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TCVMI =
CX
c=1

IX
i=1

SRc
Ci

+
IX
i=1

CX
c=1

hic
�
Dic(1� bic)2Ci

2
�

+
IX
i=1

CX
c=1

�ic
�
Dicb2icCi

2
�
�

IX
i=1

CX
c=1

�icDic (4)

IX
i=1

CX
c=1

Dic � P; (5)

pic > wic + �ic; 8i; c; (6)

0 � bic � 1; 8i; c; (7)

Ci; wic; pic � 0; 8i; c; (8)

"CU= Zk=vDt hOy wO =@ |]NQ}e pOt l} jwi pOt xm OwW|t xOy=Wt
pY=L Ot;QO xm CU= xOvvmO}rwD OwU |R=Uxv}W}@ Qou=}@ w hOy `@=D '2 |x]@=Q
w O}rwD |=yxv} Ry w |WwQixOta Ct}k =@ u=WwQixOQN x@ CqwYLt VwQi R=
|W=v |=yxv} Ry w CqwYLt |Q=Oxov '|R=UxO=t; |=yxv} Ry 'CqwYLt `} RwD
`@=D 3 |x]@=Q "OwW|t pt=W =Q (TCVMI) xOvWwQi \UwD |OwHwt C} Q}Ot R=
QO xm CU= u=WwQixOQN s=tD |=Q@ xOt; CUO x@ OwU |R=Uxv}W}@ Qou=}@ w hOy
OL=w Qy O} QN '|WwQixOQN Ct}k =@ pwYLt OL=w Qy VwQi R= |W=v Ot;QO u;
x@ xOW CN=OQB |OwHwt C} Q}Ot |xv} Ry R}v w |WwQixOta Ct}k =@ pwYLt
|=yxv} Ry Qou=}@ 4 |x]@=Q "CU= xOW ^=Lr pwYLt OL=w Qy |=R=x@ xOvvmO}rwD
?}DQDx@ w OwW|t xDiQo Q_v QO xOvvmO}rwD |=Q@ xm CU= VMI sDU}U R= |W=v
'u=WwQixOQN |OwHwt |Q=Oxov |xv} Ry 'u=WwQixOQN |yOVQ=iU C@=F |xv} Ry
C} Q}Ot R= pY=L Ot;QO �QN; CQ=@a� C}=yv QO w u=WwQixOQN Ow@tm |=yxv} Ry
=Q xOvvmO}rwD \UwD xOW Ci=} QO pwYLt OL=w Qy |=R=x@ u=WwQixOQN |OwHwt
QDsm O}rwD C}iQ_ R= =[=kD ẁtHt xm Ovm|t u}t[D 5 |x]@=Q "OwW|t pt=W
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"""u
=WwQ

ixO
QN

�xO
vvmO

}rwD
xJQ

=Bl
}|

R=Up
Ot

"=ysD} Qwor= QO ?=wH V}=tv |xwLv "3 pmW

3 pmW QO "OwW|t xO=iDU= s=LOR= xrY=i Q=}at R= '|Oa@ C}atH xR=Ov= uOW O=} R
"CU= xOW xO=O u=Wv sD} Qwor= wO Qy QO Xi ?=wH V}=tv |xwLv

O=OaD xm OwW|t xO=O V}=tv T} QD=t l} CQwYx@ ?=wH Qy 3 pmW QO
u}vJty "CU= 3c+ 1 =@ Q@=Q@ =yuwDU O=OaD w (I) CqwYLt O=OaD =@ Q@=Q@ =yQ]U
xO=iDU= xt} QH VwQ R= 'xHwt |=y?=wH x@ |@=}CUO w =yC}OwOLt |UQQ@ |=Q@

"CU= xOW

Or=w ?=NDv= "2"4
u=OvRQi C}atH O=H}= w u}Or=w ?=NDv= |=Q@ |} wO wO |}xk@=Ut ?=NDv= Qorta R=
w 'OvwW|t ?=NDv= |iO=YD Qw]x@ ?=wH wO =OD@= xm CQwYu}O@ "OwW|t xO=iDU=
CQ=@ax@ "OwW|t ?=NDv= Or=w u=wvax@ Ovm ?wret =Q Qo}O ?=wH xm |@=wH TBU
xOW?=NDv= ?=wH wO Qo = "OwW|t ?wULt Or=w OQ=O |QDsm |x@DQ xm |@=wH 'Qo}O
s=LOR= |xrY=i xm|@=wH '�OvW=@ xDW=O u=Um} |x@DQ� Ovvm ?wret =Q Qo}Oty Ov=wDv

"OwW|t ?=NDv= Or=w u=wvax@ OQ=O |QDW}@

`]=kD "3"4
TB "OwW|t xO=iDU= 12|@=UL `]=kD Qorta R= 'CU= xDUw}B ?=wH|=[i xm =Hv; R=
Qw_vtu}O@ "OwW|t xDiQo Q=m x@T} QD=t R= Q]U Qy|=Q@ `]=kD Qorta 'u}Or=w?=NDv= R=
X2 = (x21; x22; :::; xx2n) wX1 = (x11; x12; :::; x1n) Or=w wO O}vm ZQi
0 � �i � 1 xm |Qw]x@ � = (�1; �2; :::; �n) Q=OQ@ Qo = 'Ov=xOW ?=NDv=

"OvwW|t O=H}= 10 |x]@=Q j} Q] R= u=OvRQi x=ov;
y1i = �ix1i + (1� �i)x2i; i = 1; :::; n
y2i = �ix2i + (1� �i)x1i; i = 1; :::; n (10)

VyH "4"4
'?}DQDu}O@ "OwW|t p=ta= xOW ?=NDv=|iO=YD Qw]x@ xm|@=wH |=Q@VyH Qorta
w xOW ?=NDv= |iO=YD Qw]x@ =ypwrU R= |m} ?=wH T} QD=t R= Q]U Qy |=Q@

"OwW|t xDiQo Q=m x@ 11 |x]@=Q
x01i = x1i + � (11)

'VyH Qorta p=ta= R= TB "CU= ��10 w 10� xR=@ R= |iO=YD OOa � xm |Qw]x@
R= |m} R}v NRGA |Q=mD@==Qi sD} Qwor= "OwW |UQQ@ ?=wH uOw@ xHwt \QW O}=@
|R=Uxv}y@ x@ ?wret=v |R=U?DQt T=U=Q@ xm CU= xiOyOvJ l}DvS |=ysD} Qwor=
Ea=@ Or=w ?=NDv= Ov}=Qi QO 13CrwQ MQJR= xO=iDU= "OR=OQB|t xiOyOvJ p�=Ut
"OW=@ QDW}@ x@=Wt |=ysD} Qwor= Q}=U x@ C@Uv sD} Qwor= u}= |}=Qosy CaQU xOW
xawtHt Qy |=Q@ =OD@= xm Cw=iD u}= =@CU= NSGA-II =@ x@=Wt sD} Qwor= u}= pL=Qt
Q_v QO =@ "OwW|t xO=O X}YND 12 |x]@=Q T=U=Q@ p=tDL= ?} Q[ l} 'wDQ=B

"O}yO Q=Qk (t = 0) QiY |w=Ut
"O}OQoR=@ Pt x@ 'hkwD \QW |Q=QkQ@ sOa CQwY QO "2 s=o

Pt C}atH R= Or=w N '10|} wOwO |}xk@=Ut ?=NDv= Qorta R= xO=iDU= =@ "3 s=o
"O}vm ?=NDv=

Qt u=OvRQi C}atH 'Pt C}atH |wQ VyH w `]=kD |=yQorta p=ta= =@ "4 s=o
"O}vm O=H}= N xR=Ov=x@ =Q

"O} Q}o@ Q_v QO =Q Rt = Pt [Qt "5 s=o
Fi; i = 1; 2; ::: 11wDQ=B|=yxawtHtu}}aD|=Q@?wret=v|Ov@x@DQVwQ R= "6 s=o

"O}vm xO=iDU= Rt C}atH QO
"i = 1 w Pt+1 = � O}yO Q=Qk "7 s=o

%jPt+1j+ jFij < N xm |v=tR =D "8 s=o
"O}vm xi=[= Pt+1 C}atH x@ =Q Fi |xawtHt |=y?=wH �hr=

"i = i+ 1 O}yO Q=Qk �?

|rwRv CQwYx@ w s=LOR= |xrY=i T=U=Q@ =Q Fi |xawtHt |=y?=wH "9 s=o
"O}vm ?DQt

p=kDv= Pt+1 C}atH x@ Fi |=y?=wH u}rw= R= N � jPt+1j |xR=Ov=x@ "10 s=o
"O}yO

"O}OQoR=@ 2 s=o x@ w t = t+ 1 O}yO Q=Qk "11 s=o
xOt; CUO x@ ?wret=v |=y?=wH R= |O=OaD '=OD@= ?wret=v |Ov@x@DQ VwQ QO
F1 |xawtHt x@ 'OwW|tv ?wret |Qo}O ?wret=v ?=wH I}y\UwD xmC}atH QO
|=y?=wH TBU "Ovvm|t ?Um =Q pw= |x@DQ =y?=wH u}= 'u}=Q@=v@ "OwW|t pkDvt
?wret F1 |xawtHt |=y?=wH \UwD \ki xm C}atH R= xOv=t|k=@ ?wret=v
|=Q@ OvwQ u}= "Ovvm|t ?Um =Q swO |x@DQ w xOW pkDvt F2 |xawtHt x@ 'OvwW|t

"OQ=O xt=O= C}atH ?wret=v |=y?=wH xty

s=LOR= |xrY=i "1"4
w xOw@ C}atH |=y?=wH QO ẁvD O=H}= 's=LOR= |xrY=i |Q}oQ=mx@ R= hOy
|xrY=i "CU= XNWt ?=wH l} Q=vm QO =y?=wH sm =QD u=R}t |xOvyOu=Wv
R= F |xawtHt x@ XDNt w |OwaY CQwYx@ xOW?DQt |=y?=wH |=Q@ s=LOR=

%O};|t CUO x@ 9 |x]@=Q
CD(X1) = CD(XS) =1;
CD(Xi) =

�
Z1(Xi+1)� Z1(Xi�1)
Z1(Xs)� Z1(X1)

�
+
�
Z2(Xi+1)� Z2(Xi�1)
Z2(Xs)� Z2(X1)

�
; i = 2; :::; s� 1;

(9)

s=eO= R= TB "CU= Xi ?=wH |=Q@ s=LOR= |xrY=i u=R}t CD(Xi) u; QO xm
"OwW|t =QH= 8 w 7 |=ys=o w 's=Hv= ?wret=v |R=U?DQt 'u=OvRQi w u}Or=w C}atH
Crax@ w ?wret=v |xawtHt u} QN; R= xawtHtQ} R l} O=H}= |=Q@ 10 s=o T=U=Q@
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O}U
wQi

s=vm
}vu

}UL
Q}t= u}}aD �� CU= wDQ=B |=v@tQ@ |Q=mD@==Qi |=ysD} Qwor= QDt=Q=B s}_vD QO G}=Q |=yVwQ

MATLAB2009a Q=Ri=sQv QO |O=yvW}B |=ysD} Qwor= R= l} Qy "CU= xOW
Q=Qk xO=iDU= OQwt Q} R |=yQ=}at '=ysD} Qwor= OQmrta |@=} RQ= |=Q@ "Ov=xOW =QH= R

%OvQ}o|t
"C=@U=Lt u=tR �

Qy QO xr�Ut Qy |=Q@ xOt; CUO x@ wDQ=B xawtHt QO ?wret=v |=y?=wH O=OaD �
"xrLQt

xawtHt R=|}=y?=wHC@Uv 'C(A,B) xawtHtVWwB Q=}at %xawtHtVWwB �
'OvwW|t ?wret A xawtHt R= |}=y?=wH \UwD h}a[ CQwYx@ xm =Q B

"Ovm|t x@U=Lt
"CU= sy Q=vm QO =y?=wH CN=wvm} Q=QkDU= u=R}t |xOvyOu=Wv %|Q=PoxrY=i �

"Ow@ Oy=wN QD?wr]t 'OW=@ QDsm Q=}at u}= u=R}t u; QO xm |tD} Qwor=
l} |=y?=wH R= u=R}t xJ xm OyO|t u=Wv Q=}at u}= %VQDUo u} QDW}@ �
'Q=}at u}= Q=Okt uOw@ QDnQR@ "Ov=xOW `} RwD ?=wH |=[i QO wDQ=B |xawtHt

"CU= wDQ=B |xawtHt |=y?=wH ?U=vt ẁvD |xOvyOu=Wv
=QH= pkDUt Qw]x@ w V}=tR; 20 |] sD} Qwor= wO Qy 'xr�Ut Qy pL |=Q@
'C}=yv QO w OQ}o|t Q=Qk |@=} RQ= OQwt jwi |=yQ=}at 'V}=tR; Qy |=yDv= QO "OwW|t

"�2 pwOH� OwW|t |UQQ@ V}=tR; 20 |] =yQ=}at |@=} RQ= G}=Dv u}ov=}t
O=OaD V}=Ri= =@ xm OwW|t xOy=Wt 2 pwOH QO xOt; CUO x@ G}=Dv |UQQ@ =@
R}v w 'xOW NRGA R= QDW}@ NSGA-II sD} Qwor= C=@U=Lt u=tR 'u=WwQixOQN
"CU= xDW=O |QDy@ OQmrta NRGA sD} Qwor= 'VQDUo u} QDW}@ Q=}at C}=aQ QO
sD} Qwor= w NSGA-II sD} Qwor= |=yV}=tR; R= |m} |=Q@ xOt;CUO x@ wDQ=B Q=Owtv
xOW x�=Q= 5 w 4 |=ypmW QO ?}DQDx@ 'VwQixOQN 9 =@ |}xr�Ut |=Q@ NRGA

"CU=
R= u=wD|t 'xr�Ut Qy pL |=Q@ |}=Q=m Q_vt R= =ysD} Qwor= |Ov@x@DQ Qw_vtx@
|atHD|yOuRwVwQ R= Q=DWwvu}= QO "OQm xO=iDU= xQ=}atOvJ|Q}os}tYD |=yVwQ
l} u=wvax@ |@=} RQ= Q=}at Qy Qw_vtu}O@ "CU= xOW xO=iDU= 14�SAW� xO=U
CQwYu}= QO "Ov=xOW xDiQo Q_v QO =yxv} Ro u=wvax@ =ysD} Qwor= w '|Q}os}tYD Q=}at
G}=Dv |R=UT=}kt|@ =@ "O=O p}mWD xr�Ut Qy |=Q@ =Q |Q}os}tYD T} QD=t u=wD|t
Qy QO sD} Qwor= Qy |x@DQ '=yQ=}at C}ty= uDiQo Q_v QO u=Um} =@ w 'Q=}at Qy QO
QO xm |r�=Ut |=Q@ OwW|t xOy=Wt xm u=vJ "�3 pwOH� CU= xOt; CUO x@ xr�Ut
|QDy@ OQmrta NSGA-II sD} Qwor= 'CU= Q=yJ w xU Q@=Q@ u=WwQixOQN O=OaD u;

"n = 9 xr�Ut |=Q@ NSGA-II sD} Qwor= wDQ=B Q=Owtv "4 pmW

xm |}xawtHt &OwW|t ?=NDv= |}xawtHt 'xOW xO=O X}YND Cq=tDL= uDiQo
?=NDv= |xawtHt R= TBU [15]"CU= QDW}@ V@=NDv= p=tDL= OQ=O |QDsm |x@DQ

"OvwW|t ?=NDv= u}Or=w 'xOW

pk =
1

RankkP
k

1
Rankk

(12)

k xawtHt |x@DQ w ?=NDv= p=tDL= Qou=}@ ?}DQDx@ Rankk w pk12 |x]@=Q QO
xawtHt u}= R= Or=w l} O}=@ 'xOW ?=NDv= F |xawtHt xm ZQi u}= =@ "CU=
13 Tx]@=Q T=U=Q@ p=tDL= Q=Okt l} F |xawtHt ?=wH Qy x@ "OQm ?=NDv=
p=tDL= 'OQ=O |QDW}@ s=LOR= |xrY=i xm |@=wH 'T=U= u}=Q@ "O@=}|t X}YND

"CU= QDW}@ V@=NDv=
pi = CDiP

i
CDi

(13)

"CU= i ?wret=v ?=wH ?=NDv= p=tDL= Qou=}@ pi '13 |x]@=Q QO

|OOa p=Ft "5
xr�Ut VW 'xOWx�=Q= pOt pL QO NRGA w NSGA-II OQmrta |@=} RQ= |=Q@
u}= QO "OwW|t|L=Q]hrDNt �n� u=WwQixOQNO=OaD =@ x=Qty|rwYLtwOCQwYx@
"n = 3; 4; 5; 7; 9; 11 R= Ov=CQ=@a xOW xDiQo Q_v QO u=WwQixOQN O=OaD 'p�=Ut
|=yxrY=i T=U=Q@ CN=wvm} `} RwD =@ w |iO=YD Qw]x@ xr�Ut Qy |=yQDt=Q=B Q=Okt
Ov=CQ=@a NRGA w NSGA-II |=yQDt=Q=B Q=Okt "CU= 1 pwOH QO xOW u}}aD

%R=
'500 = Q=QmD O=OaD �

'50 = C}atH xR=Ov= �
'0 76 = `]=kD O=ONQ p=tDL= �
"0 12 = VyH O=ONQ p=tDL= �

Q=Okt [16]'OwW|thrDNt G}=Dv x@ QHvt jwi |=yQDt=Q=B R= |@}mQD Qy xm =Hv; R=
R= xm �� xOW xOy=Wt Q=Okt u} QDy@ T=U=Q@ w =]N w |aU CQwYx@ jwi |=yQDt=Q=B

"CN=wvm} `} RwD T=U=Q@ xr�Ut Qy |=yQDt=Q=B |Q}oQ=Okt xrY=i "1 pwOH
QDt=Q=B |Q}oQ=Okt xR=@
kc [1000; 5000]

ec [1 2; 2 4]

�ic [3; 7]

cm [1 5; 2 5]

' [2; 4]

P [500; 1100]

Si [20; 50]

SRc [20; 70]

�ic [200; 500]

Hi [1; 5]

hic [0 5; 3]
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"""u
=WwQ

ixO
QN

�xO
vvmO

}rwD
xJQ

=Bl
}|

R=Up
Ot"V}=tR; 20 QO =yQ=}at |@=} RQ= R= xOt; CUO x@ G}=Dv u}ov=}t "2 pwOH

u} QDW}@ |Q=PoxrY=i xawtHt VWwB ?=wH O=OaD C=@U=Lt u=tR sD} Qwor= xr�UtVQDUo C(A,B) ?wret=v �x}v=F�
0 712 0 0001 0 12 48 4 112 955 NSGA-II

n = 31 453 0 0005 0 01 49 7 98 87 NRGA

121 105 0 0042 0 264 48 09 133 26 NSGA-II
n = 4113 109 0 2275 0 015 46 16 115 78 NRGA

17 575 0 0047 0 001 49 51 159 01 NSGA-II
n = 5292 149 0 0919 0 56 46 11 154 91 NRGA

67 707 0 02 0 49 01 225 33 NSGA-II
n = 7476 252 0 1518 0 0005 48 35 202 47 NRGA

185 617 0 0151 0 50 287 25 NSGA-II
n = 9943 235 0 4044 0 002 50 249 66 NRGA

331 325 0 019 0 48 02 376 17 NSGA-II
n = 11555 01 0 2151 0 001 50 298 1 NRGA

u=wvax@ u=Um} |=yuRw =@ (z2) u=WwQixOQN OwU w (z1) xOvvmO}rwD OwU [17]"CU=
QO |Q}os}tYD |=yxv} Ro u=wvax@ wDQ=B |=y?=wH w '|Q}os}tYD |=yXN=W
|xty Ct}k |v=UWm w Q=R=@ |=yXN=W '1 V}=tR; QO "CU= xOW xDiQo Q_v
xU}=kt V}=tR; u}= x@ C@Uv =yV}=tR; Q}=U w xOW ZQi u=Um} u=WwQixOQN
O=OaD C}U=UL p}rLD |=Q@ 1 V}=tR; T=U=Q@ 4 w 3 '2 |=yV}=tR; "OvwW|t
OwU Q=Okt CqwYLt O=OaDV}=Ri= =@ 'CU=O}B xm u=vJ "Ov=xOW |L=Q] CqwYLt
|=yXN=W V}=Ri= =@ '5 V}=tR; QO "CU= xDi=} V}=Ri= u=WwQixOQN w xOvvmO}rwD
xOW u=WwQixOQN OwU Vy=m w xOvvmO}rwD OwU V}=Qi= Ea=@ u=WwQixOQN Q=R=@
QO |rwB OL=w 546 51 R= NSGA-II sD} Qwor= QO xOvvmO}rwD OwU xm |Qw]x@
559 48 R= NRGA sD} Qwor= QO u}vJty w |rwB OL=w 913 07 x@ '1 V}=tR;
V}=tR; hqNQ@ 6 V}=tR; "CU= xDi=} V}=Ri= |rwB OL=w 928 63 x@ |rwB OL=w
|=QH= QF= Q@ "OwW|t u=WwQixOQN OwU V}=Ri= w xOvvmO}rwD OwU Vy=m x@ QHvt '5
|x]@=Q x@ xHwD =@ Q=R=@ |=yXN=W V}=Ri= xm OUQ|t Q_v x@ 6 w 5 |=yV}=tR;
w C@Ft |x@vH xOvvmO}rwD OwU |=Q@ '=t= OwW|t pwYLt |=[=kD V}=Ri= Ea=@ 1
V}=Ri= xm OyO|t u=Wv 7V}=tR; |=QH= "OQ=O|ivt |x@vH u=WwQixOQN OwU |=Q@
OwW|t u=WwQixOQN w xOvvmO}rwD OwU Vy=m Ea=@ |WwQixOQN Ct}k |v=UWm
xm OyO|t u=Wv 8 V}=tR; "CU= QDTwtrt xOvvmO}rwD |=Q@ OwU Vy=m u}= xm
hqNQ@ �� =t= OwW|t wO Qy OwUV}=Ri=Ea=@|WwQixOQNCt}k|v=UWmVy=m
|=yV}=tR; |=QH= "CU= QDTwtrt u=WwQixOQN |=Q@ OwUV}=Ri= u}= �� 7V}=tR;
OwU w xOvvmO}rwD OwU |=Q@ |WwQixOQN Ct}k |v=UWm xm OyO|t u=Wv 8 w 7

"OQ=O |ivt |x@vH u=WwQixOQN

|Q}oxH}Dv "6
|L]UwO u}t-=D |xQ}HvR l} |=Q@ xiOywO |]NQ}e pOt l} Q=DWwv u}= QO
T=U=Q@ �� VwQixOQN u}OvJ w OwOLt O}rwD C}iQ_ =@ xOvvmO}rwD l} pt=W ��
hqNQ@ 'VywSB u}= QO "OW x�=Q= xOvWwQi\UwD |OwHwtC} Q}Ot sDU}U C=}[Qi
u=WwQixOQN w xOvvmO}rwD OwU u=tRty w xJQ=Bl} |R=Uxv}W}@ x@ 'u}W}B C=ar=]t

"n = 9 xr�Ut |=Q@ NRGA sD} Qwor= wDQ=B Q=Owtv "5 pmW
"xr�Ut Qy |=Q@ =ysD} Qwor= |Ov@x@DQ "3 pwOH

n = 11 n = 9 n = 7 n = 5 n = 4 n = 3 sD} Qwor=
2 2 2 2 1 1 NSGA-II

1 1 1 1 2 2 NRGA

xOw@ NSGA-II R= QD=Q=m NRGA sD} Qwor= 'u=WwQixOQN O=OaD V}=Ri= =@ =t= OQ=O
"OQw;|t CUO x@ =Q pw= |x@DQ xH}Dv QO w

C}U=UL p}rLD "1"5
xDiQo Q_v QO (n = 3) VwQixOQN xU =@ pw= |xr�Ut 'pOt C}U=UL p}rLD |=Q@
Ct}k uOw@ u=UWm w Q=R=@ XN=W x@ hQYt MQv uOw@ xDU@=w p}rOx@ "OwW|t
QO u; G}=Dv w xOW |L=Q] =yQDt=Q=B u}= T=U=Q@ C}U=UL p}rLD '|WwQixOQN

"CU= xOW x�=Q= 4 pwOH
|=yV}=tR; QO (ec) |WwQixOQN Ct}k |v=UWm w (kc) Q=R=@ |=yXN=W
xOt; CUO x@ hOy `@=wD Q=Okt u} QDy@ w xOW p}rLD sy R= pkDUt w hrDNt
hOy `@=wD Q=Okt u} QDy@ ?=NDv= |=Q@ "OQ}o|t Q=Qk |UQQ@ OQwt =ysD} Qwor= R=
xOW xO=iDU= 15T}UB=D VwQ R= '=ysD} Qwor= wDQ=B |=y?=wH u}@ R= �pw= |x@DQ�

116



xO}O
vUB

=[Q
O}tL

O}U
wQi

s=vm
}vu

}UL
Q}t= "C}U=UL p}rLD G}=Dv "4 pwOH

NRGA NSGA-II QDt=Q=B V}=tR;
z2 z1 z2 z1

269 34 559 48 254 92 546 51 kc = 3000; ec = 1 8 1
264 26 2831 11 251 93 2398 44 I = 5 2
2111 09 4004 53 1903 36 3997 74 I = 10 3
3220 55 9413 14 2997 22 9104 17 I = 20 4
133 58 928 63 121 81 913 07 k0c = +�25kc 5
285 41 311 34 279 19 298 31 k0c = ��25kc 6
98 33 228 75 97 81 215 49 e0c = +�15ec 7

1379 29 661 07 1210 25 641 9 e0c = ��15ec 8

u=wD|t R}v xOv}; C=k}kLD QO "CW=O Oy=wN NSGA-II sD} Qwor= x@ C@Uv |QDy@
|=ysD} Qwor= Q}=U |xU}=kt u}vJty w |R} Qxt=vQ@ |xQwO u}OvJ uDiQo Q_v QO x@

"OQm xQ=W= Q=DWwv u}= QO xOW x�=Q= |=ysD} Qwor= =@ xiOyOvJ |Q=mD@==Qi

pL |=Q@ xiOyOvJ |Q=mD@==Qi sD} Qwor= wO 'Qt= u}= x@ |@=}CUO |=Q@ "OW xDN=OQB
VW u}= pL R= pY=L G}=Dv "OW x�=Q= hrDNt u=WwQixOQN O=OaD =@ xr�Ut VW
OQmrta NRGA sD} Qwor= 'u=WwQixOQN O=OaDV}=Ri= =@ xmCU= u; R=|m =L xr�Ut

=yCWwv=B
1. vendor managed inventory
2. Stackelberg game
3. win-win
4. market scale
5. price elasticity
6. Cobb-Douglas
7. non-dominated sorting genetic algorithm- II (NSGA-II)
8. non-dominated ranking genetic algorithm (NRGA)
9. crowding distance
10. binary tournament selection
11. Pareto
12. arithmetic crossover
13. Roulette wheel
14. simple additive weighting
15. TOPSIS
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