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Q}eDt "CU= k ẁv xDU@ R= xO=iDU= |xv} Ry Qou=}@ ck w CU= i <|W uRw Qou=}@
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1CCA+ AD

nP
i=1

xi

+ D
nP
i=1

xi

 
nX
i=1

mX
j=1
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Z 1
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s:t:
mX
j=1

yij � 1 for i = 1; 2; :::; n (3)

xjW =
mX
j=1

wjyij for i = 1; 2; :::; n (4)

nX
i=1

xi � D (5)

0 � k � (D=�L) (6)

xi � 0 for i = 1; 2; :::n
yij 2 f0; 1g for i = 1; 2; ::; n and j = 1; 2; :::;m
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1. Initialize Npop random solutions.

2. Evaluate initial solution by their objective function val-

ues.

3. Assign ranks to the solutions based on Goldberg's rank-

ing procedure (non-dominated sorting).

4. Calculate crowding distance.

5. While stopping condition are not satis�ed.

a. Create and �ll the mating pool using binary tourna-

ment selection.

b. Apply crossover and mutation operators to the mating

pool.

c. Evaluate objective function values of the new solutions.

d. Merge the old population and the newly created solu-

tions.

e. Assign rank according to Goldberg's ranking procedure.

f. Calculate crowding distance.

g. Sort the population and select better solutions.

End while.
swRwtwQm Q=DN=U "1"1"4

m Ov=wD|t uw}t=m Qy xm CU= =yuw}t=m O=OaD n� CU= uS n+ 1 |=Q=O swRwtwQm
uS w 'uw}t=m Qy QO pkvwptL |xr}Uw ẁv Qou=}@ pw= uS n &�OW=@ xDW=O Cr=L
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swO uw}t=m R= w CU= pw= ẁv R= pw= uw}t=m xm OyO|t u=Wv swRwtwQm u}=
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|iO=YD OOa O}rwD =@ n+1 uS w '[0;m] xR=@ QO |iO=YD K}LY OOa O}rwD =@ n
Zkv 6 |xrO=at x=oI}y OwW|t Ea=@ xm O};|t CUO x@ [0; D=�] xR=@ QO
Q=Okt |Dkw "OvDUy yij |=yQ}eDt Qou=}@ swRwtwQm n =D 1 |=yxv=N `k=w QO "OwWv
y11 = 1; y21 = 0; y13 = 0; y14 = 0 Q}O=kt |va} 'xOW 1 =@ Q@=Q@ uS u}rw=
Q}O=kt "OwWv Zkv 3 |xrO=at x=oI}y xm OwW|t Ea=@ swRwtwQm ẁv u}= "OvDUy
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QO pkvwptL |xr}Uw ẁv wO u}= C}iQ_ w ptL |x}=Qm x@ \w@ Qt Q}O=kt "OQm
sQowr}m 20 OW xDio ,q@k xm u=vJ R}v pwYLt uRw "CU= xOW x�=Q= 5 pwOH
X}YND w VQ=iU |O=YDk= Q=Okt uOQm =O}B hOy "CU= xOW xDiQo Q_v QO
Ow@tm O=OaD R}v w pkvwptL w |OwHwt |=yxv} Ry xm |wLvx@ CU=yuw}t=m x@ u;
'xv}y@ x@ l}ORv ?=wH l} uOQw; CUOx@ Qw_vtx@ "OwW xv}tm u=tRty Qw]x@
\w@ Qt |=yQDt=Q=B "CU= xDiQo Q=Qk xO=iDU= OQwt w |Q=PoOm NSGA-II sD} Qwor=
"CU= xOW xO=O u=Wv 3 pwOH QO OW xQ=W= QDV}B xm u=vJ sD} Qwor= x@
`@=D Qw_vtu}O@ "CU= xOW pL R}v uwr}UB= C}OwOLt VwQ \UwD xr�Ut u}=
w xOW xDiQo Q_v QO C}OwOLt l} u=wvax@ (f1) =yxv} Ry x@ \w@ Qt hOy
C}OwOLt u}= Qou=}@ 7 |xrO=at "CU= xOW Qw_vt u; |=Q@ uwr}UB= |q=@ OL

%CU=

h� C �
0BB@

nP
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xi

2 + k � �L
1CCA+ AD
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xi

+ D
nP
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xi

 
nX
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mX
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yijcj
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'(f2) Ow@tm O=OaD x@ \w@ Qt hOy `@=D |xv}tm Q=Okt 'hOy `@=D wO Q=DiQ x@ xHwD =@
25000 =@ Q@=Q@ " Q=Okt "OW=@ |w=Ut CQwYx@ 7 |xrO=at xm OyO|t MQ |v=tR

"CU= xOW xDiQo Q_v QO

h� C �
0BB@

nP
i=1

xi

2 + k � �L
1CCA+ AD

nP
i=1

xi

+ D
nP
i=1

xi

 
nX
i=1

mX
j=1

yijcj

!
= " (8)

6 pwOH QO xmCU= OQwt 9 =yuw}t=m x@ pwYLtX}YND |=Q@ umtt Cq=L s=tD
u=wD|t uw}t=m ẁv Qy C}iQ_ x@ xHwD =@ R}v =Q VQ=iU Q=Okt "CU= xOW xO=O u=Wv

xr�Ut |O=yvW}B pOt |=yQDt=Q=B u}}aD "2
xOW xDiQo Q_v QO |rwYLtlD |OwHwt pQDvm pOt l} CtUk u}= QO
xOW xOQw; 4 pwOH QO |OwHwt pQDvm EL@ x@ \w@ Qt |=yQDt=Q=B w CU=
Q}O=kt j@=]t CU= xOW xDiQo Q_v QO =yQDt=Q=B u}= |=Q@ xm |Q}O=kt "CU=
EL@ |=Q@ u}vJty "CU= [19w18]wUD Cq=kt QO |OwHwt pQDvm |=yQDt=Q=B
'�Qw=N� Cvw}t=m 'u=U}v 'Cv=w pt=W �� uw}t=m hrDNt ẁv Q=yJ 'pkvwptL
xv} Ry x@ \w@ Qt Q}O=kt w xOW xDiQo Q_v QO �� uD 10 |Q@ Q=@ u}W=t w
|xv} Ry OL=w� CU= xOW xOQw; 5 pwOH QO =yv; R= s=OmQy C}iQ_ w
xOW xDiQo Q_v QO sQowr}m 20 R}v pwYLt uRw "�CU= xOW ^=Lr QqO

"CU=

uwr}UB= C}OwOLt OwOLt Ow}k VwQ "2"4
xiOyOvJ p�=Ut |=Q@ xOW xDN=vW |=yOQm} wQ R= |m} uwr}UB= C}OwOLt VwQ
|xv}y@ |xr�Ut l} x@ xiOyOvJ |xv}y@ p�=Ut p}O@D Q@ |vD@t VwQ u}= "CU=
Q}ex@ hOy `@=wD |t=tD xm CU= CQwY u}= x@ xr�Ut u}= OQm} wQ "CU= xiOylD
|[=} Q pwtQi [22]"Ovm|t pL =Q xr�Ut w xOQm C}OwOLt x@ p}O@D =Q =yv; R= |m} R=

%R= CU= CQ=@a VwQ u}=

Min F (x) = ff1 (x) ; ::; fn (x)g
s:t: g (x) � 0 # h (x) = 0
Min F (x) = fi (x)

s:t: fj (x) � "j j = 1; 2; ::; n j 6= i

g (x) � 0 h (x) = 0

"|OwHwt pQDvm |=yQDt=Q=B Q}O=kt "4 pwOH
h c A �L D ẁv

0 26 27 5 80 53 354 3412 1
0 3 241 80 5 027 490 2
0 3 29 41 135 57 911 4736 3
0 26 233 80 2 969 200 4
0 3 435 80 2 781 215 5
0 26 12 6 135 245 333 22774 6
0 26 2 14 135 85 395 10557 7

�QqO� xv} Ry C}iQ_ u}W=t Cr=L
50 500 1
150 2200 2
315 4700 3
635 10000 4
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"uw}t=m `=wv= C}iQ_ w xv} Ry C=aq]= "5 pwOH



"""p
kvwp

tL
=@|

r=tDL
=|

xiOy
wO|

OwH
wtp

QDvm
pOtx@ NSGA-II sD} Qwor= R= xOt; CUO x@ ?wret=v ?=wH u} QDl}ORv "9 pwOH

"uwr}UB= C}OwOLt VwQ ?=wH
f2 f1 k

uw}t=m ẁv
xU wO l}

1538 254 25000 15 45 9238 2 2 2

xOy=Wt xm u=vJ "CU= xOW x�=Q= 9 pwOH QO uwr}UB= C}OwOLt VwQ ?=wH x@
`@=wD Q}O=kt w xOt; CUO x@ 45 9238 =@ Q@=Q@ u=v}t]= ?} Q[ Q=Okt OwW|t
|xU}=kt =@ "CU= xOW pY=L f2 = 1538 25 w f1 = 25000 15 hOy
'xr�Ut u}= |=Q@ uwr}UB= C}OwOLt w NSGA-II VwQ R= xOt; CUO x@ G}=Dv
x@ G}=Dv QDy@ |@=} RQ= |=Q@ "CU= R}J=v Q=}U@ G}=Dv hqDN= xm s} Q}o|t xH}Dv
Q}O=kt =@ xr�Ut u}= 'NSGA-II w uwr}UB= C}OwOLt VwQ \UwD xOt; CUO
`@=wD w u=v}t]= ?} Q[ x@ \w@ Qt Q}O=kt w CU= xOW pL R}v " R= |irDNt
xOW x�=Q= 10 pwOH QO pL VwQ wO R= s=OmQy VQ=iU |O=YDk= Q=Okt w hOy

"CU=
p=Ft Qw]x@ "OvDUy sy x@ l}ORv Q=}U@ xrY=L G}=Dv OwW|t x_Lqt xm u=vJ
C}OwOLt \UwD ?}DQDx@ xOt; CUO x@ u=v}t]= ?} Q[ Q=Okt '" = 30000 |=Q@
xOt; CUO x@ 59 0906 w 59 0320 Q}O=kt 'NSGA-II sD} Qwor= w uwr}UB=
xOt; CUO x@ 1477 3 w 1477 6 ?}DQDx@ f2 hOy `@=D Q=Okt u}vJty "CU=
u}= O=} R Q=}U@ |m}ORv Qou=}@ 'pL VwQ wO u}= \UwD xOt; CUO x@ G}=Dv "CU=
xOt; CUO x@ u=v}t]= ?} Q[ w Ow@tm Q=Okt OwW|t x_Lqt xm u=vJ "CU= Q}O=kt
|QDW}@ |=yuw}t=m O=OaD R= CU= QDy@ CiQo xH}Dv u=wD|t xm OvDUy |}q=@ OOa

"OwW xO=iDU= CqwYLt ptL |=Q@

nQR@ O=a@= =@ |xr�Ut |=Q@ G}=Dv |UQQ@ "2"5
\UwD xr�Ut 10 'nQR@ O=a@= QO |O=yvW}B sD} Qwor= |=y?=wH C}i}m |UQQ@ |=Q@
R= xiOyOvJ |=ysD} Qwor= OQmrta |iQ] R= "CU= xOW |UQQ@ w pL 'sD} Qwor=
'xOWx�=Q= |=yQ=}at x@ xHwD =@ wCU= QDxO}J}B Q=}U@ xiOylD |=ysD} Qwor= OQmrta
|=ysD} Qwor= R= pY=L |=y?=wH |UQQ@ |=Q@ Ov=wD|tv |@=} RQ= XN=W l}
|=y?=wHC}i}m |UQQ@ |=Q@ 'xr=kt u}= QO wQ u}= R= "OW=@ |i=m xOWx�=Q= |O=yvW}B
w �?wret=v |=y?=wH O=OaD� XN=W wO R= NSGA-II sD} Qwor= R= pY=L
pQDvm EL@ x@ \w@ Qt |=yQDt=Q=B "OwW|t xO=iDU= nQR@ O=a@= QO �pL u=tR�
4 pwOH QO xm CU= [19w18]|OwHwt pQDvm |=yQDt=Q=B Q}O=kt j@=]t '|OwHwt
pt=W �� uw}t=m hrDNt ẁv 4 'pkvwptL EL@ |=Q@ u}vJty "CU= xOW x�=Q=
xOW xDiQo Q_v QO �� uD 10 |Q@ Q=@ u}W=t w '�Qw=N� Cvw}t=m 'u=U}v 'Cv=w
5 pwOH QO uw}t=m `=wv= u}= R= s=OmQy C}iQ_ w xv} Ry x@ \w@ Qt Q}O=kt "CU=
QO xOWx�=Q= |OwHwt |=yQDt=Q=B hrDNt ẁv 7 ?}mQD =@ p=L "CU= xOW x�=Q=
xO O=OaD '5 pwOH QO xOWx�=Q= hrDNt pkvwptL |xr}Uw ẁv Q=yJ w 4 pwOH
G}=Dv "CU= xOW pL |O=yvW}B sD} Qwor= \UwD =yv; R= s=OmQy w xOW O}rwD xr�Ut
"CU= xOW xOQw; 11 pwOH QO xr�Ut xO |=Q@ NSGA-II sD} Qwor= |D=@U=Lt
3 40 GHz Intel Core i3-4130 C=YNWt =@ |}xv=}=Q\UwD C=@U=Lt s=tD
|=yQDt=Q=B ẁv Qou=}@ pwOH u}= swO uwDU "CU= xOW pL RAM 4GB w CPU

R= '1 |xr�Ut |=Q@ p=Ft Qw]x@ "CU= 4 pwOH R= xOW ?=NDv= |OwHwt pQDvm
swU uwDU "CU= xOW xO=iDU= 4 pwOH QO sHvB ẁv |OwHwt pQDvm |=yQDt=Q=B

"=yuw}t=m x@ pwYLt X}YND hrDNt Cq=L "6 pwOH
Q =

3P
i=1

xi
uw}t=m ẁv

xU wO l}
110 0 0 1
220 0 1 1
330 1 1 1
235 0 0 2
345 0 1 2
455 2 1 1
470 0 2 2
580 2 2 1
705 2 2 2

"=yuw}t=m x@ pwYLt X}YND hrDNt Cq=L |=Q@ xOt; CUO x@ G}=Dv "7 pwOH

f2 k Q =
3P
i=1

xi
uw}t=m ẁv

xU wO l}
9862 4 45 8019 110 0 0 1
4898 2 48 0235 220 0 1 1
3264 9 48 0767 330 1 1 1
4581 7 48 2981 235 0 0 2
3122 1 48 1719 345 0 1 2
2371 3 47 6082 455 2 1 1
2295 6 47 6182 470 0 2 2
1864 6 46 8367 580 2 2 1
1538 3 45 9234 705 2 2 2

"uwr}UB= C}OwOLt VwQ R= xOt; CUO x@ xv}y@ ?=wH "8 pwOH
f2 f1 = " k

uw}t=m ẁv
xU wO l}

1538 3 25000 45 9234 2 2 2

R= xO=iDU= =@ k Q=Okt 'hrDNt Cq=L u}= R= l} Qy |=Q@ p=L "OQw; CUO x@
"OwW|t x@U=Lt 9 |xrO=at

k=

0@"�0@h�C� nP
i=1

xi

2

1A� A:D
nP
i=1

xi
� D

nP
i=1

xi

 
nP
i=1

mP
j=1

yijcj

!1A
(h� C � �L)

(9)

xOW u=}@ Cr=L 9 R= l} Qy |=Q@ hOy `@=D Q=Okt '9 w 8 CqO=at R= xO=iDU= =@
u=wvax@ OW=@ xDW=O =Q Q=Okt u} QDsm xm |OQwt w OwW|t x@U=Lt 6 pwOH QO
7 pwOH QO C=@U=Lt u}= x@ \w@ Qt G}=Dv "OwW|t xDiQo Q_v QO xv}y@ Cr=L
Q]U x@ \w@ Qt f2Q=Okt u} QDsm OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv
|=Q@ xv}y@ Q=Okt w OvDUy wO ẁv R= uw}t=m xU Qy Cr=L u}= QO &CU= QN;
xv}y@ ?=wH x@ \w@ Qt G}=Dv "CU= xOt; CUO x@ 45 9234 u=v}t]= ?} Q[
R}v NSGA-II sD} Qwor= =@ xr�Ut u}= "CU= xOW x�=Q= 8 pwOH QO xv=o =OH Qw]x@
NSGA-II VwQ R= xOt; CUO x@ ?wret=v ?=wH u} QDl}ORv "CU= xOW pL
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sOkt
|rm

wD=[
Qw

|tk
u=}v

=L]
OwaU

tO}
U "uwr}UB= C}OwOLt w NSGA-II sD} Qwor= R= pY=L G}=Dv |xU}=kt "10 pwOH

NSGA-II uwr}UB= C}OwOLt
Q k f2 f1 Q k f2 f1 = "

705 59 0906 1477 3 30023 02 705 59 0302 1477 6 30000
705 51 1708 1513 9 27001 79 705 51 1661 1514 27000
705 43 2937 1550 5 23996 83 705 43 3021 1550 4 24000
705 35 4656 1586 9 21010 54 705 35 438 1587 21000
705 27 5817 1623 6 18003 705 27 5739 1623 6 18000
705 19 7075 1660 4 14999 12 705 19 7098 1660 4 15000
705 11 8708 1697 1 12009 57 705 11 8457 1697 2 12000

"xr�Ut 10 |=Q@ NSGA-II sD} Qwor= |D=@U=Lt G}=Dv "11 pwOH
Q=QmD 100 =@ NSGA-II Q=QmD 50 =@ NSGA-II Q=QmD 30 =@ NSGA-II uw}t=m ẁv `=wv= O=OaD O=OaD ẁv

xr�UtpL u=tR |=y?=wH O=OaD pL u=tR |=y?=wH O=OaD pL u=tR |=y?=wH O=OaD Q_v QO uw}t=m uw}t=m QDt=Q=B
�x}v=F� ?wret=v �x}v=F� ?wret=v �x}v=F� ?wret=v xOW xDiQo (m) (n) |OwHwt
2 89 17 1 05 5 0 6644 3 2; 1 2 5 5 1
10 62 17 2 8 14 1 09 11 3; 2; 1 3 8 1 2
12 33 18 2 92 16 1 31 13 4; 3; 2 3 10 6 3
11 11 14 2 76 12 1 23 10 4; 3; 2; 1 4 12 7 4
11 33 23 3 12 21 1 34 20 3; 2; 1 3 9 3 5
12 14 26 3 53 24 1 5 15 4; 3 2 10 6 6
3 76 22 3 54 12 0 66 3 3; 2; 1 3 6 4 7
11 27 21 3 24 18 1 2 15 4; 3; 1 3 10 7 8
3 29 16 1 06 12 0 65 10 3; 1 2 6 2 9
12 18 26 2 77 24 1 3 21 4; 3; 2; 1 4 20 6 10

"Q=QmD 100 =@ CWy xQ=tW |xr�Ut |=Q@ ?wret=v |=y?=wH Q=Owtv "6 pmW

|Q}oxH}Dv "6
u; pw= hOy `@=D xm OW |UQQ@ xiOywO |OwHwt pOt l} Q[=L Q=DWwv QO
CU= �� pkvwptL '|Q=Oxov '|yOVQ=iU |=yxv} Ry pt=W �� =yxv} Ry uOQmxv}tm
`} RwD |=Q=O s}=DO}r QO =[=kD u=R}t "Ow@ Ow@tm O=OaD uOQmxv}tm swO hOy `@=D w
|=yxv} Ry x@ xHwD =@ &OW xO=iDU= xDr=LOvJ pkvwptL R= xr=kt u}= QO "Ow@ p=tQv

"OW xDiQo Q_v QO pt=m R}v uw}t=m C}iQ_ R= xO=iDU= 'pkvwptL |q=@

`=wv= O=OaD R}v sQ=yJ uwDU &CU= xOW xO=iDU= |=yuw}t=m O=OaD Qou=}@ pwOH u}=
xm OQ=O|t u=}@ sHvB uwDU w &OyO|t u=Wv =Q xOW xO=iDU= |=yuw}t=m hrDNt
Qw]x@ "Ov=xO=iDU= p@=k pOt QO l} s=Om OwHwt |=yuw}t=m hrDNt ẁv Q=yJ R=
hrDNt ẁv wO R= Ov=wD|t xm xOW xO=iDU= uw}t=m 5 R= 'l} |xr�Ut QO p=Ft
QO Qo}O CQ=@a x@ &2 w 1 ẁv |=yuw}t=m R= Ov=CQ=@a hrDNt ẁv wO u}= "OW=@
5 u}= p=L "OQm xO=iDU= pOt QO 2 w 1 ẁv |=yuw}t=m R= u=wD|t l} |xr�Ut
=} w 'OW=@ 2 ẁv R= u; s=tD =} 'OQm ?=NDv= l} ẁv R= ,=t=tD u=wD|t =Q uw}t=m
sWW uwDU QO "O=O Q=Qk xO=iDU= OQwt u=wD|t uw}t=m pOt wO u}= R= |@}mQD Qy
QO ?wret=v |=y?=wH O=OaD w CU= xOW pL sD} Qwor= \UwD xr�Ut Qy 'sDiy w
xOW xO=O Q=Qk sDWy uwDU QO x}v=F OL=w T=U=Q@ sD} Qwor= pL u=tR w sDiy uwDU

"CU=
Qy 'sDWy w sDiy uwDU QO &CU= xOW pL Cw=iDt Q=QmD xU =@ xr�Ut Qy
pL Q=QmD 50 =@ xr�Ut syO w syv uwDU QO &CU= xOW pL Q=QmD 30 =@ xr�Ut
6 pmW "CU= xOW pL Q=QmD 100 =@ xr�Ut syOR=wO w syOR=} uwDU QO w 'xOW
u=Wv =Q Q=QmD 100 =@ CWy xQ=tW |xr�Ut ?wret=v |=y?=wH |} wDQ=B Q=Owtv

"OyO|t
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pOtxO=iDU= s}taD wO u}= R= |@}mQD R= xr�Ut u}= QO xm CU= hQ_ |Ov@xDU@ |xr�Ut

lJwm O=a@= QO xr�Ut G}=Dv &OW pL NSGA-II sD} Qwor= \UwD xr�Ut u}= "OW
u=Wv xrY=L G}=Dv "OW |UQQ@ G}=Dv w pL R}v uwr}UB= C}OwOLt VwQ \UwD R}v
u}vJty "CU= R}J=v Q=}U@ VwQ wO u}= \UwD xOt; CUO x@ G}=Dv hqDN= xm O=O
G}=Dv w pL NSGA-II sD} Qwor= \UwD nQR@ O=a@= =@ xr�Ut 10 'nQR@ O=a@= |=Q@
|@=} RQ= �pL u=tR� w �?wret=v |=y?=wH O=OaD� XN=W wO \UwD |D=@U=Lt

"OW

X}YNDEL@ 'pkvwptL w|OwHwt|=ypOtEL@ QO sytC=aw[wt R=|m}
|[=} Q |=ypOt R= hrDNt Cq=kt QO Qw_vt u}= |=Q@ "CU= uw}t=m x@ pwYLt
ẁ[wt QO hQ_ |Ov@xDU@ |xr�Ut |=yOQ@ Q=m R= |m} "Ov=xOQm xO=iDU= |irDNt
=@ =yuw}t=m x@ pwYLt X}YND |=Q@ pOt u}= R= u=wD|t xm 'CU= pkvw ptL
pwYLt X}YND |=Q@ hQ_ |Ov@xDU@ |xr�Ut R= "OQm xO=iDU= hrDNt C}iQ_
hQ_ |Ov@xDU@� "CU= xOW |Q}owor= hrDNt |xv} Ry w C}iQ_ =@ =yuw}t=m x@
|=Q@ |}=ys}taD �xR=Ov==Qi CqwYLt =@ hQ_ |Ov@xDU@� w �hrDNt |=yxR=Ov= =@

=yCWwv=B
1. bin packing problem
2. non-dominated sorting genetic algorithm II
3. "-constraint
4. truck-load
5. less than truck-load
6. homogeneous
7. heterogeneous
8. variable-sized bin packing problem
9. bin packing problem with over-sized items
10. multi-objective particle swarm optimization (MOPSO)
11. multi-objective electromagnetism-like
12. lead time
13. safety factor
14. full-truckload
15. diversity
16. �tness sharing
17. reciprocal exchange
18. signal-to-noise
19. relative percentage deviation
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