
�14
00

R}}=B
�'h

}QW
u=Qt

a|
UOv

yt
�|W

ywSB
�'1

26
�11

7"
X

'3/
2|

xQ=t
W'

37
�2

|xQ
wO

O
ri

gi
na

lA
rt

ic
lexv}y@ |Q=OQ@xQy@ |xr�Ut pL QO |k}irD pOt

u=} QH |v}@V}B OQm}wQ =@ =yOU uR=Nt R=
�RO OU %|OQwt |xar=]t� OU x@ |OwQw

�OWQ= |U=vWQ� |wHWv=O� |�=@=@ OtLt
�Q=}Wv=O� �|v}at u}Dt=Q

u=yiY= x=oWv=O 'pkv w ptL w u=Qta |UOvyt |xOmWv=O
�Q=}O=DU=� xO=Ru=UL= p=@k=
sq}= x=oWv=O '|RQw=Wm |xOmWv=O

QO uRNt R= xv}y@ |Q=OQ@xQy@ |xr�Ut pL |=Q@ |k}irD pOt l} 'Q[=L VywSB QO
|@Ya |xm@W R= u; QO xm 'CU= xOW |iQat |OwQw u=} QH C}a]k sOa \}=QW

KqY= C=QP |atH Vwy |R=Uxv}y@ sD} Qwor= R= w u=} QH |v}@V}B Qw_vt x@ |awvYt
u=} QH |v}@V}B Q}F-=D |UQQ@ |=Q@ "CU= xOW xO=iDU= QwmPt |xr�Ut pL |=Q@ xOW

|=yu=} QH Q}O=kt R= 'pw= Cr=L QO %CU= xOW Qw_vt Cr=L wO uRNt x@ |OwQw
|@Ya |xm@W pOt \UwD xOW |v}@V}B |=yu=} QH R= 'swO Cr=L QO w xOW |Q}oxR=Ov=
RO OU R= |@=kQ@ w xO=U |Q=OQ@xQy@ p�=Ut "CU= xOW xO=iDU= xr�Ut pL |=Q@ |awvYt
"Ov=xOW xU}=kt G}=Dv w pL |Ov@pwtQi wO |x�=Q= =@ w u=} QH |v}@V}B |v=tR |xQwO |=Q@
uRNt x@ |OwQw u=} QH |v}@V}B |}=v=wD ' ẁvYt |@Ya |xm@W pOt xm O=O u=Wv G}=Dv
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p=YLDU= p@=k ?; x@ |@=}DUO ẁ[wt 'u; |v=mt w |v=tR ?U=vt `} RwD sOa w ?;
'OwOLt QwmPt `@=vt R= xv}y@ |Q=OQ@xQy@ '=Pr "CU= xOW p}O@D |v=yH |}xr�Ut x@
|L]U ?; `@=vt 'OwHwt |@; `@=vt u} QDsyt R= |m} "OUQ|t Q_vx@ |QwQ[ w sRq
R= xv}y@ |Q=OQ@xQy@ "OvwW|t E=OL= u; |R=UxQ}NP Qw_vtx@ =yOU xm 'OvDUy
xHwD =@ u; QO xm CU= xOW p}mWD |}xO}J}B |Q}os}tYD |=yOv}=Qi R= =yOU uRNt
u=R}t XwYNQO uRNt x@ |OwQw u=} QH w =[=kD Q=Okt 'uRNt |xQ}NP sHL x@
R= '?; `@=vt |xv}y@ w K}LY Q}O=kt u}}aD "OwW|t |Q}os}tYD|HwQN ?; |xv}y@
|Q=PoCU=}U x@ xm CU= |D=aq]= u} QDOvtWRQ= w u} QDsyt R= '=yOU uR=Nt xrtH
R= '|irDNt |=yQDt=Q=B "Ovm|t ltm ?; `@=vt X}YND w C} Q}Ot QO u=R} Qxt=vQ@
R= |HwQN u=} QH |xv}y@ Q}O=kt QO =[=kD u=R}t w uRNt x@ |OwQw u=} QH xrtH

pw�Ut xOvU} wv �
"1400 8 18 VQ}PB '1400 5 30 x}LqY= '1400 3 31 Ci=} QO %M} Q=D

DOi:10.24200/J30.2021.1885.1993



"""R
=xv}

y@|
Q=OQ

@xQy
@|

xr�U
tp

LQ
O|

k}ir
DpO

tXwYNQO|D=L}[wD 'xt=O= QO xmCU= sRq 'Q[=LVywSB ẁ[wt x@ xHwD =@
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|UQv}= '1 |x]@=Q QO w QDt=Q=B "OwW|t |rLt |=yxv}y@ QO TQOwR |}=Qosy R=
|Q=H |=yCaQU QO u}W}B |=yCaQU j@=wU Q}F-=D pQDvm CyH xm 'OQ=O s=v |vRw

[39w38]"OQm xO=iDU= 3 |x]@=Q R= u=wD|t u; u}}aD Qw_vtx@ w 'OwW|t xO=iDU=

w = wmax � (wmax � wmin)� n
itermax

(3)

'|vRw |UQv}= |}=yv u=R}t wmin '|vRw |UQv}= |x}rw= u=R}t wmax'u; QO xm
Vwy sD} Qwor= QO "CU= |Q=H Q=QmD |xQ=tW n w =yQ=QmD O=OaD |xv}W}@ itermax

xOW |UQQ@ |OwQw u=} QH |v}@V}B QO p@k |=yx=t |=yu=} QH Q}F-=D 'swO
"CU=

QO %CU= xOw@ KQW u}= x@ Q[=L VywSB Q=DN=U 'QwmPt OQ=wt x@ xHwD =@
sD} Qwor= '|awvYt |@Ya |xm@W XwYN QO QYDNt |D=L}[wD 'swO VN@
VN@ QO 'xt=O= QO "CU= xOW x�=Q= u; |LqY= |xNUv w C=QP |atH Vwy
xOW |iQat =yOU uR=Nt R= |@=kQ@ w xO=U |Q=OQ@xQy@ |xr�Ut |[=} Q pOt 'swU
|xk]vt XwYN QO QYDNt |D=L}[wD |x�=Q= =@ sQ=yJ VN@ QO 'TBU "CU=
xO=iDU= =@ |@=kQ@ w xO=U |Q=OQ@xQy@ p�=Ut sHvB VN@ QO w �RO OU� xar=]t OQwt
'sWW VN@ QO 'C}=yvQO "CU= xOW |UQQ@ G}=Dv w pL |O=yvW}B OQm} wQ R=

"CU= xOW x�=Q= VywSB G}=Dv w |Ov@`tH

xOW xO=iDU= |=yVwQ "2
sD} Qwor= '|awvYt |@Ya |xm@W VwQ XwYN QO |D=L}[wD 'Q[=LVN@ QO

"CU= xOW x�=Q= xOW KqY= C=QP |atH Vwy w C=QP |atH Vwy |x}=B

|awvYt |@Ya |xm@W VwQ "1"2
s}taD R= xm OvDUy C=aq]= VR=OQB sDU}U |awv '|awvYt |@Ya |=yxm@W
|@Ya |=yxm@W "Ov=xOW |Q=OQ@ wor= u=Uv= Ret |@Ya |xm@W |[=} Q pOt
sy x@ w nQR@ Q=}U@ |xawtHt R= |DU} R |@Ya |=yxm@W Ovv=ty '|awvYt
'|awvYt uwQwv l} "OvwW|t p}mWD uwQwv s=v x@ |}=yQoWR=OQB R= |}xDUw}B
VRwt; Cr=L wO '=yuwQwv "CU= |HwQN l} \ki w |OwQw |O=OaD =@ |}xv=t=U
|OwQw |=ywor= p@=kt QO xm OQ}o|t O=} uwQwv 'VRwt; Cr=L QO "OvQ=O OQmrta w
|}=U=vW |OwQw |wor= l} |Dkw 'OQmrta Cr=L QO w OwW xDN}ov=Q@ X=N
<=RH= pt=W |@Ya |=yxm@W "OwW|t x�=Q= u; =@ Q_=vDt |HwQN 'OwW OQ=w xOW
|=yx}q QO =yuwQwv O=OaD '|@Ya |=yxm@W QO "OvDUy =yuRw w =yx}q |xOvR=U
"OvDUy |HwQN w |OwQw QY=va O=OaD Q@=Q@ ?}DQD x@ w C@=F |HwQN w |OwQw
x@ O}=@ w CU}v XNWt |twta CQwYx@ |v=}t |x}q QO =yuwQwv O=OaD u}}aD
OW=@ |DQwY x@ O}=@ |v=}t |x}q QO =yuwQwv O=OaD u}}aD "OwW u}}aD |@ QHD VwQ
Xk=v VR=Q@ =} VR=Q@ V}@ R= w Ov}@@ VRwt; umtt pmW u} QDy@ x@ xm@W xm

[7]"OwW |Q}owrH
R= |irDNt `=wv= 'xm@W |Q=tat u}vJty w |Q}oO=} sD} Qwor= T=U= Q@
|=yxm@W u} QDxO=iDU= QB R= |m} "Ov=xOW xO=iDU= w `=O@= |@Ya |=yxm@W
R= hOy [36]"CU=]N Q=WDv=TB sD} Qwor= =@ x}qOvJ |=yuwQDBUQB |xm@W '|@Ya
w |OwQw |=yQDt=Q=B u}@ x]@=Ql} uOQm =O}B '|awvYt|@Ya |=yxm@WQO |Q}oO=}
'|WRwt; |=ysD} Qwor= \UwD |@Ya |xm@W pOt 'Q}N= hOy |=Q@ "CU= |HwQN
� nQ@vwr sD} Qwor= R= xOW s=Hv= C=ar=]t QDW}@ QO "OQ}o|t Q=Qk VRwt; OQwt
|rm Q=DN=U '1 pmW QO [8]"CU= xOW xO=iDU= xm@W VRwt; Qw_vtx@ CQ;wmQ=t

"OwW|t xOy=Wt x}qOvJ uwQDBUQB |@Ya |xm@W

C=QP |atH Vwy |R=Uxv}y@ sD} Qwor= "2"2
'CU=|Ww=m =Qi |=ysD} Qwor= `=wv= R=|m} 'C=QP|atH Vwy |R=Uxv}y@ sD} Qwor=
QmP sD} Qwor= "CU= xOW KQ]t [37]'�1995� 29CQ=yQ@= w |Ovm \UwD Q=@ u}rw= xm
|oOvR |ywQo CQwYx@ xm |D=v=w}L Qo}O w '=y|y=t 'u=oOvQB |ywQo CmQL R= xOW
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k}ir
DpO

t|=ypmW x@ u=wD|t =Q xr�Ut hOy `@=D 'uRNt R= |Q=OQ@xQy@ |xr�Ut QO
Ow@tm u=R}t '|R=Uxv}tm hOy 'xO=U |Q=OQ@xQy@ |xr�Ut QO "OQm h} QaD hrDNt
7 |x]@=Q CQwYx@ xr�Ut hOy `@=D '=Pr "CU= XNWt R=}v l} x@ xOW p=ta=

[33]:OwW|t h} QaD

F = Minimize
NTX
t=1

(Dt � rt
Dmax

)2 (7)

u=R}t rt 's)=t Dt |v=tR |xQwO QO R=}v u=R}t 'NT |v=tR |=yxQwO pm u; QO xm
"CU=|v=tR |=yxQwOpm R=}v |xv}W}@Dmax w s)=t|v=tR |xQwO QO xOW |R=U=yQ
8 |x]@=Q CQwYx@ xr�Ut hOy `@=D '|@=kQ@ |Q=OQ@xQy@ |xr�Ut |=Q@ u}vJty

[33]:OwW|t h} QaD

F = Minimize
NTX
t=1

(1� pt
power

) (8)

w s)=t |v=tR |xQwO QO x=owQ}v |O}rwD u=wD pt '|v=tR |=yxQwO pm NT 'u; QO xm
|xQwO QO x=owQ}v |O}rwD u=wD Q=Okt "CU= x=owQ}v ?Yv C}iQ_ Qou=Wv power

:OwW|t x@U=Lt 10 w 9 \@=wQ CQwYx@ s)=t |v=tR
pt = min

�
(g � � �Rt

PF
)� ( ht

1000 ); power
�

(9)

ht = (Ht +Ht+1
2 )� TWL (10)

Q=@ ht 'x=owQ}v OQmQ=m ?} Q[ PF 'x=owQ}v |xOR=@ � 'pkF ?=DW g 'u; QO xm
R= |Qw@a ?; |@O u=R}t Rt '=} QO K]U R= uRNt R=QD Ht 'x=owQ}v QO QF-wt ?;
QO "CU=} QO K]U R= x=owQ}v ?=}=B R=QD TWL w s)=t |v=tR |xQwO QO u}@ QwD
R= xO=iDU= |=Q@ "OwW h} QaD O}=@ =y u}@ QwD QO QF-wt ?; Q=@ '|SQv= O}rwD \@=wQ
VR=Q@ OwHwt Q}O=kt Q@ |}xrtHOvJ l} u=wD|t uRNt `=iDQ= � sHL Q}O=kt
u=wD|t 'uRNt R= |Q=OQ@xQy@ |xr�Ut QO OwHwt |=yO}k XwYN QO "O=O
"OQm h} QaD 13 =D 11 \@=wQ CQwYx@ =Q |UQQ@OQwt |xr�Ut wO Qy |=yO}k
h} QaD 11 |x]@=Q CQwYx@ xm CU= |oDUw}B |xrO=at 'xr�Ut O}k u} QD|rY=

:OwW|t
St+1 = St + It � rt � Lt (11)

u=} QH u=R}t It 's)=t |v=tR |xQwO |=OD@= QO uRNt |xQ}NP sHL St 'u; QO xm
|v=tR |xQwO QO uRNt R= |R=U=yQ u=R}t rt 's)=t |v=tR |xQwO QO uRNt x@ |OwQw
CQwYx@ xr�Ut Qo}O Ow}k Q}=U "CU= s)=t |v=tR |xQwO QO C=irD u=R}t Lt w s)=t

:OvwW|t h} QaD 13 w 12 \@=wQ
rmin � rt � rmax (12)

Smin � St � Smax (13)

|R=U=yQ |xv}W}@ u=R}t rmax 'uRNt R= |R=U=yQ |xv}tm u=R}t rmin '=yu; QO xm
uRNt sHL |xv}W}@C}iQ_ Smax w uRNt sHL |xv}tmC}iQ_ Smin 'uRNt R=
|R=Uxv}y@ p�=Ut '|UQQ@ OQwt |@=kQ@ w xO=U |xv}y@ |Q=OQ@xQy@ p�=Ut "CU=
OwHw xr�Ut Ow}k p=ta= |=Q@ |irDNt |=yVwQ xm CU= QmP u=}=W "OvDUy O}kt
?} Q[ p=ta= "CU= xt} QH ?} Q[ VwQ 'u; pwtat |=yVwQ R= |m} xm 'OQ=O
xO=iDU= Q[=L VywSB QO xm =yu; R= |m} xm 'OQ=O |irDNt |=yxw}W R}v xt} QH

[Xl; Xu] R=Ht |=[i QO |iO=YD CQwYx@ C=QP |x}rw= C}akwt 'C=QP |atH
CaQU u}}=B w q=@ |=yxvt=O 'C=QP CaQU C=Q}}eD pQDvm |=Q@ "OwW|t ?=NDv=

:OvwW|t h} QaD 5 w 4 \@=wQ CQwYx@ C=QP
Vmin = �K(Xu �Xl) (4)

Vmax = K(Xu �Xl) (5)

Vmin w Vmax 'C=QP C}akwt u}}=B w q=@ RQt ?}DQD x@ Xl w Xu '=yu; QO xm
|xOwOLt QO xmCU=|@} Q[ k w xQP Qy |=Q@ R=HtCaQU Q=Okt u} QDtm w u} QDW}@
QO C=QP |x}rw= CaQU 'CaQU |xOwOLt u}}aD =@ "OwW|t h} QaD [0 1; 1]

'C=QP C}akwt |v=UQRwQx@ QO "OwW|t |yOQ=Okt |iO=YD CQwYx@ Q}N= |xR=@
[Xl; Xu] R=Ht |xOwOLt QO C=QP |xOt; CUOx@ C}akwt O}OH Q=Okt O}=@
O}OH Q=Okt u} Ro}=H 'xOW QmP R=Ht |xOwOLt O}=@ CQwYu}= Q}e QO 'Ovm jOY
pbesti Q=Okt u} QDW}@ =} w u} QDtm |v=UQRwQx@ Qw_vtx@ xm CU= QmP u=}=W "OwW
u}ty x@ "OwW|t Qw_vt pbesti u=wva x@ s)=K Q=QmD =D xQP Qy |=Q@ hOy `@=D
=D xat=H QO xOt; CUO x@ C}akwt u} QDy@ 'gbesttQ=Okt |v=UQRwQx@ |=Q@ ?}DQD

"OwW|t xDiQo Q_v QO gbestt u=wva x@ s)=K Q=QmD

xOW KqY= C=QP |atH Vwy |R=Uxv}y@ sD} Qwor= "3"2
C=@U=Lt CaQU V}=Ri= w wHwCUH OQmrta Ow@y@ Qw_vtx@ 'Q[=L VywSB QO
|atH Vwy |x}rw= sD} Qwor= QO |D=LqY= s=Hv= =@ 'xv}y@ ?=wH x@ uO}UQ QO
QO "CU= xOW |iQat xOW KqY= C=QP |atH Vwy |R=Uxv}y@ sD} Qwor= 'C=QP
GQ=N |=y?=wH '(w) |vRw |UQv}= Q}O=kt p=ta= Q@xwqa '|O=yvW}B sD} Qwor=
QO u}=Q@=v@ "O@=}|t p=kDv= |vOW |=[i pN=O x@ |U=mav= QF= =@ |vOW |=[i R=
Q=Okt 'OW=@ Xu R= QDW}@ =} Xl R= QDtm xr�Ut s}tYD Q}eDt Q=Okt xm |DQwY

[40]"OwW|t KqY= 6 |x]@=Q j@] CaQU
V t+1
i = ��V t+1

i (6)

"Ov=xOW h} QaD ,q@k =yQDt=Q=B Q}=U w CU= 1 Q@=Q@ ,qwtat w C@=F ?} Q[ � 'u; QO xm
|=y?=wH uOt; CUO x@ p=tDL= 'QwmPt sD} Qwor= QO |O=yvW}B sR}v=mt p=ta= =@
xDi=} V}=Ri= C=QP |atH Vwy sD} Qwor= |=yC}r@=k u}=Q@=v@ w Vy=m |vOW=v

"CU=

OU uRNt R= xv}y@ |Q=OQ@xQy@ "3
|Q=OQ@xQy@ |xr�Ut '?; `@=vt C} Q}Ot |UOvyt |xv}tR QO syt p�=Ut R= |m}
VywSB QO |O=yvW}B |=yVwQ OQmrta |@=} RQ= Qw_vt x@ "CU= OU uRNt R= xv}y@
xOW |UQQ@ xvRNtlD OU R= |@=kQ@ w xO=U |xv}y@ |Q=OQ@xQy@ p�=Ut 'Q[=L
xm CU= xOw@ |QwQ[ xr�Ut |[=} Q pOt |x}yD 'QwmPt p�=Ut pL |=Q@ "CU=
pOt l} h} QaD |=Q@ "OvwW|t u}}aD xr�Ut s}tYD |=yQ}eDt |xv}y@ Q}O=kt u; QO
QO "OvwW u}}aD Q_vOQwt |xr�Ut s}tYD Q}eDt w Ow}k 'hOy `@=D O}=@ '|R=Uxv}y@
=} |v=tR |xQwO Qy QO uRNt |xQ}NP sHL u=wD|t 'uRNt R= |Q=OQ@xQy@ |xr�Ut
xr�Ut s}tYD Q}eDt u=wva x@ =Q |v=tR |xQwO Qy QO uRNt R= xOW |R=U=yQ u=R}t
xOW Qw_vt Cr=L wO Qy 'xvwtv p�=Ut pL |=Q@ 'Q[=L VywSB QO "CiQo Q_v QO

"CU=
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G}=Dv p}rLD w x} RHD w p�=Ut pL "5
R= xO=iDU= =@ RO OU uRNt R= |@=kQ@ w xO=U |Q=OQ@xQy@ p�=Ut 'Q[=L VN@ QO
R= 'Q[=L VywSB QO "CU= xOW p}rLD w x} RHD G}=Dv w pL |O=yvW}B |=ypOt
xOW xO=iDU= u=} QH |v}@V}B |=Q@ 32?rDt Q=Ri=sQv |@Ya |=yxm@W Q=R@= x@aH
'|WRwt; %|=yxO=O |xawtHt xU x@ =yxO=O |D=aq]= lv=@ '=DU=Q u}ty QO "CU=
=yxO=O �70 R= Q[=L VywSB QO "CU= xOW s}UkD �|v}@V@B� |W}=tR; w |@=} RQ=
|=yxO=O |xawtHt u=wvax@ =yxO=O R= �15 'VRwt; |=yxO=O |xawtHt u=wvax@
xO=iDU= V}=tR; |=yxO=O |xawtHt u=wvax@ =yxO=O Qo}O �15 u}vJty w |@=} RQ=
s=Hv=|U} wvOm R}v '?rDt Q=Ri=sQv\}Lt QO p�=Ut pL |=Q@ 'u}= Q@ xwqa "CU= xOW
|awvYt |@Ya |xm@W pOt R= |OwQw u=} QH |v}@V}B |=Q@ =OD@= "CU= xOW
|HwQN |x}q l} w |v=}t |x}q l} '|OwQw |x}q l} xm CU= xOW xO=iDU=
u}tND QO =yxm@W R= xDUO u}= |q=@C}r@=k 'x}q xU Q=DN=U u}= ?=NDv=Cra "OQ=O
Cv=Sv=D ?}DQD x@ '|HwQN w |v=}t |=yx}q |=Q@ p=kDv= `@=wD [3]"CU= xO}J}B \@=wQ
sD} Qwor= R= =ypOt VRwt; Qw_vtx@ u}vJty "Ov=xOW ?=NDv= |]N w O}�wto}U

"OQ=O |}q=@ |}=Qosy CaQU xm 'CU= xOW xO=iDU= CQ;wmQ=t � nQ@vwr
Qw_vtx@ RO OU uRNt x@ |OwQw |=yu=} QH u}}aD |=Q@ |O=yvW}B pOt QO
Q}O=kt R= 'pw= Cr=L QO %CU= xOW Qw_vt Cr=L wO 'u; R= xv}y@ |Q=OQ@xQy@
Cr=L QO um}rw "CU= xOW xO=iDU= |OwQw |ak=w |xOW |Q}oxR=Ov= |=yu=} QH
u=} QH |v}@V}B |wor= u} QDy@ QO |awvYt |@Ya |xm@W |HwQN Q}O=kt R= 'swO
xO=iDU= RO OU uRNt R= |@=kQ@ w xO=U |Q=OQ@xQy@ p�=Ut pL QO uRNt x@ |OwQw
|OwQw u=} QH |v}@V}B |=Q@ |O=yvW}B swO Cr=L QO Qw_vt u}O@ "CU= xOW
pOt Qy QO xm CQwY u}O@ 'CU= xOW xDiQo Q_v QO p@k |=yx=t Q}F-=D 'uRNt x@
'3 '2 '1 =@ ?}DQD x@ w xv=o =OH CQwYx@ RO OU |xv=y=t |@O '|@Ya |xm@W
u=wva x@ hOy x=t |@O w |OwQw u=wvax@ |v=tR hqDN= x=t 12 w """ '6 '5 '4
R}r=v; 'swO Cr=L |=ypOt |t=tD |=Q@ u}vJty "CU= xOW h} QaD pOt |HwQN
=yuwQwv O=OaD u} QDy@ w s=Hv= |v=}t |x}q QO =yuwQwv O=OaD u}}aD |=Q@ C}U=UL
R= l} Qy |=Q@ xm CU= QmP u=}=W "CU= xOW u}}aD pOt Qy |=Q@ |v=}t |x}q QO
u}OvJ pOt 'uwQwv O=OaD u} QDy@ Q}O=kt <=R= x@ swO Cr=L QO |O=yvW}B |=ypOt
|=ypOt G}=Dv u} QDy@ '1 pwOH QO "CU= xOW G=QNDU= G}=Dv u} QDy@ w =QH= Q=@
w hOy x=t |@O q(t) 'u; QO xm 'CU= xOW x�=Q= swO Cr=L QO |O=yvW}B hrDNt

"OvDUy p@k x=t 12 =D 1 |=y|@O ?}DQDx@ q(t� 12) ' """ 'q(t� 1)

u=} QH |v}@V}B |=Q@ pOt u} QDy@ ?=NDv= w |@=} RQ= Qw_vt x@ '|rm Cr=L QO
?} Q[ w �16 |x]@=Q� 33�RMSE� =]N C=a@ Qt \UwDt QPH XN=W wO R=

:OwW|t xO=iDU= �17 |x]@=Q� 34�R� |oDU@ty

RMSE =

vuuut NP
t=1

(q(t)com � q(t)obs)2

N
(16)

R =

NP
t=1

(q(t)obs � �q(t)obs)(q(t)com � �q(t)com)s
NP
t=1

(q(t)obs � �q(t)obs)2 NP
t=1

(q(t)com � �q(t)com)2
(17)

u=} QH |@O q(t)obs '�t� x=t QO |D=@U=Lt u=} QH |@O q(t)com '=yu; QO xm
u}ov=}t �q(t)com '|D=Oy=Wt u=} QH |@O u}ov=}t �q(t)obs '�t� x=t QO |D=Oy=Wt

"CU=yxO=O O=OaD (N) w |D=@U=Lt u=} QH |@O

xr�Ut ?=wH xm |t=ovy QO xm 'CU= C@=F |xt} QH ?} Q[ VwQ 'CU= xOW
`@=D =@ w ?Q[ xt} QH ?} Q[ QO w x@U=Lt O}k R= hrND Q=Okt 'OW=@ xHwtQ}e
h} QaD 14 |x]@=Q CQwYx@ xr�Ut O}OH hOy `@=D =Pr "OwW|t `tH hOy

:OwW|t

Fp =

8<:F if solution is feasible

F + �P �PNT
t=1 CSVt O:W

(14)

'Q=Oxt} QH hOy `@=D Q=Okt Fp 'xr�Ut |rY= hOy `@=D |k}kL Q=Okt F 'u; QO xm
Q=Okt "CU= xt} QH ?} Q[ �P w s)=t |v=tR |xQwO QO O}k R= hrND Q=Okt CSVt

"OwW|t u}}aD =]N w |aU VwQ =@ xt} QH ?} Q[ ?U=vt

xar=]tOQwt |xk]vt "4
R= |WN@ xm 'CU= RO OU R} Q@; |x[wL 'Q[=L VywSB QO xar=]tOQwt |xk]vt
|Ov@s}UkD ^=Lr R= RO OU R} Q@; |x[wL "OQ}o|t Q@ QO =Q |v=}t TQo =R C=a=iDQ=
R} Q@; |x[wL "CU= TQ=i G}rN R} Q@; |x[wL R= |WN@ 'u=Q}= |=yx[wL |rm
ZQa xk}kO 7 w xHQO 34 =D xk}kO 35 w xHQO 32 u}@ |xOwOLt QO RO OU
|}=}i=QeH pw] xk}kO 20 w xHQO 50 =D xk}kO 20 w xHQO 48 w |r=tW |}=}i=QeH
|x[wL x@ ?Qe R= RO |x[wL "CU= xOW `k=w u=Q}= |@ Qe ?wvH QO |kQW
|x[wL x@ ?wvH w jQW R= w OwQxOv}=R w |=JxQk x[wL x@ p=tW R= 'xNQm
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xm 'CU= |UwkwO |vD@ ẁv R= RO OU "OOvw}B|t uwQ=m |xv=NOwQ x@ R=wy= p=tW
G=D QO xvO@ ZQa "CU= QDt 190 xv=NOwQ hm R= w QDt 203 |B R= u; `=iDQ=
K]U R= QDt 354 OU G=D swkQ w QDt 212 G=D pw] 'QDt 27 |B QO w QDt 4 5

[41]"CU=} QO
|xQ}NP sHL 'RO OU |@=kQ@ w xO=U |xv}y@ |Q=OQ@xQy@ p�=Ut pL |=Q@
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'CU= xOW p}mWD |D=w=ot 8 OL=w 8 R= RO OU x=owQ}v "CU= QiY w ?amtQDt
"CU= 0 417 Q@=Q@ OQmQ=m ?} Q[ w Ca=U 10 RwQ pw] QO u; OQmQ=m u=tR xm
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Ht = a+ b� St + c� S2

t + d� S3
t

a = 249 83364; b = 0 0587205; c = �1 37� 10�5

d = 1=526� 10�9 (15)
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p�=Ut pL pw= |Ov@pwtQi G}=Dv 'Qo}O CQ=@ax@ "CU= xOw@ QDy@ swO |Ov@pwtQi
QDy@ swO |Ov@pwtQi x@ C@Uv OYQO 23 75 w 37 27 ?}DQD x@ |@=kQ@ w xO=U

"CU= xOw@

"CU= xOw@ QD?U=vt pw= Cr=L x@ C@Uv swO Cr=L QO uRNt R= xv}y@ |Q=OQ@xQy@
R= xO=iDU= =@ |@=kQ@ w xO=U p�=Ut pL R= xOt; CUO x@ G}=Dv 'Qo}O CQ=@ax@
Cr=L x@ C@Uv OYQO 15 2 w 53 4 swO Cr=L QO |O=yvW}B pw= |Ov@pwtQi
VywSB p�=Ut pL |=Q@ |O=yvW}B Cr=L wO Qy QO u}vJty "CU= xOw@ QDy@ pw=

=yCWwv=B
1. arti�cial neural network (ANN)
2. McCulloch & Pits
3. Hebb
4. Rosenblat
5. Perceptron
6. back Propagation
7. Rummelhart & Mcland
8. Jain
9. auto regressive integrated moving average (ARIMA)
10. Kumar
11. feed forward neural network (FFNN)
12. recurrent neural network (RNN)
13. multi layer perceptron (MLP)
14. Awchi
15. generalized regression neural network (GRNN)
16. Radial Basis Function (RBF)
17. Choong & El-sha�e
18. linear programming (LP)
19. Non-linear programming (NLP)
20. dynamic programming (DP)
21. metaheuristic
22. genetic algorithm
23. honey-bees mating optimization (HBMO)
24. arti�cial bee colony (ABC)
25. ant colony optimization (ACO)
26. particle swarm optimization (PSO)
27. gravitational search algorithm (GSA)
28. improved particle swarm optimization (IPSO)
29. Kennedy & Eberhart
30. personal best
31. global best
32. MATLAB
33. root mean square error (RMSE)
34. correlation coe�cient
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