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sD} Qwor= l} QO xm |v=tR Q=Okt R= CU= CQ=@a |@}mQD |xr�Ut l} |oO}J}B
Q=m pOt |xDi=}xaUwD 'FDJSPM |xr�Ut "OwW|t hQY xr�Ut u; pL |=Q@
|=yu}W=t R= |W=v |Q}PBh=]av= uDiQo Q_v QO =@ �FDJSP� Q}PBh=]av= |y=oQ=m
w =y|oO}J}B |xty xH}DvQO w CU= =} wB O}rwD w CN=U \}Lt l} QO |R=wt
C=}rta |Q}PBh=]av= \ki xJv=vJ "CW=O Oy=wN x=Qtyx@ R}v =Q u; |=y|DNU
R}v |@} QkD |xv}y@ |=y?=wH uDi=} *|oO}J}B Q@ |DL 'OwW ^wLrt p�=Ut u}= QO
|Q}PBh=]av= =@ FDJSP |xr�Ut xm =Hu; R= [1]"OwW|t xOwRi= |Q}osWJ Qw]x@
|=yu}W=t R= |W=v |Q}PBh=]av= uDW=O ^wLrt [3]'CU= Np-hard ,=} wk C=}rta

"Ow@ Oy=wN Np-hard ,=} wk R}v =} wB O}rwD w CN=U \}Lt QO |R=wt

xr�Ut pL OQm}wQ "6
QO =@ =DCU= R=}v OQwt |Ot;Q=m |R=Uxv}y@ Q=my=Q '|Ov@u=tR p�=Ut xvwou}= pL |=Q@
|=Q@ |@U=vt Q}O=kt '?=wH |=[i |}=tv V}=Ri= R= |W=v |=y|oO}J}B uDW=O Q_v
|=yC}r@=k R= CU= xOW |aU Q[=L j}kLD QO "O}; CUO x@ xr�Ut OQmrta Q=}at

xr�Ut |=yC}OwOLt �?
Ft(i;j+1)

k;pm � Fti;jk0;pm0 + L� (1� a(i;j+1)
k �X(i;j+1)

k;pm )

� Pi;j+1;k=Sk;pm
1 � i � n; 1 � j � (ni � 1);

1 � k; k0 � m;

1 � pm; pm0 � lk0 ;
(1)

Ft(i;j)k;pm � Ft(p;q)k;pm �X(i;j)
k;pm + L�R(i;j)(p;q)

k;pm � X(i;j)
k;pm

�Pi;j;k=Sk;pm i = 1; :::; n� 1 & q = i+ 1; :::; n;

1 � j � nj ; 1 � p � nq; (2)

Ft(p;q)k;pm � Ft(i;j)k;pm �X(p;q)
k;pm + L� (1�R(i;j)(p;q)

k;pm ) � X(p;q)
k;pm

�Pp;q;k=Sk;pm 1 � k � m;

1 � pm � lk;
(3)

mX
k=1

lkX
pm=1

a(i;j)
k �X(i;j)

k;pm = 1 1 � i � n;

1 � j � nj ; (4)

X(i;j)
k;pm � a(i;j)

k

1 � i � n; 8i : 1 � j � nj ;
1 � k � m;

1 � pm � lk;

(5)

Ft(i;j)k;pm � L�X(i;j)
k;pm

1 � i � n; 8i : 1 � j � nj ;
1 � k � m;

1 � pm � lk;

(6)

Ci �
mX
k=1

lkX
pm=1

Ft(i;nj)k;pm 1 � i � n; (7)

Ft(i;1)
k;pm � X(i;1)

k;pm � Pi;1;k=Sk;pm + ri

1 � i � n;

1 � k � m;

1 � pm � lk;

(8)

pOt KQW "4
OW=@ R}v |k]vt |=yC}OwOLt Q}PBu=mt= pLx=Q '|v=tR |xt=vQ@ Qy xm u}= |=Q@ �
|tOkD |@}DQD =@ O}=@ 'u}at Q=m Qy ?wJQ=J QO xOW s=Hv= C=}rta OQ=wt |xty
1 CqO=at=v [1]"OvwW xO=O X}YND `@=vt |wQ Q@ 'Qo}Om} =@ pN=OD uwO@ w
'OvW=@ xDW=Ov |v=tR pN=OD =yQ=m C=}rta |r=wD |xawtHt xm Ovm|t u}t[D
QO |r=wD l} R= C=}rta Qy OwW|t Ea=@ CqO=at=v u}= xawtHt |DQ=@ax@

"OW=@ xOW s=Hv= u; sOkDt C=}rta xm OwW ẁQW |DQwY
'CU}v umtt u}W=t l} |wQ Q@ u=tRsy Qw]x@ C=}rta wO VR=OQB xm =Hv; R= �
R}v `@=vt |=yC}OwOLt |=Q@ umtt pLx=Q l} Q@Dat |v=tR |xt=vQ@ Qy O}=@
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C}ty= R�=L =yswRwtwQm |L=Q] QO xHwtQ}e |=yswRwtwQm uOt; OwHwx@ R= ?=vDH=
[1]"CU=

�C=}rta |r=wD u}}aD� w �X}YND� |xr�UtQ} R wO x@ FDJSPM |xr�Ut
Ov=wD@ xm CU= xOW |L=Q] |Qw] R}v xOWx�=Q= l}DvS sD} Qwor= "OwW|t x} RHD
u}= |=Q@ "OW=@ xOWO=} |xr�UtQ} R wO Qy pL x@ QO=k u=tRsy w xJQ=Bl} Qw]x@
x=oQ=m x@ xOW OQ=w |=yQ=m |}=} wB uDiQo Q_vQO =@ � =} wB |Oa@ wO swRwtwQm l} Qw_vt
C=}rta pm O=OaD Q@=Q@ swRwtwQm pw] '|}=tvR=@ u}= QO "�2 pmW� CU= xOW x�=Q= �
xOW xDiQo Q_v QO 3 Q@=Q@ R}v u; ZQa w �nTOP) |Ov@u=tR |=Q@ OwHwt |=yQ=m
"OwW|t xO=O V}=tv |Oa@ wO |x}=Q; l} CQwYx@ xr�Ut ?=wH Qy u}=Q@=v@ "CU=
|xDWQ u; QO xD@r= xm CU= 2002 p=U QO xOW xDiQo Q=mx@ VwQ x@=Wt VwQ u}=
w |Q=m x=oDU}= X}YND |xDWQ pt=W w =RHt |xDWQ wO CQwYx@ X}YND
pw= |xDWQ |}=tvR=@ u}= QO "CU= xOW xDiQo Q_v QO u}W=t X}YND |xDWQ R}v
OQwt C=}rta |xOvvmVR=OQB �|xrLQt� |Q=m x=oDU}= |xOvvmXNWt swRwtwQm
Q_v OQwt |Q=m x=oDU}= QO xm CU= |v}W=t |xQ=tW R}v swO |xDWQ w CU= Q_v
C} wrw= Qou=Wv R}v |}=tvR=@ u}= swU |xDWQ "OQm Oy=wN VR=OQB =Q x]w@ Qt C=}rta
1 u}@ CU= |OOa xQ=wty swU Q]U QYva Qy "CU= C=}rta Qy x@ xDi=}X}YND
xQ=wty =Pr "OW=@ u=Um} Ov=wD|tv C=}rta wO C} wrw= xm |oS} w u}= =@ 'nTOP w
xHwt=v swRwtwQm =@ CkwI}y |L=Q] u}= QO u}=Q@=v@ "Ow@ Oy=wN xHwt xr�Ut ?=wH
X}YND 'swRwtwQm pw= |xDWQ wO xm Cio u=wD|t |rm Qw]x@ "s} wW|tv wQx@ wQ

"Ovm|t XNWt =Q C=}rta |r=wD swU xDWQ w
3 w Q=m 4 |=Q=O xm O} Q}o@ Q_v QO =Q |r=Ft '|Q=PoOm sDU}U QDy@ lQO |=Q@
|=yu}W=t =@ Q}PBh=]av= O}rwD w CN=U sDU}U l} |=Q@ w CU= |Q=m x=oDU}=
?}DQDx@ x=oDU}= Qy w C=}rta 3 |=Q=O Q=m Qy 'u; QO xm xOW KQ]t |}xvwox@ |R=wt
pt=m Qw]x@ C=}rta QO x=oQ=m u}vJty "CU= u=Um} *|R=wt u}W=t 2 w 2 '3 |=Q=O
12 pw]x@ xDWQ 3 |=Q=O ?=wH =@ Q_=vDt swRwtwQm CQwYu}= QO "CU= Q}PBh=]av=
u}vJ swRwtwQm V}=tv |xwLv u}= swyit "OwW|t |Q=PoOm 3 pmW j@=]t w CU=
C=}rta VR=OQB |=Q@ C=}rta u}DUNv 'C=}rta |r=wD xDWQ T=U=Q@ %OwW|t u=}@
pw= |Q=m x=oDU}= QO 'x=oDU}= X}YND |xDWQ x@ xHwD =@ xm CU= l} Q=m pw=
xawtHt R= swU u}W=t |wQ Q@ 'u}W=t X}YND |xDWQ x@ xHwD =@ R}v w x=oQ=m
|=yu=mt Q}=U "OwW|t VR=OQB |Q=m x=oDU}= u}= QO OwHwt |R=wt |=yu}W=t

"OvQ}UiD p@=k CQwY u}tyx@ R}v swRwtwQm

"|O=yvW}B GA QO =yswRwtwQm |}=tvR=@ "2 pmW

"xr�Ut ?=wH =@ Q_=vDt swRwtwQm V}=tv "3 pmW

QO "OwW xO=iDU= xr�Ut u}= pL |=Q@ ?U=vt |WwQ |L=Q] QO l}DvS sD} Qwor=
|iQat FDJSPM |xr�Ut pL |=Q@ |O=yvW}B l}DvS sD} Qwor= Q=DN=U xt=O=
T=U=Q@ xr�Ut u}= pL |=Q@ |O=yvW}B sD} Qwor= |}=Q=m '=yQDt=Q=B s}_vD R= TB w

"OW Oy=wN xO=O u=Wv |OOa C=W}=tR; j} Q] R= w xr�Ut OQmrta Q=}at

|O=yvW}B l}DvS sD} Qwor=
Ov=wD@ xm |tD} Qwor= 'CU= NP-hard p�=Ut <RH FDJSPM |xr�Ut xm =Hv; R=
CUO \UwDt |DL =} w nQR@ |xR=Ov= =@ xr�Ut |xv}y@ ?=wH x@ pwkat u=tR QO
u=tR OUQ@ xv}y@ ?=wH x@ Ov=wD@ xm |tD} Qwor= u}vJty w CW=O Oy=wNv OwHw O@=}
l} 'xr�Ut pL |=Q@ VN@ u}= QO u}=Q@=v@ "CW=O Oy=wN sRq =Q |O=} R Q=}U@
xr�Ut R= |@ wN ?=wH x@ Ov=wD@ pwkat u=tR QO =D OW Oy=wN x�=Q= l}DvS sD} Qwor=
xOW xO=O u=Wv 1 pmW QO |O=yvW}B l}DvS sD} Qwor= |rm |x} wQ "O@=} CUO

"CU=
'=yswRwtwQm V}=tv %R= CU= CQ=@a l}DvS sD} Qwor= |xaUwD *|rY= pt=wa
"?=NDv= Q=my=Q w VyH Qorta '`]=kD Qorta '|@=} RQ= Q=}at 'x}rw= C}atH O=H}=
pta p=tDL= '=yQ=QmD O=OaD 'C}atH O=OaD xrtHR= sD} Qwor= |=yQDt=Q=B xwqax@
XNWt sD} Qwor= |=QH= R= p@k O}=@ (pm) VyH pta p=tDL= '(pc) `]=kD

[15]"OvwW

�xr�Ut |Q=PoOm � =yswRwtwQm V}=tv "1
Qo}O |R=Uxv}y@ |xr�Ut Qy =} '|y=oQ=m Q=m |Ov@u=tR |xr�Ut pL |xrLQt u}rw=

[29]"CU= swRwtwQm pmWx@ xr�Ut |=y?=wH |}=tvR=@ 'l}DvS sD} Qwor= ltmx@
|L=Q]u=mt= 'l}DvS sD} Qwor= |xr}Uwx@ wHwCUH |=yC}r@=k R= |m}
Qo = u}=Q@=v@ "CU= �|v=tR |=yxt=vQ@ =Hv}= QO� =y?=wH =@ Q_=vDt |=yswRwtwQm
|wQ xm |m}Uqm |=yQorta w =yswRwtwQm |L=Q] '=ysD} Qwor= u}= R= xO=iDU= QO
s=Hv= |@ wr]t wLvx@ �|a]=kD w |WyH |=yQorta� OvwW|t p=ta= =yswRwtwQm u}=
QO =Pr w 'OwW|t ?=vDH= Q=QmD Qy QO xHwtQ}e |=yswRwtwQm uOt; OwHw x@ R= OQ}o
|QwQ[ 14|LqY= Q=my=Q =} xt} QH Q=my=Q Q}_v |}=yQ=my=Q R= xO=iDU= =QH= pw]
QO |O=} R |=yQ=}at 'p�=Ut pL |=Q@ l}DvS sD} Qwor= R= xO=iDU= C=}@O= QO "CU}v
|}=yQ=}at uDW=O Q_v QO ,qwtat |rw "CU= xOW xDiQo Q_v QO =yswRwtwQm |L=Q]

"|O=yvW}B l}DvS sD} Qwor= |rm |x} wQ "1 pmW
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"O@=}|t VyH QwmPt swRwtwQm 'uwtR; u}= R}t;C}kiwt s=Hv= CQwY QO "OQ}o|t
'|O=yvW}B swRwtwQm w xr�Ut |xS} w Q=DN=U Q]=Nx@ '|O=yvW}B l}DvS sD} Qwor= QO
xm |]N |ovwQ=w Qorta Q@ CU= |vD@t xm xOW x�=Q= |Q=mD@= |WyH Qorta l}
|WyH MQv wO =@ Qorta u}= xm |Qw]x@ CU= xOW |R} Qx}=B |Q=mD@= |xOa=k l}
VyH Qorta |Q=mD@= |xOa=k R= X}YND |xr�UtQ} R |=Q@ w Ovm|t Q=m Cw=iDt
|ovwQ=w Qorta R= C=}rta |r=wD u}}aD |xr�UtQ} R |=Q@ w '(pm1) |WyH MQv =@
Qorta |=Q@ xOWx�=Q= |Q=mD@= |xOa=k QO "Ovm|t xO=iDU= (pm2) |WyH MQv =@
'swRwtwQm l} |wQ Q@ VyH p=tDL= uwtR; |xH}Dv uOw@C@Ft CQwY QO 'VyH
X}YND |xDWQ w '?=NDv= |iO=YD CQwYx@ ?NDvt swRwtwQm |=yuS R= |m}
VR=OQB |=Q@ h]avt |Q=m |=yx=oDU}= R= |m} hQat xm |Qo}O OOa x@ u; x=oDU}=
u; u}W=t X}YND |xDWQ TBU w O@=}|t Q}}eD 'CU= uS u; =@ Q_=vDt C=}rta

"OwW|t u}}aD |iO=YD CQwYx@ R}v

?=NDv= |x}wQ "5
u}= "OwW|t xO=iDU= xDi=}xaUwD |Q}oxvwtv |=[i R= |O=yvW}B *l}DvS sD} Qwor= QO
p=ta= R= Oa@ w OW=@ � Q@=Q@ x}rw= C}atH |xR=Ov= Qo = %OwW|t h} QaD u}vJ =[i
|Q}oxvwtv |=[i xR=Ov= 'OwW O=H}= OvRQi �O=OaD x@ |WyH w |a]=kD |=yQorta
|@}mQD |Oa@ |=ypUv p}mWD |=Q@ R}v |Q}oxvwtv Q=mwR=U "Ow@ Oy=wN �+ � Q@=Q@

"Ow@ Oy=wN CrwQ MQJ VwQ w |v} Rox@Nv VwQ R=
uO}UQ Tv=W V}=Ri= w ?wN |=y?=wH R= pUv Qy uOQm|ve Qw_vtx@
VwQ T=U=Q@ "OwW|t xO=iDU= R}v |v} Rox@Nv VwQ R= [28]'xv}y@ |=y?=wH x@
u=Um} Q}e |=yswRwtwQm O=OaD x@ 'CU= xDiQ Q=m x@ |O=yvW}B VwQ QO xm|v} Rox@Nv
C}atH |=yswRwtwQm pm O=OaD R= �Best� Oa@ pUv x@ p=kDv= |=Q@ ?NDvt
Oa@ pUv x@ w ?=NDv= |]QWV}B xvwoI}y uwO@ 'swRwtwQm � + Pop Size

u}= ?=NDv= R= OvW=@ u=Um} |r=wDt |=yswRwtwQm Q}O=kt Qo = "OvwW|t pkDvt
'OwW xOwRi= Best Q=Okt x@ xm u}= uwO@ w xOW Q_vhQY x@=Wt swRwtwQm
sD} Qwor= QO |v} Rox@Nv VwQ uOQ@ Q=m x@ =@ "OwW|t V}=tR; |Oa@ swRwtwQm
s}kDUt Qw]x@ C}atH Qy |=yw[a u} QDy@ R= =D � O=OaD x@ |O=yvW}B l}DvS
Qw]x@ "1 %CU= R}J wO VwQ u}= R= xO=iDU= |xR}ov= "OvQ}o|t Q=Qk Oa@ pUv QO
|oOvR=Q@ |xHQO u} QDq=@ R= C}atH u}= QY=va R= |O=OaD 'C}atH Qy QO pwtat
Q}=U x@ C@Uv =yswRwtwQm u}= |vS O=wt C}i}m u}=Q@=v@ "OvQ=OQwNQ@ |@=} RQ= =}
C@Uv =yswRwtwQm R= xDWQ u}= x@ hQat O=tv CU= umtt w CU= QDy@ =yswRwtwQm
|wU R= "OW=@ QDl}ORv xr�Ut |xv}y@ pL x@ Qo}O |=yxDWQ hQat |=yO=tv x@
'=yxDWQ Q}=U x@ C@Uv QDy@ |@=} RQ= uDW=O x@ xHwD =@ '=yswRwtwQm xDWQ u}= Qo}O
R= xO=iDU= "2 "OvW=@ Oa@ |=ypUv QO |QDxOvR=Q@ u=OvRQi |=Q=O CU= umtt
Oa@ |=ypUv QY=va O}rwD QO QDxOvR=Q@ u}Or=w x@ QDW}@ Tv=W uO=O 'VwQ u}=

"CU=

|oOvR=Q@ `@=D "6
=Q xOWO=H}= |Ov@u=tR Qy =} ?NDvt ?=wH Qy |WN@ QF= u=R}t |oOvR=Q@ `@=D
u=tR u} QDW}@ |R=Uxv}tm hOy '=t |xar=]t OQwt |xr�Ut QO "Ovm|t |Q}oxR=Ov=
l} nQR@ Fmax =@ ?NDvt ?=wH Qy x@ =Pr w CU= (Fmax) =yQ=m |Q=m VOQo
swRwtwQm Qy |=Q@ |oOvR=Q@ `@=D =Hv}= QO "OwW|t xO=O X}YND u}}=B |oOvR=Q@ Q=Okt

x}rw= C}atH "2
=yswRwtwQm R= |}x}rw= C}atH O}=@ 'swRwtwQm x@ ?=wH Qy p}O@D VwQ u}}aD R= TB
uOQmXNWt QO |U=U= Vkv x}rw= C}atH |=[a= O}rwD |ovwoJ "OwW O}rwD
� l}DvS sD} Qwor= QO xrtHR= � |rLt |wHwCUH VwQ Qy QO |}=yv ?=wH C}i}m
'C}atH O}rwD QO =yswRwtwQm ẁvD ^iL ?@U x}rw= C}atH |iO=YD O}rwD "OQ=O
[28]"OwW|t|rLt|xv}y@\=kv QO uO=Di= s=O x@ R}v w 'TQOwR *|}=Qosyp=tDL=Vy=m
xvwoI}y R=TQOwR|}=Qosy R= ?=vDH= Qw_vtx@ R}v |O=yvW}Bl}DvS sD} Qwor= QO
swO w pw= Q]U u}=Q@=v@ "OwW|tv xO=iDU= x}rw= C}atH O}rwD |=Q@ |Q=mD@= VwQ
w h]avt |Q=m |=yx=oDU}= R= |m} *|iO=YD X=YDN= =@ =yswRwtwQm |}=tvR=@ QO
Qy s=Hv= QO =yu}W=t |=Q@ umtt |=yu} Ro}=H |xawtHt u=}t R= u}W=t l} R}v
p}tmD nTOP =D 1 O=Oa= R= |iO=YD |@}DQD =@ R}v swU Q]U w OwW|t QB C=}rta

"OwW|t

|a]=kD Qorta "3
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"OW Ovy=wN pkDvt
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hOy u=wvax@ Fmax `@=D |R=Uxv}tm TBU "OW x�=Q= xr�Ut |=Q@ \rDNt K}LY
u=tR COt Vy=m j} Q] R= Cq;u}W=t R= =Q=m |Q=OQ@xQy@ Qw_vtx@ w |Ov@u=tR
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pL |=Q@ "CiQo Q=Qk |UQQ@ OQwt � CU= O}rwD w CN=U u}t-=D |xQ}HvR QO syt
"OW xO=iDU= |Ov@u=tR w u=tR p�=Ut pL QO l}DvS sD} Qwor= |=yC}r@=k R= xr�Ut
QO R}v =yQ=m |}=} wB xm OW s=Hv= |}xvwox@ =yswRwtwQm |L=Q] 'x=oQ=m |}=} wB p}rOx@
sD} Qwor= |=QH= |=Q@ =} wB |Oa@ wO |=yswRwtwQm Qo}O |DQ=@ax@ &OQ}o Q=Qk Q_v Ot =yv;
CiQo CQwY |}xvwox@ l}DvS |=yQorta ?=NDv= w swRwtwQm |L=Q] "OW |L=Q]
"OwW O=H}= pmWt u} QDsm xHwtQ}e swRwtwQm O}rwD w =yC}OwOLt =@ OQwNQ@ QO xm
Ok=i w xOW O}rwD |iO=YD CQwYx@ x}rw= C}atH '|O=yvW}B l}DvS sD} Qwor= QO

sD} Qwor= x@ C@Uv |O=yvW}B GA |=QH= Ow@y@ OYQO w Ow@y@ |xU}=kt "4 pwOH
"RKGA

`tH nQR@ Oa@ \UwDt Oa@ lJwm Oa@
446 156 140 150 Ow@y@ C=aiO O=OaD pm

Fmax u} QDtm

�20 65 �21 67 �19 44 �20 83 Ow@y@ C=aiO pm OYQO
Fmax u} QDtm

`tH nQR@ Oa@ \UwDt Oa@ lJwm Oa@
131 49 42 40 Ow@y@ C=aiO O=OaD pm

Fmax u}ov=}t

�60 65 �68 06 �58 33 �55 56 Ow@y@ C=aiO pm OYQO
Fmax u}ov=}t

56



u=}U
=@a

O :tL
tw

|Ov
w=yv

s}U
v \UwDt Qw]x@ w �1 49 w �1 35 '�1 17 u=R}tx@ Ow@y@ |xOvyOu=Wv 'xU}=kt u}=

G}=Dvx@ xHwD =@ u}=Q@=v@ "CU=xr�Ut R= nQR@ w \UwDt 'lJwm O=a@= |=Q@ �1 34
x@ C@Uv |O=yvW}B pL VwQ |}=Q=m ẁtHt QO '|OOa |=yV}=tR; R= pY=L
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1. parallel machines (PM)
2. dynamic job shop (DJS)
3. 
exible dynamic job-shop with parallel machines (FDJSPM)
4. genetic algorithm (GA)
5. job shop (JS)
6. rolling time horizon
7. 
exible job shop (FJS)
8. taboo search (TS)
9. arti�cial intelligent
10. symbiotic evolutionary algorithm
11. simulated annealing (SA)
12. particle swarm optimization (PSO)
13. 
exible job shop with parallel machines (FJSP)
14. repairing strategy
15. position based crossover
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