=U xvwou}= R=
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Ovyt pOt "CU= xDi=} V}=Ri= |rw@k p@=k OL =D =y|v}@V}B CkO '|@Ya |=yxm@W
wO Qou=}@ ,=D}y=t OwN 'xDU@=w Q}eDt =} `@=D u; QO xm CU= |vw}UQoQ pOt C}Hq
xDU@=w Q}eDt xm |v=tR |=Q@ "Ovvm|t Q=}DN= =Q 1 w QiY Q}O=kt l} Qy xm CU= xwQo

%CU= ZwQit 1 pOt CU= |twywt Q}eDt u;
Pi = E(Y = 1jXi) = 1

1 + e�(B1+B2Xi) (1)

2 |x]@=Q j@=]t =Q 1 |xrO=at '|DL=Q |=Q@ "CU= |a}@] sD} Q=or x}=B e u; QO xm
%s}vm|t |U} wvR=@

Pi = 1
1 + e�zi (2)

Pi Qo = "CU= l}DUHr |atHD `} RwD `@=D Qou=}@ zi = B1 + B2Xi u; QO xm
xak=w ẁkw sOa p=tDL= xm �1 � Pi� CQwY u}= QO OW=@ |}xak=w ẁkw p=tDL=

%OwW|t xO=O u=Wv Q} R CQwY x@ 'CU=
1� Pi = 1

1 + ezi
(3)

%R= Ow@ Oy=wN CQ=@a xH}Dv 's} Q}o@ |a}@] sD} Q=or 3 |xrO=at R= xJv=vJ
Li = Ln( Pi

1� Pi ) (4)

?ULQ@ xmr@ ' X ?ULQ@ =yvD xv 'CU= C} Rt =} |QDQ@ C@Uv sD} Q=or xm L |va}
u}= QO [18]"CU= hwQat C}Hq s=v x@ L R}v 4 |x]@=Q QO "CU= |]N R}v =yQDt=Q=B
|v}@V}B C}Hq pOt |xr}Uw x@ |@=QN '|OwQw Q}eDt 20 |Q}oQ=m x@ =@ VywSB

"CU= xOW xO=O x�=Q= xt=O= QO G}=Dv xm OW

x}qOvJ uwQDBUQB |@Ya |=yxm@W "2"2
OvDUy|v}@V}B w |R=UpOt |=yVwQ xrtH R= x}qOvJ uwQDBUQB|@Ya |=yxm@W
|}x@U=Lt ?wJQ=J l} w xOw@ =yxO=O QO OOaDt |]NQ}e OQ=wt u}tND x@ QO=k xm
R= |m} [19]"Ov};|t Q=tW x@ |]NQ}e p�=Ut R= |a}Uw |xvt=O |=Q@ Q}PBh=]av=
CU= u}= 'Qo}O |]NQ}e |=ypOt =@ p@=kD QO =ypOt R= xvwo u}= |xDUHQ@ |=}=Rt
Ovv=wD|t xm OvDUy |v=yH |xOvvR ?} QkD l} |@Ya |=yxm@W R= ẁv u}= xm
uwQDBUQB |=yxm@W Cwk |x]kv "OvvR@ ?} QkD x=wNrO CkO =@ =Q |a@=D ẁv Qy
l} =@ x}qOvJ |=yuwQDBUQB "CU=yxO=O C=aq]= |R=wt VR=OQB CQOk x}qOvJ
|rY= p}rO "OvDUy =ypOt xvwo u}= ẁv u} QDhwQat w u} QD|OQ@ Q=m R= u=yvB |x}q
`@=wD `=wv= ?} QkD |=Q@ u=yvB |x}q l} |rm Cr=L QO xm CU= u}= ẁ[wt u}=
1 pmW QO u=yvB |x}q l} =@ x}qOvJ |=yuwQDBUQB |rm Q=DN=U [20]"CU= |i=m
�X1; :::X2; :::XP � =y|OwQw w �yt� |HwQN u}@ |x]@=Q "CU= xOy=Wt p@=k

%OwW|t u=}@ 5 |x]@=Q CQwY x@
yt = b0 +

QX
j=1

wj : g(b0j +
PX
i=1

wij :xti) + "t (5)

|Q=Pos=v |r=YD= |=yuRw xm OvDUy pOt |=yQDt=Q=B wij w wj xm |Qw] x@
|O}�wto}U `@=D "CU= |iNt |=yxQo O=OaD Q w |OwQw |=yxQo O=OaD P 'OvwW|t
|iNt |x}q |R=Up=ai `@=D u=wva x@ `k=wt QDW}@ QO 'xOW x�=Q= 6 |x]@=Q QO xm

"OQ}o|t Q=Qk xO=iDU= OQwt
g(x) = 1

1 + exp(�x)
(6)

CkO Q_v x]kv R= '|O=yvW}B VwQ =Pr "OQm Oy=wN x@U=Lt |QDj}kO CQwY x@
x=o}=H QO |R=wt |@}mQD |=ypOt R= xvwou}= x@ C@Uv R}v '?}mQD |}=yv G}=Dv

"CiQo Oy=wN Q=Qk |QDq=@
Tv=HDsOa|O=yvW}BVwQ|oS} wu} QDtytO}=W %<=RH= QDq=@Tv=HDsOa wCkO "5
|}=yv CkO ' ẁ[wt C=}@O= T=U= Q@ "OW=@ u; |xOvyOp}mWD |=ypOt |q=@
w xOvyOp}mWD <=RH= OQivt CkO pt=a wO x@ '|R=wt |@}mQD Q=DN=U l}
CkO xJQy '|rm Cr=L QO "OQ=O |oDU@ xOvyOp}mWD <=RH= u}@ Tv=HDsOa
QO xOvyOp}mWD <=RH= u}= u}@ Tv=HD sOa =} xOvyOp}mWD <=RH= OQivt
|QDq=@ |}=yv CkO xm OwQ|t Q=_Dv= 'OW=@ QDW}@ |R=wt |@}mQD Q=DN=U l}
Tv=HD sOa =D xOW |aU |O=yvW}B VwQ QO 'T=U= u}= Q@ "OwW pY=L
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(yt � Ŵlog itŷlog it;t � ŴMLP ŷMLP;t
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u=kkLt QN; QO "OwW|t x}YwD =Q=m w j}kO ,=D@Uv |Q=R@= u=wva x@ xv=} woW}B
w |O=yvW}B OQm} wQ QO |R=wt � |QU |@}mQD Q=DN=U R= xO=iDU= =@ Ovv=wD|t
OvtWwy w |Q=t; |=ypOt Q}=U R= xO=iDU= u}vJty w u; R= pY=L G}=Dv |UQQ@
Q=Qk |UQQ@ OQwt =Q |v}@V}B w |R=UpOt QO LPHM pOt uDN=U |=Q@ Qo}O

"OvyO

R= |@=} RQ= |=yQ=}at s=tD QO |O=yvW}B pOt |=y|v}@V}BCkO |va} &CU= xDW=Po
VHvU w |@=} RQ= R= TB ?}DQD u}O@ "CU= xOw@ QDy@ |QU |@}mQD w |mD |=ypOt
Q=DN=U |Ot;Q=m w |}=Q=m R= u=v}t]= ?Um R= TB w ?}mQD |=yQ=DN=U OQmrta
|=ypOt =@ xU}=kt QO |R=wt |@}mQD pOt '|v}@V}B w |R=UpOt QO |R=wt ?}mQD
�7 w uwtR; |=yxO=O QO �11 u=R}t x@ u}ov=}t Qw] x@ =Q =y|v}@V}B CkO |mD

"CU= xO}WN@ Ow@y@ VRwt; |=yxO=O QO
|R=wt |@}mQD w |QU |@}mQD w |mD |=ypOt |xU}=kt G}=Dv |xYqN

%|O=yvW}B
w C}Hq |=ypOt =@ xU}=kt QO u=@}DWB Q=OQ@ u}W=t pOt |q=@ ,=D@Uv OQmrta �

&x}qOvJ uwQDBUQB |@Ya |=yxm@W
CUQO MQv w C@Ft CUQO MQv |=yQ=}at QO u}W=t |Q}oO=} |=ypOt |QDQ@ �

&|Q=t; l}Uqm pOt =@ xU}=kt QO '|ivt
|@}mQD w |mD |=ypOt =@ xU}=kt QO |O=yvW}B |R=wt |@}mQD pOt OQmrta Ow@y@ �

&|QU
=y|v}@V}B CkO '|mD |=ypOt =@ xU}=kt QO '|O=yvW}B |R=wt |@}mQD pOt �
VRwt; |=yxO=O QO �7 w uwtR; |=yxO=O QO �11 u=R}t x@ u}ov=}t Qw] x@ =Q

&CU= xO}WN@ Ow@y@
|QU |@}mQD pOt =@ xU}=kt QO |QDy@ OQmrta logit-SVM |QU |@}mQD pOt �

&CU= xO=O u=Wv OwN R= logit-MLP

=y|v}@V}B CkO u}ov=}t Qw] x@ '|mD |=ypOt =@ xU}=kt QO '|QU |@}mQD pOt �
"CU= xO}WN@ Ow@y@ uwtR; w VRwt; |=yxO=O QO =Q

=yCWwv=B
1. predictive maintenance
2. standard deviation
3. median error (ME)
4. mean absolute error (MAE)
5. percentage error
6. bayesian network (BN)
7. benchmark
8. back propagation
9. meta heuristic algorithm
10. least squares
11. confusion matrix
12. sensitivity
13. true positive rate
14. speci�city
15. true negative rate
16. arithmetic mean (Amean)
17. missing data
18. University of California at Irvine (UCI)
19. air pressure system (APS)
20. principal component analysis (PCA)
21. data cleaning
22. median
23. balancing
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