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"CU= |QwQ[ hQYtsm w hQYtQBhrDNt |=yVN@ QO jQ@ hQYt u=R}t s}_vD
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"OwW|t xDN=OQB |}=yv |Q}oxH}Dv w xrY=L

COtx=Dwm Q=@ |v}@V}B Q@ QF-wt pt=wa "2
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K]U 'u=tR '|O=YDk= '|U=}U '|a=tDH= '|ovyQi p�=Ut '|}=}i=QeH \}=QW '�=wy
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?=NDv= =Q |OwQw |=yQ}eDt 'u; x@ xHwD =@ u=wD@ xm OQ=Ov OwHw |rm xOa=k I}y
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[35]"OW=@ Q=PoQ}F-=D
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OQwt |v}@V}B xm =Hv; R= "CU= xOW xO=iDU= |v}@V}B Qw_vtx@ Cw=iDt |=yQDt=Q=B

xv=oOvJ |x} RHD pOt xm |r=L QO Ovm |v}@V}B =Q =[=kD CkO x@ Ov=wD|t |v=tR
[6]"CU= xOQm pta |rYi ARIMA R= QDy@ |tm

QO Ow@y@ Qw_vtx@ |awvYt Vwyl}vmD R= u}kkLt R= |Q=}U@ 'Q}N= |xyO QO
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w QD`} QU Q@=Q@ 11 pk=OL RBF xm CU= xO=O u=Wv w xOQm xO=iDU= |m} QDmr=
R= [10]=tqU= w |r@ Q=O "CU= xOw@ Q=WDv=TB |@Ya |xm@W R= QDu=v}t]= p@=k
xO=O u=Wv w xOQm xO=iDU= Czech QO |m} QDmr= Q=@ |v}@V}B |=Q@ |@Ya |xm@W
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w xDiQo Q_v QO =Q |Da=U Q=@ w |Da=U |=tO w= &CU= xO=O s=Hv= p=U GvB |=Q@ =Q
|xm@W pOt [12]u=J w w}Uy "CU= xOw@ VN@O}t= Q=}U@ |O=yvW}B pOt G}=Dv
pOt xm OvO=O u=Wv w OvOQ@ Q=m x@ u=w}=D |}xk]vt Q=@ |v}@V}B |=Q@ =Q |@Ya
u=Q=mty w xO=R; \UwD xm |k}kLD QO "CU= |DvU uw}UQoQ pOt R= QDQ@ |O=yvW}B
|v}@V}B u=Q}= QO R=o |=[=kD ANFIS w ANN |=yVwQ R= xO=iDU= =@ 'OW s=Hv=

[13]"OW=@ xDW=O ANN x@ C@Uv |QDy@ G}=Dv CUv=wD ANFIS xm OW
Q}=U w |Q=t; |=yODt R= |@}mQD =@ |@Ya |xm@W pOt R= |}=yOQ@ Q=m ,=Q}N=
C=H=DvDU= R= |@}mQD Ovv=t "CU= xDiQo Q=Qk xHwD OQwt Q=}U@ OvtWwy |=yVwQ

"xQ}e w [18]C=QP s=LOR= |R=Uxv}y@ [17w16]'|Hwt Cq=kDv= [15w14]'u} R}@
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|m} QDmr= Q=@ |v}@V}B QO [21]u=Q=mty w uJ "CU= xOQm xO=iDU= |v=tR |QU
xvwoJ xm OvOQm u=}@ |�RH CQwYx@ =yu; "Ov=xOw@ s=oW}B SVM \UwD COtu=}t
R= R}v [22]nv=y w |=B "Ovm pta jiwt |m} QDmr= Q=@ |v}@V}B QO Ov=wD|t SVM

COtOvr@ Q=@ |v}@V}B Qw_vtx@ �SA� O} Q@D |R=Ux}@W sD} Qwor= w SVR R= |@}mQD
xO=iDU= =yQDt=Q=B X}NWD Qw_vtx@ SA sD} Qwor= R= =yv; "OvOQm xO=iDU= u=w}=D QO
QO "OQ=O |QDy@ OQmrta GRNN w ARIMA R= pOt u}= xm OvO=O u=Wv w OvOQm
|v}@V}B |=Q@ SVM w NN |=yVwQ R= =yv; QO xm |Dq=kt R= |}=yxvwtv 1 pwOH

"CU= xOW x�=Q= xO=iDU= OQwt |=yQ}eDt x=Qtyx@ 'xOW xO=iDU= Q=@
R}v w OW u=}@ QDV}B xm COtx=Dwm |m} QDmr= Q=@ |v}@V}B C}ty= x@ xHwD =@
'|m} QDmr= Q=@ |v}@V}B x@ \w@ Qt |=yOQw=DUO =@ \=@DQ= QO xOWQmP |xJN} Q=D
Q=@ |v}@V}B Qw_vtx@ 'u} wv |=yVwQ R= xO=iDU= =@ =D xOW |aU VywSB u}= QO
"OwW s=Hv= |DvU |=y|v}@V}B QO |R=Uxv}y@ 'u=Q}= j]=vt R= |m} QO |m} QDmr=
|=Q@ |k]vt w O}OH |=yVwQ |x�=Q= x@ u=wD|t j}kLD u}= syt |=y|Qw;wv R=
VwQ R= |@}mQD xm OQm xQ=W= COtx=Dwm |m} QDmr= |SQv= hQYt u=R}t |v}@V}B
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|OwQw |=yQ}eDt |=ysD} Qwor= p=U |xQ=tW
xO=iDU= OQwt `HQt

RwQ u=ty xDWPo Ca=U xU 'wO 'l} |m} QDmr= Q=@ ��
GA NN, BBNN, 2008 [23]xDWPo RwQ xDWPo Ca=U xU 'wO 'l} |m} QDmr= Q=@ ��

PSO NNxDWPo xDiy QO RwQ u=ty p@k Ca=U wO w p@k Ca=U l} 'Ca=U u=ty |m} QDmr= Q=@ ��
Ca=U XN=W ��

MLP NN 2006 [24]RwQ XN=W ��
p@k Ca=U wO w Ca=U l} =tO u}tND ��

OwW|t |Q}oxR=Ov= hrDNt |x]kv 10 QO =wy |=tO =Q} R |OwQw 32 pm QO ��
xDWPo Ca=U 24 |m} QDmr= Q=@ ��

MLP NN 2007 [25]O=@ CaQU 'C@ w]Q '=tO ��
xDiy RwQ �x=t� pYi ��

p@k Ca=U 24 |m} QDmr= Q=@ ��
SVM 2010 [26]xDiy RwQ ��

RwQ Ca=U ��
=wy w ?; |=yxO=O ��

GA { SVM 2008 [27]|m} QDmr= Q=@ |=yxO=O ��
�\UwDt 'xv}tm 'xv}W}@� p@k RwQ |=tO ��

TS�, BPNN, SVM 2010 [28]

p@k RwQ VQ=@ u=R}t ��
xDWPo RwQ QO |v}@V}B u=tR p@k x_Lr wO Q=@ ��

p@k RwQ l} Q=@ xv}tm w xv}W}@ ��
|v}@V}B RwQ QO |v}@V}B u=tR p@k x_Lr wO Q=@ ��

�\UwDt 'xv}tm 'xv}W}@� |v}@V}B RwQ |=tO��
|v}@V}B RwQ VQ=@ u=R}t ��

|v}@V}B RwQ ẁv ��
p@k Ca=U 24 Ca=U s}v Qy |m} QDmr= Q=@ ��

SVM 2009 [29]p@k RwQ |=tO \UwDt ��
xOv}; RwQ |=tO \UwDt |v}@V}B ��

|v}@V}B OQwt xDiy RwQ ��
xDWPo |m} QDmr=Q=@ ��

BPNN with GA 2010 [30]RwQ Ca=U 'RwQ ẁv 'pYi ẁv ��
�|OwQw 120� Q_v OQwt RwQ |v}@V}B |=tO w p@k RwQ |=tO ��

xDWPo RwQ |}x_Lr Ct}k 'sO 'RwQ ẁv '|m} QDmr= Q=@ ��
FFNN 2001 [31]

�|OwQw 100� |v}@V}B RwQ |}x_Lr Ct}k '=tO 'RwQ ẁv ��
xOWu}}aD u=tR QO |iQYt |=yQ=@ ��

NN 2005 [32]|v}@V}B |=tO ��
x=t XN=W ��

Qo}O Cq}]aD w xDiyQN; Cq}]aD x@ \w@ Qt XN=W ��

Beysian NN 2008 [33]

p@k RwQ QO Ca=U u}= O=@ CyH w CaQU ��
p@k RwQ QO Ca=U u}= =wy |=tO ��

p@k RwQ O}WQwN V@=D ��
p@k RwQ QO Ca=U u}= |ak=w Q=@ ��

Ca=U u}= QO Oa@ RwQ |v}@V}B |=tO ��
� Time Series Analysis
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|OwQw |=yQ}eDt |=ysD} Qwor= p=U |xQ=tW

xO=iDU= OQwt `HQt
xDWPo RwQ Q=@ l}B ��

NN with GA, PSO,

2008 [34]

�\UwDt 'xv}tm 'xv}W}@� xDWPo RwQ |=tO ��

constrained method,

�\UwDt 'xv}tm 'xv}W}@� xDWPo RwQ C@ w]Q ��

unconstrained method

�xv}W}@� xDWPo RwQ QO O=@ CaQU ��
xDWPo xDiy Q=@ l}B ��

�\UwDt 'xv}tm 'xv}W}@� xDWPo xDiy |=tO ��
�\UwDt 'xv}tm 'xv}W}@� xDWPo xDiy C@ w]Q ��

xDWPo xDiy O=@ CaQU ��
|v}@V}B RwQ |=tO ��

�\UwDt 'xv}tm 'xv}W}@� xDWPo RwQ x@ \w@ Qt C@ w]Q ��
�xv}W}@� xDWPo RwQ x@ \w@ Qt O=@ CaQU ��

RwQ XN=W ��
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"OQ}o Q=Qk xHwD OQwt

'�x@vW� '�xatH� Cw=iDt |xDUO Q=yJ pYi Qy |=Q@ xOW QmP OQ=wt x@ xHwD =@
"CU= xOW xDiQo Q_v QO �x@vWGvB� w �x@vWQ=yJ =D x@vWm}�

|O=yvW}B pOt "4
u}W=t '|@Ya |xm@W |=yVwQ Q@ CU= |vD@t j}kLD u}= QO |O=yvW}B sDU}U
|Da=U hQYt u}@ |oDU@=w p}rOx@ u; QO xm '|rY= |xir-wt p}rLD w u=@}DWB Q=OQ@
l} OwN R}v p@k Ca=U |=yxO=O &CU= xOW xO=iDU= |DWoR=@ VwQ l} R= =yxO=O
|=yTqm QO =yv; |Ov@xDUO w =yxO=O p}rLD R=TB?}DQDu}O@ "OvDUy |OwQw QDt=Q=B
s=tD uOQm p=tQv R= TB "OwW|t ?=NDv= Tqm Qy |=Q@ |OwQw |=yQ}eDt 'hrDNt
\UwD 'COtx=Dwm |m} QDmr= Q=@ |v}@V}B Qw_vtx@ Q_v OQwt |xOwOLt QO =yQ}eDt
G}=Dv C}@ wr]t w OwW|t xO=O VRwt; |v=@}DWB Q=OQ@ u}W=t w |@Ya |xm@W
|rY= |xir-wt p}rLD w x} RHD =@ TBU "OQ}o|t Q=Qk |UQQ@ OQwt l} Qy R= pY=L
|=yxm@W \UwD =OOHt w OwW|t hPL VRQ=|@ |=y|oS} w '|OwQw |=yQ}eDt
pY=L G}=Dv "OQ}o|t Q=Qk uwtR; w VRwt; OQwt u=@}DWB Q=OQ@ |=yu}W=t w |@Ya
w |@Ya |xm@W \UwD VRwt; TBU w |OwQw |=yQ}eDt Q@ PCA p=ta= R=
|xir-wt p}rLD Q}F-=D =D OQ}o|t Q=Qk xU}=kt OQwt |r@k G}=Dv =@ u=@}DWB Q=OQ@ u}W=t
CQwYx@ |v}@V}B xm CU= syt Q=}U@ xDmv u}= "OwW xOy=Wt =yxO=O Q@ |rY=

"CU= xv=o =OH CQwYx@ Ca=U 48 |=Q@ |Da=U

|OwQw |=yQ}eDt w =yQDt=Q=B ?=NDv= "1"4
|=yQ}eDt ?=NDv= Q=@ |v}@V}B Qw_vtx@ |@Ya |xm@W CN=U QO s=Ok= u} QDsyt
Cw=[k =@ xmr@ OQm |wQ}B u; R= u=wD@ xm OQ=Ov OwHw |rm |xOa=k I}y "CU= |OwQw
OvJQy "OQ}o|t s=Hv= =]N w uwtR; =@ =yQ}eDt ?=NDv= 'x@ QHD pt=a w |UOvyt
Q@ |QDtyt Q}F-=D =yQ}eDt R= l}t=Om xm u}= X}NWD QO |Q=t; |=yp}rLD R= |NQ@
pt=wa u}@ R= 'xDiQo CQwY |=y|UQQ@ =@ "OW=@ QF-wt Ov=wD|t [24]OvQ=O Q=@ sDU}U
xDiQo Q=Qk xO=iDU= OQwt =wyw?; |=yQ}eDt w xDWPo |iQYt Q=@ pt=a wO Q=PoQ}F-=D
xHwD=@ "CU= xOW xO=iDU= =tO Q}eDt R= =yvD =wy w ?; |=yQ}eDt u}@ R= [13]"CU=
|r=tW |xk]vt QO XwYNx@ |iQYt OvwQ QO |Q}otWJ Q}F-=D =tO xm u}= x@
R= xO=iDU= OUQ|t Q_v x@ 'CU= |Da=U CQwYx@ |v}@V}B |iQ] R= w OQ=O QwWm
Oy=wN |QDy@ ?=wH x@ QDl}ORv |v=tR pY=wi =@ =} |Da=U CQwYx@ =tO QDt=Q=B
u=QOvR=t u=DU= |U=vW=wy u=tR=U R= xOW G=QNDU= C=aq]= R= p}rO u}tyx@ "O}UQ
CQ=@a |OwQw |=yQ}eDt x@ \w@ Qt C=}�RH "CU= xOW xO=iDU= |Da=U CQwYx@

%R= CU=
13� |Da=U CQwYx@ x@vWQ=yJ =D x@vWm} |=yRwQ |=Q@ |OwQw |=yQ}eDt �hr=

�|OwQw
�|OwQw 2� p@k x=t w p@k RwQ |Da=U CQwYx@ =tO w |iQYt Q=@ C=aq]= �
|v}@V}B swRr x@ jQ@ `} RwD |=yu=tR=U R=}v x@ xHwD =@ xm OQm xQ=W= O}=@
R= |ak=w |=}vO |R=Ux@}@W |=Q@ sDU}U u}= QO 'Q=@ hQYt R= p@k RwQ wO
`k=w QO� "CU= xOW xO=iDU= |Da=U CQwYx@ p@k RwQ wO |iQYt C=aq]=
|v}@V}B RwQ C=aq]= R= p@k x=t |=Q@ �"CU}v OwHwt p@k RwQ C=aq]=

"CU= xOW xO=iDU= p@k x=t QO

47



"""Q=
@|

v}@V
}BQw

_vt
x@O

vtW
wyQ

F -wt
Vw

Q

"PCA VwQ R= pY=L |oS} w Q=Okt scree plot Q=Owtv "4 pmW

O=OaD u}= xOW XNWt |x]kv x@ xHwD =@ xm 'xOW xO=O u=Wv xO=O xawtHt |wQ
"Ov=xDiQo Q=Qk xO=iDU= OQwt |oS} w

QO xOW |iQat |oS} w 13 O=OaD R= 'OwW|t xOy=Wthr=4 pmW QO xm Qw]v=ty
?=NDv= =y|oS} w u=wvax@ pw= |oS} w 7 'x@vWQ=yJ =D x@vWm} |=yRwQ xO=O xawtHt
x@=Wt Qw]x@ "CU= xOW |iQat 1 |x]@=Q R= xO=iDU= =@ w PCA VwQ \UwD xOW
|=yRwQ R= xOW |iQat |oS} w 11 R= pw= |oS} w 6 xm OyO|t u=Wv ?4 pmW
u=wvax@ =y|oS} w u}= O}OH |xrLQt QO "CU= xOW ?=NDv= xatH w x@vW GvB 'x@vW

"OvwW|t |iQat |v}@V}B |=ysDU}U x@ |OwQw

|@Ya |xm@W R= xO=iDU= "4"4
|x}qOvJ|@Ya |=yxm@W OQm} wQ R=|m} QDmr= |SQv= hQYt u=R}t|v}@V}B |=Q@
xO=iDU= OwW|t xO}t=v �MLP� uwQDBUQB |x}qOvJ |=yxm@W ,=twta xm QwNV}B
=]N Q=WDv=TB |Q}oO=} uwv=k R= jwi |@Ya |xm@W VRwt; |=Q@ "CU= xOW
pw= Q}Ut %OwW|t p}mWD |rY= Q}Ut wO R= uwv=k u}= "CU= xOW xO=iDU= �BP�
w p=ta= MLP |xm@W x@ |OwQw Q=OQ@ 'u; QO xm CU= swUwt CiQ Q}Ut x@
|HwQN Q=OQ@ "O@=}|t p=kDv= |HwQN |=yx}q x@ |v=}t |=yx}q j} Q] R= VD=Q}F-=D
QO "OyO|t p}mWD =Q MLP |xm@W |ak=w MU=B '|HwQN x}q QO xDi=} p}mWD
x@ swO Q}Ut "OwW|t xDiQo Q_v QO Q}}eD uwO@ w C@=F 'xm@W |=yQDt=Q=B Q}Ut u}=
|xm@W |=yQDt=Q=B 'CiQ Q}Ut hqN 'Q}Ut u}= QO "CU= swUwt CWoQ@ Q}Ut
"OQ}o|t s=Hv= =]N KqY= uwv=k =@ j@=]t s}_vD u}= "OwW|t s}_vD w Q}}eD MLP

hqDN= =@ Q@=Q@ =]NQ=OQ@ "OwW|t p}mWD xm@W |HwQN |x}q QO =]N p=vo}U

"|iQYt Q=@ |v}@V}B |=Q@ |O=yvW}B sDU}U "3 pmW

|rY= |=yxir-wt p}rLD "3"4
VwQ R= xO=iDU= =@ u=wD|t 'Q_v OQwt OvtWwy |=ysDU}U QDy@ OQmrta Qw_vtx@
|L=Q] |QD|wk pOt u=wD@ =D O=O Vy=m =Q =y|OwQw O=OaD '|rY= |=yxir-wt p}rLD
xRwL l} |UQQ@ '|rY= |=yxir-wt p}rLD R= hOy [38]utQ}BU= saRx@ [37]"OQm
p}rLD C=ar=]t QDW}@ hOy "CU= xRwL u; |rY= |=yxR=U =} O=a@= hWm |=Q@
=yu; u=wD@ xm |}xw}Wx@ CU=y|oDU@ty T} QD=t uOQm xYqN '|rY= |=yxir-wt
=Q T} QD=t |rY= |=yxir-wt s=tD Qo = "OQm u}}@D |}=v@ Q} R pt=a OvJ ?ULQ@ =Q
OwHw=@ "s}vm O=H}= pt=m Qw]x@ =Q =yQ}eDt u}@ |=y|oDU@ty s}v=wD|t 's}vm G=QNDU=
"OQ=O OwHw xir-wt =yQ}eDt O=OaD x@ =Q} R OwW|tv |krD |R=UxO=U |Q=m u}vJ 'u}=
G=QNDU= Ovvm|t u}}@D =Q Tv=} Q=w Q=Okt u} QDW}@ xm xir-wt OvJ \ki pta QO xD@r=

[39]"Ovvm u}}@D =Q =y|oDU@ty l}miD x@ Ovv=wD@ O}=@ =yxir-wt u}= &OwW|t
=y|oS} w x@ |yOuRw VwQl} |rY= |=yxir-wt p}rLD w x} RHD VwQ xm =Hv; R=
T=U=Q@ |OwQw x@ PCA p=ta= =@ xOW xDiQo s}tYD 'CU=yv; C}ty= T=U=Q@
sm |=y|oS} w Q=m u}= =@ `k=w QO "O@=} Vy=m R}v |OwQw O=a@= O=OaD '=yv; VRQ=
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O=OaD R}v xrLQt u}= QO "CU= xDi=} Vy=m 1 |x]@=Q R= xO=iDU= =@ |OwQw |=y|oS} w
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1. knowledge based expert system
2. support vector regression
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