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"xiOyOvJ p�=Ut pL |Q=mD@==Qi |=ysD} Qwor= R= |} wHxQy@ ��

|[=} Q |R=UpOt w xr�Ut u=}@ "3
|}xawtHt Q=QkDU= |ovwoJ OQwtQO |UQQ@ w xar=]t x@ Cq}yUD |@=}u=mt p�=Ut
'C=}@O= QO "OR=OQB|t hrDNt |=yC}OwOLt w h=Oy= x@ xHwD =@ Cq}yUD R=
C}ty= |xOvyOu=Wv xm OQ=O OvtDQOk |}xv}W}B |Q}os}tYD w |@=}u=mt p�=Ut
p�=Ut ?}mQD xRwQt= "CU= |ak=w |=}vO QO p�=Ut R= xDUO u}= p}rLD w x} RHD
'|Q=PoCt}kEL=@t 'hY Q=DN=U Ovv=t �� Qo}O |=yOQm} wQ =@ Cq}yUD|@=}u=mt
C}@=PH V}=Ri= ?@U w xDiQo Q=Qk |QDW}@ xHwD OQwt �� xQ}e w u}t-=D |xQ}HvR
QDj}kO xJQy |@=}u=mt C@Ft Q=F; lW|@ "CU= xOW u}kkLt |=Q@ ẁ[wt u}=
|xr�UtCQwY QO "O@=}|t RwQ@ u=} QDWt C}=[Q w |O=YDk= `@=vt QO 'Cq}yUD
uDN=OQB =Pr 'xOw@ xrY=i w Ct}k |=yQDt=Q=B x@ xDU@=w u=} QDWt |=[=kD j}kLD u}=
|Q=PoCt}k CU=}U P=ND= "Ovm|t =O}B |}xS} w C}ty= |Q=PoCt}k |=yCU=}U x@
Q_v QO &OwW|t hY pw] pQDvm xH}DvQO w |OwQw MQv pQDvm ?@U ?U=vt
QO "OW Oy=wN |QDWt C}=[Q K]U V}=Ri= ?@U R}v xOWO=} pt=wa uDiQo

[8]"OvO=O x�=Q= |yOT} wQU C}i}m Q@ |v@t R=OQBOwN |=yx=oDUO |xv}y@ u}}aD
x=oDUOw|D=]=@DQ= |=yxm@W QO =yxOvyOCtON|@=}u=mt OQ@ Q=m |xar=]t w|UQQ@
C}OwOLt =@ xm |}=yu=mt C=R}yHD |=Q@ pOt u}OvJ |x�=Q= x@ OW QHvt 'R=OQBOwN
|yOCtON u=mt xm |}=yCr=L |=Q@ =ypOt u}= `k=w QO [9]"Ov=xH=wt C}iQ_
"CU= xDi=} VQDUo OW=@ |iO=YD =[=kD w 'OwOLt xOvyOCtON C}iQ_ 'C@=F
C}OwOLt |=Q=O |=ysDU}U |=Q@ |R=i X}YND w |@=}u=mt pOt |x�=Q= =@
u} QDW}@ =@ |@=}u=mt |=ypOt VQDUo |=Q@ |R=i |xawtHt |x} Q_v [10]'C}iQ_
l}DvS sD} Qwor= R= xr�Ut u}= pL |=Q@ w CiQo Q=Qk xO=iDU= OQwt |Ov@hY VWwB

"OW xO=iDU=
|=[=kD =@ xm@W |wQ C=R}yHD R= |}xawtHt |@=}u=mt |xr�Ut u}kkLt
OQwt |=[=kD O=OaD uOQmxv}W}@ Qw_vtx@ =Q C=R}yHD OwOLt C}iQ_ w |iO=YD
hQ] x@ CtON Ci=} QO |=Q@ u=} QDWt [11]"OvO=O Q=Qk |UQQ@ OQwt u=} QDWt Q=_Dv=
OW=@ QB Q_v OQwt R}yHD C}iQ_ xm |DQwY QO w Ovvm|t CmQL R}yHD u} QDl}ORv
=@ =Q |O=yvW}B pOt =yv; ,=vt[ "Ov@=}|t X}YND OwN x@ l}ORv R}yHD Qo}O x@
uOw@ OwOLt C=QF= [12]Qo}O |}xar=]t QO "OvOQm pL |Q=mD@= VwQ wO R= xO=iDU=
swyit u}vJty "CiQo Q=Qk |UQQ@ w p}rLD OQwt C@=F |=yxOvyOCtON C=R}yHD
u=} QDWt X}YND uDiQo Q_v QO =@ 'C}OwOLt OwHw =@ C=R}yHD C}iQ_ |rm
l} 'Qo}O |wU R= "CU= xOW |UQQ@ pkvw ptL Ci=Ut =} u=tR w C=R}yHD x@
|L=Q] |=Q@ xOvyOCtON u}OvJ uDiQo Q_v QO =@ X}YND � |@=}u=mt pOt
"OW xv}tm |Q=Pol =QDW=x@ =@ \@DQt |=yxv} Ry w [13]OW x�=Q= |yOCtON sDU}U
xDiQo Q=Qk |UQQ@ OQwt R}v u}t-=D |xQ}HvR Q_vx]kv R= Cq}yUD |@=}u=mt p�=Ut

[14]"CU=
QO Cq}yUD X}YND � |@=}u=mt p�=Ut |=Q@ xiOywO |rOt u}kkLt
|xr�UtCQwY QO [15]"OvO=O x�=Q= M=M=1 hY l}Uqm pOt ?wJQ=J
MQv w =yxOvyOCtON u=mt w xOw@ |iO=YD CQwYx@ u=} QDWt |=[=kD =yv;
u=tR \UwDt ẁtHt uOQmxv}tm =yv; C=ar=]t hOy "CU= C@=F |yOCtON
C=R}yHD |Q=m}@ OYQO \UwDt uOQmxv}tm x=Qty x@ u=} QDWt Q=_Dv= u=tR w QiU
xOQm |R=UpOt =Q xr�Ut hY Q=DN=U x@ xHwD =@ xm CU= xOW xDiQo Q_v QO
"OvOQm pL =Q u; C}@ wr]t `@=D l}vmD w l}DvS sD} Qwor= R= xO=iDU= =@ w
uDiQo Q_v QO =@ Cq}yUD |@=}u=mt |xiOyOvJ pOt l} |Oa@ C=ar=]t QO
w l}DvS sD} Qwor= wO u; pL |=Q@ xm [16]OW x�=Q= |ywQo OwQw hY Q=DN=U
|@=}u=mt pOt l} TBU "OW x�=Q= u} wv |}=WoRtQ OQm} wQ =@ O} Q@D |R=Ux}@W
|R=UpOt |D@=kQ \}Lt x@ xHwD =@ 'M=M=m=k hY Q=DN=U =@ Cq}yUD
xO=iDU= ẁvtt |wHwCUH w l}DvS sD} Qwor= R= u; pL |=Q@ xm [17]OW

"OvOQm
'hY Q=DN=U uDiQo Q_v QO =@ Cq}yUD |@=}u=mt p�=Ut x@ \w@ Qt C=}@O= QO
uDiQo Q_v QO u}=Q@=v@ "CU= xOW x�=Q= xiOylD CQwYx@ p�=Ut R= |a}Uw |xvt=O
|=}vO \}=QW x@ pOt uOW QDl}ORv Ea=@ p�=Ut R= ẁv u}= |=Q@ hOy u}OvJ
Q@ |QwQt [18]'XwYN u}= QO xOW s=Hv= C=ar=]t R= |m} QO "OwW|t |ak=w
xU QO p�=Ut R= ẁv u}= w xOW s=Hv= xQ=}atOvJ |@=}u=mt p�=Ut Q}N= C=QF=
xm |t=ovy "CU= xOW x�=Q= �� xYN=WOvJ p�=Ut w 'xiOyOvJ 'xiOywO �� xOQ
R= 'OvW=@ xDW=Ov |Q=oR=U sy =@ h=Oy= w OW=@ hOy l} R= V}@ |=Q=O |}xr�Ut

"OwW|t xO=iDU= xiOyOvJ |R=Uxv}y@ |=yVwQ
|x}rw= KQ] |xr�Ut Ovv=t 'xO}J}B Q=OC}OwOLt |R=Uxv}y@ p�=Ut pL |=Q@
|=yC}OwOLt =@ |y=vDt=v xt}v |R} Qxt=vQ@ pOt l} u=wvax@ O}OH CqwYLt
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xr�U
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R=Ux
v}y@xQo R= pj Ct}k CLD xm CU= |v=oOvvmhQYt O=OaD Qou=}@ �i;j(p; d) u; QO xm

p}yUD OQ=w xm |}=[=kD pm O=OaD u}=Q@=v@ "Ovvm|t xaH=Qt j p}yUD x@ i u=} QDWt
%=@ CU= Q@=Q@ OvwW|t j

�j =
MX
i=1

�i;j(p; d)xij (2)

%R= Ow@ Oy=wN CQ=@a xiOywO |[=} Q pOt C}=yv QO

Max T1 =
NX
j=1

(pj � csj)�j � ejyj (3)

Min T2 =
NX
j=1

�0;j
mj !

( �j
�j

)mj rj
(1� rj)2

�
1� rkj�mj+1

j

� (1� rj)(kj �mj + 1)rkj�mjj

�
(4)

Subject to :

�j(1� �kj ) � mjkj ; j = 1; :::; N (5)
NX
j=1

xij = 1; i = 1; :::;M (6)

xij � yj ; i = 1; :::;M; j = 1; :::; N (7)
NX
j=1

yj � V (8)

yj 2 f0; 1g; j = 1; :::; N
xij 2 f0; 1g; i = 1; :::;M; j = 1; :::; N
kj � 0; Integer; j = 1; :::; N
mj � 0; Integer; j = 1; :::; N
pj � 0; j = 1; :::; N
�kj = ckj�0;j

�i;j(p; d) = gi � pj�i � dij�i; i = 1; :::;M; j = 1; :::; N

�j =
MX
i=1

�i;j(p; d)xij ; j = 1; :::; N

rj = �j
mj�j

; j = 1; :::; N
�0;j = 1"

mj�1P
s=0

�
�j
�j

�s 1
s! +

�
�j
�j

�mj 1
mj !

kjP
s=mj

rs�mj
# ;

j = 1; :::; N
ckj =

�
�j
�j

� 1
mj !

1
mkj�mj
j

(9)

4 hOy `@=D "CU= sDU}U OwU pm |R=Uxv}W}@ |xOvyOu=Wv 3 hOy `@=D
C} wOLt "OyO|t u=Wv =Q hY QO u=} QDWt Q=_Dv= u=tR COt ẁtHt |R=Uxv}tm
u; |yOCtON MQv R= QDsm xOW?=NDv= R}yHD Qy |=[=kD xm Ovm|t u}t[D 5
u=v}t]= 6 C} wOLt "CU= �k hY C}iQ_ w xOvyOCtON m pt=W� p}yUD
C}OwOLt "OwW xO=O X}YND p}yUD l} x@ \ki |QDWt Qy xm OyO|t

OwU uOQmxv}W}@ hOy `@=D 'CU= s}tYD |=yQ}eDt R= |m} �Ct}k� xm |r�=Ut
hOy ,qwtat |@=}u=mt w hY p�=Ut QO xm |r=L QO &Ow@ Oy=wN sDU}U
|Q}oCNwU |=yx=oDU}= 'R=OQBOwN |=yx=oDUO |@=}u=mt "CU= xv} Ry uOQmxv}tm
|k}irD p�=Ut Qi=w C}ty= R= |}=yxvwtv |QyW u}@ |=ypDy w =yu=QwDUQ w
\w@ Qt xOW xDiQo Q_v QO h=Oy= "OvDUy hY � |Q=PoCt}k � |@=}u=mt
Q=_Dv= u=tR ?r=k QO |QDWt C}=[Q K]U w sDU}U OwU uOQmxv}W}@ x@
CU= CQ=@a xOW x�=Q= pOt C=}[Qi "CU= u=tRty Qw]x@ hY QO u=} QDWt

%R=
&Ovvm|t CmQL Cq}yUD CtU x@ =[=kD \=kv 'CtON Ci=} QO Qw_vtx@ ��

&O=O X}YND xOvyOCtON l} x@ u=wD|t \ki =Q =[=kD R=x]kv Qy ��
R= Cq}yUD R= l} Qy x@ CtON Ci=} QO Qw_vtx@ =[=kD \=kv |xaH=Qt MQv ��

&Ovm|t C}a@D u=U=wB `} RwD
&Ovm|t |wQ}B |}=tv `} RwD R= p}yUD Qy |yOCtON u=tR ��

&OwW|t xDiQo Q_v QO Cq}yUD xwkr=@ pLt Qy E=OL= |=Q@ |D=}rta |xv} Ry ��
&CU= Cw=iDt hrDNt |=yu=mt QO |Q=PoCt}k CU=}U ��

"CU= xrY=i w Ct}k pt=a wO x@ xDU@=w =[=kD ��

=yQDt=Q=B "1"3
&u=} QDWt xQo XN=W %i

&xwkr=@ |=yu=mt XN=W %j
&OQm ?=NDv= u=wD|t xm xOvyOCtON O=OaD u} QDW}@ %V

&j p}yUD xQo w i |QDWt u}@ |xrY=i %dij
&j p}yUD xQo QO =[=kD MQv %�j

p}yUD xQo x@ xOW xO=O X}YND u=} QDWt xwQo |=Q@ Q=_Dv= u=tR COt \UwDt %wj
&j

&OwW|t i p}yUD xQo OQ=w xm =[=kD MQv pm %�i
&j xwkr=@ xQo QO p}yUD Q=QkDU= C@=F |xv} Ry %ej

&j u=mt QO |yOCtON OL=w |xv} Ry %csj
&j |xOvyOCtON |=Q@ |yOCtON MQv %�j

&i u=} QDWt xwkr=@ xQo QO u=oOvvm hQYt xwkr=@ O=OaD %gi
&i u=} QDWt xQo QO Ct}k C}U=UL ?} Q[ %�i

"i u=} QDWt xQo |=Q@ xrY=i C}U=UL ?} Q[ %�i

s}tYD |=yQ}eDt "2"3
pO=at CQwYu}= Q}e QO w 1 pO=at O@=} X}YND j p}yUD x@ i |QDWt Qo = %xij

&QiY
&QiY pO=at CQwYu}= Q}e QO w 1 pO=at OwW p=ai j p}yUD Qo = %yj

&j p}yUD QO xOvyOCtON O=OaD %mj

&j p}yUD QO hY C}iQ_ %kj
"j p}yUD QO CtON Ct}k %pj

=D xrY=i w Ct}k pt=a wO x@ xDU@=w |QDWt xQo Qy QO u=oOvvmhQYt Q=DiQ
"CU= xOW pOt 1 |x]@=Q CQwYx@ w CU= Q_v OQwt p}yUD

�i;j(p; d) = gi � pj�i � dij�i (1)
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[25]%OQ}o|t Q=Qk xO=iDU= OQwt Q} R `@=D R= xO=iDU=

P (x) = M �
�
(g(x)
b

)� 1 � 0
�

C}OwOLt 'nQR@ OOa l} Qou=}@ ?}DQDx@ f(x) w P (x) 'g(x) 'M 'xm |Qw]x@
Q}O=kt xwqax@ "OvDUy x swRwtwQm QO hOy `@=D Q=Okt w xt} QH Q=Okt 'xOW KQ]t
xDiQo Q_v QO Q} R CQwYx@ |i=[= `@=D j} Q] R= hOy `@=D xU Qy |=Q@ xt} QH

%OwW|t

F (x) =

8<:f(x); x 2 feasible region

f(x) + P (x); x =2 feasible region

Qo = "CiQo Q_v QO u=Uwv u=wvax@ u=wD|t =Q V=aDQ= swyit 'V=aDQ= sra QO
Oy=wN sDU}U |a}@] Tv=mQi Q@ |tm Q=}U@ Q}F-=D x=ov; 'OW=@ lJwm |}=Q}t
sOa |=v@tQ@ ,=@} QkD |a}@] |=yTv=mQi |=Q@ C=@U=Lt wQ u}= R= w CW=O
pL |xvt=O 'nQR@ C=v=Uwv QO VDO sD} Qwor= "OwW|t xDN=U |}=Q}t OwHw
u}=Q@=v@ "CU= O=} R Q=}U@ O}OH pL uOt; CUO x@ p=tDL= w CU= nQR@
Vy=m O}OH pL uQw; CUOx@ p=tDL= 'O@=}|t Vy=m C=v=Uwv xm |t=ovy

"O@=}|t
Cq=L |SQv= 'u=Uwv |}=Q}t Ov}=Qi w |R=Uxv}y@ |xr�Ut u}@ xU}=kt QO
Cr=L |SQv= u} QDtm "CU= =ypL u; QO xOW x@U=Lt hOy `@=D Q=Okt =@ Q_=vDt
|rLt xv}y@ l} Qou=}@ Ov=wD|t `} QU |}=Q}t w CU= xr�Ut xv}y@ Q=Okt =@ Q_=vDt

"OW=@
"OwW|t ẁQW wHwCUH |=[i QO|iO=YD |=ypL O}rwD =@ VDO sD} Qwor=
Qy QO Q=QmD O=OaD u} QDW}@ '�A0� x}rw= |xvt=O pt=W sD} Qwor= |=yQDt=Q=B 'TBU
TBU "OwW|t |yOQ=Okt (�) OQ=Ov=DU= h=QLv= w (
) |}=Q}t ?} Q[ '�L� xvt=O
?=wHl} pw= |xkrL "OwW|t|@=} RQ= �OFV� hOy `@=wD Q}O=kt |xr}Uwx@ =ypL
O}OH ?=wH l} |o}=Uty Q=DN=U R= xO=iDU= =@ TBU w Ovm|t O}rwD |iO=YD
|v}Wv=H VyH R= 'xr=kt u}= QO "OwW|t ?=NDv= =yv; u} QDy@ w O};|t CUO x@
=Q OFV Q=Okt u} QDsm =@ ?=wH 'SA sD} Qwor= x@ x}@W [16]"CU= xOW xO=iDU=
xDiQ}PB O}OH ?=wH Ck}kL QO "OQm ?=NDv= |r} Q `} RwD `@=D u=wvax@ Ov=wD|t

%Qo = OwW|t
� = OFV (New Solution)�OFV (Current Solution) < 0:
\QW "O}vm O}rwD �0,1� u}@ r |=Q@ |iO=YD OOa l} 'OW=@ � > 0 Qo = '|yov=w

%R= CU= CQ=@a |Q=H pL VQ}PB
r < 1� exp(� A2

2�2 )

|v=tR "O@=}|t Vy=m Q=QmD Qy QO xm |Qw]x@ OwW|t s}_vD xvt=O swO |xkrL QO
"OwW|t hkwDt sD} Qwor= 'OwW Q=QkQ@ hkwD \QW xm

At = A0 exp(�
t2 )

|xNUv R= |O=yvW}B pOt pL |=Q@ 'VDO sD} Qwor= Q@ |QYDNt KQW R= Oa@
[26]u=Q=mty w QwB|H=L \UwD Q=@ u}rw= |=Q@ xm 'MOVDO s=vx@ u; |xiOyOvJ
|Q=mD@==Qi |=ysD} Qwor= QO syt swyit wO Qw_vt u}O@ "s}=xDUH xQy@ 'OW x�=Q=

X}YND u; x@ |QDWt I}y OwWv ?=NDv= |r}yUD Qo = xm Ovm|t u}t[D 7
xm CU= |D=R}yHD O=OaD u} QDW}@ |xOvyOu=Wv 8 C} wOLt "Ci=} Oy=wNv
u=Wv =Q xr�Ut s}tYD |=yQ}eDt |xvt=O 9 C}OwOLt "OQm ?=NDv= u=wD|t

"OyO|t

|O=yvW}B |xiOyOvJ |=ysD} Qwor="4
8�MOVDO� xiOyOvJ V=aDQ= |}=Q}t sD} Qwor= 1"4

CU= |Q=mD@==Qi |=ysD} Qwor= R=|m} �VDO�|W=aDQ=|}=Q}t |R=Uxv}y@ sD} Qwor=
QO [24]"CU= xDi=} xaUwD C=W=aDQ= |x} Q_v QO u=Uwv |}=Q}t s}y=it R= xO=iDU= =@ xm
|=[i QO |O=yvW}B |xr�Ut |=Q@ VDO sD} Qwor= R= xiOyOvJ Cr=L 'xr=kt u}=
|O=yvW}B pOt |=Q@ sD} Qwor= u}= |R=UxO=}B C=}�RH "OwW|t xO=O xaUwD xDUUo

"OwW|t K} QWD xt=O= QO
xO=iDU= OQwt |Q=PoRtQ Qw_vtx@ [16]u}kkLt\UwD |O=yvW}B swRwtwQm Q=DN=U
s}tYD Q}eDt xU |=Q=O Q[=L j}kLD QO |O=yvW}B pOt xm =Hv; R= "OQ}o|t Q=Qk
x@ s}tYD |=yQ}eDt R= O}OH Q=OQ@ xU u}=Q@=v@ 'CU=yv; pOt x@ C@Uv |i=[=
|DL=Qx@ swRwtwQm Q=DN=U u}= R= xO=iDU= =@ "OwW|t xi=[= =yv; swRwtwQm Q=DN=U
QDW}@ Qo}O CQ=@ax@ "OQm |Q}owrH R=Ht Q}e w |vOWv |=y?=wH O}rwD R= u=wD|t
OwW|t <=[Q= sRwtwQm |=Q@ |O=yvW}B Q=DN=U u}ty j} Q] R= pOt |=yC}OwOLt
Q=DN=U u}= R= p=Ft l} "OwW|t pL xt} QH `@=D R= xO=iDU= =@ =yC}OwOLt |k=@ w
xOW xO=O V}=tv 1 pmW QO �j(j) uS� s=j p}yUD w �i(i) uS� s=i |QDWt |=Q@

%xm |Qw]x@ "CU=
=Q p}yUD Qy |=yxOvyOCtON O=OaD xm CU= O}OH Q=OQ@ l} sQ=yJ Q=OQ@ ��

"OyO|t u=Wv
"OyO|t u=Wv =Q p}yUD QO hY C}iQ_ xm CU= O}OH Q=OQ@ l} sHvB Q=OQ@ ��
=Q p}yUD Qy QO CtON/pwYLt Ct}k xm CU= O}OH Q=OQ@ l} sWW Q=OQ@ ��

"OyO|t u=Wv
pwrU Qy [16]'xOW u=}@ Cq=kt QO pw= Q=OQ@ xU |=Q@ |}=WoRtQ Ov}=Qi xm u=vJ
Q=OQ@ QO Q_=vDt pwrU Qo = 'Ow@ Oy=wN QiY pO=at sWW w sHvB 'sQ=yJ |=yQ=OQ@ R=
'OwWv ?=NDv= swO Q=OQ@ QO p}yUD Qy Qo = xm CU=vat u=O@ u}= "OW=@ QiY swO
w hY C}iQ_ I}y u}vJty w 'OQ}ov Q=Qk p}yUD u}= QO |}xOvyOCtON I}y

"O@=}v X=YDN= =yp}yUD u}= x@ sy |Dt}k
p=L Qy x@ "OW Oy=wN =QH= pL R= |}=WoRtQ R= TB R}v hOy `@=D |@=} RQ=
=@ xt} QH `@=D 'Ovvm|t Rw=HD u=WR=Ht Q=Okt R= =yC}OwOLt R= |NQ@ ,q=tDL= uwJ

"pL |Q=PoRtQ |xwLv "1 pmW
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"xiOy OvJ V=aDQ= |}=Q}t |R=U xv}y@ sD} Qwor= QO pt=mD Ov}=Qi "2 pmW

u=wD|t =Q MOVDO sD} Qwor= |=y?=wH |xU}=kt Q=}at Qo}O CQ=@a x@
|Qw]x@ x � y x=ov; �dx > dy and rx = ry� =} rx < ry Qo = %CUv=O u}vJ
Q=DN=U R= xr=kt u}= QO "OvDUy CD QDt=Q=B Q}O=kt dy w dx w '=yx@DQ ry w rx xm
Oa@ "OwW|t xO=iDU= xOW ?=NDv= |=yswRwtwQm Qw_vtx@ |}xrtHOvJ |o}=Uty
u}t[D Qw_vtx@ O}=@ u=OvRQi w u}Or=w C}atH 'jwi |=yQorta w s}y=it u=}@ R=
QDnQR@ |a}@] Qw]x@ xOW?}mQDC}atH |xR=Ov= xm =Hv; R= "OwW?}mQD |Qq=Ux@Nv
"OwW|t =QH= =y?wret=v |R=U?DQt Qo}O Q=@ 'CU= �N � |}=OD@= C}atH xR=Ov= R=
?=NDv= QDq=@ |x@DQ =@ swRwtwQm OUQ@ N x@ C}atH xR=Ov= xm |v=tR =D Ck}kLQO
x@ =yQ=QmD xOW u}}aD V}B R= O=OaD xm |v=tR =D "OwW|t xi=[= C}atH x@ w xOW

"OwW|t Q=QmD sD} Qwor= '�Qo}O hkwD \QW Qy =}� O}; CUO
'TBU "OwW|t R=e; pj ?=wH Q=OQ@ R= x}rw= C}atH x}rw= |yOQ=Okt =@ Ov}=Qi
Qw_vtx@ "OvwW|t =QH= pj |wQ Q@Qj O}OHC}atH O}rwD Qw_vtx@ O}OH |=yQorta
Rj |=yQ=OQ@ xrLQt u}= QO "OwW|t s=Hv= sD} Qwor= QO Qj w pj ?}mQD |}=Qox@Nv
?=NDv= VwQ R= xO=iDU= =@ "OwW|t ?DQt CD w FNDS |=v@tQ@ x}q u}OvJ QO
V}B R= C}atH O=OaD ^iL Qw_vtx@ Pj+1 |Oa@ Q=QmD R= C}atH l} |O=yvW}B
Qw]@ MOVDO sD} Qwor= QO pt=mD Ov}=Qi 2 pmW QO "OwW|t ?=NDv= xOW u}}aD
V}=tv x@ 3 pmW QO |O=yvW}B sD} Qwor= Om x@W "CU= xOW xO=O KQW xYqN

"CU= xOt;QO

NSGA-II sD} Qwor= "2"4
|xiOyOvJ |R=Uxv}y@ sD} Qwor= '|O=yvW}B MOVDO |}=Q=m |@=} RQ= Qw_vtx@
w NSGA-II |=ysD} Qwor= |rY= Cw=iD "OwW|t =QH= NSGA-II s=vx@ |rt=mD
QO pt=mD Ov}=Qi xm |DQwY QO "CU= Qt x@ Pt R= pt=mD Ov}=Qi QO MOVDO

pt=mD Ov}=Qi NSGA-II sD} Qwor= QO 'OW xO=O u=Wv 2 pmW QO MOVDO

R= xO=iDU= Q}F-=D uOQm xv}tm Qw_vtx@ "OwW|t xO=iDU= �GA� l}DvS sD} Qwor= l}
|L=Q] u=Um} Qw]x@ =yQorta 'sD} Qwor= wO |}=Q=m |xU}=kt QO hrDNt |=yQorta
VyH Qorta x@=WtMOVDOsD} Qwor= QO|o}=Uty Qorta 'Qw_vtu}O@ "OvwW|t
CN=wvm} `]=kD Qorta NSGA-II sD} Qwor= QO "OwW|t |L=Q] NSGA-II QO

"CU= 4 pmW Ovv=ty NSGA-II sD} Qwor= ?wJQ=yJ [29]"CU= xOW |L=Q]

=QH= �CD� |t=LOR= xrY=i �FNDS� `} QU ?wret=v |R=U?DQt s=vx@ xiOyOvJ
"OwW|t

|xty Qw_vtu}O@ "OwW|t ?DQt w xU}=kt x}rw= C}atHR Q=Okt 'FNDS QO
pOt QO hOy `@=D xU Qy wQ u}= R= "OwW|t =O}B =y?wret=v pw= |x}q |=yswRwtwQm
"OwW|t ?=NDv= |oQ}J swyit R= xO=iDU= =@ =yswRwtwQm "OwW|t xv}tm |[=} Q
xOW ?=NDv= |=y?=wH '?wret=v |=yswRwtwQm R= |Oa@ |x}q uDi=} Qw_vtx@ TBU
|xty xm O@=}|t xt=O= |v=tR =D x} wQ u}= "OwW|t xDiQo xO}O=v ,=Dkwt |r@k |x}q |=Q@

"OvQ}o Q=Qk =yx}q QO =yswRwtwQm
|=y?=wH |@=} RQ= Qw_vt x@ CD QDt=Q=B xR=Ov= 'C}atH |R=U ?DQt R= Oa@
w Z Qw_vt u}O@ [27]"OwW|t u}}aD ?=wH Qy |@Uv sm =QD ?ULQ@ =yx}q
l} QO ?wret=v |=y?=wH O=OaD u=wvax@ ?}DQD x@ =Q fk ; k = 1; 2; :::;M
Q=Okt ?}DQDx@ dj w di u}vJty "O} Q}o@ Q_v QO hOy `@=wD w �F � X=N |x}q
CUO x@ |=Q@ O}=@ xm |}=ys=o TBU "OvDUy j w i |=y?=wH |=Q@ CD QDt=Q=B

%R= Ov=CQ=@a OQm |] CD QDt=Q=B Q=Okt uOQw;
"O}vm s}_vD i = 1; 2; :::; Z Qy |=Q@ =Q di = 0 "1

"O}vm ?DQt |OwaY ?}DQDx@ =Q fk; k = 1; 2; :::;M hOy `@=wD "2
d1 = dZ !1 Q@=Q@ �dZ w d1� x}q Qy QO |v=}=B |=y?=wH |=Q@ CD Q=Okt "3

"CU=
dj = dj + |w=Ut dj ; j = 2; 3; :::; Z � 1 |=Q@ |t=LOR= |xrY=i "4

"CU= (fkj+1 � fkj�1)

|=ys=o [28]"OwW|t =QH=CvtvQwD QwD=QB= |Oa@ pUv |=y?=wH ?=NDv= Qw_vtx@
%R= CU= CQ=@a Q=m u}= |}=QH=

"OwW|t ?=NDv= C}atH R= ?=wH n |iO=YD Qw]x@ �pw= s=o
R= s=OmQy CD QDt=Q=B w OwW|t x@U=Lt ?=wH Qy ?wret=v |x@DQ �swO s=o

"O};|t CUO x@ OvQ=O |w=Ut |x@DQ xm =y?=wH
|x@DQ =@ ?=wH wO u}@ R= "OwW|t ?=NDv= x@DQ u} QDsm =@ |}=y?=wH �swU s=o

"OwW|t ?=NDv= CU= |QDW}@ CD |=Q=O xm |@=wH 'u=Um}
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"xiOy OvJ V=aDQ= |}=Q}t |R=U xv}y@ sD} Qwor= Om x@W "3 pmW

QDt=Q=B s}_vD "5
pL |=ysD} Qwor= QDt=Q=B s}_vD w pOt QDt=Q=B s}_vD VN@ Q} R wO x@ VN@ u}=

"OwW|t s}UkD

pOt |=yQDt=Q=B "1"5
p�=Utu}= "OwW|t O}rwD|iO=YD Qw]x@|W}=tR; |xr�Ut 20 'pOt|@=} RQ= Qw_vtx@
�V � xOvyOCtONO=OaDu} QDW}@ w �N �Cq}yUD O=OaD '�M �u=} QDWt O=OaD|=v@tQ@
u}ov=}t wCU= xOW s=Hv= =QH= xU sD} Qwor=|HwQN |x�=Q= |=Q@ "OwW|t |Ov@xDUO
uOw@|iO=YD x@ xHwD =@ "CU= xOW xDiQo Q_v QO|}=yv|HwQN u=wvax@ =QH= xU u}=
=@ QDj}kO |=y|HwQN x@ uO}UQ Ea=@ x} wQ u}= '|Q=mD@==Qi |=ysD} Qwor= C}y=t
|xv} Ry '��j�|yOCtON MQv '�dij� xrY=i |=yQDt=Q=B "OW Oy=wN QDW}@CLY
O=OaD 'CN=wvm} `} RwD |xr}Uwx@ CtON/ pwYLt |xv} Ry w �ej� E=OL= C@=F
?}DQD x@ '��i w �i� C}U=UL ?}=Q[ w '�gi� xQo Qy QO u=} QDWt |xwkr=@
'�j � Uniform[100; 1000]'dij � Uniform[100; 500] CQwYx@
gi � 'csj � Uniform[100; 500] 'ej � Uniform[1000; 6000]

O}rwD �i and �i � Uniform[1; 10] w Uniform[5000; 10000]

C}iQ_ O=OaD u} QDW}@ '10 Q@=Q@ p}yUD Qy QO =yCtON O=OaD u} QDW}@ "OwW|t
"OwW|t xDiQo Q_v QO 1000 p}yUD Qy QO Ct}k u} QDW}@ w '300 Q@=Q@ hY

=ysD} Qwor= |=yQDt=Q=B "2"5
|SwrwODt Ovv=ty ��hrDNt |=yOQm} wQ sD} Qwor= wO Qy QDt=Q=B s}_vD Qw_vtx@ xRwQt=
VwQ R= xr=kt u}= QO "OwW|t =QH= �� [31]|Jwo =D VwQ w [30w16]MU=B |=yx} wQ "NSGA-II sD} Qwor= CQ=Jwri "4 pmW
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R=Ux
v}y@"=yQwDm =i Kw]U x=Qty x@ =ysD} Qwor= |=yQDt=Q=B xvt=O "1 pwOH

�3� q=@ �2� \UwDt �1� u}}=B xvt=O =yQDt=Q=B xiOyOvJ |=ysD} Qwor=
100 50 25 100�25 nPopNSGA�II

NSGA-II
0 9 0 8 0 6 0 9�0 6 Pc
0 4 0 25 0 1 0 4�0 1 Pm
500 300 100 500�100 MaxIT

10 8 6 10�6 A0

MOVDO

2 1 5 1 2�1 �

0 5 0 05 0 005 0 5�0 005 


100 75 50 100�50 L

12 8 4 12�4 nPopMOVDO

sD} Qwor= |=Q@ w L9 |L=Q] NSGA-II sD} Qwor= |=Q@ 'MinitabQ=Ri=sQv R=
w =y|L=Q] u}= |=Q@ Ot=aDt |=yx�=Q= "OwW|t xO=iDU= L27 |L=Q] MOVDO

QO ?}DQDx@ MOVDO w NSGA-II |=ysD} Qwor= |=Q@ xOt; CUO x@ |=yMU=B
"CU= xOW xO=O u=Wv 3 w 2 |=ypwOH

"CU= xOW xO=O u=Wv 6 w 5pmW QO S/N MQv |=Q@ QF-wt \=kv sD} Qwor= Qy |=Q@

"NSGA-II sD} Qwor= |=Q@ |Jwo =D x} wQ "2 pwOH
Q}eDt =yQDt=Q=B |xQ=tW
MU=B MaxIT Pm Pc nPop =QH=

4 9384 1 1 1 1 1
8 3948 2 2 2 1 2
28 9484 3 3 3 1 3
58 2983 3 2 1 2 4
93 1287 1 3 2 2 5
81 1273 2 1 3 2 6
78 8743 2 3 1 3 7
69 3492 3 1 2 3 8
94 2983 1 2 3 3 9

xO=wv=N s}_vD Qw_vtx@ Ot=aDt |=yx�=Q= R= |Jwo =D VwQ "OwW|t xO=iDU= |Jwo =D
[32]"Ovm|t xO=iDU= =yQwDm =i w s}tYD |=yQ}eDt R= xwQo l} |UQ=w |=Q@ C=}@ QHD
p=vo}U |=yQwDm =i K]U w 'xv}tm =yC} R=Q=B Q}F-=D =D OwW|t VqD VwQ u}= QO
|=yMU=B xm =Hv; R= "OwW|t =QH= �S/N�C} R=Q=B x@ p=vo}U MQv u}=Q@=v@ &OwW xv}y@
"OwW|t xO=iDU= u} QDy@ � u} QDlJwm ẁv R= MU=B l} 'CU= |R=Uxv}tm ,=D=P =t
Q=Okt |xOvyOu=Wv Y xm |Qw]x@ CU= S/N MQv pwtQi Qou=}@ 10 |xrO=at
|=ysD} Qwor= QO 'OW xQ=W= ,q@k xm u=vJ "CU= Ot=aDt |=yx�=Q= O=OaD n w 'MU=B
u=tR "OwW|t wHwCUH �?wN ẁvD� w �|}=Qoty� hOy wO 'wDQ=B Q@ |vD@t
sD} Qwor= |}=Qoty |R=UpOt |=Q@ l} QDt Q=}at wO MID w �CPU time� =QH=
xO=iDU= =ysD} Qwor= ẁvD |=y|oS} w |R=UpOt |=Q@ R}v =yl} QDt Q}=U R= "OvDUy
"CU= xOW u=}@ 10 |xrO=at QO MID w ẁvD l} QDt QDt=Q=B wO ?}mQD "OwW|t
xDiQo Q_v QO u=tRty Qw]x@ wDQ=B Q@ |vD@t |=ysD} Qwor= |oS} w wO j} Q] u}= R=
?}mQD l} '|Jwo =D VwQ MU=B u=wvax@ l} QDt u}= R= xO=iDU= =@ u}=Q@=v@ "OwW|t

"OwW O=yvW}B Ov=wD|t |rY= |=yp=vo}U R= `t=H
MOCV = Diversity

MID
(10)

"OwW|t u}}aD 1 pwOH Ovv=ty =yQwDm =i K]U =OD@= '|Jwo =D VwQ |=QH=Qw_vtx@
xO=iDU= =@TBU "OwW|t xDiQo Q_v QO QwDm =i Qy |=Q@ K]U xU sD} Qwor= Qy QO

"NSGA-II sD} Qwor= |=Q@ |Jwo =D VwQ |HwQN "5 pmW

100



"MOVDO sD} Qwor= |=Q@ |Jwo =D VwQ |HwQN "6 pmW

"=ysD} Qwor= |=yQDt=Q=B xOW s}_vD Q}O=kt "4 pwOH
xv}y@ Q=Okt =yQDt=Q=B xiOyOvJ |=ysD} Qwor=

25 nPopNSGA�II

NSGA-II
0 6 Pc

0 1 Pm

100 MaxIT

6 A0

MOVDO
1 5 �

0 5 


75 L

12 nPopMOVDO

4 pwOH QO =yQDt=Q=B |xv}y@ Q}O=kt sD} Qwor= Qy |=Q@ xrY=L G}=Dv R= xO=iDU= =@
"CU= xOW u}}aD

=ysD} Qwor= |xU}=kt w G}=Dv p}rLD "6
MOVDO sD} Qwor= |}=Q=m |xU}=kt w |O=yvW}B |SwrwODt OQ@ Q=m VN@ u}=
Q} R CQwYx@ =yxiOyOvJ |}=Q=m R= Q=}at 5 Qw_vt u}O@ "Ovm sy=Qi =Q |O=yvW}B

[33]%OQ}o|t Q=Qk xO=iDU= OQwt
"wDQ=B |x}q VQDUo xR=Ov= % ẁvD �

"wDQ=B |x}q QO =y?=wH |xrY=i OQ=Ov=DU= h=QLv= xR=Ov= %xrY=i �
|x]kv x@ wDQ=B |=yx}q |}=Qoty MQv |xR=Ov= %�MID� \UwDt p;xO}= |xrY=i �

"�0,0� u}at
|x}q QO wDQ=B |=y?=wH O=OaD VQ=tW %�NOS� xOW Ci=} |=y?=wH O=OaD �

"wDQ=B |xv}y@
"xv}y@ |=y?=wH x@ uO}UQ Qw_vtx@ sD} Qwor= �CPU time� |=QH= u=tR �

"MOVDO sD} Qwor= |=Q@ |Jwo =D x}wQ "3 pwOH
Q}eDt =yQDt=Q=B |xQ=tW
MU=B nPopMOVDO L 
 � A0 =QH=

2 9834 1 1 1 1 1 1
1 5434 2 1 1 1 1 2
0 7293 3 1 1 1 1 3
0 7533 1 2 2 2 1 4
0 5522 2 2 2 2 1 5
0 6728 3 2 2 2 1 6
0 7627 1 3 3 3 1 7
0 6282 2 3 3 3 1 8
0 5739 3 3 3 3 1 9
1 7363 1 3 2 1 2 10
0 7363 2 3 2 1 2 11
2 3983 3 3 2 1 2 12
1 7485 1 1 3 2 2 13
2 9834 2 1 3 2 2 14
0 5562 3 1 3 2 2 15
0 8171 1 2 1 3 2 16
4 3921 2 2 1 3 2 17
0 6843 3 2 1 3 2 18
0 7273 1 2 3 1 3 19
0 4202 2 2 3 1 3 20
1 9384 3 2 3 1 3 21
0 9312 1 3 1 2 3 22
0 9343 2 3 1 2 3 23
0 9384 3 3 1 2 3 24
5 9743 1 1 2 3 3 25
0 7832 2 1 2 3 3 26
0 8584 3 1 2 3 3 27
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R=Ux
v}y@"Q=}at GvB |wQ Q@ =ysD} Qwor= C=U}=kt |D=@U=Lt G}=Dv "5 pwOH

Time Spacing MID NOS Diversity

V N M
|xQ=tW

M
O

V
D

O

N
S
G

A
-I

I

M
O

V
D

O

N
S
G

A
-I

I

M
O

V
D

O

N
S
G

A
-I

I

M
O

V
D

O

N
S
G

A
-I

I

M
O

V
D

O

N
S
G

A
-I

I

xr�Ut

10 84 15 13 1 25E + 07 1 99E + 08 2 42E + 07 2 47E + 07 8 22 1 45E + 07 2 32E + 08 5 7 16 1
12 12 25 43 3 26E + 05 2 75E + 08 3 55E + 08 4 38E + 08 9 19 2 66E + 07 1 32E + 09 6 9 20 2
19 75 39 31 7 64E + 06 4 36E + 08 4 92E + 09 6 55E + 08 5 23 4 22E + 07 2 13E + 09 9 12 35 3
18 65 44 12 4 71E + 06 3 65E + 06 2 12E + 09 3 70E + 08 11 20 3 77E + 07 3 13E + 07 11 15 42 4
21 65 46 31 4 36E + 06 3 80E + 08 9 61E + 09 4 22E + 08 6 25 7 67E + 08 4 24E + 09 12 17 57 5
22 35 45 64 5 75E + 07 4 68E + 08 6 71E + 09 2 46E + 08 8 23 3 60E + 09 1 44E + 09 14 21 62 6
20 45 49 35 5 49E + 06 3 48E + 10 8 92E + 09 4 54E + 08 9 24 3 66E + 09 4 31E + 10 18 25 77 7
29 53 51 43 6 92E + 06 3 49E + 10 6 72E + 09 5 65E + 09 6 23 8 20E + 08 2 87E + 11 20 30 81 8
28 53 54 57 5 69E + 06 5 67E + 06 4 45E + 08 1 57E + 08 8 22 2 19E + 09 3 00E + 08 22 38 90 9
31 84 53 43 3 59E + 07 6 55E + 07 3 61E + 08 4 57E + 08 10 23 3 14E + 09 3 71E + 08 25 42 105 10
29 13 58 45 4 58E + 07 4 54E + 08 2 21E + 09 3 68E + 08 8 25 2 12E + 08 2 17E + 08 25 45 128 11
26 86 61 19 3 47E + 07 6 76E + 08 3 81E + 08 4 36E + 08 10 23 2 33E + 08 1 69E + 09 30 53 147 12
35 55 84 12 2 38E + 07 5 88E + 08 5 73E + 08 8 79E + 08 7 20 2 91E + 09 2 15E + 08 38 68 175 13
36 68 86 83 3 74E + 07 5 73E + 08 2 46E + 09 2 14E + 09 9 24 4 90E + 10 2 95E + 10 45 70 196 14
59 74 101 13 2 35E + 07 6 73E + 09 6 44E + 08 4 52E + 09 9 25 4 12E + 10 3 35E + 10 52 88 220 15
65 35 119 43 6 54E + 07 2 87E + 08 3 45E + 09 3 46E + 09 12 24 9 52E + 09 3 88E + 09 70 95 250 16
63 32 121 13 3 56E + 09 2 32E + 09 5 70E + 10 4 52E + 09 7 25 1 99E + 10 3 73E + 10 75 105 350 17
69 44 118 64 3 48E + 10 2 33E + 12 4 70E + 09 6 54E + 10 11 21 3 66E + 11 2 16E + 12 140 190 800 18
110 84 228 74 2 47E + 10 NAN 7 74E + 09 NAN 8 NAN 2 82E + 10 NAN 570 750 2200 19
189 63 331 77 3 71E + 10 NAN 4 19E + 10 NAN 12 NAN 1 70E + 10 NAN 700 1100 3500 20

|Q=t; C=U}=kt |=v@tQ@ '6 pwOH j@] "CU= uOw@ QDsm QO C}@ wr]t Spacing

|Q=O=vat Cw=iD CPU Time w NOS |=yQDt=Q=B x@C@Uv =ysD} Qwor= xOW s=Hv=
wDQ=B |x}q xDUv=wDv NSGA-II sD} Qwor= 20 w 19 V}=tR; p�=Ut QO "OvQ=O
xOW wDQ=B |x}q uDi=} x@ jiwt MOVDO sD} Qwor= xm |r=L QO Ovm =O}B =Q
nQR@ O=a@= =@ |r�=Ut QO MOVDO sD} Qwor= CQOk Qou=}@ Ck}kL u}= "CU=

"CU=

|D; C=O=yvW}B w |Q}oxH}Dv "7
xaUwD |Q=PoCt}k w hY '|@=}u=mt p�=Ut R= |@}mQD |xr�Ut l} xr=kt u}= QO
NP-hard p�=Ut <RH ,=U=U= |@=}u=mt p�=Ut xm Ck}kL u}= x@ xHwD =@ "OW xO=O

|W}=tR; |xr�Ut 20 |wQ Q@ =ysD} Qwor= |=QH= |D=@U=Lt G}=Dv 5 pwOH QO
xOW VQ=Ro u=tR QO sD} Qwor= xm CU= u}= |xOvyOu=Wv �NAN� "CU= xOW x�=Q=
MATLAB Q=Ri= sQv QO =ysD} Qwor= xm CU= QmP x@ sRq "Ovm =O}B |@=wH xDUv=wDv

"Ov=xOW =QH=
hrDNt Q=}at |wQ Q@ sD} Qwor= u}= 'MOVDO |}=Q=m uO=Ou=Wv Qw_vtx@
"CU= xDiQo Q=Qk xU}=kt OQwt �ANOVA� Tv=} Q=w p}rLD l}vmD R= xO=iDU= =@
Qw_vtx@ u}vJty "CU= xOW xO=O u=Wv 6 pwOH QO |Q=t; |UQQ@ R= pY=L G}=Dv
QO V}=tR; p�=Ut |xty |=Q@ |m}i=Qo Qw]x@ =ysD} Qwor= 'C=U}=kt uOw@ syi p@=k

"Ov=xOW xO=O u=Wv 7 pmW
C}@ wr]t NOS w �diversity� ẁvD |=yQDt=Q=B |=Q@ xm CU= QmP x@ sRq
w CPU 'MID |=yQDt=Q=B |=Q@ xm |r=L QO CU= =yQDt=Q=B u}= uOw@ QDW}@ QO

102



"Q=}at GvB |wQ Q@ =ysD} Qwor= C=U}=kt |Q=t; |=yp}rLD |HwQN "6 pwOH
uwtR; G}=Dv P-value F MS SS DF `@vt =yQ=}at

OwW|tv OQ QiY ZQi
0 314 1 04 1 30529E + 23 1 30529E + 23 1 Algorithms

Diversity1 25013E + 23 4 50046E + 24 36 Error

4 63099E + 24 37 Total

OwW|t OQ QiY ZQi
0 000 523 53 1905 79 1905 79 1 Algorithms

NOS3 64 131 05 36 Error

2036 84 37 Total

OwW|tv OQ QiY ZQi
0 536 0 39 8 69201E + 19 8 69201E + 19 1 Algorithms

MID2 22630E + 20 8 01466E + 21 36 Error

8 10158E + 21 37 Total

OwW|tv OQ QiY ZQi
0 299 1 11 1 57744E + 23 1 57744E + 23 1 Algorithms

Spacing1 41960E + 23 5 11057E + 24 36 Error

5 26831E + 24 37 Total

OwW|t OQ QiY ZQi
0 036 4 73 17385 17385 1 Algorithms

Time3676 139687 38 Error

157071 39 Total

"Q=}at GvB |wQ Q@ =ysD} Qwor= OQmrta |m}i=Qo C=U}=kt "7 pmW

wO xOW s=Hv= |Q=t; C=U}=kt |=v@tQ@ s=Hv=QU "OvDiQo Q=Qk xU}=kt OQwt Q=}at 5
OvOQm pta x@=Wt MID w spacing 'diversity |=yQ=}at x@ C@Uv sD} Qwor=
NOS w CPU time |=yQ=}at x@ C@Uv =yv; OQmrta xm CU= |r=L QO u}= w
R= |QDy@ OQmrta MOVDO sD} Qwor= xm CQwY u}O@ 'OvDW=O |Q=O=vat hqDN=
nQR@ O=a@= =@ |r�=Ut pL |=Q@ xm xOW xO=O u=Wv u}vJty "CU= xO=O u=Wv OwN
|x�=Q= |xRwL QO u=wD|t =Q |D; j}kLD "OQ=O |QDy@ |}=Q=m MOVDO sD} Qwor=

"O=O s=Hv= xOW x�=Q= |[=} Q pOt QO =[=kD `@=D |R=U|R=i

pL Qw_vtx@ MOVDO s=v@ xiOyOvJ |Q=mD@==Qi O}OH sD} Qwor= l} R= 'CU=
pm QO =Q OwU pm 'xOW xO=O xaUwD |xiOyOvJ pOt QO "OW xO=iDU= xDi=}xaUwD pOt
u=tR =RHt hOy l} QO p@=kt QO xm CU= |r=L QO u}= w s}vm|t xv}W}@ sDU}U
|}=Q=m |@=} RQ= Qw_vtx@ "OwW|t xv}tm u=tRty Qw]x@ R}v hY QO u=} QDWt Q=_Dv=
NSGA-II xiOyOvJ hwQat sD} Qwor= =@ u; R= pY=L G}=Dv '|O=yvW}B sD} Qwor=
QDt=Q=B s}_vD |Jwo =D VwQ R= xO=iDU= =@ =ysD} Qwor= =OD@= Qw_vt u}= |=Q@ "OW xU}=kt
x@ C@Uv Qo}Om} =@ sD} Qwor= wO |W}=tR; |xr�Ut 20 |=QH= |] TBU w OvOW
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1. continuous location problem
2. discrete location problem
3. n-median
4. vertex optimality
5. supply chain management
6. revenue management
7. Immune genetic algorithm (IGA)
8. multi-objective vibration damping optimization
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