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pLx=Q |Q=PoRtQ |xwLv 'xr�Ut pL |=Q@ xO=iDU= OQwt |=yOQm} wQ Q@ xwqa
"OQ=O xr�Ut pL |=yQ=R@= |xaUwD QO |tyt Vkv R}v �?=wH l} nv}Om Q=DN=U�
|xr�Ut pL |=Q@ u}kkLt\UwD xm OQm xQ=W= |}=yQ=DN=U x@ u=wD|t \=@DQ= u}= QO
|twRwtwQwm [6]'=yQ=m |R=wt V}=tv "CU= xOW x�=Q= Q}PBh=]av= |y=oQ=m O}rwD
w OyO|t V}=tv =Q Q=m l} h}OQ Qy xm OQm|t x�=Q= J �M pwOH CQwYx@
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u=}=B u=tR w ẁQW u=tR 'xDi=}X}YND u}W=t |xQ=tW pt=W w CU= xDiQo CQwY

"OwW|t C=}rta
|=yu}W=t Q@ |vD@t |tRwtwQwm 'xiOyOvJ l}DvS sD} Qwor= T=U=Q@ u}kkLt
T} QD=t wO R= u; QO xm OvOQm KQ]t |WwQ u}vJty [9]"OvOQm |iQat xDi=}X}YND
|iQat x@ swO T} QD=t w X}YND |iQat x@ pw= T} QD=t [10]%OW|t xO=iDU=
l} R= [11]w�=o "CN=OQB|t u}W=t l} x@ xOW xO=O X=YDN= |=yC=}rta C} wrw=
|DWo}=H Q=QmD R= u; QO xm Owtv xO=iDU= =yu}W=t X}YND |=Q@ |}xDWQ sRwtwQm
'Qo}O |k}kLD QO "OQm|t xO=iDU= xDi=} X=YDN= |=yC=}rta |Ov@u=tR T=U=Q@
Qy X}YND VN@ QO [12]'OW x�=Q= |r=wD w X}YND |=Q@ |WN@ wO |Q=DN=U
1 w QiY Q=OQ@ |=Q=O OyO s=Hv= =Q u; Ov=wD|t xm |}=yu}W=t O=OaDx@ C=}rta
|Q=DN=U 'R}v xt=O= QO "CU= u}W=t u; \UwD C=}rta u}= s=Hv= |vatx@ 1 &CU=
|=Q@ |}=y|SD=QDU= w X}YND u}}aD |=Q@ |}=y|SD=QDU= xawtHt pt=W |WN@ wO

[13]"OW x�=Q= 2`} RwD Oa=wk T=U=Q@ |r=wD u}}aD
xiOyOvJ Cr=L |UQQ@ w Q}PBh=]av= |y=oQ=m O}rwD |xr�Ut h=Oy= |xaUwD
|yOuRw CQwY wO x@ Qt= u}= "CU= xDiQo Q=Qk u}kkLt xHwD OQwt Q}N= |=yp=U QO
R= xO=iDU= =@ pw= Cr=L QO "CU= xOW |UQQ@ wDQ=B ?=wH xawtHt w |atHD
w xOW p}O@D xiOylD |xr�Ut l}x@ Q}PBh=]av= |y=oQ=m O}rwD 'h=Oy= x@ |yOuRw
?=wH xawtHt "CU= xOW pL xiOylDl}DU} Qw}y=Dt |=ysD} Qwor= R= xO=iDU= =@
=Q ?wretQ}e |}=y?=wH 'xiOyOvJ l}DU} Qw}y=Dt |=ysD} Qwor= R= xO=iDU= =@ wDQ=B
|wHwCUH |=[i uOW QDxO}J}BCrax@ =yVwQ u}= "OyO|t x�=Q= xOvQ}os}tYD x@
O}rwD |xiOyOvJ |xr�Ut [8]C=ar=]t R= |m} QO "Ov=xOw@ xHwD OQwt QDsm 'xr�Ut
|R=i |=yVwQ QO wDQ=B w |rLt |R=Uxv}y@ OQm} wQ T=U=Q@ Q}PBh=]av= |y=oQ=m
w '|Q=m sHL pm Q=Okt 'CN=U |xQwO pw] hOy xU Qw_vtu}O@ "CU= xOW|UQQ@
?U=vDt |Q=PoRtQ Q=DN=Ul} u; pL |=Q@ w xOQm OQ=w pOt QO =Q |Q=m sHL xv}W}@
Oa@ R= 'xiOyOvJ |xawvtt |wHwCUH sD} Qwor= l} |x�=Q= =@ u}kkLt "OvO=O x�=Q=
|Ov}=QiOvJ ZQi w [14]|UQQ@ =Q Q}PBh=]av= |y=oQ=m O}rwD |xr�Ut |QDxOQDUo
|=Q@ |@D=QtxrUrU VwQ l} u}vJty "OvOQm OQ=w xr�Ut QO =yu}W=t Q@ xwqa =Q
sD} Qwor= R= w 3�PSO� C=QP |ywQo |R=Uxv}y@ sD} Qwor= R= [11]w�=o [15]'`=O@= pL
Qo}O |}xar=]t QO "OvOQm xO=iDU= C=}rta |Ov@u=tR |=Q@ 4�SA � |H} QOD O=tHv=
'|Ov@u=tR p�=Ut Q}=U QO G}=Q ?r=e |=yQ=}at R= `} RwD u}v=wk G=QNDU= =@ [16]'R}v

"OW s=Ok= xr�Ut pL x@ C@Uv l}DvS sD} Qwor= R= xO=iDU= =@ w
"Oy=m|t xr�Ut |oO}J}B R= ?=wH |=[i uOQmlJwm =@ |@D=QtxrUrU OQm} wQ
x@ =[i wO QO|iO=YD Qw]x@ w xOQm|UQQ@ sy =@ =Q xr�UtQ} R wO Qy xJQ=Bl} OQm} wQ
O}rwD |xr�Ut 'X}YND uDi=} R=TB |@D=QtxrUrUCr=L QO "OR=OQB|t wHwCUH

60



"""w
|L

=DiR
}wQB

'|O
QHw

Q@|
R}Ra

p}y
U

NSGAII sD} Qwor= "3
|=y?=wH x@ x_i=Ll} u; QO xmCU= xiOyOvJ|=Qox@Nv sD} Qwor=l} NSGAII

u}=Q@=v@ "OwW|t RwQx@ x_i=L u}= pUv O}rwD Q=@ Qy QO w O@=}|t X=YDN= wDQ=B
=@ w OQ=O x=Qty OwN =@ pUv O}rwD |=OD@= R= =Q =y?=wH u} QDy@ Q=@ Qy sD} Qwor=
u} QDOt;Q=m R= |m} sD} Qwor= u}= Q[=L p=L QO "Ovm|t xU}=kt QDO}OH |=y?=wH
|xar=]t OvJ QO u}vJty NSGAII "CU= xiOyOvJ p�=Ut pL |=Q@ =yVwQ
xOw@ u}kkLt xO=iDU= w xHwD OQwt Q}PBh=]av= |y=oQ=m O}rwD XwYNQO xOWs=Hv=
'OwW|t xO}t=v \rUtQ}e pL x=Q l} x̂ 'xiOyOvJ |R=Uxv}y@ QO [18w17]"CU=
x=Q I}y \UwD u=tRty Qw]x@ =Q h=Oy= |t=tD R= OwHwt |=yVRQ= u=wDv Qo =
Ow@ Oy=wN QF-wt pL x=Q l} x̂ 'Qo}O CQ=@ax@ "O}WN@ Ow@y@ |Qo}O |tra pL
|t=tD |=R=x@ xm OW=@ xDW=Ov OwHw x"s Q}_v Qo}O |tra pL x=Q I}y xJv=vJ
%xm OW=@ xDW=O OwHw hOy `@=D l} pk=OL w f(x) � fi(x̂) : fi hOy `@=wD
|=y?=wH xawtHt� \rUtQ}e |=y?=wH u}= |xawtHt x@ "f(x) � fi(x̂)

OvwW|t O}rwD u=OvRQi TBU w 'x}rw= C}atH =OD@= VwQ u}= QO "Ov} wo|t R}v �wDQ=B
(Pt) x}rw= C}atH Qo = "OwW|t O=H}= |Ov@x@DQ |=Q@ O}OH C}atH =yv; ?}mQD R= w
C}atH u}=Q@=v@ 'OW=@ w[a N |=Q=O R}v (Qt) u=OvRQi C}atH w 'w[a N |=Q=O
'C}atH ?}mQD w O}rwD R= TB "CU= w[a 2N |=Q=O (Rt) =yv; R= pY=L |@}mQD
=[a= u}= |t=tD w 's=Hv= (Rt) |=[a= uOw@ ?wret=v T=U=Q@ |R=U?DQt l}
QO |Q}oQ=Qk |=Q@ ?wret=v |=y?=wH 'pUv O}rwD |xrLQt Qy QO "OvwW|t |Ov@x@DQ
j@=]t sD} Qwor= X}YND p=wQ "Ovvm|t C@=kQ Qo}Om} =@ (Pt) u}Or=w |xawtHt

"Ov=xOW K} QWD xt=O= QO xm CU= |}=ysD} Qwor=

|O=yvW}BNSGAII sD} Qwor= "1"3
?=NDv= |=yQorta R= "CU= xDW=O |iO=YD O}rwDN O=OaD (Pt) x}rw=C}atH "s=o
u=OvRQi C}atH w OwW|t xO=iDU= u=OvRQi O}rwD |=Q@ l}DvS sD} Qwor= QO pwtat

"OwW|t O}rwD (Pt)

%OwW|t xDN=U(Rt) w xOQm ?}mQD Qo}Om} =@ =Q u}Or=w w u=OvRQi C}atH "1 s=o
"Rt = Pt [ Qt

jPt+1j+ jFij < N xm |v=tR =D 'i = 1 ; Pt + 1 = � uO=O Q=Qk =@ "2 s=o
%O}vm Q=QmD =Q Q} R C=}rta

fPt+1 = Pt+1 [ Fi; i = i+ 1g
|=yxawtHt QO xOW |Ov@x@DQ |=y?=wH |=Q@ =Q s=LOR= |R=U?DQt Qorta "3 s=o
p}tmD =Q (Pi+1) |xawtHt xOv=t|k=@ ?=wH (N � jPt+1j) |=Q@ w '=QH= (Fi)

"O}vm
w ?}mQD |=yQorta w s=LOR= |}xk@=Ut ?=NDv= sD} Qwor= R= xO=iDU= =@ "4 s=o

"O}vm O=H}= (Pt+1) R= =Q (Qt+1) u=OvRQi C}atH 'VyH

s=LOR= |}xk@=Ut Qorta "2"3
R= i ?=wH Qy |=Q@ 'F xawtHt xR=Ov= Q@=Q@ L =} L = jF j O}yO Q=Qk "1 s=o

"di = 0 s}yO|t Q=Qk F xawtHt
VRQ=?ULQ@ w|rwRv?}DQD x@ =Q fi xawtHt i = 1; 2; 3hOy `@=D Qy|=Q@ "2 s=o

&k C} wrw= QO i u}W=t Q=m x@ ẁQW u=tR T mi;k &Oj;h C=}rta ẁQW u=tR tj;h
Oj;h C=}rta s=Hv= u=tR P sj;h &i u}W=t x@ xDi=} X}YND C=}rta O=OaD Ki

"u; VR=OQB CyH u}W=t ?=NDv= R= Oa@
|=yC}OwOLt K} QWD ut[ R}v w 'jwi QO xOW QmP OQ=wt x@ xHwD =@ 'xt=O= QO
pw] f1 hOy `@=D %CU= xOW x�=Q= xr�Ut |]N |R} Qxt=vQ@ pOt 'xDiQ Q=m x@
|Q=m Q=@ |rm sHL f3 hOy `@=D w '|Q=m Q=@ xv}W}@ f2 hOy `@=D 'CN=U |xQwO
u=tR 2 C}OwOLt &CU= CN=U |xQwO pw] Q@=Q@ 1 C}OwOLt "Ovm|t u}}aD =Q
3 C}OwOLt w &Ovm|t XNWt =Q xOW ?=NDv= u}W=t |wQOj;h C=}rta VR=OQB
OwW|t ?Hwt 6 w 5 '4 |=yC}OwOLt "CU= C=}rta R=}vV}B C}OwOLt u=ty
w xOw@ Q=m}@ u; |=QH= |=Q@ Q_v OQwt u}W=t xm OwW s=Hv= |v=tR |D=}rta Qy xm
C}r@=k xm =Q |}=yu}W=t R}v 7 C}OwOLt "OW=@ xOW s=Hv= u; |R=}vV}B C=}rta
u}W=t x@ =Q =yC=}rta 8 C}OwOLt "Ovm|t XNWt OvQ=O =Q C=}rta Qy s=Hv=
XNWt u}W=t Qy |wQ =Q xDi=}X}YND |=yC=}rta |r=wD w xO=O X}YND
l} QO \ki C=}rta Qy xm OvwW|t ?Hwt R}v 10 w 9 |=yC}OwOLt "Ovm|t

"OwW VR=OQB u}W=t l} |wQ \ki w C} wrw=
Min (f1 = Cmax; f2 =max1�i�m wi f3 =

Xm

i=1 wi)

S:t:

cmax � tj;hj + P sj;hj for j = 1; ::: ; n; (1)X
i
yi;j;h : Pi;j;h = P sj;h for j = 1; ::: ; n; h = 1; ::: ; hj ; (2)

tj;h + P sj;h � tj;h+1 for j = 1; ::: ; n;h = 1; ::: ; hj�1; (3)

T mj;k + P sj;h: xi;j;h;k � T mj;k+1 for i = 1; ::: ;m;

j = 1; ::: ; n;h = 1; ::: ; hj ; k = 1; ::: ; kj � 1; (4)

T mj;k � tj;h + (1� xi;j;h;k):L for i =

1; ::: ;m; j = 1; ::: ; n;h = 1 ; ::: ; hj ; k = 1; ::: ; ki; (5)

T mi;k + (1� xi;j;h;k):L � tj;h for i = 1; ::: ;m;

j = 1 ; ::: ; n;h = 1; ::: ; hj ; k = 1; ::: ; ki; (6)

yi;j;h � ai;j;h for i = 1; ::: ;m; j = 1; ::: ; n; h = 1; ::: ; hj ;
(7)X

j

X
h
xi;j;h;k = 1 for i = 1; ::: ;m; ; k = 1; ::: ; ki; (8)X

i
yi;j;k = 1 for j = 1; ::: ; n;h = 1; ::: ; hj ; (9)X
k
xi;j;h;k = yi;j;hfor i = 1; ::: ;m; j = 1; ::: ; n;

h = 1; ::: ; hj ; (10)

tj;h � 0 for j = 1; ::: ; n;h = 1; ::: ; hj ; (11)

P sj;h � 0 for j = 1; ::: ; n;h = 1; ::: ; hj ; (12)

T mi;k � 0 for i = 1; ::: ;m; k = 1; :::; ki; (13)

xi;j;h;k 2 f0; 1g for i = 1; ::: ;m; j = 1; ::: ; n;

h = 1; ::: hj ; k = 1; ::: ; ki; (14)

yi;j;h 2 f0; 1g for i = 1; ::: ;m; j = 1; ::: ; n; h = 1; ::: ; hj ;
(15)
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u}= s=Hv= |vatx@ 1 &CU= 1 w QiY Q=OQ@ |=Q=O OvyO s=Hv= =Q C=}rta u; Ovv=wD|t
|=Q=O u; C=}rta O=OaD x@ Q=m Qy '|r=wD VN@ QO "CU= u}W=t u; \UwD C=}rta

"CU= xOW xOQw; Q=DN=U u}= R= |}xvwtv 2 pmW QO "CU= |DWo}=H Q=QmD
|Q=mD@= sD} Qwor= u}vJty w |iO=YD VwQ wO R= x}rw= C}atH O}rwD Qw_vtx@
CWo}=H Qy |=Q@ `} RwD Oa=wk R= xO=iDU= =@ VwQ u}= QO "OwW|t xO=iDU= [12]wy

"OwW|t O=H}= Q}PBu=mt= pLx=Q l} 'Q=m |iO=YD

VyH w `]=kD sD} Qwor= "1"4
|=yVwQ R= 'NSGAII sD} Qwor= =@ Qw=vW |wHwCUH OQm} wQ j}@]D Qw_vtx@
|wHwCUH sD} Qwor= wO VwQ u}= QO "�1 pmW� OwW|t xO=iDU= `]=kD QO |Q=mD@=

Ii = Sort(fi >) u; QO xm Ii xOW?DQtT}Ov= Q=OQ@ `k=w QO "s}vm|t?DQt =yv;
"OwW|t O}rwD

X=YDN= =y?=wH OwOL |=Q@ nQR@ Q=Okt l} m = M =D m = 1 R= "3 s=o
j = 2; 3; ::: (l�1) 'Qo}O |=y?=wH s=tD |=Q@ w dIm1 = dIm2 =1 =} w xO=O

%O}yO Q=Qk

dImj = dImj + f
(Imj+1)
m � f (Imj�1)

m

fmax
m � fmin

m

?wret=v |R=U?DQt |x}wQ "3"3
'OyO|t Q=Qk\rUDCLD =Q q; p Qo = �|Q=HC}atH P � p; q 2 P Qy |=Q@ "1 s=o

Sp = Sq + fqg %O}yO Q=Qk
np = nq + 1 %O}yO Q=Qk 'OyO|t Q=Qk \rUD CLD =Q q; p Qo =

"F1 = F1 [ fpg %O}yO Q=Qk np = () Qo =
Qy |=Q@ H = � O}yO Q=Qk Fi = � xm |v=tR =D 'i = 1 O}yO Q=Qk "2 s=o

nq = nq � 1 %O}yO Q=Qk q 2 sp Qy w p 2 Fi
H = H [ fqg %O}yO Q=Qk np = () Qo =

[19]"F1 = H i = i+ 1

xr�Ut pL |=Q@ xO=iDU= OQwt VQov "4
?=wH |wHwCUH |=[i uOw@ |WN@ wO x@ xHwD =@ 'OW xQ=W= QDV}B xm u=vJ
xO=iDU= OQwt xr�Ut pL |=Q@ xJQ=Bl} w |@D=QtxrUrU |=yOQm} wQ p=Lx@ =D 'xr�Ut
|wHwCUH |Q=mD@= |=ysD} Qwor=ltmx@ Qw=vW |wHwCUH OQm} wQ "Ov=xDiQo Q=Qk
TBU "Ovm|t p}O@D |r=wD w X}YND |xr�UtQ} R wO x@ =Q xr�Ut =OD@= '|rLt
|x]kv x@ uO}UQ R= TB =t= 'OQ}o|t s=Hv= X}YND |xr�Ut |=[i QO wHwCUH
|r=wD |xr�Ut |=[i QO wHwCUH '|Q=mD@= sD} Qwor= R= xO=iDU= =@ pw@k p@=k
|=Q@ OvwQ u}= R}v |r=wD Cr=L QO "OQ}PB|t s=Hv= xv}y@ |x]kv x@ uO}UQ |=Q@
"CU= Cw=iDt hrDNt |=ysD} Qwor= =@ OQm} wQ u}= j=@]v= "OwW|t Q=QmD X}YND
Qw=vW |wHwCUH w NSGAII sD} Qwor= ?}mQD R= xr�Ut pL |=Q@ Q=DWwv u}= QO
|=ysD} Qwor= R= |O=yvW}B sD} Qwor= uOW QDOt;Q=m |=Q@ u}vJty "OwW|t xO=iDU=
1 pmW QO "CU= xOW xO=iDU= |v=QL@ Q}Ut Q@ |vD@t |o}=Uty |wHwCUH

"CU= xOW xO=O V}=tv |O=yvW}B sD} Qwor= Q=DN=U
sD} Qwor= x@=Wt ,qt=m sD} Qwor= |rY= pL=Qt 'OwW|t xOy=Wt xm u=vJ
l} O}rwD =@ Or=w CiH Qy |=Q@ `]=kD |xrLQt QO xm Cw=iD u}= =@ 'CU= NSGAII

OwW s=Hv= Or=w |r=wD CtUk |wQ `]=kD xm OwW|t u}at 1 w 0 u}@ |iO=YD OOa
|wHwCUH sD} Qwor= 'xOW s=Hv= `]=kD T=U=Q@ R}v xt=O= QO "X}YND |wQ =}

"OwW|t =QH= O}OH sRwtwQwm |wQ |o}=Uty
"CU= Q=OQwNQ@ |}q=@ C}ty= R= sD} Qwor= Qy |=Q@ =RH= ?U=vt |L=Q] w s}_vD
C}atH O}rwD |xwLv '|Q=PoRtQ |xwLv Q}_v |�=RH= R}v |O=yvW}B sD} Qwor= QO
x@ xt=O= QO "OvQ=OQwNQ@ |�q=@ C}ty= R= 'VyH w `]=kD OQmrta |xwLv w 'x}rw=

"s} R=OQB|t <=RH= u}= Q=DN=U
VN@ wO |=Q=O Q=DN=U u}= "CU= xOW xO=iDU= [12]wy Q=DN=U R= |Q=PoRtQ QO
xm |}=yu}W=t O=OaD x@ C=}rta Qy 'X}YND VN@ QO "CU= |r=wD w X}YLD
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|D=}rta |twta |v=QL@ C=}rta "O}vm ?DQt |v=QL@ Q}e w |v=QL@ '|twta |v=QL@

"OQ=O Q=Qk |v=QL@ Q}Ut OvJ |wQ xm CU=
w 'O}yO p}mWD C=}rta |t=tD |=Q@ s=Hv= p@=k |=yu}W=t R= |DUQyi "2 s=o

"OwW XNWt C=}rta R= l} Qy |=Q@ xDi=}X}YND u}W=t
s=Hv= u=tR xm =Q |v}W=t 'CUQyi QO OwHwt |v=QL@ Q}Ut C=}rta |=Q@ "3 s=o
u}W=t Ow@ ?=NDv= OvJ xm |DQwY QO� ?=NDv= CU= u} QDsm |r@k x@ C@Uv u;
|v}W=t u}vJ xm |DQwY QO "OwW Z} waD w �OwW ?=NDv= |Q=m sHL u} QDsm =@

"OwW |UQQ@ |Oa@ |v=QL@ C=}rta 'Ow@v
"O}vm hkwD 'CW=Ov OwHw |Q}}eD w OW |UQQ@ CUQyi s=tD Qo = "4 s=o

X}YND |o}=Uty |wHwCUH sD} Qwor= "3"4
"O}@=}@ =Q Q_v OQwt pLx=Q |=Q@ |v=QL@ �|=y�Q}Ut "1 s=o

"O}vm ?DQt |rwRv Qw]x@ l} Qy CN=U |xQwO ?ULQ@ =Q =yu}W=t "2 s=o
l} x@ jraDt Q}e |v=QL@ C=}rta wO w ?=NDv= =Q CUQyi QO u}W=t u}rw= "3 s=o
"OwW |UQQ@ |Oa@ u}W=t 'uOw@ umtt Q}e CQwY QO "O}vm =Hx@=H u; |wQ =Q Q=m
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CN=U xQwO hOy xU |=Q@ `H=Qt R= xDiQoQ@ |=y=QH= T=U=Q@ p�=Ut u}= |=yxO=O
"CU= xOW xOQw; �W� |Q=m Q=@ xv}W}@ w �TW� |Q=m Q=@ |rm Q=Okt '�MS�
sD} Qwor=� Qw=vW |wHwCUH OQm} wQ =@ NSGAII sD} Qwor= xm OwW|txOy=Wt
|=Q@ "CU= xO=O x�=Q= =Q |QDy@ ,=D@Uv G}=Dv =yVwQ Q}=U =@ xU}=kt QO �|O=yvW}B
|=yVwQ x@ C@Uv w 'xDi=} Ow@y@ |Q=m sHL xv}W}@ hOy `@=D 8 � 8 |xr�Ut
XNWt xm Qw]v=ty 10 � 10 |xr�Ut |=Q@ "CU= xO}UQ |QDsm Q=Okt x@ Qo}O
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|iO=YD p�=Ut |L=Q] =@ sU}=m |xvwtv p�=Ut Q@ xwqa "CU= xOW xO=O V}=tv
'Qw=vW |wHwCUH OQm} wQ VwQ xU x@ 'hrDNt O=a@= =@ M06 |r= M01
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"CU=

"10 � 15 |xr�Ut swO pL x=Q |}=QH= Q=Owtv "5 pmW

|D=@U=Lt G}=Dv "5
|=Q@ "CU= xOW xOQw; sD} Qwor= |=QH= R= pY=L |D=@U=Lt G}=Dv 'CtUk u}= QO
|xvwtv p�=Ut "1 %CU= xOW xO=iDU= xr�Ut xDUO wO R= sD} Qwor= OQmrta |UQQ@
|xU}=kt |=Q@ pw= |xDUO p�=Ut R= "|iO=YD Qw]x@ xOWO}rwD p�=Ut "2 [8]&sU}=m
Qw_vtx@ p�=Ut swO |xDUO w 'CU= xOW xO=iDU= =yVwQ Q}=U =@ sD} Qwor= OQmrta
VwQ x@ pL QO xJQ=Bl} w |@D=QtxrUrU |=yOQm} wQ =@ sD} Qwor= OQmrta |xU}=kt
MATLAB Q=Ri=sQv R= xO=iDU= =@ sD} Qwor= "CU= xOW|UQQ@ NSGAII sD} Qwor=
4GB |x_i=L w 2 2Ghz xOvR=OQB C=YNWt =@ |}xv=}=Q |wQ w xOW |U} wvOm
'|W}=tR; |=QH= OvJ R= TB =Q sD} Qwor= |=QH= |x}rw= \}=QW "CU= xOW =QH=
|iO=YD x}rw= C}atH O=H}= VwQ '100 Q@=Q@ C}atH |=[a= O=OaD %CQwYx@
"CU= xOW u}}aD 500 Q@=Q@ pUv O}rwD O=OaD w [12]'��60� CDR VwQ R}v w ��40�
[8]u}W=t 8 w Q=m 8 =@ |}xr�Ut |wQ sD} Qwor= =OD@= |D=@U=Lt G}=Dv |UQQ@ |=Q@
xOW xYqN 1 pwOH QO =QH= u}= R= pY=L|r}YiD|D=@U=LtG}=Dv "CU= xOW =QH=
xQ=tW Qy QO wDQ=B |=yw[a O=OaD \UwDt '1 x@DQ |=[a= u}ov=}t R= Qw_vt "CU=
sD} Qwor= O};|tQ@G}=Dv u}= R= xm u=vJ "CU= sD} Qwor=|r=wDt |=QH= Q=@ 20|] pUv
"OUQ|t |}=Qoty x@ 450 pUv QO xOWs=Hv= |=QH= 20 |] QO \UwDt Qw]x@
|Q}PB Q}}eD Vy=m u; Cra xm OQ=O C=@F pUv |=yDv= =D pUv u}= wDQ=B |=y?=wH
Q=Okt |=Q=O ,=@} QkD wDQ=B |=ypLx=Q u}@ =y?=wH Tv=} Q=w |iQ] R= "CU= sD} Qwor=
xm OwW|t xOy=Wt "CU=QH= |=OD@= QO sD} Qwor= ẁvD u; Cra xm CU= |Wy=m
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0 85 74 0 5 11 5 0 5 15 3 5 190
0 85 73 0 5 11 5 0 7 16 2 5 230
0 85 73 0 5 11 5 0 7 16 2 5 290
0 85 73 0 6 12 0 7 15 1 5 340
0 75 73 0 6 12 0 5 14 5 0 5 450
0 75 73 0 55 11 5 0 5 14 5 0 5 550
0 75 73 0 4 11 2 0 5 14 5 0 5 670
0 75 73 0 4 11 2 0 5 14 5 0 5 750
0 75 73 0 4 11 2 0 5 14 5 0 5 800
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|O=yvW}B sD} Qwor= P-DABC PSO+TS PSO+SA AL+CGA hOy `@=D xr�Ut xR=Ov=
16 15 14 16 15 14 15 14 16 15 16 15 14 MS

77 72 77 73 75 77 75 77 73 75 75 79 77 TW 8 � 8
11 11 12 13 12 12 12 12 13 12 13 13 12 W

8 8 7 8 7 8 7 7 7 7 MS

41 42 42 42 43 41 43 44 45 43 TW 10 � 10
7 5 6 5 5 7 6 6 5 5 W

11 11 11 12 11 12 24 23 11 MS

91 93 93 91 93 91 91 95 93 TW 10 � 15
11 10 11 11 11 11 11 11 11 W

"Qw=vW |wHwCUH w xJQ=Bl} '|@D=QtxrUrU OQm}wQ xU =@ |O=yvW}B sD} Qwor= |=QH= R= pY=L G}=Dv |xU}=kt "3 pwOH
�3� Qw=vW |wHwCUH OQm}wQ �2� xJQ=Bl} OQm} wQ �1� |@D=QtxrUrU OQm}wQ

O=a@= xQ=tWQ}e ?=wH O=OaD ?=wH O=OaD Q}e ?=wH O=OaD ?=wH O=OaD Q}e ?=wH O=OaD ?=wH O=OaD xr�Ut xr�Utx@ C@Uv \rUt |}=yv wDQ=B x@ C@Uv \rUt |}=yv wDQ=B x@ C@Uv \rUt |}=yv wDQ=BOQm}wQ xU Qy OQm}wQ xU Qy OQm}wQ xU Qy
pm x@ C@Uv 6 6 �1� x@ C@Uv 6 6 0 6 4 � 5 M01pm x@ C@Uv 5

pm x@ C@Uv 6 6 �1� x@ C@Uv 6 6 0 5 5 � 6 M02pm x@ C@Uv 2

pm x@ C@Uv 7 7 �1� x@ C@Uv 7 7 0 5 7 � 7 M03pm x@ C@Uv 4
2pm x@ C@Uv 7 7 pm x@ C@Uv 6 6 0 6 10 � 10 M04

pm x@ C@Uv 7 7 �1� x@ C@Uv 6 6 0 5 10 � 12 M05pm x@ C@Uv 3

pm x@ C@Uv 8 8 �1� x@ C@Uv 8 8 0 7 12 � 15 M06pm x@ C@Uv 3

XNWt 3 pwOH QO xm Qw]v=ty "OwW|t u}}aD \rUtQ}e |=y?=wH w xO=O Q=Qk
Q@ |@D=QtxrUrU OQm} wQ =@ sD} Qwor= |=QH= R= pY=L wDQ=B |=y?=wH x}rm 'CU=
R= |O=OaD u}vJty "CU= j@]vt Qw=vW |wHwCUH w xJQ=Bl} |wDQ=B |=y?=wH
"CU= j@]vt Qw=vW |wHwCUH OQm} wQ Q@ R}v xJQ=Bl} OQm} wQ wDQ=B |=y?=wH
=@ sD} Qwor= |=QH= R= pY=L |=y?=wH QDy@ C}i}m xm CU= u; Qou=Wv Qt= u}=

"CU= Qw=vW |wHwCUH OQm} wQ
|=QH= u}L wDQ=B xawtHt R= xOW OQ |=y?=wH O=OaD '3 pwOH Q@ xwqa
wO =@ MS06 w MS03 'MS01 |@=NDv= |iO=YD |xr�Ut xU |wQ sD} Qwor=
QO xm Qw]v=ty "CU= xOW xU}=kt w =QH= xJQ=Bl} w Qw=vW |wHwCUH OQm} wQ
x@=Wt \}=QW CLD xm xr�Ut xU Qy |=Q@ 'xOW xO=O V}=tv 6 pmW |=yQ=Owtv
R= QDW}@ wDQ=B ?=wH xawtHt R= xOW OQ |=y?=wH O=OaD =OD@= QO 'Ov=xOW =QH=

|xr�UtQ} R TBU w 'pL X}YND |xr�UtQ} R =OD@= |@D=QtxrUrU Cr=L |=Q@
|=Q@ "CU= xOW xO=iDU= |}x]kv wO `]=kD R= Cr=L u}= QO "OwW|t |UQQ@ |r=wD
CQwYx@ `]=kD w CU= xOW xO=iDU= |}x]kvwO `]=kD u=ty R= R}v xJQ=Bl} Cr=L
sD} Qwor= |=QH= |x}rw= \}=QW "CU= xO=O MQ |r=wD =} X}YND u}@ |r=tDL=
R}v x}rw= C}atH O}rwD VwQ "CU= |r@k VN@ Ovv=t w u=Um} Cr=L xU Qy |=Q@
C}i}m |=yQ=}at 'OQm} wQ xU u}= |xU}=kt |=Q@ "CU= |O=yvW}B sD} Qwor= Ovv=t
xOW |UQQ@ |}=yv |=y?=wH x@ uO}UQ Q}Ut |Q}PB Q}}eD u=R}t w wDQ=B |=y?=wH
OQm} wQ 'OwW|t xOy=Wt xm u=vJ "CU= xOW x�=Q= 3 pwOH QO =y=QH= u}= G}=Dv w
|wDQ=B |=y?=wH O=OaD |=Q=O 'Qo}O OQm} wQ wO x@ C@Uv 'Qw=vW |wHwCUH
u}}aD |}=yv wDQ=B |=y?=wH x}rm 'wDQ=B |=y?=wH C}i}m u}}aD |=Q@ "CU= |QDW}@
xawtHt l} QO wO x@ wO CQwYx@ =Q xr�Ut Qy |=Q@ OQm} wQ xU Qy \UwD xOW
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QO QD`}Uw |wHwCUH Q@ xwqa OQm} wQ u}= QO "OW x�=Q= xr�Ut pL |=Q@ 'Qw=vW
|Q}PB Q}}eD R}v w xr�Ut |DNU R= �|@D=QtxrUrU OQm} wQ hqNQ@� ?=wH |=[i
R= OQm} wQ u}= "CU= xDU=m �xJQ=Bl} OQm} wQ hqNQ@� |}=yv ?=wH x@ uO}UQ Q}Ut
|@ QHD G}=Dv "OQ}o|tltm NSGAII wDQ=B |=yVwQ wC}atH Q@ |vD@t sD} Qwor=
�� ?=wH Ow@y@ QO xJ w |Q}PB Q}}eD Vy=m QO xJ �� sD} Qwor= uOw@ =Q=m R= |m =L
=@ w xOW ?=NDv= xOW x�=Q= VwQ |wQ |UQQ@ |=Q@ sU}=m |xvwtv p�=Ut "OvDUy
p�=Ut |L=Q] =@ u; Q@ xwqa "OW xU}=kt u}kkLt \UwD xOWx�=Q= |=yVwQ |NQ@
"OW xU}=kt xJQ=Bl} w |@D=QtxrUrU |=yOQm} wQ =@ OQm} wQ u}= OQmQ=m '|iO=YD
x@ C@Uv Qw=vW |wHwCUH OQm} wQ xm OW XNWt xOt; CUO x@ G}=Dv T=U=Q@
Qw=vW |wHwCUH OQm} wQ j=@]v= "CU= Q=OQwNQ@ |QDW}@ |}=Q=m R= =yVwQ Qo}O
|xaUwD R}v w �u=oJQwt sD} Qwor= Ovv=t� C}atH Q@ |vD@t |=ysD} Qwor= Q}=U =@
xOW x�=Q= VwQ |xaUwD |=Q@ u=wD|t xm CU= |}=yQ=m xrtHR= wDQ=B ?=wH xawtHt

"OQm p=@vO

O}rwD Cw=iDt VwQ R= xO=iDU= Crax@ u}= w CU= xJQ=Bl} |wHwCUH Cr=L
"CUq=@ =OD@= QO u; Q=Okt xm CU= VyH p=tDL= `@=D R= xO=iDU= R}v w pLx=Q
|wHwCUH Cr=L R= QDsm u; Q=Okt w xDi=} Vy=m O=OaD u}= G} QODx@ |iQ] R=
w xOQ@ |ak=w |=[i QO =Q xr�Ut Qw=vW |wHwCUH OQm} wQ =Q} R &OwW|t xJQ=Bl}
x@ |iO=YD Q}e |=yVQB sOa w C=@F u}= "OR=OQB|t \=kv |wHwCUH x@ =Hv; QO
|xawtHt |xOW OQ |=y?=wH O=OaD Vy=m x@ QHvt '|r=wD w X}YND |=y=[i

"OwW|t wDQ=B

|Q}oxH}Dv "6
CiQo Q=Qk |UQQ@ OQwt xiOyOvJ Q}PBh=]av= |y=oQ=m O}rwD |xr�Ut Q=DWwv u}= QO
|wHwCUH u=wva =@ 'wHwCUH |=[i |R=Uxv}y@ Qw_vtx@ O}OH |OQm} wQ w

=yCWwv=B
1. non-dominated sorting genetic algorithm II
2. dispatching rules
3. particle swarm optimization
4. simulated annealing
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