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"CU=?U=vDt sUH wO u; |xrY=iTma w p@=kt sUH p=aiQ}e |Wv=Qo sQH
Q}}eD w |r@k CaQU R= |@} Q[ ẁtHt =@ sQH Qy |rai CaQU %CmQL u}v=wk "2
OQ=w |wQ}v =@ sQH Qy ?=DW =} CaQU Q}}eD 'u}= Q@ xwqa "CU= Q@=Q@ u; CaQU

"CU= Q@=Q@ |UQv}= sQH Q@ s}UkD u; Q@
Oa@ C}akwt xm OQm QwYD sQH N R= |}xawtHt CQwYx@ u=wD|t =Q sDU}U

%�1 |x]@=Q� OwW|t xO=O u=Wv xdi =@ i sQH R= d

xi = (x1
i ; :::; x

d
i ; :::; x

n
i ) for i = 1; 2; :::; N (1)

x@ |} wQ}v d Oa@ CyH QO j sQH |wU R= i sQH x@ t u=tR QO sDU}U u}= QO
%OwW|t x@U=Lt 2 |x]@=Q CQwYx@ wQ}v u}= Q=Okt "OwW|t OQ=w F dij(t) |xR=Ov=
F dij(t) = G(t) Mpi(t):Maj(t)

Rij(t)Rpower + "
(xdj (t)� xdi (t)) (2)

|Wv=Qo sQH w j sQH p=ai |Wv=Qo sQH ?}DQD x@ Maj(t) w Mpi(t) 'u; QO xm
i sQH wO u}@ |xrY=i Rij(t) 't u=tR QO Vv=Qo C@=F G(t) 'i sQH p=aiQ}e
lJwm Q=}U@ OOa l} " w sQH wO u}@ |xrY=i u=wD Rpower 't u=tR QO j w
xO=iDU= �2 sQv� |UO}rk= |xrY=i R= s=QH= u}@ xrY=i u}}aD |=Q@ =Hv}= QO "CU=

%CW=O s}y=wN =Q 3 |x]@=Q =Pr 'OwW|t

Rij(t) =
��������xi(t); xj(t)��������2 (3)

j@=]t (F di (t)) t u=tR QO d Oa@ CyH QO i sQH Q@ OQ=w |wQ}v 'u}= Q@ xwqa
sQH Q@ QDQ@ sQH K xm CU= |}=ywQ}v |iO=YD |=y?} Q[ ẁtHt Q@=Q@ '4 |x]@=Q

%CW=O s}y=wN =Pr "Ovvm|t OQ=w

F di (t) =
X

j2Kbest;j 6=i
randjF dij(t) (4)

CU= [0 1] |xR=@ QO CN=wvm} `} RwD =@ |iO=YD OOa l} randj 'u; QO xm
hWm CQOk Ow@y@ |=Q@ '4 |x]@=Q QO "Ov=xOW h} QaD u}= R= V}B =yQDt=Q=B Q}=U w
QO |Q=PoQ}F-=D |xR=H= '�QDQ@ w[a K pt=W� Kbest |xawtHt x@ \ki 'sD} Qwor=
sUH Q@ OQ=w |=ywQ}v s=tD ẁtHt u=wD|t xm |DQwY QO 'OwW|t xO=O =[a= Q}=U
sRq x}rw= |=yu=tR QO 'OvDUy C}atH T=U=Q@ xm |}=ysD} Qwor= QO "OQm Qw_vt =Q
|=yQ=QmD QO O}=@ sD} Qwor= w OwW s=Hv= `t=H w Q}o =Qi |wHwCUH l} xm CU=
sD} Qwor=hWm |}=v=wD 'u=tRCWPo =@ =t= "Ovm |UQQ@ =Q wHwCUH |=[i pm 'x}rw=
s}y=it u}= |rm Cr=L QO "Ovm|t CmQL xv}y@ \=kv CtU x@ sD} Qwor= w OwQ|t q=@
sD} Qwor= Qy QO xm OvwW|t h} QaD 13�|Q=OQ@xQy@� w 12�h=WDm =� |xS=w wO =@
Q=my=Q '|Wv=Qo |wHwCUH sD} Qwor= QO "OvwW s}_vD |@U=vt CQwYx@ CU= sRq
QO "CU= s=QH= |@=NDv= |Q=PoQ}F-=D 'QwmPt QDt=Q=B wO ?U=vt s}_vD |=Q@ |O=yvW}B
=@ =t= 'OQ=O ?U=vt |wHwCUH x@ G=}DL= xr�Ut Rwvy 'sD} Qwor= |x}rw= |=yQ=QmD
CQwYx@ K Q=Okt 'u}=Q@=v@ "O}UQ Oy=wN |QDy@ G}=Dv x@ C}atH 'u=tR CiQW}B
Qo}Om} QO s=QH= s=tD ' ẁQW u=tR QO xm CQwY u}= x@ "OwW|t h} QaD u=tR =@ Q}eDt
CQwYx@ C}atH QO Q=PoQ}F-=D <=[a= O=OaD R= 'u=tR CWPo =@ w OvQ=Po|t Q}F-=D
=[a= Q}=U Q@ C}atH |=yu} QDy@ R= �2 \ki C}=yvQO =D 'OwW|t xDU=m |@Uv
OQ}o|t |@=DW s)=d Oa@ CyH QO sQH Qy 'uDw}v swO uwv=k j@] "Ovvm|t OQ=w wQ}v

|UOvyt QO QwmPt sD} Qwor= R= xO=iDU= =@ xOW s=Hv= |WywSB C=ar=]t XwYNQO
|wHwCUH sD} Qwor= R= '2012 p=U QO %OQm xQ=W= VywSB OvJ x@ u=wD|t u=Qta

[25]"CU= xOW xO=iDU= ?}W |Q=O}=B R}r=v; |=Q@ xOW KqY= |Wv=Qo
|Wv=Qo |wHwCUH sD} Qwor= R= 'p=U u=ty QO |Qo}O VywSB QO u}vJty
R}v '2013 p=U QO [26]"CU= xOW xO=iDU= xOvQ=Oyov |=yxR=U |R=Uxv}y@ |=Q@
|L=Q] 'pOt l} |x�=Q= =@ w xDUUo |Wv=Qo |wHwCUH sD} Qwor= R= xO=iDU= =@
|xR=U w l =N Vvm QOv= pt=W KrUt uD@ |=yxR=U QO u=v}t]= C}r@=k Q@ |vD@t
|wHwCUH sD} Qwor= T=U=Q@ |@}mQD VwQ l} u}vJty [27]"CU= xOW xv}y@
|vRw � |vD@ |=yOU pmW |R=Uxv}y@ |=Q@ 'Ot=aDt `]=kD w xDi=} Ow@y@ |Wv=Qo
u; |xOvyOu=Wv xOW s=Hv= C=ar=]t |UQQ@ [28]"CU= xOW x�=Q= 2014 p=U QO
|xRwL p�=Ut pL QO |Wv=Qo |wHwCUH sD} Qwor= |=yC}r@=k |@=} RQ= xm CU=
u}= |=yC}r@=k 'Q[=L VywSB QO =Pr "CU= |O}OH C=ar=]t ẁ[wt '?; `@=vt
"CU= xOW |UQQ@ uRNtlD sDU}U R= xv}y@ |Q=OQ@xQy@ |xr�Ut pL QO sD} Qwor=
|Q=OQ@xQy@|xr�UtpL|=Q@|Wv=Qo|wHwCUHsD} Qwor= R= 'Q[=LVywSB QO
"CU= xOW xO=iDU= xy=t 240 w 60 |=yxQwO |=Q@ RO OU |@=kQ@ w xO=U |xv}y@
|xQ}NP sHL u=R}t swO Cr=L QO w OU uRNt R= xOW =yQ ?; u=R}t 'pw= Cr=L QO
C}=yv QO "CU= xOW xDiQo Q_v QO s}tYD Q}eDt u=wvax@ x=t Qy |=yDv= QO uRNt
'u=oJQwt |xat=H |R=Uxv}y@ sD} Qwor= R= pY=L G}=Dv =@ 'xOt; CUOx@ G}=Dv
xU}=kt pUaQw@vR |Q}oCiH |R=Uxv}y@ sD} Qwor= w C=QP |atH Vwy sD} Qwor=
|wHwCUH sD} Qwor= =OD@= xmCU= CQwY u}O@ Q[=LVywSB Q=DN=U "CU= xOW
|xv}y@ |Q=OQ@xQy@ |xr�Ut |[=} Q pOt TBU "CU= xOW xO=O K}[wD |Wv=Qo
w pL QwmPt Cr=L wO QO Q_vOQwt p�=Ut 'xt=O= QO w x�=Q= RO OU |@=kQ@ w xO=U

"CU= xOW x�=Q= u; G}=Dv

|Wv=Qo |wHwCUH sD} Qwor= "2
xm CU= |Ww=m =Qi |=ysD} Qwor= u} QDO}OH R= |m} '|Wv=Qo |wHwCUH sD} Qwor=
uwv=k |x}=B Q@ 'QwmPt sD} Qwor= T=U= [29]"CU= xOW KQ]t '2009 p=U QO Q=@ u}rw=
|awvYt sDU}Ul} QO |Wv=Qo u}v=wk KQ] j} Q] R= |@=}xv}y@ wCU= uDw}vVv=Qo
?=NDv= |=Q@|Wv=Qo |wHwCUH sD} Qwor= R= '=OD@= QO "OQ}o|t s=Hv= xDUUo u=tR =@
|}=vat Tqm 10 =@ Q} wYD 1000 pt=W Q} wYD x=o}=B l} j} Q] R= w Q} w=YD |oS} w
|atH Vwy w l}DvS sD} Qwor= =@ u; G}=Dv w xO=iDU= �""" w =ypo '=yu=tDN=U 'sOQt�
|Wv=Qo |wHwCUH sD} Qwor= |q=@ OQmrta |xOvyOu=Wv xm CU= xOW xU}=kt
CQwY u}= x@ u=wD|t =Q |Wv=Qo |wHDUH sD} Qwor= |rm Cr=L QO "CU= xOw@
x=oDUO l} pt=W '|Wv=Qo |wHwCUH sD} Qwor= QO sDU}U \}Lt %O=O K}[wD
R= |@=wH '=[i R= x]kv Qy xm CU= xr�Ut h} QaD |=[i QO |Oa@OvJ C=YDNt
"OvDUy s=QH= R= |}xawtHt 'xOvvm wHwCUH |=ypt=a w CU= QwmPt |xr�Ut
|Wv=Qo sQH 'p=ai |Wv=Qo sQH 'sQH C}akwt %|oS} w 4 'sQH Qy |=Q@ l} R}i QO
xm CU=[i QO x]kv l} 'sQH Qy C}akwt "OwW|t h} QaD |UQv}= sQH w p=aiQ}e
x@ xHwD =@ R}v |UQv}= w |Wv=Qo s=QH= Q}O=kt "CU= xr�Ut R= |@=wH |xOvyOu=Wv
sDU}U Q@ sm =L u}v=wk 'sDU}U \}Lt p}mWD =@ "OvwW|t u}}aD sQH Qy |oOvR=Q@
u}v=wk w Vv=Qo uwv=k \ki xm CU= u; Q@ ZQi sD} Qwor= u}= QO "OwW|t XNWt

%Ov=xOW h} QaD CQwY u}= x@ xm OvDUy sm =L xr�Ut sDU}U \}Lt Q@ CmQL
OwN CtU x@ =Q Qo}O s=QH= s=tD '|awvYt sDU}U QO sQH Qy %Vv=Qo uwv=k "1

73



"""|
xr�U

tp
LQ

O|
Wv=Q

o|
wHw

CU
Hs

D}Qw
or=

"|Wv=Qo |wHwCUH sD} Qwor= |U=U= |=ys=o "1 pmW

uRNtlD sDU}U R= xv}y@ |Q=OQ@xQy@ |xr�Ut "3
|[=} Q pOt O}=@ =OD@= QO 'OU uRNt R= xv}y@ |Q=OQ@xQy@ |xr�Ut pL Qw_vt x@
w hOy `@=D 's}tYD Q}eDt h} QaD OvtR=}v |[=} Q |R=UrOt "OwW h} QaD xr�Ut
|R=UrOt |@=kQ@ w xO=U |Q=OQ@xQy@ |xr�Ut wO '|vwvm VN@ QO "CU= xr�Ut Ow}k
TBU w �pw= Cr=L� uRNt R= xOW =yQ ?; =OD@= 'QwmPt p�=Ut pL |=Q@ "CU= xOW
xr�Ut s}tYD Q}eDt u=wvax@ �swO Cr=L� x=t Qy |=yDv= QO uRNt |xQ}NP sHL
Ow@tm u=R}t |R=Uxv}tm hOy `@=D 'xO=U |Q=OQ@xQy@ |xr�Ut QO "CU= xOW Qw_vt
`@=D '|@=kQ@ |Q=OQ@xQy@ |xr�Ut QO um}r w "CU= XNWt R=}v l} x@ xOW p=ta=
`@=wD "CU= x=owQ}v ?Yv C}iQ_ x@ C@Uv x=owQ}v |O}rwD u=wD |R=Uxv}tm 'hOy
hOy `@=D "CU= xOW x�=Q= xt=O= QO ?}DQD x@ |@=kQ@ w xO=U |Q=OQ@xQy@ p�=Ut hOy

[17w14'13]%OwW|t h} QaD 12 |x]@=Q CQwYx@ xO=U |Q=OQ@xQy@ |xr�Ut

F = minimize
NTX
t=1

[D(t)� r(t)
Dmax

]2 (12)

uw}r}t� t |v=tR |xQwO QO R=}v u=R}t D(t) '|v=tR |=yxQwO pm NT 'u; QO xm
(MCM) t|v=tR |xQwO QO uRNt R= |R=U=yQ u=R}t r(t) '�MCM '?amtQDt
hOy `@=D u}vJty "OvDUy (MCM) |v=tR |=yxQwO pm R=}v |xv}W}@ Dmax w

[17w14'13]%OwW|t h} QaD 13 |x]@=Q CQwYx@ R}v |@=kQ@ |Q=OQ@xQy@ |xr�Ut

F = minimize
NTX
t=1

[1� P (t)
power

] (13)

power w �C=w=ot� s)=t |v=tR |xQwO QO x=owQ}v |O}rwD u=wD P (t) 'u; QO xm
|v=tR |xQwO QO x=owQ}v |O}rwD u=wD Q=Okt "CU= �C=w=ot� x=owQ}v ?Yv C}iQ_

?U=vDt u; |UQv}= sQH Twmat w s)=d Oa@ CyH QO sQH u; Q@ OQ=w |wQ}v =@ xm
%�5 |x]@=Q� CU=

adi (t) = F di (t)
Mii(t)

(5)

|UQv}= sQH Mii(t) w t u=tR QO d Oa@ CyH QO i sQH ?=DW adi (t) 'u; QO xm
R= |@} Q[ ẁtHt =@ sQH Qy O}OH CaQU u}= Q@ xwqa "CU= t u=tR QO i sUH

%�6 |x]@=Q� CU= Q@=Q@ sQH ?=DW w sQH |rai CaQU
vdi (t+ 1) = randi � vdi (t) + adi (t) (6)

adi (t) 'sQH |rai CaQU vdi (t) 'i sQH d Oa@ O}OH CaQU vdi (t+1) 'u; QO xm
'C}=yv QO "CU= [0 1] |xR=@ QO |iO=YD |OOa randi w sQH |rai ?=DW

%OwW|t x@U=Lt 7 |x]@=Q j@] i sQH R= d Oa@ O}OH C}akwt
xdi (t+ 1) = xdi (t) + vdi (t+ 1) (7)

Oa@ |rai C}akwt xdi (t) w i sQH R= d Oa@ O}OH C}akwt xdi (t+ 1) 'u; QO xm
x}rw= Q=Okt l} =OD@= 'Vv=Qo C@=F |x@U=Lt |=Q@ QwmPt sD} Qwor= QO "CU= sQH d
=@ j@=]t "O@=}|t Vy=m u; Q=Okt u=tR CWPo =@ TBU 'OwW|t xDiQo Q_v QO
R}v |ak=w |=}vO QO "CU= u=tR w x}rw= Vv=Qo C@=F R= |a@=D Vv=Qo C@=F '8 |x]@=Q
Vy=m u=tR |] QO |Ovm Q=}U@ nvy; =@ Vv=Qo C@=F w Ovm|t jOY ẁ[wt u}=

%OwW|t x@U=Lt 8 |x]@=Q j@=]t u=tR Qy QO Vv=Qo C@=F =Pr 'Ovm|t =O}B
G(t) = G0e

��t
T (8)

w sD} Qwor= |=yQ=QmD pm T w C@Ft C@=F l} � 'x}rw= Vv=Qo C@=F G0 'u; QO xm
"CU= sDU}U Qta pw] |DQ=@a x@

QO Q@=Q@ 9 |x]@=Q j@=]t |UQv}= w |Wv=Qo s=QH= '|Wv=Qo |wHDUH sD} Qwor= QO
10 |x]@=Q =@ j@=]t s=QH= hOy `@=D Q=Okt R= =yv; s}_vD |=Q@ w OvwW|t xDiQo Q_v
\@=wQ QO "OwW|t xR}r=tQv 11 |x]@=Q j@=]t s=QH= Q=Okt TBU "OwW|t xO=iDU=

%OwW|t xO=O C@Uv |QDW}@ sQH 'QDy@ |oOvR=Q@ =@ s=QH= x@ xOW QmP
Mai = Mpi = Mii = Mi (9)

qi(t) = fiti(t)� worst(t)
best(t)� worst(t) (10)

Mi(t) = qi(t)
NP
j=1

qj(t)
(11)

|UQv}= sQH Mii 'p=aiQ}e |Wv=Qo sQH Mpi 'p=ai |Wv=Qo sQH Mai '=yv; QO xm
u=tR QO hOy `@=D Q=Okt qi(t) u}vJty "Ov=xOW xDiQo Q_v QOMi =@ Q@=Q@ |oty xm
xOW xR}r=tQv sQH Mi(t) w t u=tR QO i sQH |oOvR=Q@ u=R}t Qov=}@ fitt(t) 't
xOW x}yD x}rw= Om l} 'QwmPt sD} Qwor= |=Q@ xm CU= QmP u=}=W "CU= t u=tR QO
\w@ Qt |=yOm '|UQQ@ OQwt p�=Ut pL Qw_vt x@ 'Q[=L VywSB QO [29]"CU=
'OvOw@ xOW xDWwv 14?rDt Q=Ri=sQv \}Lt QO xm |Wv=Qo |wHwCUH sD} Qwor= x@
Q=Ri=sQv \}Lt QO R}v p�=Ut |R=Ux}@W pOt |=Q@ 'u; Q@ xwqa "CU= xOW KqY=
xO=iDU= =@ xr�Ut pL |U=U= |=ys=o '1 pmW "CU= xOW s=Hv= |U} wvOm ?rDt

"OyO|t u=Wv =Q |Wv=Qo |wHwCUH sD} Qwor= R=
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xQ=t
W'

33
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|xQ
wO'

�13
96

u=DU
tR�
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QW

u=Qt
a|

UOv
yt "CU= QDt 109 xv=NOwQ hm R= w QDt 203 |B R= u; `=iDQ= w |Uwk wO |vD@ ẁv

OU G=D swkQ w QDt 212 G=D pw] 'QDt 4 5 G=D QO 'QDt 27 |B QO OU |xvO@ ZQa
`@ QtQDtwr}m 65 'xOW QmP swkQ QO xJ=} QO CL=Ut "CU=} QO K]U R= QDt 354
p�=Ut "OyO|t u=Wv =Q OU R} Q@; |x[wL |}=}i=QeH C}akwt '2 pmW [30]"CU=
xOW QmP p�=Ut QO u}=Q@=v@ w xOW pL xy=t 240 w 60 |=yxQwO |=Q@ Q_vOQwt
pL Cr=L wO Qy QO "CU= xOW xDiQo Q_v QO s}tYD Q}eDt 240 w 60 ?}DQD x@
Q_v QO ?amtQDt uw}r}t 1430 =@ Q@=Q@ w swrat =OD@= QO uRNt |xQ}NP sHL 'xOW
830 w 3340 Q@=Q@ ?}DQD x@ uRNt sHL |xv}tm w xv}W}@ Q}O=kt "CU= xOW xDiQo
R}v uRNt R= |HwQN u=R}t |xv}tm w xv}W}@ Q}O=kt u}vJty w ?amtQDt uw}r}t
w R=}v Q}O=kt "Ov=xOW xDiQo Q_v QO ?amtQDt uw}r}t QiY w 1000 Q@=Q@ ?}DQD x@

"CU= 3 pmW j@=]t 'xr=U 20 |xQwO QO uRNt x@ |OwQw u=} QH
xm 'CU= xOW p}mWD |D=w=ot 80 8 OL=w 8 R= RO OU x=owQ}v 'u}= Q@ xwqa
0 417 Q@=Q@ x=owQ}v OQmQ=m ?} Q[ =Pr "Ovm|t Q=m Ca=U 10 OwOL QO RwQ pw] QO
�90 Q@=Q@ x=owQ}v xOR=@ 'C=w=ot 650 =@ Q@=Q@ x=owQ}v ?Yv C}iQ_ u}vJty "CU=
"CU= xOW xDiQo Q_v QO =} QO K]U R= QDq=@ QDt 172 RO OU x=owQ}v ?=}=B R=QD w
l} 'uRNt `=iDQ= � sHL Q}O=kt R= xO=iDU= =@ =yu}@ QwD QO QF-wt ?; Q=@ h} QaD |=Q@
20 |x]@=Q CQwYx@ xm CU= xOW xO=O VR=Q@ Q}O=kt Q@ 3 xHQO |}xrtH OvJ

%OwW|t u=}@
H(t) = a+ b� s(t) + c� s(t)2 + d� s(t)3 (20)

a = 249 83364; b = 0 0587205 (21)

c = �1 37� 10�5; d = 1 526� 10�9 (22)

"CU= xOW Qw_vt QiY C=irD Q}O=kt 'QwmPt p�=Ut pL QO u}vJty

"RO OU R} Q@; |x[wL |}=}i=QeH C}akwt "2 pmW

"xy=t 240 |xQwO QO RO OU uRNt x@ |OwQw u=} QH w R=}v Q}O=kt "3 pmW

%OvwW|t x@U=Lt 15 w 14 \@=wQ CQwYx@ s)=t
P (t) = min[(g � � �R(t)

PF
)� ( h(t)

1000 ); power] (14)

h(t) = (H(t) +H(t+ 1)
2 )� TWL (15)

OQmQ=m ?} Q[ PF 'x=owQ}v |yOR=@ � '�x}v=F Q@ `@ QtQDt� pkF ?=DW g '=yv; QO xm
?=}=B R=QD TWL '�QDt� s)=t |v=tR |xQwO QO x=owQ}v QO QF-wt ?; Q=@ h(t) 'x=owQ}v

"CU= x=owQ}v ?Yv C}iQ_ Qov=Wv Power w �QDt� =} QO K]U R= x=owQ}v
u} QDtyt "Ov=xOWh} QaD R}vp�=Ut |=yO}k '|R=UrOtp}tmD Qw_vt x@ 'xt=O= QO
%OwW|th} QaD 16|x]@=QCQwYx@ xmCU=|oDUw}B O}k 'xr�Ut wOu}= Q@sm =L O}k
s(t+ 1) = s(t) + I(t) + r(t)� l(t) (16)

u=R}t I(t) '(MCM) t |v=tR |xQwO |=OD@= QO uRNt sHL s(t) 'u; QO xm
xOW =yQ ?; u=R}t r(t) '(MCM) t |v=tR |xQwO QO uRNt x@ |OwQw u=} QH
t |v=tR |xQwO QO C=irD u=R}t l(t) '(MCM) t |v=tR |xQwO QO uRNt R=

%R= Ov=CQ=@a �18 w 17 \@=wQ� xr�Ut Q@ sm =L Ow}k Q}=U "CU= (MCM)

rmin � r(t) � rmax (17)

smin � s(t) � smax (18)

|xv}W}@ rmax '(MCM) uRNt R= |R=U=yQ u=R}t |xv}tm rmin '=yv; QO xm
(MCM) uRNt R=Ht sHL |xv}tm smin '(MCM) uRNt R= |R=U=yQ u=R}t

"OvDUy (MCM) uRNt R=Ht sHL |xv}W}@ smax w
p�=Ut Ow}k p=ta= |=Q@ "OvDUy O}kt p�=Ut 'xOW h} QaD |R=Uxv}y@ p�=Ut
p=ta= Qw_vt x@ 'Q[=L VywSB QO "OQm xO=iDU= |irDNt |=yVwQ R= u=wD|t O}kt
xm |v=tR u; QO xm CU= xOW xO=iDU= C@=F |xt} QH ?} Q[ VwQ R= xr�Ut Ow}k
C@=F Q=Okt l} QO w x@U=Lt =yO}k R= hrND Q=Okt 'OW=@ |vOWv xr�Ut ?=wH
hOy `@=D =Pr "OwW|t `tH xr�Ut hOy `@=D =@ C}=yv QO w ?Q[ �xt} QH ?} Q[�

%OwW|t h} QaD 19 |x]@=Q CQwYx@ Cr=L u}= QO xr�Ut O}OH

Fp =

8><>:F if solution is feasible

F + �p � NTP
t=1

CSVt OW
(19)

Q=Okt CSVt 'Q=Oxt} QH hOy `@=D Q=Okt Fp 'hOy `@=D |ak=w Q=Okt F 'u; QO xm
u; ?wr]t Q=Okt xm CU= xt} QH ?} Q[ �p w s)=t |v=tR |xQwO QO Ow}k R= hrND
|xr�Ut |=Q@ ?} Q[ u}= Q=Okt 'Q[=L VywSB QO "O};|t CUOx@ =]N w |aU =@

"CU= 100000 Cr=L wO Qy QO |@=kQ@ w xO=U

xar=]t OQwt |xvwtv |xr�Ut "4
R= |@=kQ@ w xO=U |Q=OQ@xQy@ |xr�Ut 'Q[=L VywSB QO |OQwt |xar=]t |=Q@
Cr=L wO QO w |UQQ@ |Wv=Qo |wHwCUH sD} Qwor= R= xO=iDU= =@ RO OU uRNt
|@ Qe ?wvH QO xOW xDN=U |=yOU u} QDOvr@ R= |m} RO OU "CU= xOW pL
p=tW |QDtwr}m 25 QO w u=DURwN u=DU= QO RO |xv=NOwQ |wQ Q@ xm CU= u=Q}=
xtWJQU TQo =R |@ Qe C=a=iDQ= R= RO |xv=NOwQ "CU= xOW E=OL= pwiRO QyW
R= OU |xvO@ "OUQ|t uwQ=m |xv=NOwQ x@ R=wy= p=tW |QDtwr}m 45 QO w OQ}o|t
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or==@ xm CU= u; |xOvyOu=Wv � C@=F QDt=Q=B x@ C@Uv C}U=UL R}r=v; G}=Dv

1 R= w xDi=} Vy=m |QDW}@ COW =@ hOy `@=D Q}O=kt '1 =D 10 R= � Q=Okt Vy=m
Q=Okt QO xmv}= =D 'CU= xOw@ |QDtm COW =@ hOy `@=D Q=Okt Vy=m '0 00001 =D
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=yCWwv=B
1. linear programming
2. non-linear programming
3. dynamic programming
4. meta heuristic algorithm
5. genetic algorithm (GA)
6. honey bees mating optimization (HBMO)
7. ant colony optimization algorithm (ACO)
8. particle swarm optimization (PSO)
9. arti�cial bee colony (ABC)
10. enhanced comprehensive learning particle swarm optimization
11. gravitational search algorithm
12. exploration
13. exploitation
14. Matlab
15. Lingo
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