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|QwxQy@ w Vy=m sDU}U |=yxv} Ry O@=} Ow@y@ xir-wt GvB u}= Qo = "p=UQ= w Vv} Ro
%Q}_v OQ=O |}xDUHQ@ |=yOt=}B |a]=kD R=Ov=Q=@ 'Qo}O CQ=@ax@ "Ovm|t =O}B V}=Ri=
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|=[a= Q}=U x@ C@Uv xm C}atH R= |}=[a= x@ '?r=eQ}e |R=U?DQt VwQ QO
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'xOW `=O@= 2002 p=U QO xm VwQ u}= p}rO u}ty x@ w CU= NSGA VwQ
x@ w OwW|t ?DQt G}=Dv K hOy `@=D Qy |=Q@ =OD@= "CU= xDiQo s=v NSGA-II

C}=yv|@ |xrY=i Q=Okt 'OvQ=O =Q hOy `@=D u}= Q=Oktu} QDsm w u} QDW}@ xm |]=kv

x@ |a]=kD R=Ov=Q=@ |OwQw R= CqwYLt |}=Hx@=H u=tR w OY=kt QO CqwYLt
C=}rta pm u=tR `k=w QO "OQ}o|t xv=Wv =Q �� |}=Hx@=H |a]=kD R=Ov=Q=@ |HwQN
=D w OwW|t ẁQW xOvvmu}t-=D CtU x@ |a]=kD R=Ov=Q=@ R= uw}t=m u}rw= CmQL R=
swO hOy `@=D "OQ=O xt=O= |a]=kD R=Ov=Q=@ x@ |QDWt u} QN; R= uw}t=m u} QN; p=kDv=
hOy `@=D w &CU= u}t-=D |xQ}HvR pm QO =yuw}t=m pkvwptL |xv} Ry |R=Uxv}tm
xQ}HvR pN=O OY=kt w |O=@t u}@ =yuw}t=m pkvwptL C=aiO O=OaD |R=Uxv}tm swU
uwQO |=yuw}t=m pkvwptL |r=wD u} QDy@ x@ uO}UQ pOt xU Qy hOy 'pm QO "CU=
|xv}y@ Q}Ut w 'pkvwptL |r=wD Qy QO |Q}oQ=@ CqwYLt O=OaD w ẁv 'sDU}U
|}=yv pL x=Q 'u}= Q@ xwqa "CU= u=} QDWt x@ u=oOvvmu}t-=D R= CqwYLt pkvwptL
x@ |OwQw |=yuw}t=m R= ,=t}kDUt CqwYLt =}; xm OyO|t MU=B R}v p=-wU u}= x@
w 'ptL |a]=kD R=Ov=Q=@ x@ |OwQw |=yuw}t=m j} Q] R= =} OvwW|t pkDvt u=} QDWt

"OwW|t pkDvt u=} QDWt x@ |HwQN |=yuw}t=m \UwD =Hv; R=
"OR=OQB|t |O=yvW}B |Q=mD@==Qi |=ysD} Qwor= |x�=Q= x@ xr=kt u}= swO VN@
|OOa p=Ft sQ=yJ VN@ QO "OwW|t K} QWD xr�Ut |[=} Q pOt swU VN@ QO
|O=yvW}B |[=} Q pOt OQmrta uO=O u=Wv |=Q@ pOt |=yQDt=Q=B O}rwD =@ x=Qty
x@ sHvB VN@ "OwW|t p}rLD w x} RHD xOt; CUO x@ G}=Dv R}v w OwW|t x�=Q=
sWW VN@ C}=yv QO w 'xr=kt u}= QO xO=iDU= OQwt |=ysD} Qwor= |}=Q=m |xU}=kt

"CU= xDi=} X=YDN= ẁ[wt |rm |Q}oxH}Dv x@

xiOyOvJ |rt=mD |=ysD} Qwor= "2
|@=}CUOC}r@=k R= xm Ov=|rt=mD C=@U=Lt R=|}xawtHt Q} R |rt=mD |=ysD} Qwor=
=} xDUw}B '|]NQ}e w |]N p�=Ut QO xv}y@ x@ l}ORv =} xv}y@ |=y?=wH x@
"OvQ=OQwNQ@ |DN=vWCU} R |=yx} Q_v R= xO=iDU= =@ ?OLtQ}e =} ?OLt 'xDUUo
|=yVwQ R= xO=iDU= x@ R=}v uwO@ \rUtQ}e |=y?=wH R= |}xawtHt x@ |@=}CUO
u} QDsyt 'CU= xOvQ}os}tYD Q_v x@ \@DQt ,=t}kDUt xm hOy `@=wD x@ |yOuRw
u}ty R= "CU= xiOyOvJ |R=Uxv}y@ p�=Ut |xv}tR QO |rt=mD |=ysD} Qwor= C} Rt
[15]"OQ=O OQ@ Q=m xiOyOvJ |R=Uxv}y@ p�=Ut R= |Q=}U@ QO =ysD} Qwor= ẁv u}= 'wQ
=@ l}DvS sD} Qwor= �� xiOyOvJ |Q=mD@==Qi |=ysD} Qwor= R= ẁv wO xr=kt u}= QO
|=yQ=R@= u=wvax@ �� 2xiOyOvJ C=QP s=LOR= |R=Uxv}y@ w 1?wret=v |R=U?DQt

"CU= xOW x�=Q= |a]=kD R=Ov=Q=@ |xr�Ut pL |=Q@ |R=Uxv}y@

?wret=v |R=U?DQt =@ l}DvS sD} Qwor= "1"2
xiOyOvJ l}DvS sD} Qwor= |=yOQ@ Q=m '|R=Uxv}y@ hrDNt p�=Ut h=Oy= V}=Ri= =@
l}DvS sD} Qwor= "CU= xDi=} xaUwD CU= xiOylD l}DvS sD} Qwor= R= xDiQoQ@ xm
u}= "CU= NSGA R= Cw=iDt ,=U=U= [16]�NSGA-II) ?wret=v |R=U?DQt =@
'|rwtat |xiOylD l}DvS sD} Qwor= x@ |QwQ[ Qorta wO uOW xi=[= =@ sD} Qwor=
|}xDUO '?=wH u} QDy@ uDi=} |=H x@ xm xOW p}O@D xiOyOvJ sD} Qwor= l} x@
%R= Ov=CQ=@a Qorta wO u}= "OyO|t x�=Q= Cv=Qi wDQ=B s=v =@ =Q =y?=wH u} QDy@ R=
|=[a= x@ ?wret=v |R=U?DQt T=U=Q@ �x@DQ� |QDQ@ Q=}at l} xm |Qorta "1
=@ |=y?=wH u=}t QO =Q ?=wH ẁvD xm |Qorta "2 &OyO|t X=YDN= C}atH
's=LOR= |xrY=i 'x@re swyit CU= sRq sD} Qwor= u}= QO "Ovm|t ^iL Q@=Q@ |x@DQ

"OwW xO=O K}[wD ?wret=v |R=U?DQt w
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pOt
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|R=

Uxv
}y@

wx�=
Q=x@ =@ TBU w R=e; |iO=YD �C=QP� |=y?=wH R= |ywQo =@ PSO sD} Qwor= "OW

s}tYD |=yQ}eDt Qo = "OwW|t xv}y@ ?=wH p=@vO x@ Q=QmD Qy QO C=QP |R=Us=ovy
C}akwt w CaQU |=yQ=OQ@ 'OW=@ 1 w QiY ẁv R= C=QP C}akwt u; p=@vOx@ w

"OwW|t x@U=Lt 8 |r= 5 \@=wQ j@] 'sD} Qwor= Q=QmD Qy QO C=QP R= l} Qy
Vit = w:Vit�1 + c1:r1:(pBesti � xit) + c2:r2:(nBesti � xit)

(5)

�Vmax � Vit � Vmax (6)

si = 1=1 + eVit (7)

xit =

8<:1 � � si
0 otherwise

(8)

(Vi(t�1)) xQP OwN|r@kCaQU T=U=Q@ xQP Qy O}OHCaQU Q=OQ@ 5 |x]@=Q j@]
C}akwt "(pBesti) CU= xDi=} CUO u; x@ uwvm =D xQP xm CU= |D}akwt u} QDy@
"OwW|t x@U=Lt (nBesti) xOt;CUO x@ ,=Q}N= xm|}xQP|o}=Uty QO xQP u} QDy@
(nBesti) x=ov; 'OW=@ xwQo C=QP s=tD pt=W xQP Qy |o}=Uty xm |DQwY QO
|iO=YD OOa wO r2 w r1 "CU= xwQo u=}t QO �gBest� xQP u} QDy@ C}akwt Qov=}@
c2 w c1 "OvwW|t O}rwD Qo}Om} R= pkDUt xm OvDUy �[0; 1] u}@ CN=wvm} `} RwD =@�
Ov}=Qi Q@ =Q nBest w pBest Q}F-=D 'CU= xOW xQ=W= u=v; x@ |Q}oO=}?}=Q[ s=v =@ xm
C=QP CaQU Q=OQ@ "CU= |UQv}= |vRw ?} Q[ Qou=}@ w "Ovvm|t pQDvm wHwCUH
|wHwCUH C}r@=k xm CU= |D}OwOLt Vmax "CU= xOW OwOLt Vmax Q=Okt =@
l} Qy CaQU Q=OQ@ 7 |x]@=Q R= xO=iDU= =@ "Ovm|t pQDvm =Q C=QP xwQo |v=yH
p=tDL= Qou=}@ si jwi |x]@=Q QO "OwW|t p}O@D �Q}}eD p=tDL= Q=OQ@� x@ C=QP R=
C=QP R= l} Qy C}akwt Q=OQ@ 8 |x]@=Q R= xO=iDU= =@ TBU "CU= 1 =@ xit |w=UD
|R=Ux}@W pOt O}OH |=y|OwQw u=wvax@ =yxQP O}OH C}akwt "OwW|t s=ovyx@
u}= "OwW|t x@U=Lt ,=OOHt hOy `@=D w xOW xO=iDU= swO Q=QmD QO =yxQP CmQL
`} RwD =@ |iO=YD � jwi |x]@=Q QO "O@=}|t xt=O= =yQ=QmD O=OaD u} QDW}@ =D Ov}=Qi
C}akwt w u; VR=Q@ j@] C=QP R= l} Qy C}akwt "CU= 1 w QiY u}@ CN=wvm}

"OwW|t u}at Qo}O C=QP =@ u; \@DQt
PSO R= Cw=iDt �SOPSO� xiOylD PSO QO xv}y@ |x]kvCtU x@CmQL
=Q OwN hOy `@=D xQP Qy 'SOPSO sD} Qwor= QO "CU= �MOPSO� xiOyOvJ
'u}=Q@=v@ "CU= 1 R=V}@ hOy `@=wD O=OaD R}v MOPSO sD} Qwor= QO "Ovm|t p=@vO
Q=OQ@ PSO sD} Qwor= "Ovm j}@]D hOy `@=D Qy |=DU=Q QO CmQL =@ O}=@ sD} Qwor=
l} R= hOy `@=D Qy |=Q@ xmCU= xiOyOvJ sD} Qwor=l} �VEPSO� xOW |@=} RQ=
Gbest =t= 'OQ=O =Q OwN Pbest xDUO Qy QO xQP Qy 'u}=Q@=v@ "Ovm|t xO=iDU= xDUO
"OwW|t u} Ro}=H |Oa@ |=yQ=QmD |=Q@ Qo}O |=yxDUO Gbest \UwD xDUO Qy

[18]"CU= xiOyxU |xr�Ut l} QO Gbest w Pbest pO=@D R= |r=Ft 5 pmW
Qy QO xOWO}rwD C=QP pO=@D |=Q@ =} wB w}WQ; l} 'xr=kt u}= |O=yvW}B VwQ QO
?wret=v |=y?=wH w xOW xU}=kt Qo}Om} =@ C=QP 'u}=Q@=v@ "OwW|t xDN=U Q=QmD
QO 'Q=mwR=U u}= =@ "OwW|t hPL Q=QmD u=}=B QO =y?=wH |x}k@ w xOW |Q=Oxov
w}WQ; R}=U u}vJty w CW=O |UQDUO |HQ=N w}WQ; |=[a= x@ u=wD|t Q=QmD Qy

"Ovm|t Q}}eD =} wB CQwYx@ |HQ=N
|=yxm@W VRwt; p}@k R= |D=ar=]t |=yOr}i R= |Q=}U@ QO sD} Qwor= u}=
Q=mx@ xDU@=w Q=}U@ |=yQwDm =i =@ |r�=Ut |R=Uxv}y@ w =} wB |O=YDk= p�=Ut '|@Ya

"CU= xOW xDiQo

"s=LOR= xrY=i x@U=Lt "3 pmW

"NSGA-II sD} Qwor= Q=QmD l} |x}wQ "4 pmW

xv=o =OH Qw]x@ xy@H Qy C}atH |=[a= |=Q@ s=LOR= |xrY=i "O@=}|t X=YDN=
u}@ =yvD R}v =yxrY=i "OwW|t x@U=Lt 3 pmW j@=]t w 4 w 3 '2 \@=wQ j@]

"OwW|t s=Hv= xy@H Qy |=[a=

cd1(x) =
��zi+1

1 � zi�1
1
��

zmax1 � zmin1
(2)

cd2(x) =
��zi+1

2 � zi�1
2
��

zmax2 � zmin2
(3)

cd(x) = cd1(x) + cd2(x) (4)

OOQo|tQ@ ?=NDv= |xrLQt x@ 'xiOyOvJl}DvS sD} Qwor= QO Qorta wOu}= O=H}=Cra
Oa@ |xrLQt R=e; |=Q@ =Q |O=OaD O}=@ u=OvRQi w u}Or=w |=yswRwtwQm u}@ R= xm
sD} Qwor= |=yQ=QmD R= |m} 4 pmW QO "OQm hPL =Q =y?=wH R= |O=OaD w ?=NDv=

"CU= xOW xO=O u=Wv NSGA-II

xiOyOvJ C=QP s=LOR= |R=Uxv}y@ sD} Qwor= "2"2
|a=tDH= Q=DiQ |wQ R= xmCU=|a=tDH= |wHwCUH sD} Qwor=l} PSO sD} Qwor=
w CQ=yQ@= \UwD Q=@u}rw= |=Q@ sD} Qwor= u}= "CU= xOW pOt u=oOvQB |=yxDUO
R=wQB Q@ sm =L |=ywor= hWm Qw_vtx@ sD} Qwor= u}= =OD@= QO "OW |iQat [17]|Ovm
xDiQo Q=m x@ xDUO |xv}y@ pmW Q}}eD w =yv; Q}Ut |v=yo =v Q}}eD w u=oOvQB u=tRty
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Hvu

=}Lq
i|

ra'
|tW

DLt
|ra =Q CqwYLt R=Ht C}iQ_ R= V}@ Ovv=wD|tv |HwQN w |OwQw |=yuw}t=m �

"Ovvm |Q}oQ=@
|=y=[=kD =@ Q@=Q@ O}=@ |OwQw |=yuw}t=m\UwD xOW ptL CqwYLt Q=Okt w ẁv �

"OW=@ u=} QDWt
|OwQw |=yuw}t=m \UwD |a]=kD R=Ov=Q=@ QO CqwYLt R= |O=} R Q=Okt Qo = �
x@ =yu; pkvwptL u=tR =D OQm xQ}NP Q=@v= QO =Q =yv; ,=Dkwt u=wD|t OwW x}rND

"OUQ =Qi OYkt

|Q=PoO=tv "2"3
xOW x�=Q= |=ysD} Qwor= w pOt QO xOW xO=iDU= syt |=yQDt=Q=B w |rY= |=yQ}eDt

%R= Ov=CQ=@a xr=kt u}= QO
=yT}Ov= "1"2"3

&u=oOvvmu}t-=D O=OaD %N
&u=} QDWt O=OaD %M

&�Ci=} QO� |OwQw |=yuw}t=m O=OaD %R
&�p=UQ=� |HwQN |=yuw}t=m O=OaD %H
&|HwQN w |OwQw |=yuw}t=m O=OaD %U

&=yuw}t=m C}iQ_ %Q
&nQR@ OOa %E

&OQ=O R=}v (c) |QDWt xm (�) Cr=L CqwYLt OL=w O=OaD %Pc�
&Ovm|t O}rwD (s) xOvvmu}t-=D xm (�) Cr=L CqwYLt OL=w O=OaD %Ps�

OYkt |QDWt u} QN; R= g |HwQN =} |OwQw uw}t=m u} QN; xm |v=tR %T gcncd�
x}rND =Q (�) ẁv VQ=iU xm |r=L QO OW=@ xO}UQ (cd) |a]=kD R=Ov=Q=@ x@ (cn)

&OW=@ xOQm
xOvvmu}t-=D x@ (cd)|a]=kD R=Ov=Q=@ R= i|OwQw uw}t=m OwQw w pkvwptL u=tR %T icds�

&Ovm|t |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO '(s)
x@ (cd) |a]=kD R=Ov=Q=@ R= j |OwQw uw}t=m OwQw w pkvwptL u=tR %T jcds�

&Ovm|t |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO '(s)xOvvmu}t-=D
|QDWt x@ (cd) |a]=kD R=Ov=Q=@ R= g |HwQN uw}t=m OwQw w pkvwptL u=tR %T gcdc�

&CU= xOQm |Q}oQ=@ |a]=kD R=Ov=Q=@ R= =Q (�) ẁv VQ=iU xm |r=L QO '(c)
'(c)|QDWt x@ (s) xOvvmu}t-=D R= g |OwQw uw}t=m OwQw w pkvwptL u=tR %T gsc�

&CU= xOQm |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO
uw}t=m xm |r=L QO '(sm) xOvvmu}t-=D R= i |OwQw uw}t=m GwQN u=tR %Bismsn�
&Ovm|t |Q}oQ=@ =Q (�) ẁv VQ=iU w Ovm|t CmQL (sn) xOvvmu}t-=D CtU x@
ẁv VQ=iU xm |r=L QO '(s) xOvvmu}t-=D R= i |OwQw uw}t=m GwQN u=tR %Bisc�

&Ovm CmQL (c) |QDWt CtU x@ w OW=@ xOQm |Q}oQ=@ =Q (�)

ẁv VQ=iU xm |r=L QO '(s) xOvvmu}t-=D R= i |OwQw uw}t=m GwQN u=tR %Biscd�
&Ovm CmQL (cd) |a]=kD R=Ov=Q=@ CtU x@ w OW=@ xOQm |Q}oQ=@ =Q (�)

uw}t=m xm |r=L QO ' (sm) xOvvmu}t-=D R= j |OwQw uw}t=m GwQN u=tR %Bjsmsn�
&Ovm|t |Q}oQ=@ =Q (�) ẁv VQ=iU w Ovm|t CmQL (sn) xOvvmu}t-=D CtU x@
ẁv VQ=iU xm |r=L QO '(s) xOvvmu}t-=D R= j |OwQw uw}t=m GwQN u=tR %Bjsc�

&Ovm CmQL (c) |QDWt CtU x@ w OW=@ xOQm |Q}oQ=@ =Q (�)

ẁv VQ=iU xm |r=L QO '(s) xOvvmu}t-=D R= j |OwQw uw}t=m GwQN u=tR %Bjscd�
&Ovm CmQL (cd) |a]=kD R=Ov=Q=@ CtU x@ w OW=@ xOQm |Q}oQ=@ =Q (�)

"xiOyxU |xr�Ut l} QO Gbest w Pbest pO=@D l}D=tW KQ] "5 pmW
"xvwtv |xr�Ut Qy |=Q@ |iO=YD |=yxO=O xR=@ "1 pwOH
`} RwD `@=wD =yQDt=Q=B

CN=wvm} �5,15� =yuw}t=m O=OaD
CN=wvm} �50,150� =yuw}t=m C}iQ_
CN=wvm} �50,500� =yuw}t=m |}=Hx@=H Ci=Ut
CN=wvm} �5,25� CqwYLt |Q}oQ=@ u=tR
CN=wvm} �10,30� CqwYLt x}rND u=tR
CN=wvm} �5,30� |a]=kD R=Ov=Q=@ QO CqwYLt |}=Hx@=H u=tR

|a]=kD R=Ov=Q=@ |xiOyOvJ |xr�Ut "3
pm u=tR %R= Ov=CQ=@a xr=kt u}= QO |a]=kD R=Ov=Q=@ |xr�Ut *|R=Uxv}tm hOy xU
=yuw}t=m pkvwptL C=aiO O=OaD w =yuw}t=m pkvwptL |xv} Ry 'pkvwptL C=}rta
Ci=Ut '=yuw}t=m C}iQ_ w O=OaD xr�Ut Qy |=Q@ u}vJty "OY=kt w |O=@t u}@
CqwYLt |x}rND w |Q}oQ=@ |=yu=tR 'OY=kt w |O=@t u}@ =yuw}t=m |}=Hx@=H
R=Ov=Q=@ QO CqwYLt |}=Hx@=H u=tR w |a]=kD R=Ov=Q=@ w u=} QDWt 'u=oOvvmu}t-=D QO
"OwW|t x@U=Lt 1 pwOH j@] CN=wvm} `} RwD `@=D R= w |iO=YD CQwYx@ |a]=kD

pOt C=[wQit "1"3
%Ovm|t |wQ}B Q} R C=}[Qi R= xr�Ut pOt

"CU=TQDUO QO QiY u=tR QO |HwQN w |OwQw |=yuw}t=m |t=tD �
"OQm |krD |HwQN |=yuw}t=m Vkv QO u=wD|t =Q |OwQw |=yuw}t=m �

|vqw] u=tR w O@=} p=kDv= u=} QDWt x@ O}=@ |a]=kD R=Ov=Q=@ QO CqwYLt |xty �
"CU}v R=Ht xQ}NP |=Q@

"CU= OwOLt=v |a]=kD R=Ov=Q=@ C}iQ_ �
"CU= C@=F w XNWt u=oOvvmu}t-=D \UwD xOW x[Qa CqwYLt O=OaD w ẁv �

"CU= C@=F w XNWt u=} QDWt |=[=kD CqwYLt O=OaD w ẁv �
"CU= C@=F w XNWt |a]=kD R=Ov=Q=@ w u=} QDWt 'u=oOvvmu}t-=D O=OaD �

=Q xOvvmu}t-=D l} R= V}@ CqwYLt Ov=wD|t uw}t=m l} pkvwptL |r=wD QO �
"Ovm x}rND =Q |QDWt l} R= V}@ CqwYLt w |Q}oQ=@

|DtUk =} pm Ov=wD|t R=Ht C}iQ_ x@ xHwD =@ uw}t=m l} pkvwptL |r=wD QO �
"Ovm |Q}oQ=@ =Q |QDWt VQ=iU R=

"OwW xOQw;Q@ xOvvmu}t-=D u}OvJ =} l} R= CU= umtt |QDWt l} |=y=[=kD �
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|R=
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}y@

wx�=
Q=

|[=} Q pOt "3"3
xOW s}_vD Qo}Om} O=[Dt hOy `@=D xU j@] xr=kt u}= QO xOW x�=Q= |[=} Q pOt

w xr�Ut s}tYD Q=OQ@ �!x = [xi; xj ] Qo = "CU=
�!
Z = [T (xi; xj); C(xi; xj); F (xi; xj)]

u}vJ u=wD|t =Q s}tYD |=yQ}eDt OwOL w hOy `@=wD 'OwW xDiQo Q_v QO hOy Q=OQ@
%OQm h} QaD

MinZ1 = T (9)

MinZ2 = C (10)

MinZ3 = F (11)

s:t :

T � T gcncd� �Xg
ccd� 8g & g 2 fi or jg (12)

RX
i=1

NX
s=1

q�s �Xi
cds� = Ps� 8� 2 K & 8c 2M (13)

HX
j=1

MX
c=1

q�cd �Xj
cdc� +

RX
i=1

NX
s=1

MX
c=1

q�s �Xi
sc� = Pc�

8� 2 K & 8s 2 N (14)
RX
i=1

NX
s=1

Xi
cds� � 1 8� 2 K; 8s 2 N & 8i 2 R (15)

Xi
cds� =

RX
i=1

NX
s=1

Xi
smsn� +

RX
i=1

NX
s=1

Xi
scd� +

RX
i=1

NX
s=1

MX
c=1

Xi
sc�

8� 2 K & 8i 2 R (16)

Xi
smsn�=

RX
i=1

NX
s=1

Xi
snsk�+

RX
i=1

NX
s=1

Xi
sncd�+

RX
i=1

NX
s=1

MX
c=1

Xi
sc�

8� 2 K & 8i 2 R (17)

Xj
cdc� =

HX
j=1

MX
c=1

Xj
cmcn� +

HX
j=1

MX
c=1

Xj
ccd�

8� 2 K & 8j 2 H (18)

Xi
cmcn� =

RX
i=1

MX
c=1

Xi
cnck� +

RX
i=1

MX
c=1

Xi
ccd�

8� 2 K & 8i 2 R (19)

Xj
cmcn� =

HX
j=1

MX
c=1

Xj
cnck� +

HX
j=1

MX
c=1

Xj
ccd�

8� 2 K & 8j 2 H (20)

Xi
sc� =

RX
i=1

MX
c=1

Xi
cmcn� +

RX
i=1

MX
c=1

Xi
ccd�

8� 2 K & 8i 2 R (21)
RX
i=1

NX
s=1

q�s � Xi
scd� =

HX
j=1

MX
c=1

q�cd�Xj
cdc� 8� 2 K (22)

xm |r=L QO '(c) |QDWt R= g |HwQN =} |OwQw uw}t=m GwQN u=tR %Agccd�
&Ovm CmQL (cd) |a]=kD R=Ov=Q=@ CtU x@ w OW=@ xOQm x}rND =Q (�) ẁv VQ=iU
QO ' (cm) -=O@t |QDWt R= g |HwQN =} |OwQw uw}t=m GwQN u=tR %Agcmcn�
(�) ẁv VQ=iU w Ovm|t CmQL (cn) OYkt |QDWt CtU x@ uw}t=m xm |r=L

&Ovm|t x}rND =Q
"CqwYLt x}rND w |Q}oQ=@ |=yCr=L O=OaD %K

K}LY OOa |=yQ}eDt "2"2"3
i |OwQw uw}t=m QO u=oOvvmu}t-=D R= xm (�) Cr=L CqwYLt OL=w O=OaD %q�s

&OwW|t |Q}oQ=@
uw}t=m QO (cd) |a]=kD R=Ov=Q=@ R= xm (�) Cr=L CqwYLt OL=w O=OaD %q�cd

"OwW|t |Q}oQ=@ j |HwQN

1 w QiY |=yQ}eDt "3"2"3
(s) xOvvmu}t-=D CtU x@ (cd) |a]=kD R=Ov=Q=@ R= i |OwQw uw}t=m Qo = %Xi

cds�

u}= Q}e QO '1 Q@=Q@ 'Ovm|t |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO Ovm CmQL
&QiY Q@=Q@ 'CQwY

xOvvmu}t-=D CtU x@ (sm) -=O@t |xOvvmu}t-=D R= i |OwQw uw}t=m Qo = %Xi
smsn�

Q@=Q@ 'OW=@ xOQm |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO Ovm CmQL (sn) OYkt
&QiY Q@=Q@ 'CQwY u}= Q}e QO '1

(cd) |a]=kD R=Ov=Q=@ CtU x@ (s) |xOvvmu}t-=D R= i |OwQw uw}t=m Qo = %Xi
scd�

u}= Q}e QO '1 Q@=Q@ 'CU= xOQm |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO Ovm CmQL
&QiY Q@=Q@ 'CQwY

Ovm CmQL (c) |QDWt CtU x@ (s) |xOvvmu}t-=D R= i |OwQw uw}t=m Qo = %Xi
sc�

'CQwY u}= Q}e QO '1 Q@=Q@ 'CU= xOQm |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO
&QiY Q@=Q@

OYkt |QDWt CtU x@ (cm) -=O@t |QDWt R= i |OwQw uw}t=m Qo = %Xi
cmcn�

QO '1 Q@=Q@ 'CU= xOQm |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO Ovm CmQL (cn)

&QiY Q@=Q@ 'CQwY u}= Q}e
OYkt |QDWt CtU x@ (cm) -=O@t |QDWt R= j |HwQN uw}t=m Qo = %Xj

cmcn�

QO '1 Q@=Q@ 'OW=@ xOQm |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO Ovm CmQL (cn)

&QiY Q@=Q@ 'CQwY u}= Q}e
CmQL (c) |QDWtCtU x@ (cd) |a]=kD R=Ov=Q=@ R= j |HwQN uw}t=m Qo = %Xj

cdc�

'CQwY u}= Q}e QO '1 Q@=Q@ 'CU= xOQm |Q}oQ=@ =Q (�) ẁv VQ=iU xm |r=L QO Ovm
&QiY Q@=Q@

CmQL (cd) |a]=kD R=Ov=Q=@ CtU x@ (c) |QDWt R= i |OwQw uw}t=m Qo = %Xi
ccd�

'CQwY u}= Q}e QO '1 Q@=Q@ 'CU= xOQm x}rND =Q (�) ẁv VQ=iU xm |r=L QO Ovm
&QiY Q@=Q@

CmQL (cd) |a]=kD R=Ov=Q=@CtU x@ (c) |QDWt R= j |HwQN uw}t=m Qo = %Xj
ccd�

'CQwY u}= Q}e QO '1 Q@=Q@ 'CU= xOQm x}rND =Q (�) ẁv VQ=iU xm |r=L QO Ovm
&QiY Q@=Q@

'CQwY u}= Q}e QO '1 Q@=Q@ 'OW=@ sOkt j |OwQw uw}t=m Q@ i |OwQw uw}t=m Qo = %Pij
&QiY Q@=Q@

Q@=Q@ 'CQwY u}= Q}e QO '1 Q@=Q@ 'OW=@ sOkt g2 uw}t=m Q@ g1 uw}t=m Qo = %qg1g2
"QiY
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ra'
|tW

DLt
|ra R= GwQN |=Q@ 'Ovm =O}B OwQw (s) |xOvvmu}t-=D CtU x@ |a]=kD R=Ov=Q=@ R= i |OwQw

|a]=kD R=Ov=Q=@ =} '(c) |QDWt '(sn) xOvvmu}t-=D OYkt xU R= |m} (s) xOvvmu}t-=D
"Ovm|t ?=NDv= =Q

x@ (sm) -=O@t |xOvvmu}t-=D R= i |OwQw uw}t=m Qo = 17 C}OwOLt T=U=Q@
R= GwQN |=Q@ =Q OYkt xU R= |m} 'Ovm CmQL (sn) OYkt |xOvvmu}t-=D CtU
Qo = xm Ovm|t u}t[D 18 C}OwOLt "Ovm|t ?=NDv= (sn) OYkt |xOvvmu}t-=D
R= |m} 'Ovm CmQL (c) |QDWt CtU x@ |a]=kD R=Ov=Q=@ R= j |HwQN uw}t=m
u}t[D 19 C}OwOLt "Ovm|t ?=NDv= (c) |QDWt R= GwQN |=Q@ =Q OYkt wO
(cn) OYkt |QDWt CtU x@ (cm) -=O@t |QDWt R= i |OwQw uw}t=m Qo = xm Ovm|t
"Ovm|t ?=NDv= (cn) OYkt |QDWt R= GwQN |=Q@ =Q OYkt wO R= |m} 'Ovm CmQL
"OyO|t Q=Qk |UQQ@ OQwt =Q j |HwQN uw}t=m '19 C}OwOLt x@=Wt 20 C}OwOLt
CtU x@ (s) xOvvmu}t-=D R= i |OwQw uw}t=m Qo = xm Ovm|t u}t[D 21 C}OwOLt
?=NDv= (c) |QDWt R= GwQN |=Q@ =Q OYkt wO u}= R= |m} 'OwW OQ=w (c) |QDWt
|OwQw |=yuw}t=m xm |DqwYLt OL=w O=OaD Ovm|t u}t[D 22 C}OwOLt "Ovm|t
QO xm |DqwYLt OL=w O=OaD =@ CU= Q@=Q@ ,=k}kO 'Ovvm|t x}rND |a]=kD R=Ov=Q=@ QO i
u}t[D 23 C}OwOLt "OwW|t |Q}oQ=@ (c) |QDWt |=Q@ j |HwQN |=yuw}t=m
O}=@ (s) xOvvmu}t-=D x@ (cd) |a]=kD R=Ov=Q=@ R= j |OwQw uw}t=m OwQw u=tR xm Ovm|t
C}OwOLt "OW=@ (s) |xOvvmu}t-=D R= i |OwQw uw}t=m GwQN u=tR |w=Ut =} QDnQR@
j |OwQw uw}t=m Q@ i |OwQw uw}t=m xm Cw=iD u}= =@ 'CU= 23 C}OwOLt x@=Wt 24
|HwQN =} |OwQw uw}t=m OwQw u=tR xm Ovm|t u}t[D 25 C}OwOLt "OW=@v sOkt
|w=Ut =} QDnQR@ O}=@ (c) |QDWt x@ (s) xOvvmu}t-=D =} (cd) |a]=kD R=Ov=Q=@ R= g2
26 C}OwOLt "OW=@ (c) |QDWt R= g1 |HwQN =} |OwQw uw}t=m GwQN u=tR
"OW=@v sOkt g2 uw}t=m Q@ g1 uw}t=m xm Cw=iD u}= =@ 'CU= 25 C}OwOLt x@=Wt
|HwQN |=yuw}t=m w |OwQw |=yuw}t=m C}iQ_ x@ \w@ Qt 28 w 27 C}OwOLt

"CU=

|D=@U=Lt G}=Dv w xr�Ut |L=Q] "4
=yxO=O O}rwD "1"4

w O}rwD xvwtv |xr�Ut 20 'xr=kt u}= QO xO=iDU= OQwt sD} Qwor= wO |=QH= |=Q@
Q=yJ R= Qw_vt u}tyx@ "OwW xOQw; nQR@ O=a@= QO |OOa p=Ft CU= xOW |aU
QO hrDNt pwYLt ẁv 10 w |a]=kD R=Ov=Q=@ l} w |QDWt GvB w xOvvmu}t-=D
'u=oOvvmu}t-=D O=OaD xvwtv |xr�Ut 20 |t=tD QO "CU= xOW xO=iDU= xr�Ut pOt
|x[Qa "CU= xOW ZQi C@=F CqwYLt O=OaD w ẁv '|a]=kD R=Ov=Q=@ 'u=} QDWt
xvwtv |xr�Ut 20 |=Q@ 3 pwOH QO u=} QDWt |=[=kD w 2 pwOH QO u=oOvvmu}t-=D

"CU= xOW x�=Q=

"xvwtv |xr�Ut 20 |=Q@ u=oOvvmu}t-=D |x[Qa "2 pwOH
x[Qa xOvvmu}t-=D

J I H G F E D C B A

0 350 0 0 50 400 0 300 0 200 1
300 0 200 0 150 0 200 0 300 0 2
50 0 0 400 100 100 0 150 50 0 3
0 0 100 0 300 0 200 0 0 150 4

T jcds� �Xj
cds� � (Bismsn� �Xi

smsn� +Bisc�

�Xi
sc� +Biscd� �Xi

scd�)� E(1� Pij)
8� 2 K; 8i 2 R; 8j 2 H; 8s 2 N & 8c 2M

(23)

T icds� �Xi
cds� � (Bjsmsn� �Xj

smsn� +Bjsc� �Xj
sc� +Bjscd�

�Xj
scd�)� (E � Pij)

8� 2 K; 8i 2 R; 8j 2 H; 8s 2 N & 8c 2M
(24)

T g2
cdc� �Xg2

cdc� + T g2
sc� �Xg2

sc� � (Ag1
ccd�

�Xg1
ccd� +Ag1

cmcn� �Xg1
cmcn�)� E(1� qg1g2)

8� 2 K; 8s 2 N; 8c 2M; 8g & 2 fi or jg (25)

T g1
cdc� �Xg1

cdc� + T g1
sc� �Xg1

sc� � (Ag2
ccd�

�Xg2
ccd� +Ag2

cmcn� �Xg2
cmcn�)� (E � qg1g2)

8� 2 K; 8s 2 N; 8c 2M; 8g & g 2 fi or jg (26)
NX
s=1

Xi
cds� � q�s �Qi 8� 2 K & 8i 2 R (27)

MX
c=1

Xj
cdc� � q�cd �Qj 8� 2 K & 8j 2 H (28)

(Xi
cds�;X

i
smsn�; X

i
scd�;X

i
sc�; X

i
cmcn�; X

j
cdc�; X

j
cmcn�; X

i
ccd�;

Xj
cdc�) 2 f0 or 1g

i = 1; 2; 3; :::; R; j = 1; 2; 3; :::; H; s = 1; 2; 3; :::; N;
c = 1; 2; 3; :::;M; � = 1; 2; 3; :::; �

All variables � 0 ; 8 i; j; s; c & �

u}t-=D |xQ}HvR pN=O QO C=}rta pm u=tR uOQmxv}tm x@ \w@ Qt pw= hOy `@=D
R= CqwYLt VQ=iU p=UQ= |=Q@ =yuw}t=m pkvwptL |=yu=tR ẁtHt R= xm CU=
R=Ov=Q=@ w u=oOvvmu}t-=D R= CqwYLt |Q}oQ=@ |=yu=tR 'u=} QDWt x@ u=oOvvmu}t-=D
w u=} QDWt |=Q@ =yuw}t=m R= CqwYLt |x}rND |=yu=tR '=yuw}t=m QO |a]=kD
|HwQN x@ |a]=kD R=Ov=Q=@ |OwQw R= CqwYLt |}=Hx@=H u=tR w '|a]=kD R=Ov=Q=@

"O};|t CUO x@ u;
u}t-=D |xQ}HvR pm QO pkvwptL |xv} Ry |R=Uxv}tm x@ \w@ Qt swO hOy `@=D
p=kDv= |=Q@ |HwQN w |OwQw |=yuw}t=m pkvwptL |=yxv} Ry ẁtHt R= xm CU=

"O};|t CUO x@ u=} QDWt x@ u=oOvvmu}t-=D R= CqwYLt
C}OwOLt "CU= pkvwptL C=aiO O=OaD uOQm xv}tm x@ \w@ Qt swU hOy `@=D
=} |OwQw uw}t=mu} QN; xm|v=tR R=pkvwptL C=}rtapm u=tR xm Ovm|tu}t[D 12
|w=Ut =} QDnQR@ O}=@ OUQ|t |a]=kD R=Ov=Q=@ x@ |QDWt R= xOW |Ov@u=tR |HwQN
u=oOvvmu}t-=D R= xm |DqwYLt ẁtHt xm Ovm|t u}t[D 13 C}OwOLt "OW=@
"CU= u=} QDWt |=y=[=kD Q@=Q@ ,=k}kO 'OwW|t |Q}oQ=@ i |OwQw |=yuw}t=m QO
ẁtHt Q@=Q@ ,=k}kO u=} QDWt |=y=[=kD ẁtHt xm Ovm|t u}t[D 14 C}OwOLt
Ovm|t u}t[D 15 C}OwOLt "Ovvm|t O}rwD u=oOvvmu}t-=D xm CU= |DqwYLt
|Q}oQ=@ |=Q@ (s) |xOvvmu}t-=D CtU x@ i |OwQw |=yuw}t=m R= |m} pk=OL xm
uw}t=m Qo = xm CU= u}= u}t[D |=Q@ 16 C}OwOLt "Ovm CmQL (�) ẁv VQ=iU
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Q='c1 Q}O=kt "CU= xOW xDiQo Q_v QO Q=@ 200 Q=QmD O=OaD =QH= Q=@ Qy QO w 100

CU= QmP x@ sRq "CU= xOW ?=NDv= 0 729 w 1 494 '1 494 ?}DQDx@ w w c2
pL "CU= xOW s}_vD |W}=tR;/|@ QHD CQwYx@ =ysD} Qwor= |=yQDt=Q=B |t=tD xm
C=YNWt w |YNW |xv=}=Q =@ xOW KQ]t |=ysD} Qwor= R= xO=iDU= =@ pOt
|xt=vQ@ \UwD Intel r CoreTM DUE CPU processor Ram 4 GB

"CU= xOt; CUO x@ MATLAB 7 12 0 (R2011a)

G}=Dv p}rLD w x} RHD "3"4
u=oOvvmu}t-=D R= CqwYLt|Q}oQ=@ R=TB =yuw}t=m xm Ow@u}= xr�UtC=}[Qi R=|m}
=Q xOW |Q}oQ=@ CqwYLt w OvOQm|t CmQL |a]=kD R=Ov=Q=@ =} u=} QDWt CtU x@
'sD} Qwor= wO OQmrta |xwLv QDy@ lQO |=Q@ "OvOQm|t x}rND Q_v OQwt |=yOYkt QO
u=Wv CU= xvwtv |xr�Ut u} QDxO=U ,=@} QkD xm '4 xvwtv |xr�Ut |HwQN C=}�RH
xvwtv |xr�Ut QO =yuw}t=m pkvwptL C=}rta |r=wD T=U= u}= Q@ "CU= xOW xO=O
xOW xOQw; 6 w 5 pw=OH j@] s}tYD |=yQ}eDt u=wvax@ sD} Qwor= wO Qy |=Q@ 4

"CU=
'167 '130 '58 '61� |=yC}iQ_ =@ uw}t=m 10 pt=W 4 xvwtv |xr�Ut
1 uw}t=m pkvwptL |r=wD 5 pwOH QO "CU= �101 w 52 '120 '135 '69 '190
pkvwptL |r=wD 6 pwOH QO w NSGA{II sD} Qwor= VwQ =@ 4 xvwtv |xr�Ut QO
p=Ft u=wvax@ "CU= xOW xOQw; MOPSO VwQ =@ 4 xvwtv |xr�Ut QO 1 uw}t=m
pkvwptL R= |r=wD Qy QO w CU= pkvwptL |r=wD 7 |=Q=O 1 uw}t=m 5 pwOH j@]
CqwYLt |x}rND OY=kt w |Q}oQ=@ |O=@t u}vJty w CqwYLt O=OaD w ẁv

"xvwtv |xr�Ut 20 |=Q@ u=} QDWt |=[=kD "3 pwOH
=[=kD |QDWt

J I H G F E D C B A

0 0 0 0 150 0 0 0 0 0 1
0 150 0 0 150 250 0 100 0 50 2

350 0 200 50 100 0 0 50 200 0 3
350 0 200 50 100 0 0 50 200 0 4
0 0 100 50 50 250 0 300 0 200 5

CQwYx@ =yu; C}iQ_ u}vJty w =yuw}t=m O=OaD xvwtv |xr�Ut 20 Qy QO
&CU= xOW O}rwD CN=wvm} `} RwD `@=D j@] w 1 pwOH R= xO=iDU= =@ w |iO=YD
u}vJty "CU= xOW x�=Q= 4 pwOH QO xvwtv |xr�Ut 20 |=Q@ xOt; CUO x@ Q}O=kt
R= CqwYLt x}rND |=yu=tR '=yuw}t=m QO -=O@t R= CqwYLt |Q}oQ=@ |=yu=tR
x@ |a]=kD R=Ov=Q=@ |OwQw R= CqwYLt |}=Hx@=H |=yu=tR 'OYkt QO =yuw}t=m
OY=kt w |O=@t u}@ =yuw}t=m |}=Hx@=H Ci=Ut R}v w '|a]=kD R=Ov=Q=@ |HwQN

"CU= xOW O}rwD xvwtv |xr�Ut Qy |=Q@ 1 pwOH j@]

=ysD} Qwor= |=yQDt=Q=B "2"4
"CU= xOW xO=iDU= MOPSO w NSGA-II sD} Qwor= wO R= xr�Ut u}= pL |=Q@
Q=QmD O=OaD =QH= Q=@ Qy QO w 100 Q@=Q@ C}atH xR=Ov= NSGA-II sD} Qwor= OQwtQO
pta p=tDL= w 0 9 `]=kD pta p=tDL= u}vJty "CU= xOW xDiQo Q_v QO Q=@ 200
Q@=Q@ C}atH xR=Ov= MOPSO sD} Qwor= OQwt QO "CU= xOW ?=NDv= 0 05 VyH

"xvwtv |xr�Ut 20 |=Q@ =yuw}t=m C}iQ_ w O=OaD |=Q@ |iO=YD Q}O=kt "4 pwOH
=yuw}t=m C}iQ_ O=OaD |xr�Ut

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =yuw}t=m xvwtv
- - - - 196 84 51 97 107 63 143 128 103 55 58 11 1
- - 139 140 122 128 99 115 61 122 64 118 84 76 60 13 2
- - - 69 117 138 106 53 67 150 63 68 117 120 104 12 3
- - - - - 101 52 120 135 69 190 167 130 58 68 10 4
- - - - 98 136 103 103 59 120 64 69 147 143 127 11 5

116 113 58 117 75 109 124 135 107 140 100 73 130 98 103 15 6
- - - - - - - 149 62 140 83 116 68 55 95 8 7
- - - - 59 57 55 123 130 139 99 105 63 60 124 11 8
- - - 82 82 70 67 64 60 63 63 113 61 103 122 12 9
- - 68 72 64 113 140 139 103 128 118 52 144 57 149 13 10
- - - - - - 89 64 139 99 131 150 93 100 55 9 11
- - - - - - - 90 143 59 138 62 85 65 83 8 12

140 71 95 140 65 110 106 141 138 128 75 95 89 136 149 15 13
- 102 85 122 120 112 147 93 95 70 103 132 111 100 109 14 14
- - - - - - - - 90 80 94 61 91 137 108 7 15
- - - - - - - - - - 71 53 50 114 142 5 16
- - - 139 53 135 108 108 140 134 143 112 96 66 133 12 17
- - - - - - - - - 125 67 93 70 101 124 6 18
- - - - - 81 87 147 83 54 148 78 104 139 115 10 19
- - - - 70 147 101 142 115 78 100 142 134 102 61 11 20
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|ra "4 xvwtv |xr�Ut |=Q@ MOPSO sD} Qwor= =@ 1 uw}t=m pkvwptL |r=wD "6 pwOH

OYkt -=O@t O=OaD ẁv |r=wD
pwYLt pwYLt pkvwptL

5 |QDWt 2 xOvvmu}t-=D 9 B

14 |QDWt 1 xOvvmu}t-=D 9 C
5 |QDWt 2 xOvvmu}t-=D 12 D
4 |QDWt 1 xOvvmu}t-=D 12 E
5 |QDWt 1 xOvvmu}t-=D 9 I

|a]=kD R=Ov=Q=@ 1 xOvvmu}t-=D 3 A

2

|a]=kD R=Ov=Q=@ 2 xOvvmu}t-=D 3 B
|a]=kD R=Ov=Q=@ 1 xOvvmu}t-=D 3 C
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4 |QDWt |a]=kD R=Ov=Q=@ 10 A

64 |QDWt |a]=kD R=Ov=Q=@ 10 C
3 |QDWt |a]=kD R=Ov=Q=@ 13 J
3 |QDWt |a]=kD R=Ov=Q=@ 7 G

3 |QDWt 2 xOvvmu}t-=D 8 B
75 |QDWt 4 xOvvmu}t-=D 8 F

3 |QDWt 4 xOvvmu}t-=D 8 H

|a]=kD R=Ov=Q=@ 4 xOvvmu}t-=D 11 A
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5 |QDWt 3 xOvvmu}t-=D 61 G 6
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75 |QDWt 4 xOvvmu}t-=D 21 D
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uw}t=m 9 |=Q@ ?}DQD u}tyx@ "CU= xOW xO=DUQi |a]=kD R=Ov=Q=@ |=Q@ pwYLt wO
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6 pmW QO "CU= xOW xO=O u=Wv 9 =D 6 |=ypmW QO MOPSO w NSGA-II

|=[i QO MOPSO w NSGA{II sD} Qwor= wO R= xOt; CUO x@ |=y?=wH
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Vy=m =@ 9 pmW j@=]t "CU= xOW xO=O u=Wv hOy `@=D xU Qy uDiQo Q_v QO
u=tR w xDi=} Vy=m =yuw}t=m pkvwptL |xv} Ry '=yuw}t=m pkvwptL C=aiO O=OaD
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3�NPS� wDQ=B |xOt; CUO x@ |=y?=wH O=OaD "1"5
QO 'OyO x�=Q= wDQ=B w}WQ; QO |QDW}@ ?wret=v |=y?=wH O=OaD Ov=wD@ xm |tD} Qwor=
|QDW}@ |=yxv} Ro =@ =Q xOvQ}os}tYD w xOw@ QDjiwt |ak=w wDQ=B |xv}y@ K]U s}UQD
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i=1

di
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|v=tR "Ovm|t|Q}oxR=Ov= =QdihrDNt Q}O=kt Q=}ath=QLv= '|Q=PoxrY=i Q=}at `k=w QO
R}v (S) |Q=PoxrY=i Q=Okt 'OvW=@ xDiQo Q=Qk sy Q=vm QO CN=wvm} Qw]x@ =y?=wH xm
|Q=PoxrY=i u; |}=yv ?wret=v |=y?=wH xm |tD} Qwor= u}=Q@=v@ "Ow@ Oy=wN lJwm
|=Q@ |Q=PoxrY=i XN=W T=U= u}= Q@ "Ow@ Oy=wN QD?wr]t 'OW=@ xDW=O |mJwm
Q@=Q@ MOPSO sD} Qwor= |=Q@ w 107 2275 =@ Q@=Q@ NSGA-II sD} Qwor= |wDQ=B
|QDy@ xQtv NSGA-II sD} Qwor= |Q=PoxrY=i Q=}at |=Q@ w 'CU= 2539 317 =@

"CU= xOQm ?Um MOPSO sD} Qwor= x@ C@Uv =Q

VQDUo u} QDW}@ "4"5
Q}O=kt R= xOWxDN=U |}=[i ?amt Q]k pw] OW x�=Q= [22]QrD} R \UwD xm Q=}at u}=
xJQy "Ovm|t |Q}oxR=Ov= =Q hOy |=[i QO ?wret=v |=y?=wH xawtHt |}=yDv=
|x]@=Q "CU= wDQ=B w}WQ; |=y?=wH QDW}@ VQDUo Qou=Wv 'OW=@ QDnQR@ Q=}at u}=

%Ovm|t u=}@ =Q XN=W u}= |D=@U=Lt |x} wQ 34
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i=1

(maxi=1:jQjf im �mini=1:jQj f im)2 (34)

QO w OQ}o|t xR=Ov= =Q wDQ=B w}WQ; |=y?=wH |r=oJ VQDUo u} QDW}@ Q=}at u}=
uDiQo Q_v QO uwO@ |va} "CU= xOW xO=iDU= |}xO=U VwQ R= u; |x@U=Lt
wDQ=B w}WQ; |=y?=wH |oOQDUo s}UQD |=Q@ |RQt |=y?=wH =yvD '|v=}t |=y?=wH
Q@=Q@ NSGA-II sD} Qwor= |=Q@ C=@U=Lt u}ov=}t R}v Q=}at u}= QO "OwQ|t Q=m x@
C=@U=Lt j@] "CU= 16630 32 Q@=Q@ MOPSO sD} Qwor= |=Q@ w 7723 669
x�=Q= NSGA-II sD} Qwor= x@ C@Uv =Q |QDxOQDUo |=y?=wH MOPSO sD} Qwor=

"OyO|t

|D; C=O=yvW}B w |Q}oxH}Dv "6
|=ypOt R= l}I}y '|a]=kD R=Ov=Q=@ C=}rta XwYNQO xOWs=Hv= C=k}kLD QO
Ovv=t u=tR Q@ |vD@t |=yQDt=Q=B |t=tD |=Q@ `} RwD `@=wD |Q}oQ_vQO C}r@=k u}W}B
CqwYLt |x}rND u=tR COt '=yuw}t=m |O=@t R= CqwYLt |Q}oQ=@ u=tR COt
|a]=kD R=Ov=Q=@ |OwQw R= CqwYLt |}=Hx@=H u=tR COt w 'OY=kt QO =yuw}t=m R=
w |O=@t u}@ =yuw}t=m |}=Hx@=H Ci=Ut u}vJty w |a]=kD R=Ov=Q=@ |HwQN x@
l} |x�=Q= =@ j}kLD u}= wQ u}= R= "Ov=xDW=Ov =Q =yuw}t=m C}iQ_ w O=OaD 'OY=kt
|xv} Ry 'pm C=}rta u=tR |R=Uxv}tm h=Oy= |Q}oQ_v QO =@ xiOyOvJ |[=} Q pOt
R=Ov=Q=@ w u}t-=D |xQ}HvR QO =yuw}t=m pkvwptL C=aiO O=OaD w '=yuw}t=m pkvwptL
|rt=mD |Q=mD@==Qi sD} Qwor= wO R= |Q}oxQy@ =@ xr�Ut pL |=Q@ "CU= xDN=OQB |a]=kD
C=QP s=LOR= |R=Uxv}y@ w (NSGA-II) ?wret=v |R=U?DQt =@ l}DvS sD} Qwor=
w xU}=kt |=Q@ xwqax@ "CU= xOW xO=iDU= pOt pL |=Q@ �MOPSO� xiOyOvJ
|xOt;CUO x@ |=y?=wH O=OaD |=yXN=W R= QD?U=vt |wDQ=B |=y?=wH ?=NDv=
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MID =

nP
i=1

ci

n
(29)

Qy |UO}rk= |xrY=i ci w CU= wDQ=B xv}y@ xawtHt QO =y?=wH O=OaD n u; QO xm
%CU= p;xO}= |x]kv R= wDQ=B |xawtHt w[a

ci =
q

(f1i � f�1 )2 + (f2i � f�2 )2 + (fmi � f�m)2 (30)
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QDlJwm Q=}at u}= Q=Okt xJQy 'xU}=kt OQwt wDQ=B |xv}y@ |=yxawtHt |=Q@ CU=
R= xrY=i Q=}at 10 pmW QO [20]"Ow@ Oy=wN QDW}@ xawtHt u; C}@ wr]t 'OW=@
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Q@=Q@ =yuw}t=m pkvwptL |xv} Ry Q=Okt u} QDy@ '36645 35 =@ Q@=Q@ C=}rta u=tR
Q@ "CU= 40 =@ Q@=Q@ =yuw}t=m pkvwptL C=aiO O=OaD Q=Okt u} QDy@ w '19265 =@
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"OwW ^=Lr pOt QO

"OwW xO=iDU= xr�Ut pOt pL |=Q@ ?}kQ |=ysD} Qwor= R= "5
|=ysD} Qwor= |=yQDt=Q=B s}_vD Qw_vtx@ C=W}=tR;|L=Q] R= '=y?=wH Ow@y@ |=Q@ "6

"OwW xO=iDU= |Q=mD@==Qi

VQDUo u} QDW}@ w |Q=PoxrY=i '�MID� p;xO}= |x]kv R= xrY=i '�NPS� wDQ=B
wDQ=B w}WQ; xR=Ov= Q=}at QO xm OyO|t u=Wv sD} Qwor= wO pL G}=Dv "CU= xOW xO=iDU=
|x]kv R= xrY=i Q=}at QO "CU= QDQ@ MOPSO sD} Qwor= R= NSGA{II sD} Qwor=
NSGA{II 'Ovm|t |Q}oxR=Ov= =Q |ak=w wDQ=B |xv}y@ x@ |m}ORv u=R}t xm 'p;xO}=
|=y?=wH |r=oJ u=R}t xm '|Q=PoxrY=i Q=}at QO "CU= xOw@ MOPSO R= QDy@
MOPSO sD} Qwor= R= NSGA{II sD} Qwor= 'Ovm|t |Q}oxR=Ov= =Q wDQ=B w}WQ;
MOPSO sD} Qwor= VQDUo u} QDW}@ Q=}at QO w CU= xOQm ?Um |QDy@ C=Qtv

"OyO|t x�=Q= NSGA{II sD} Qwor= =@ xU}=kt QO |QDxOQDUo |=y?=wH
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1. non-dominated sorting genetic algorithm (NSGA-II)
2. multiple objective particle swarm optimization (MOPSO)
3. the number of pareto solutions (NPS)
4. mean ideal distance measure
5. spacing measure
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