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s}UQD \=kv "OvwW|t xQ}NP Oa@ |xrLQt x@ p=kDv= CyH xv}y@ |xQ}NP |xawtHt
w CU= sD} Qwor= Q=QmD u} QN; QO pOt |xv}y@ |=y?=wH u=ty wDQ=B h=Qo QO xOW

"OvDUy Q_v OQwt hOy `@=wD 'wDQ=B h=Qo |=yQwLt

?q=D CUOq=@ hQ=Yt w =yxv=NOwQ '=yOU '|D=ar=]t |xOwOLt C}akwt "1 pmW
"u=oO=W

OwHwt hQ=Yt w =yOU '=yxv=NOwQ C}akwt "OQ}o Q=Qk |v=QL@ C}a[w QO u=oO=W
"OwW|t xOy=Wt 1 pmW QO u=oO=W ?q=D CUOq=@ QO

|L]U ?; |R=Ux}@W pOt "2"2
w |@=} RQ= C}r@=k =@ |r}rLD Q=R@= u=wva x@ 17A} w pOt R= 'Q[=L VywSB QO
xOW xO=iDU= |D} Q}Ot |=yw} Q=vU p=ta= |=Q@ hrDNt hQ=Yt w `@=vt |R=UpOt
w |HvU=w Qw_vt x@ pOt x@ hQ=Yt w `@=vt C=aq]= OwQw R= TB [37]"CU=
uw}U=Q@}r=m p=U 3� xr=U 5 |xR=@ QO pOt 'xOv}; |R=Ux}@W |=Q@ |HvUCLY
w |HvU=w w =QH= 1396 Qw} QyW =D 1391 p=U x=tQyt R= �|HvU=w p=U 2 w
Q=t; R= pOt |i}m w |:tm |HvUCLY w |HvU=w Qw_vt x@ "OW |HvUCLY
w xQH w uwQ=t |=yOU uRNt |D=Oy=Wt |xQ}NP sHL x@ \w@ Qt C=aq]= w
`k=w lvmwH w s=_v sJ |QDtwQO}y |=yx=oDU}= |i}m w |:tm C=aq]= u}vJty
xr=U 30 |R=Ux}@W |xQwO TBU "CU= xOW xO=iDU= xrr= w uwQ=t |=yxv=NOwQ Q@
'xr�Ut h} QaD =@ |R=Ux}@W Ov}=Qi "OW xDiQo Q_v QO 2050 =D 2021 p=U R=
`@=vt w hQYt |=ypLt u}}aD '=yOU w =yxv=NOwQ '|D=ar=]t |xOwOLt |iQat
|QwW Q=Okt x@ \w@ Qt C=aq]= u}vJty "CiQo CQwY |v}tRQ} R w |L]U ?;
QO 'OvOW|t x}rND =yxv=NOwQ QO xm '|QyW |=y?=UB w |RQw=Wm |=yVmyR
u=} QH u=wva x@ OU CUOq=@ QO `k=w lvO}= x=oDU}= |=yxO=O R= "OW OQ=w pOt
|=yx=J sDU}U QO |v}tRQ} R ?; u}t-=D `@vt "OW xO=iDU= uwQ=t OU x@ |OwQw
- u=R}=H CWO w ?wvH u=y@y@ w p=tW u=y@y@ |=yCWO QO OwHwt |Q=OQ@xQy@
u}t-=D `@vt u=wva x@ |v}tRQ} R ?; |=yxQo u=wva =@ sDU}U QO xm 'CU= xOw@ QHi
|RQw=Wm w ?Q )W |DWoQ@ ?; Q=Okt 'w} Q=vU wO Qy QO "Ov=xOW h} QaD swO ?;
jQ@ w ?; u=tR=U w ?q[=i w ?; |xQ=O= R= xOW |Qw;`tH C=aq]= T=U= Q@
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Uxv
}y@%OwW|t x@U=Lt 5 |x]@=Q j@] Q=QmD Qy QO w

w = wmax � (wmax � wmin)� n
Itermax

(5)

|=yDv= QO |UQv}= uRw Wmin 'wHDUH |=OD@= QO |UQv}= uRw Wmax 'u; QO xm
|=Q@ u}vJty "CU=yQ=QmD pm O=OaD Itermax w |rai Q=QmD |xQ=tW n 'wHDUH
|xR=@ x@ xQP CaQU |}=yv Q=Okt CU= sRq 'PSO sD} Qwor= |}=Qo =w R= |Q}owrH
Q=DN=U T=U= Q@ MOPSO sD} Qwor= =yOa@ "OwW OwOLt [�Vmax;Vmax]

"CU= xOQm =O}B xaUwD u; |xiOylD
(MOICA) |Q=taDU= C@=kQ |xiOyOvJ sD} Qwor= "2"4"2

l} u=wva x@ �2007� 21Tm q w |QoQo RBVD; \UwD |Q=taDU= C@=kQ sD} Qwor=
|Ww=m =Qi sD} Qwor= l} '|Q=taDU= C@=kQ sD} Qwor= [38]"OW |iQat O}OH sD} Qwor=
=Q |}=yOv}=Qi '=yQwWm |O=YDk= w |U=}U '|a=tDH= pt=mD T=U= Q@ xm CU=
|R=Uxv}y@ |xO}J}B p�=Ut u; ltm x@ w OyO|t x�=Q= ?DQt w uwOt CQwY x@
|rY= |=yx}=B "Ovm|t pL uRNt |R=Uxv}y@ xrtH R= hrDNt |=yxv}tR QO =Q
?qkv= w |Q=taDU= C@=kQ '|R=Uu=Uty CU=}U =Q |Q=taDU= C@=kQ sD} Qwor=

[9]"OvyO|t p}mWD
xr�Ut |=yQ}eDt ?UL Q@ xv}y@ |=y?=wH uDi=} hOy '|R=Uxv}y@ p�=Ut QO
QO "OwW|t O=H}= 'OwW xv}y@ O}=@ xm xr�Ut |=yQ}eDt R= x}=Q; l} u}=Q@=v@ "CU=
|xr�Ut QO "OwW|t xO}t=v 22QwWm l} 'QwmPt |x}=Q; '|Q=taDU= C@=kQ sD} Qwor=
CQwY x@ xm 'CU= Nvar � 1 |x}=Q; l} 'QwWm l} |Oa)@ Nvar '|R=Uxv}y@

%CU= 6 |x]@=Q
country = [p1; p2; :::; pNvar] (6)

"OvwW|t xO=O V}=tv |Q=Wa= O=Oa= CQwY x@ 'QwWm l} QO =yQ}eDt Q}O=kt
[p1; p2; :::; pN var] |=yQ}eDt |=Q@ =yxv} Ry `@=D |x@U=Lt =@ QwWm Qy |xv} Ry

%O};|t CUO x@ 7 |x]@=Q j@=]t
cos ti = f (countryi) = f (p1; p2; :::; pNvar) (7)

TBU "(Ncountry) OwW O=H}= x}rw= QwWm |O=OaDCU= sRq sD} Qwor= ẁQW |=Q@
R= xv} Ry `@=D Q=Okt u} QDtm =@ |=yQwWm � C}atH u}= <=[a= u} QDy@ R= |O=OaD
OwW|t ?=NDv= CU}r=} QBt= u=wva x@ �... w |ovyQi '|O=YDk= '|U=}U ^=Lr
|Qw]=QBt=l} x@ s=Om Qy xm OvyO|t p}mWD =Q|D=QtaDUt =yQwWm |x}k@ "(Nimp)

"OvQ=O jraD
CUO R= =Q OwN C@=kQ CQOk w O}=Ri}@ OwN CQOk Q@ Ov=wDv xm |} Qw]=QBt= Qy
x@ uOW hPL u}= "OW Oy=wN hPL |DU}r=} QBt= |=yC@=kQ u=} QH QO 'OyO@
h}a[|=y|Qw]=QBt= 'u=tR QwQt x@ xm|vatu}O@ "OQ}PB|tCQwY|H} QOD CQwY
QwmPt C=QtaDUt 'QD|wk |=y|Qw]=QBt= w OvyO|t CUO R= =Q OwN C=QtaDUt
'|Q=taDU= C@=kQ sD} Qwor= QO "Ov}=Ri=|t V} wN CQOk Q@ w Ovvm|t ?L=YD =Q
Q=QmD QO?}DQD u}O@ "CU= OwHwt |Qw]=QBt= u} QDh}a[ 'hPL p=L QO |Qw]=QBt=
=Q |Qw]=QBt= u} QDh}a[ 'C=QtaDUt u} QDh}a[ R= OQwt OvJ =} |m} 'sD} Qwor=
O=H}= |=y|Qw]=QBt= |x}rm u=}t |D@=kQ 'Q}N= C=QtaDUt ?L=YD |=Q@ w xDW=OQ@
|Qw]=QBt= u} QD|wk \UwD ,=twRr QwmPt C=QtaDUt xm CU= QmP x@ sRq "OwW|t
"OvQ=O |QDW}@ ?L=YD p=tDL= 'QD|wk |=y|Qw]=QBt= xmr@ 'OW Ovy=wNv ?L=YD
=OD@= 'QwmPt C=QtaDUt ?PH |=Q@ |=y|Qw]=QBt= u=}t C@=kQ uO=O u=Wv |=Q@

(MOPSO) C=QP s=LOR= |xiOyOvJ sD} Qwor= "1"4"2
|=ysD} Qwor= |=yVwQ R= |m} '18 �PSO� C=QP s=LOR= |R=Uxv}y@ sD} Qwor=
\UwD 1955 p=U QO 'xiOylD p�=Ut pL |=Q@ xm 'CU= 19|atH Vwy
CQwY x@ ?=wH Qy 'PSO sD} Qwor= QO "CU= xOW |iQat 20CQ=yQ@= w |Ovm
xawtHt w xQP Qy |=yCaQU x@ xHwD =@ xm 'OwW|t xDiQo Q_v QO xQP l}
QO xr�Ut \}Lt QO w Ovm|t CmQL xv}y@ |x]kv CtU x@ 's}tYD |=[i QO
pt=a xU Q}F-=D CLD 'Q}N= Ov}=Qi QO xQP Qy CmQL "CU= wH w CUH p=L
�Pbest� CU= xO}UQ u; x@ uwvm =D xQP xm |D}akwt u} QDy@ 'xQP |vwvm C}akwt
"CU= '�Gbest� xO}UQ u; x@ uwvm =D xawtHt w[a u} QDy@ xm |D}akwt u} QDy@ w
'pw= Q=QmD QO "OwW|t x@U=Lt hOy `@=D l} 'xQP Qy =@ Q_=vDt Q=QmD Qy QO
`@=D Q=Okt u} QDy@ =@ Q_=vDt |xQP w Pbest u=wva x@ xQP Qy |x}rw= C}akwt
`@=D Q=Okt xJv=vJ '|Oa@ |=yQ=QmD QO "OwW|t ?=NDv= Gbest u=wva x@ 'hOy
u=wva x@ O}OH |xQP C}akwt 'OW=@ |r@k Q=Okt R= QDy@ xQP Qy O}OH hOy
x@ |r@k Q=QmD QO xQP C}akwt CQwY u}= Q}e QO w OW Oy=wN ?=NDv= Pbest

CQwY |y@=Wt |x@U=Lt R}v Gbest OQwt QO "OwW|t xDN=vW Pbest u=wva
=yQ=QmD pm QO xawtHt C=QP |x}rm u}@ xU}=kt Q=@ u}= xm Cw=iD u}= =@ 'OQ}o|t
OwN |a=tDH= Q=DiQ xQP Qy 'sD} Qwor= u}= |rt=mD Ov}=Qi QO "OW Oy=wN s=Hv=
CmQL xv}y@ OYkt |wU x@ w OWN@|t pt=mD C=QP Q}=U Q=DiQ x@ xHwD =@ =Q

"Ovm|t
xO=iDU= CQ=yQ@= w |Ovm\UwD 1997 p=U QO xm 'PSO sD} Qwor= |x}rw= pmW
i C}akwt '|Oa)@ D |xr�Ut l} QO Qo = "CU= 2 w 1 \@=wQ j@=]t 'CU= xOW
CaQU 'OwW xDiQo Q_v QO Xi = (xi1; xi2; : : : ; xiD)T =@ C}atH |xQP u}t)=
x=ou; 'OwW xO=O u=Wv n =@ xQ=tW w Vi = (vi1; vi2; : : : ; viD)T=@ QwmPt |xQP

%CW=O s}y=wN =Q 2 w 1 \@=wQ
V n+1
id = V nid + c1rn1 (pbestnid �Xn

id) + c2rn2 (gbestnd �Xn
id)

(1)

Xn+1
id = Xn

id + V nid (2)

=Q Q}N= \@=wQ 'PSO sD} Qwor= |}=Qosy QO Ow@y@ |=Q@ R}v �1998� CQ=yQ@= w |W
%OvO=O Q}}eD 4 w 3 \@=wQ pmW x@

V n+1
id =

� [w:V nid + c1rn1 (pbestnid �Xn
id) + c2rn2 (gbestnd �Xn

id)] (3)

Xn+1
id = Xn

id + V nid (4)

x@ 'CU= CaQU |xR=Ov= pQDvm |=Q@ w Z=@kv= C@=F s=v x@ 'X QDt=Q=B 'u; QO xm
w c1 "Tmar=@ w OW Oy=wN s}tYD |=[i V}=Ri= Ea=@ u; nQR@ Q}O=kt xm |Qw]
1/5 |xR=@ u}@ ,qwtat w OvQ=O s=v |vRw pt=a xm OvDUy |D@Ft w C@=F ?}=Q[ 'c2
CaQU 'OW=@ QDnQR@ c2 w c1 ?}=Q[ Q=Okt xJ Qy "OvwW|t xDiQo Q_v QO 2/5 =D
CN=wvm} `} RwD =@ |iO=YD O=Oa= r2 w r1 "Tmar=@ w Ci=} Oy=wN V}=Ri= |}=Qoty
Q}F-=D pQDvm |=Q@ xm OwW|t xO}t=v |UQv}= uRw 'w QDt=Q=B "OvDUy �0,1� |xR=@ QO
w |rm |xv}y@ Q}O=kt u}@ |rO=aD w CU= sD} Qwor= |}=Qoty QO |r@k |=yCaQU
w QDt=Q=B x@ ,=O}OW '|}=Qoty Cio u=wD|t Qo}O CQ=@a x@ "Ovm|t Q=QkQ@ |rLt
V}=Ri= |rm |wHDUH 'OW=@ xDW=O |QDW}@ Q=Okt w QDt=Q=B xJ Qy w OQ=O |oDU@
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F1 = Minimize
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=

Minimize
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t=1

�
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'u; QO xm
&|Q=Wa= CQwY x@ z |xk]vt QO t |xQwO QO d R=}v u}t-=D OYQO %COVzdt

&z |xk]vt QOt |xQwO QO d R=}v x@ |r} wLD ?; pm sHL %TDWzdt

"z |xk]vt QOt |xQwO QO d R=}v 'R=}v OQwt ?; pm sHL %MDzdt

|xQwO pw] QO xv=NOwQ QO |QwW R=Ht Q=Okt R= |]ND u=R}t |R=Uxv}tm �2
%15 |x]@=Q |Q=OQ@xQy@

F2 = Minimize

 
nX
t=1

qX
p=1

nrX
r=1

�
ECtpr �AcceptedECp

AcceptedECp

�!
(15)

'u; QO xm
&r |xv=NOwQ QO t |xQwO Qy QO p |x]kv Qy QO EC QDt=Q=B Q=Okt %ECtpr

&OwHwt |=yOQ=Ov=DU= =@ j@=]t R=Ht EC Q=Okt %Accepted ECp
&|R} Qxt=vQ@ |v=tR |=yxQwO O=OaD %n
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TDWzdt = SWzdt +GWzdt (16)

'u; QO xm
QO t |xQwO QO d R=}v x@ xOW xO=O X}YND |L]U ?; pm sHL %SWzdt

&z |xk]vt
QO t |xQwO QO d R=}v x@ xOW xO=O X}YND |v}tRQ} R ?; pm sHL %GWzdt

"z |xk]vt
TSWt = SWB + SWJF + SWDI + SWWRU + SWR+

SWADD + SWWRD + SWMIN (17)

'u; QO xm
&R=}v OQwt |L]U ?; pm %TSWt

&u=y@y@ |[=Q= |=Q@ xOW CW=OQ@ |L]U ?; pm %SWB

&QHi - u=R}=H |[=Q= |=Q@ xOW CW=OQ@ |L]U ?; pm %SWJF

&CavY w ?QW R=}v |=Q@ xOW CW=OQ@ |L]U ?; pm %SWDI

&CUOq=@ |DvU |x@=kL |=Q@ xOW CW=OQ@ |L]U ?; pm %SWWRU

&RtQyt=Q |[=Q= |=Q@ xOW CW=OQ@ |L]U ?; pm %SWR

|Q� CUOu}}=B |RQw=Wm |[=Q= |=Q@ xOW CW=OQ@ |L]U ?; pm %SWADD

&�u=oO=W w Q}Wt=Q - R}}=N - u=mt

x@ |Qw]=QBt= |xOW p=tQv pm |xv} Ry x@ xHwD =@ |Qw]=QBt= Qy ?L=YD p=tDL=
%OwW|t x@U=Lt 8 |x]@=Q CQwY

N:T:cn = T:cn �max fT cig (8)

?L=YD p=tDL= '|Qw]=QBt= |=Q@ xOW xR}r=tQv pm |xv} Ry uOQw; CUO x@ R= TB
%O};|t CUO x@ 9 |x]@=Q R= |Qw]=QBt= \UwD xQtaDUt
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%OwW p}mWD
P =

�
Pp1 ; Pp2 ; :::; PpNimp
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%CU= 11 |x]@=Q j@=]t 'OwW|t p}mWD �0 w 1� |xR=@ QO P

R =
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