
�13
97

u=DU
tR�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

13
1�1

19
"X

'2/
2|

xQ=t
W'

34
�1

|xQ
wO

O
ri

gi
na

lA
rt

ic
le|y=oQ=m O}rwD |Ov@u=tR |xr�Ut pL

w S=Dvwt |xrLQt l} =@ Q}PBh=]av=
|r=wD x@ xDU@=w |R=UxO=t; u=tR

�Q=}Wv=O� �|L=Di R}wQB
u=QyD '=QyRr= x=oWv=O '`}=vY |UOvyt xwQo

�OWQ= |U=vWQ� |wHWv=O� O=Q|Qk=@ xt}av
�|QDmO |wHWv=O� Rwt;Vv=O xt]=i

u=Oty '=v}U |raw@ x=oWv=O '`}=vY |UOvyt xwQo

u=tR w S=Dvwt |xrLQt l} =@ Q}PBh=]av= |y=oQ=m O}rwD |Ov@u=tR |xr�Ut xr=kt u}= QO
Q=Qk |UQQ@ OQwt CqwYLt p}tmD u=tR |R=Uxv}tm hOy =@ |r=wD x@ xDU@=w |R=UxO=t;

S=Dvwt R= pwYLt Qy u; QO xm CU= |O}rwD |=ysDU}U R= |rOt 'xr�Ut u}= "OQ}o|t
OOa |]N |R} Qxt=vQ@ pOt l} '=OD@= QO "OwW|t O}rwD hrDNt C=a]k R= |}xawtHt

R= xO=iDU= =@ |O=yvW}B |[=} Q pOt |HvUQ=@Da= "CU= xOW xO=O xaUwD \rDNt K}LY
xmu}= x@ xHwD =@ TBU "CU= xOW s=Hv= \UwDt w lJwm p�=Ut |=R=x@ w Rto Q=Ri=sQv

sD} Qwor= wO w C=QP s=LOR= |R=Uxv}y@ sD} Qwor= 'CU= NP-hard |UQQ@ OQwt |xr�Ut
|OOa G}=Dv "CU= xO=yvW}B nQR@ w \UwDt O=a@= QO p�=Ut pL |=Q@ |@}mQD |Q=mD@==Qi
|D=@U=Lt G}=Dv "CU= xOW xU}=kt w�=o w |r |@}mQD sD} Qwor= =@ |O=yvW}B |=ysD} Qwor=

C=QP s=LOR= |R=Uxv}y@ |@}mQD sD} Qwor= 'xr�Ut nQR@ w \UwDt O=a@= QO xm OyO|t u=Wv
"OQ=O |QDy@ OQmrta =ysD} Qwor= Q}=U x@ C@Uv Q}eDt |o}=Uty |wHwCUH w

p.fattahi@alzahra.ac.ir
n.bagheri89@gmail.com
f.daneshamooz@gmail.com

'|R=UxO=t; u=tR 'S=Dvwt 'Q}PBh=]av= |y=oQ=m O}rwD |Ov@u=tR %|O}rm u=oS=w
"|Q=mD@==Qi |=ysD} Qwor=

xtOkt "1
w |r 'p=Ft u=wvax@ "OQ=O OwHw C=a]k VR=OQB |xrLQt R= Oa@ |}=yv pwYLt
|k=QDL= QwDwt =@ |}=ywQOwN O}rwD QO '|}xrLQtwO p�=Ut R= OQ@ Q=m l} [1]'u=Q=mty
x=oQ=m QO =Q =ysDU}U u}= R= |Qo}O OQ@ Q=m R}v [2]u=Q=mty w TD=B "OvO=O u=Wv =Q

"OvO=O K}[wD xv=}=Q |O}rwD
|xRwL QO |}xS} w x=o}=H Q}PBh=]av= |y=oQ=m O}rwD |=ysDU}U |Ov@u=tR
|=ysDU}U QO |Q}PBh=]av= "CU= |@}mQD |R=Uxv}y@ p�=Ut w O}rwD C} Q}Ot
w sDU}U OQmrta Ow@y@ 'O}rwD V}=Ri= '|y=owro CqmWt `iQ x@ QHvt |O}rwD
|y=oQ=m O}rwD |xv}tR QO xOW s=Hv= C=ar=]t QO "OwW|t |D@=kQ C} Rt O=H}=
O}rwD |xr�Ut Q=DWwv u}= QO =Pr "CU= xOW xDiQo xO}O=v S=Dvwt |xrLQt Q}PBh=]av=
2|}xrLQtwO |@}mQDO}rwD sDU}U l} xm &1S=Dvwt C=}rta =@ Q}PBh=]av= |y=oQ=m
QOC}ty= R�=L p�=Ut R= |m} u}vJty "OQ}o|t Q=Qk xar=]t OQwt 'OwW|t ?wULt
?re= QO xm CU=yC=}rta |R=Ov=x=Q u=tR 'Q}PBh=]av= |y=oQ=m O}rwD |=ysDU}U
u=tR R= |WN@ u=wvax@ =} CU= xOW xDiQo xO}O=v =} |R=UxO=t; u=tR 'C=k}kLD
Ow@y@ Ea=@ 'VR=OQB u=tR R= |R=UxO=t; u=tR uOQm livt "CU= xOW ^=Lr Ov}=Qi
pkDUt |=yCQwYx@,qwtat |R=Ov=x=Q u=tR [3]"Ow@ Oy=wN =y|Q}os}tYD QO OQmrta

w |Ov@u=tR |xt=vQ@ u}}aD '|O}rwD u=tR=U Qy QO C}kiwt |O}rm pt=wa R= |m}
OQmrta QO |QF-wt w syt Vkv xm CU= O}rwD |R} Qxt=vQ@ p�=Ut QO C=}rta |r=wD
QO O}rwD hrDNt pL=Qt u=tRsy uDiQo Q_vQO "OQ=O |O}rwD Q}e w |O}rwD OL=w
uOQmxv}y@ xm =QJ "CU= Q=OQwNQ@ |}q=@C}ty= R= Qwt= s=Hv= |Ov@u=tR w |R} Qxt=vQ@
|=yC}iQ_ w =yQDt=Q=B uDiQo Q_vQO uwO@ 'O}rwD R= xrLQt l} QO =yQ=m s=Hv= |r=wD
Cq;u}W=t R= xv}y@ xO=iDU= w O}rwD pm u=tR uOW x=Dwm |=Q@|v}t[D '|Oa@ |xrLQt
|xyO wO |] =D CU= xOW ?Hwt syt u}= "Ow@ Oy=wNv OwHwt |=yC}iQ_ Q}=U w
,=twta xm �� =Q O}rwD pL=Qt '|Ov@u=tR |=ypOt |xaUwD w x�=Q= QO u}kkLt Q}N=
|Ov@u=tR p�=Ut "OvQ}o@ Q_vQO sy =@ �� CU= S=Dvwt w VR=OQB xrLQt wO pt=W
xDiQo Q_v QO sy =@ u=tRsy CqwYLt S=Dvwt w C=a]k CN=U pL=Qt =yu; QO xm
O}rwD '|R=UwQOwN `}=vY Q}_v '|O}rwD nQR@ |=yCmQW QO |O=} R OQ@ Q=m 'OwW|t
O}rwD |=Q@ |S=Dvwt \w]N '`}=vY u}= QO ,qwtat "OQ=O =t}B=wy w |ov=N sR=wr

pw�Ut xOvU} wv �
"1396 5 17 VQ}PB '1396 4 27 x}LqY= '1395 12 11 Ci=} QO %M} Q=D

DOI:10.24200/J65.2018.20092



"""|
y=oQ

=mO
}rwD

|Ov
@u=t

R|
xr�U

tp
L|UQQ@ OQwt =Q |Q=m Ci}W C}OwOLt w |r=wD x@ xDU@=w |R=UxO=t; u=tR 'xrwtLt

Q_vQO S=Dvwt |xrLQt QO u}W=t n w pw= |xrLQt QO u}W=t m =yu; "OvO=O Q=Qk
=@ |y=oQ=m u=} QH |Ov@u=tR |xr�Ut |=Q@ |[=} Q pOt l} [11]=t=} wmw} "OvDiQo
|=Q@ Q=m s=tD= u=tR \UwDt =Q hOy `@=D w 'OQm O=yvW}B S=Dvwt w |R=UxO=t; C=}rta
|Ov@s}UkD |}=ylwr@ x@ =yC=}rta xr�Ut u}= QO "CiQo Q_vQO CqwYLt s=tD
OvJ =} l} |=Q@ S=Dvwt w |R=UxO=t; '|Q=mu}W=t C=}rta pt=W lwr@ Qy "OvwW|t
hOy =@ |}xrLQtwO S=Dvwt |Ov@u=tR |xr�Ut [12]|Rvq= w |OQwxrr= "CU= pwYLt
|=yu=tR xm OvOQm ZQi =yu; "OvO=O Q=Qk |UQQ@ OQwt =Q =yQ=m s=tD= u=tR |R=Uxv}tm
VwQ xU w u=Qm w xN=W sD} Qwor= l} =yu; "CU= |r=wD x@ xDU@=w |R=UxO=t;
S=Dvwt |=yu}W=t =@ S=Dvwt |y=oQ=m u=} QH [13]'u=Q=mty w |}=wv "OvOQm x�=Q= |Q=mD@=
=yu; "OvO=O Q=Qk |UQQ@ OQwt =Q |R=UxO=t; u=tR x@ xDU@=w |r=wD w u=Um} Q}e |R=wt
|m}DU} Qw}y sD} Qwor= l} R= w OvO=O xaUwD =Q |@}mQD |Q=mD@==Qi sD} Qwor= Q=yJ
"OvOQm xO=iDU= S=Dvwt |xrLQt pL |=Q@ 6�SA� O} Q@D |R=Ux}@W sD} Qwor= w O}OH
|r=tDL= |}xrLQtwO S=Dvwt |y=oQ=m u=} QH |Ov@u=tR |xr�Ut [14]'u=Q=mty w xO=R;
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&Oj;P;h C=}rta u=}=B u=tR %fj;p;h

&p pwYLt S=Dvwt C=}rta ẁQW u=tR %Stp
&k0 C@ wv QO swO |xrLQt QO S=Dvwt u}W=t Q=m x@ ẁQW u=tR %Smk0

&pw= |xrLQt QO p pwYLt CN=U u=tR %Ep
&p pwYLt p}tmD u=tR %Cp

Oj;P;h C=}rta |=Q@ i u}W=t Qo = xm |Qw]x@ 'CU= 1 w QiY Q}eDt l} %yi;j;p;h
&CU= 0 CQwYu}= Q}e QO w 1 Q@=Q@ OwW ?=NDv=

Oj0;p0;h0 C=}rta Qo = xm |Qw]x@ 'CU= 1 w QiY Q}eDt l} %xi;j;p;h;j0;p0;h0
CQwYu}= Q}e QO w 1 Q@=Q@ OwW s=Hv=Oj;p;h C=}rta R= Oa@ xrY=iq@ i u}W=t |wQ

&CU= QiY
QO S=Dvwt u}W=t |wQ p pwYLt Qo = xm |Qw]x@ CU= 1 w QiY Q}eDt l} %Zp;k0

"CU= QiY CQwYu}= Q}e QO w 1 Q@=Q@ OwW S=Dvwt k0 C@ wv

"S=Dvwt xrLQt l} =@ Q}PBh=]av= |y=oQ=m O}rwD |xr�Ut |=tW "1 pmW
|xr�UtQ} R wO x@ xr�Ut w OQ=O OwHw xOW xO=O X=YDN=u}W=t OvJu}@ R= iu}W=t
xmCU= C=}rta hj |=Q=O xa]k QyCr=L u}= QO "OwW|t s}UkD |r=wD wX}YND
C=}rta|xOvyOu=WvhT}Ov= 'xa]k|xOvyOu=Wv jT}Ov= "OwWs=Hv=?}DQDx@ O}=@
pwYLt R= j xa]k R= h C=}rta u}vJty "CU= u}W=t |xOvyOu=Wv iT}Ov= w
xO=O u=Wv Oj;p;h (j = 1; :::; n; h = 1; :::; hj ; p = 1; :::; P ) O=tv =@ p
|=yu}W=t xawtHt R= i u}W=t l} \UwD Oj;p;h C=}rta Qy s=Hv= "OwW|t
xOW ZQi "OQ=O Pti;j;p;h VR=OQB u=tR x@ R=}v C=}rta u; x@ xDi=} X=YDN=
u}=Q@=v@ "OwW|t s=Hv=Oj;p;h C=}rta R= Oa@ xrY=iq@Oj0;p0;h0 C=}rta xmCU=
xDiQo Q_vQO si;j;p;h;j0;P 0;h0 'Oj0;p0;h0 C=}rta |R=Ov=x=Q |=Q@ R=}v OQwt u=tR
'|r=wD x@ xDU@=w |R=UxO=t; u=tR xm CU= u; Q@ ZQi xOW x�=Q= pOt QO "CU= xOW
"(si;j;p;h;j0;P 0;h0 = si;j;p;j0;P 0) CU= C=a]k |=yC=}rta xQ=tW R= pkDUt
=@ pwYLt p |Ov@u=tR CQwYx@ xm CU= S=Dvwt |Ov@u=tR |xr�Ut 'swO |xrLQt
xO=O V}=tv 1 pmW QO xr�Ut u}= |rm |=tW "OwW|t h} QaD 'Ap S=Dvwt u=tR

"CU= xOW
O}vm ZQi "CU= xOW x�=Q= u; R= |OQ@ Q=m p=Ft l} 'xr�Ut uOW uWwQ |=Q@
"Ovm|t O}rwD |} wWT=@r u}W=t w |kQ@ wQ=H pwYLt wO '|ov=N sR=wr CmQW l}
"OwW|t ?wULt pwYLt wO Qy |rY= Ov}=QiQ} R wO QwDwt w xvO@ O}rwD '|rm Qw]x@
'QwDwt w xvO@ O}rwD "2 'VR=OQB "1 %CU= xrLQt wO pt=W Q_v OQwt CqwYLt O}rwD
|O}rwD sDU}U u}= "OQ}o|t CQwY Q}PBh=]av= |y=oQ=m O}rwD sDU}U l} QO xm
p=Ft u}= QO "CU= """w |R}t;nvQ '|yOpmW 'VQ@ Ovv=t C=}rta u}OvJ pt=W
|R=UxO=t; u=tR ,qFt "OQ=O |oDU@ u; u}W}B C=}rta x@ 'u}W=t |R=Ov=x=Q u=tR
|xrLQt R= xm |D=}rta =@ OwQ|t |R}t; nvQ x@ |yOpmW |xrLQt R= xm |D=}rta
hQY =Q |v=tR QwD=QB= OQwt wO Qy QO "CU= Cw=iDt OwQ|t |R}t; nvQ x@ VQ@
=D OWm|t pw] |v=tR COt |yOpmW C=}rta QO 'xwqax@ "Ovm|t xa]k s}_vD
TB 'swO |xrLQt QO "CU}v u=tR u}= x@ |R=}v VQ@ C=}rta QO |rw &OwW OQU xvO@
C=kraDt w C=R}yHD Q}=U x=Qtyx@ C=a]k 'pwYLt Qy R=}v OQwt C=a]k p}tmD R=

"OvwW|t S=Dvwt Q}oOm} =@
%R= Ov=CQ=@a 'Ov=xOW xDiQoQ_vQO |R=UpOt pL=Qt QO xm |D=}[Qi

"Ov=TQDUO QO |R} Qxt=vQ@ ji= QO =yu}W=t |xty "1
|xO=t; QiY u=tR QO C=a]k |xty w XNWt |}=yv CqwYLt |=[=kD "2

"Ov=VR=OQB
uwO@ O}=@ 'xOW ẁQW C=}rta ẁv Qy |va} &CU}v R=Ht C=}rta QO CUmW "3

"OUQ@ s=tD= x@ xikw
l} OvtR=}v uOW p}tmD |=Q@ pwYLt Qy w OwW O}rwD O}=@ pwYLt |O=OaD "4

"CU= C=a]k |QU
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k0=1
Zp;k0 = 1; p = 1; 2; :::; P (17)

xi;j;p;h;j;p;h = 0; i = 1; 2; :::;m; j = 0; 1; :::; np;
p = 0; 1; :::; P; h = 1; 2; :::; hj (18)

xi;j;p;h;j0;p0;h0 2 f0; 1g ; i = 1; 2; :::;m; j = 0; 1; :::; np;
p = 0; 1; :::; P; h = 1; 2; :::; hj ; j0 = 1; :::; np0 ;
p0 = 1; :::; P 0; h0 = 1; 2; :::; h0j0 (19)

yi;j;p;h 2 f0; 1g ; i = 1; 2; :::;m; j = 0; 1; :::; np
p = 0; 1; :::; P; h = 1; 2; :::; hj (20)

Zp;k0 2 f0; 1g ; P = 1; 2; :::; P; k0 = 1; 2; ::; k0A (21)

Cp; Stp; Ep � 0; P = 1; 2; :::; P (22)

tj;p;h; fj;p;h � 0; j = 0; 1; :::; np; p = 0; 1; :::; P;
h = 1; 2; :::; hj (23)

Smk0 � 0; k0 = 1; 2; ::; k0A (24)

Qou=Wv 1 |xrO=at %CU= Q} R KQWx@ pOt u}= |=yC}OwOLt w CqO=at s}y=it
2 C}OwOLt "Ovm|t xv}tm =Q CqwYLt p}tmD u=tR xm CU= pOt hOy `@=D
=Q Q=m Qy C=}rta |r=wD 4 w 3 |=yC}OwOLt "Ovm|t h} QaD =Q hOy `@=D Q=Okt
=Q pwYLt l} C=a]k VR=OQB u=tR u} QDnQR@ 5 C}OwOLt "Ovvm|t XNWt
C=}rta Qy |=Q@ R=}v OQwt u}W=t xm OwW|t ?Hwt 6 C}OwOLt "OyO|t u=Wv
?Hwt 7 C}OwOLt "OwW ?=NDv= C=}rta u; x@ xDi=} X}YND |=yu}W=t u}@ R=
l} =yvD 'C=}rta u; x@ xDi=}X}YND |=yu}W=t u}@ R= C=}rta Qy |=Q@ xm OwW|t
\ki u=tRl} QO u}W=t Qy Ovvm|t u=}@ 9 w 8 |=yC}OwOLt "OwW ?=NDv= u}W=t
10 |=yC}OwOLt "Ovm|t VR=OQB |R=UxO=t; u=tR uDiQo Q_vQO =@ '=Q C=}rtal}
1 "Ovvm|t h} QaD =Q u}W=t Qy |wQ =yC=}rta �|r=wD� |}xQ}=O |=yCWo}=H 11 w
|xa]k R= s=h C=}rta xm CU= u; Qou=}@ 10 C}OwOLt *CU=Q CtU Q=Okt uOW
w p@k C=}rta R}v 10 C}OwOLt "OwW|t VR=OQB i u}W=t |wQ p pwYLt R= j
?}DQD u}=Q@=v@ "Ovm|t XNWt =Q p pwYLt R= j |xa]k R= s=h C=}rta R= Oa@
u=tR u} QDsm 12 C}OwOLt "OwW|t u}}aD 11 w 10 |=yC}OwOLt \UwD |r=wD
CqwYLt p}tmD u=tR Qou=}@ 13C}OwOLt "OyO|t u=Wv =Q S=Dvwt |xrLQt ẁQW
u}W=t l} S=Dvwt |xrLQt QO xm OQw;|t OwHwx@ =Q s=Rr= u}= 14 C}OwOLt "CU=
k0 C@ wv QO u}W=t u; Q=m xm OR=OQB@ k0 + 1 C@ wv QO Q=m x@ Ov=wD|t |DQwYQO
QO xm OvQw;|t OwHwx@ =Q s=Rr= u}= 16 w 15 |=yC}OwOLt "OW=@ xO}UQ s=tD= x@
pwYLt sy xm OwW ẁQW Ov=wD|t |DQwYQO pwYLt l} VR=OQB swO |xrLQt
?Hwt 17 C}OwOLt "OW=@ Q=m}@ S=Dvwt *u}W=t sy w OW=@ xO}UQ s=tD= x@ u; |r@k

"O@=} X=YDN= pwYLt l} =yvD 'C@ wv Qy QO S=Dvwt u}W=t x@ xm OwW|t

|O=yvW}B |=ysD} Qwor= "4
|=Q@ j}kO |wHwCUH |=ysD} Qwor= '|UQQ@ OQwt |xr�Ut |oO}J}B x@ xHwD=@
O=a@= uOW nQR@ =@ u=tR u}= w OvDUy |O=} R |D=@U=Lt u=tR OvtR=}v u; pL
,qta xv}y@ ?=wH uDi=} R}v OQ=wt |NQ@ QO w O@=}|t V}=Ri= |}=tv CQwYx@ xr�Ut
=@ ?=wH uOQw; CUO x@ |B QO xm |Q=mD@==Qi |=ysD} Qwor= =Pr "CU}v Q}PBu=mt=

'xOW h} QaD |=yQ}eDt w =yQDt=Q=B uDiQo Q_vQO =@ w jwi C=L}[wD x@ xHwD =@
OOa |]N |R} Qxt=vQ@ pOt "OwW|t h} QaD Q} R CQwYx@ xr�Ut |[=} Q pOt
[22]|L=Di w O=@;Qyt |O}aU |[=} Q pOt |xDi=}xaUwD xOW x�=Q= \rDNt K}LY

"CU=
Min Z = (Cmax) (1)

Subject to :

Cmax � Cp; 8p (2)

tj;p;h + yi;j;p;h:P ti;j;p;h � fj;p;h; i = 1; 2; :::;m;
j = 1; 2; :::; np; p = 1; 2; :::; P; h = 1; 2; :::; hj (3)

fj;p;h � tj;p;h+1; j = 1; 2; :::; np; p = 1; 2; :::; P;
h = 1; 2; :::; hj � 1 (4)

fj;p;h � Ep; j = 1; 2; :::np; p = 1; 2; :::; P;
h = 1; 2; :::; hj (5)

yi;j;p;h � ai;j;p;h; i = 1; 2; :::;m; j = 0; 1; :::; np;
p = 0; 1; :::; P; h = 1; 2; :::; hj (6)

mX
i=1

yi;j;p;h = 1; j = 0; 1; 2; :::; np; p = 0; 1; :::; P;

h = 1; 2; :::; hj (7)

tj;p;h+Pti;j;p;h+si;j;p;j0;p0� tj0;p0;h0+(1� xi;j;p;h;j0;p0;h0) :L;
i = 1; 2; :::;m; j = 0; 1; :::; np; p = 0; 1; :::; P;
h = 1; 2; :::; hj ; j0 = 1; :::; np0 ; p0 = 1; :::; P 0;
h0 = 1; 2; :::; h0j0 (8)

fj;p;h + si;j;p;j0;p0 � tj;p;h+1 + (1� xi;j0;p0;h0;j;p;h+1) :L;

i = 1; 2; :::;m; j = 1; ::; np; p = 1; :::; P;
h = 1; 2; :::; hj � 1; j0 = 0; 1; :::; np0 ;
p0 = 0; 1; :::; P 0; h0 = 1; 2; :::; h0j0 (9)

PX
p=0

npX
j=0

hjX
h=1

xi;j;p;h;j0;p0;h0 = yi;j0;p0;h0 ; i = 1; 2; :::;m;

j0 = 1; :::; np0 ; p0 = 1; :::; P 0; h0 = 1; :::; h0j0 (10)

P 0X
p0=1

np0X
j0=1

h0j0X
h0=1

xi;j;p;h;j0;p0;h0 = yi;j;p;h; i = 1; :::;m;

j = 0; 1; :::; np; p = 0; 1; :::; P; h = 1; :::; hj (11)

Ep � Stp; 8p (12)

Ap + Stp � Cp; 8p (13)

Smk0 +Ap:Zp;k0 � Smk0+1; 8p; k0 = 1; 2; :::; k0A � 1
(14)

Smk0 � Stp + (1� Zp;k0):L; 8p; k0 (15)

Smk0 + (1� Zp;k0):L � Stp; 8p; k0 (16)
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=vY

|U
Ovyt C}akwt Xi(t) '(t) O}OH |xrLQt QO s=i |xQP CaQU Vi(t) 'u; QO xm

's=i |xQP |OQi C}akwt u} QDy@ P-Besti '(t) O}OH |xrLQt QO s=i |xQP
OOa wO r2 w r1 '|UQv}= uRw w 'C=QP |atH C}akwt u} QDy@ G-Best

?}DQDx@ c2 w c1 "OvDUy (0; 1) xR=@ QO CN=wvm} `} RwD |=Q=O xm |iO=YD
Ea=@ ?}DQDx@ xm OvDUy |a=tDH= |Q}oO=} ?} Q[ w |OQi |Q}oO=} ?} Q[
CmQL |atH C}akwt u} QDy@ w |OQi C}akwt u} QDy@ CtUx@ xQP OvwW|t
C=QP s=LOR= |R=Uxv}y@ sD} Qwor= Ovv=ty |O=yvW}B sD} Qwor= |rm Q=DN=U "Ovm
l} C=QP R= s=Om Qy |=Q@ 'x}rw= C}atH O}rwD R= TB sD} Qwor= u}= QO "CU=
=[i QO wHwCUH x@ xOW u=wva pwtQi Q@=v@ w OwW|t xDiQo Q_v QO x}rw= CaQU

"OR=OQB|t

|wHwCUH w C=QP s=LOR= |R=Uxv}y@ |@}mQD sD} Qwor= "2"4
10�HPSOVNS� Q}eDt |o}=Uty

QO =t= CU= Q=OQwNQ@ |}q=@ |}=Qoty CaQU R= C=QP s=LOR= |R=Uxv}y@ sD} Qwor=
Vw=m OQwt =Q =[i |x}k@ w OwW|t Ovm wHwCUH Ov}=Qi |xv}y@ |x]kv |m}ORv
'TQOwR |}=Qoty w |rLt |xv}y@ QO uO=Di= R= |Q}owrH Qw_vtx@ =Pr "OyO|tv Q=Qk
|WwQ sD} Qwor= u}= "CU= xOW O=yvW}B 11Q}eDt |o}=Uty |wHwCUH sD} Qwor=
\w@ Qt C=aq]= u} QDW}@ R= Ov=wD|t xm CU= wHwCUH Ov}=Qi Ow@y@ |=Q@ ?U=vt

"Ovm xO=iDU= =ypLx=Q C}i}m Ow@y@ |=Q@ xr�Ut x@
p=U QO Tv=y w I} wvOqt \UwD Q}eDt |o}=Uty |wHwCUH sD} Qwor=
C=Q}}eD |x}=B Q@ |Q=mD@==Qi |=ysD} Qwor= R= |m} sD} Qwor= u}= [24]"OW KQ]t 1997
Q=DN=U l}D=tDU}U C=Q}}eD [25w24]"CU= wHwCUH Ov}=Qi pw] QO l}D=tDU}U
l} =@ sD} Qwor= u}= "OQ}o|t s=Hv= |rLt xv}y@ x]kv R= Q=Qi Qw_vtx@ |o}=Uty
�Q=QmD O=OaD QFm =OL� xtD=N Q=}at xm|v=tR =D w Ovm|t R=e; =Q OwN Q=m x}rw= pLx=Q
pt=W sD} Qwor= |rY= |xkrL "OwW|t Q=QmD sD} Qwor= |rY= |xkrL 'OwW Q=QkQ@
?=wH R= sD} Qwor= |oDiW; R=i QO "CU= |rLt |wHwCUH w |oDiW; R=i wO
QO "Ovm|t CmQL (y0) x}=Uty ?=wH x@ |o}=Uty Q=DN=U R= xO=iDU= =@ (y) |rai
|wHwCUH |=yVwQ R= xO=iDU= =@ y0 ?=wH |wQ Q@ R}v |rLt |wHwCUH R=i
'TBU "O};|t CUO x@ y00 |rLt |xv}y@ w OQ}o|t s=Hv= wHwCUH '|rLt
"OwW|t xU}=kt pL x=Q C}i}m Q_v R= y |rai pL x=Q =@ y00 |rLt |xv}y@
y00 'OwW O=H}= pL x=Q QO |Ow@y@ xm |DQwY QO |va} 'OW=@ y R= QDy@ y00 Qo =
xOW RwQx@ y =@ pw= |o}=Uty Q=DN=U =@ xQ=@ wO wHwCUH w OwW|t y u} Ro}=H
|Oa@ |o}=Uty Q=DN=U \UwD wHwCUH |xkrL 'CQwYu}= Q}e QO "OwW|t R=e;
Ovm|t Q}}eD l}D=tDU}U CQwYx@ |rLt Q=DN=U 'OQwt u}= QO "OwW|t Q=QmD
|wHwCUH s=Hv= w =[i R= Qo}O |xk]vt l} Vw=m |=Q@ |oDiW; VwQ w
|UQQ@ |o}=Uty |=yQ=DN=U |xty xm u}= R= TB "OQ}o|t CQwY O}OH |rLt
R=e; sD} Qwor= |Oa@ Q=QmD 'Ot=}v CUO x@ y pLx=Q |=Q@ |Ow@y@ I}y w OW

"OwW|t
s=LOR= |R=Uxv}y@ sD} Qwor= wO Qy |=}=Rt R= |O=yvW}B |@}mQD sD} Qwor= QO
'=OD@= QO |@}mQD VwQ u}= QO "OwW|t xO=iDU= Q}eDt |o}=Uty |wHwCUH w C=QP
"O};|t CUOx@ C=QP s=LOR= |R=Uxv}y@ sD} Qwor= \UwD |QU=QU pLx=Q u} QDy@
=O}B |QU=QU pLx=Q u} QDy@ |wQ Q@ Q}eDt |o}=Uty |wHwCUH sD} Qwor= 'TBU
CQ=Jwri "OwW|t p=ta= '|QU=QU pLx=Q u} QDy@ Ow@y@ Qw_vtx@ 'Q=QmD Qy QO xOW

"CU= xOW xO=O u=Wv 2 pmW QO |O=yvW}B |@}mQD sD} Qwor=

"|O=yvW}B |@}mQD |=ysD} Qwor= CQ=Jwri "2 pmW

Qw_vt u}tyx@ "OQ=O |Q=}U@ OQ@ Q=m xr�Ut u}= pL QO 'OvW=@ pwkat u=tR QO C}i}m
|@}mQD |Q=mD@==Qi sD} Qwor= wO w C=QP s=LOR= |R=Uxv}y@ sD} Qwor= 'Q=DWwv u}= QO
2 pmW QO |O=yvW}B |@}mQD |=ysD} Qwor= OQmrta |xwLv "CU= xOW O=yvW}B

"CU= xOW xO=O u=Wv

C=QP s=LOR= |R=Uxv}y@ sD} Qwor= "1"4
QO xm CU= |}=ysD} Qwor= u} QDsyt R= |m} C=QP s=LOR= |R=Uxv}y@ sD} Qwor=
w |Ovm Rt}H \UwD Q=@ u}rw= |=Q@ sD} Qwor= u}= "OQ}o|t |=H |atH Vwy |xRwL
uwJ |D=v=w}L |a=tDH= Q=DiQ R= s=yr= =@ w KQ]t 1995 p=U QO CQ=yQ@= |U pU=Q
|L=Q] 'Ovvm|t |oOvR sy Q=vm nQR@ w lJwm |=yxwQo QO xm u=oOvQB w =y|y=t
l} C}akwt 'xr�Ut ?=wH Qy C=QP s=LOR= |R=Uxv}y@ sD} Qwor= QO [23]"CU= xOW
wHwCUH |=[i QO xQP Qy u=mt Q}}eD "OyO|t u=Wv =Q wHwCUH |=[i QO xQP
xOt; CUO x@ xv=o =OH Qw]x@ xQP Qy |=Q@ uwvm =D xm CU= |@=wH u} QDy@ Q}F-=D CLD
xm CU= |Q=Okt u} QDy@ u; w &Ovt=v|t �8|OQi C}akwt u} QDy@� =Q u; w 'CU=
C}atH u=}t QO =yxQP s=tD \UwD w �9|atH C}akwt u} QDy@� u=wva CLD uwvm =D
h} QaD u}vJ C=QP CaQU w C}akwt x@ \w@ Qt CqO=at "CU= xOt; CUO x@

%OvwW|t

Vi(t) =W � Vi(t� 1) + c1 � r1 � (P� Besti �Xi(t� 1))

+ c2 � r2 � (G� Best�Xi(t� 1)) (25)

Xi(t) = Xi(t� 1) + Vi(t) (26)
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LQO "O};|t CUO x@ |iO=YD |xOa=k R= swO |xrLQt QO CqwYLt |r=wD w pw=

"OvwW|t ?DQt O=Oa= O=tv |iO=YD Qw]x@ xOa=k u}=

|o}=Uty Q=DN=U �G
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HGATS PSO HPSOSA HPSOVNS Gams u=tR
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0 39 0 39 0 39 0 39 0 39 85 4; 3; 4; 5 S6
0 55 0 55 0 55 0 55 0 55 69 5; 2; 4; 5 S7
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0 61 0 61 0 61 0 61 0 61 317 8; 2; 4; 4 S9
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|@Uv Cmax |@Uv Cmax |@Uv Cmax |@Uv Cmax Cmax

10 59 1 48 94 29 41 2 59 110 5 88 1 12 90 9 41 1 48 93 85 8; 2; 6; 6 M1
11 76 1 58 114 27 45 2 38 130 13 73 2 24 116 7 84 0 43 110 102 8; 2; 6; 8 M2
10 20 1 92 108 28 57 1 12 126 6 12 1 48 104 8 16 2 12 106 98 9; 2; 6; 9 M3
9 52 2 55 161 21 77 2 17 179 8 16 1 41 159 4 08 1 48 153 147 10; 5; 6; 6 M4
20 73 2 74 99 42 68 2 17 117 20 73 2 74 99 10 98 1 64 91 82 9; 3; 6; 11 M5
24 32 2 68 92 36 49 2 38 101 14 86 1 58 85 6 76 1 79 74 6; 5; 7; 12 M6
16 67 1 92 105 25 56 3 64 113 17 78 2 96 106 6 67 1 79 96 90 8; 4; 6; 12 M7
10 29 1 8 150 33 09 2 12 181 11 03 1 92 151 5 15 2 59 143 136 13; 2; 6; 9 M8
10 15 2 29 217 16 75 3 7 230 8 63 1 87 214 4 06 1 92 205 197 13; 3; 5; 5 M9
11 28 2 5 146 21 80 3 32 162 10 53 1 48 147 3 76 1 8 138 133 12; 2; 6; 10 M10
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|@Uv Cmax |@Uv Cmax |@Uv Cmax |@Uv Cmax

4 17 1 87 150 13 89 2 69 164 6 25 3 11 153 0 1 12 144 9; 4; 6; 14 L1
6 51 1 41 180 14 79 2 68 194 7 69 2 55 182 0 1 48 169 13; 3; 6; 17 L2
3 14 0 83 197 13 61 1 58 217 3 66 1 58 198 0 1 3 191 11; 12; 3; 6 L3
2 31 2 59 221 12 5 2 69 243 1 85 2 17 220 0 1 09 216 17; 4; 9; 9 L4
4 7 1 8 156 16 11 2 17 173 8 72 2 38 162 0 0 71 149 25; 2; 10; 14 L5
2 24 5 8 228 9 42 2 28 244 2 59 1 87 231 0 1 68 223 30; 6; 4; 8 L6
2 03 2 29 251 5 69 3 34 260 1 63 1 58 250 0 1 09 246 33; 4; 7; 6 L7
2 16 2 24 331 6 17 3 11 344 3 09 1 48 334 0 0 87 324 38; 3; 9; 7 L8
1 44 2 74 353 6 32 1 87 370 2 87 1 92 358 0 1 64 348 42; 2; 6; 7 L9
1 78 1 48 344 6 21 2 95 359 2 07 1 8 345 0 1 92 338 50; 3; 6; 9 L10
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"\UwDt O=a@= =@ p�=Ut |=Q@ |iO=YD |mwr@ KQ] Tv=} Q=w R}r=v; G}=Dv "8 pwOH

`@vt ẁtHt xHQO u}ov=}t |xQ=t;
P-valueC=a@ Qt |O=R; C=a@ Qt F

QwDm =i 3053 4 3 1017 8 77 5 0
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pm 741864 40

"nQR@ O=a@= =@ p�=Ut |=Q@ |iO=YD |mwr@ KQ] Tv=} Q=w R}r=v; G}=Dv "9 pwOH

`@vt ẁtHt xHQO u}ov=}t |xQ=t;
P-valueC=a@ Qt |O=R; C=a@ Qt F

QwDm =i 2573 8 3 857 93 160 084 0
lwr@ 212261 5 9 23584 61 4400 7 0
=]N 144 7 27 5 36
pm 2596420 40
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P-value =ysD} Qwor= sD} Qwor=
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0 PSO
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Q}=U xm OyO|t u=Wv G}=Dv =Pr "CU= 0 05 |Q=O=vat K]U R= QDsm =ysD} Qwor=
Qo}Om} =@ 'xv}y@ ?=wH x@ uO}UQ QO |}=v=wD Q_v R= '\UwDt Oa@ QO =ysD} Qwor=
P-value Q}O=kt 'OwW|t xOy=Wt 11 pwOH QO xm u=vJ "OvQ=O Q=O=vat hqDN=
G}=Dv =Pr "CU= 0 05 |Q=O=vat K]U R= QDsm =ysD} Qwor= xty wOx@ wO |xU}=kt
?=wH x@ uO}UQ QO |}=v=wD Q_v R= 'nQR@ Oa@ QO sD} Qwor= Q=yJ Qy xm OyO|t u=Wv
u=wD|t =ysD} Qwor= Q}O=kt u}ov=}t T=U=Q@ "OvQ=O Q=O=vat hqDN= Qo}Om} =@ 'xv}y@
sD} Qwor= xU R= QDsm Oa@ wO Qy QO HPSOVNS sD} Qwor= u}ov=}t xm OQm u=}@

"OQ=O =ysD} Qwor= Q}=U x@ C@Uv |QDy@ OQmrta sD} Qwor= u}= =Pr 'CU= Qo}O
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"nQR@ O=a@= =@ p�=Ut |=Q@ =ysD} Qwor= Q}O=kt |=yTv=} Q=w |Q@=Q@ uwtR; "11 pmW

|=Q=O nQR@ w \UwDt O=a@= QO sD} Qwor= Q=yJ Qy u}=Q@=v@ "CU= 0 05 R= QDW}@
O=a@= =@ p�=Ut pL QO =ysD} Qwor= Tv=} Q=w |Q@=Q@ uwtR; G}=Dv "OvDUy p=tQv `} RwD
Q}O=kt "CU= xOW xO=O u=Wv 11 w 10 |=ypmW QO ?}DQDx@ nQR@ w \UwDt
'u}=Q@=v@ "CU= 0 05 |Q=O=vat K]U R= QDW}@ Oa@ wO Qy QO uwtR; u}= P-value

'jwi QO xOW s=Hv= |=yuwtR; G}=Dv x@ xHwD =@ "OvQ@=Q@ Qo}Om} =@ =ysD} Qwor= Tv=} Q=w
"CU= Q=QkQ@ l} QDt=Q=B uwtR; R= xO=iDU= |=yZQi

QO "CU= xOW xO=iDU= |iO=YD |mwr@ KQ] Tv=} Q=w p}rLD R= 'j}kLD u}= QO
Q_vQO lwr@ u=wvax@ Q=PoQ}F-=D pt=wa Q}=U w QwDm =i u=wvax@ =ysD} Qwor= 'uwtR; u}=
G}=Dv w s=Hv= Spss Q=Ri=sQv QO |iO=YD |mwr@ KQ] Tv=} Q=w R}r=v; "Ov=xOW xDiQo
9 w 8 pw=OH QO ?}DQDx@ w x@U=Lt xr�Ut nQR@ w \UwDt O=a@= |=Q@ uwtR; u}=
QDsm =ylwr@ w =ysD} Qwor= P-value Q}O=kt 'pw=OH u}= QO "CU= xOW xO=O u=Wv
XNWt xmu}= |=Q@ "OwW|t OQ QiY ZQi =Pr 'CU= 0 05 |Q=O=vat K]U R=
hqDN= pk=OL uwtR; R= 'OvQ=O Q=O=vat hqDN= Qo}Om} =@ =ysD} Qwor= s=Om OwW
QO ?}DQDx@ nQR@ w \UwDt O=a@= |=Q@ uwtR; u}= G}=Dv "CU= xOW xO=iDU= 14Q=O=vat
|xU}=kt P-value Q}O=kt 10 pwOH QO "CU= xOW xO=O u=Wv 11 w 10 pw=OH
0 05 |Q=O=vat K]U R= QDW}@ HGATS w HPSOSA |=ysD} Qwor= wOx@ wO
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x@ "OW x@U=Lt =QH= Ca=U wO ,=@} QkD |] Rto Q=Ri=sQv \UwD pOt ?=wH R}v
|=ysD} Qwor= \UwD \UwDt O=a@= QO xvwtv p�=Ut '|D=@U=Lt u=tR uOw@ O=} R p}rO
?=wH uDi=} QO |Q=mD@==Qi |=ysD} Qwor= |}=v=wD xU}=kt Qw_vtx@ "OW pL |O=yvW}B
xO=iDU= |iO=YD |mwr@ KQ] Tv=} Q=w R}r=v; R= 'nQR@ w \UwDt O=a@= QO xv}y@
HPSOVNS sD} Qwor= OQmrta 'Oa@ wO Qy QO xm O=O u=Wv uwtR; u}= G}=Dv "OW
R= "CU= QDy@ [33]w�=o w |r |@}mQD sD} Qwor= w |O=yvW}B |=ysD} Qwor= x@ C@Uv
C=QP s=LOR= |R=Uxv}y@ sD} Qwor= xm OW xOy=Wt C=@U=Lt s=Hv= |] |iQ]
=Pr "O@=}|t CUO =ysD} Qwor= Q}=U x@ C@Uv |QDh}a[ G}=Dv x@ 'Oa)@ wO Qy QO
QDQ=O}=B w C}i}m =@ |=y?=wH x@ uO}UQ ?Hwt |@}mQD OQm} wQ xm OQm u=}@ u=wD|t

"OwW|t
u=} QH uDiQoQ_vQO %R= CU= CQ=@a |D; C=k}kLD |=Q@ C=O=yvW}B 'xt=O= QO
Cr=L QO pOt |x�=Q= 'OW=@ xDW=O OwHw pwYLt l} R= V}@ xm |DQwYQO xrwtLt
|a]kQ}e w |r=tDL= Cr=L uDiQo Q_vQO 'Qo}O hOy `@=wD uDiQo Q_vQO w xiOyOvJ
OwW|t O=yvW}B |}=QotyCaQU uOQ@ q=@ Qw_vtx@ u}vJty "xr�Ut |=yQDt=Q=B |=Q@
ut[ xm OwW xO=iDU= |rLt |wHwCUH w |Q=mD@==Qi |=ysD} Qwor= Q}=U ?}mQD R=

"OvW=@ Q=OQwNQ@ |@ wN |}=Qoty CaQU R= C}i}m =@ |=y?=wH O}rwD

|Q}oxH}Dv "6
w S=Dvwt C=}rta =@ Q}PBh=]av= |y=oQ=m O}rwD |Ov@u=tR |xr�Ut Q[=L Q=DWwv QO
'|O}rwD sDU}U u}= QO "CiQo Q=Qk |UQQ@ OQwt |r=wD x@ xDU@=w |R=UxO=t; u=tR
'C=a]k |R=UxO=t; R= Oa@ w xOW O}rwD Q}PBh=]av=|y=oQ=m O}rwD |xrLQt QO C=a]k
|[=} Q pOt l} xr�Ut pL Qw_vtx@ "OvwW|t S=Dvwt Qo}Om} =@ S=Dvwt |xrLQt QO
w lJwm O=a@= =@ p�=Ut |=Q@ xv}y@ ?=wH x@ |@=}CUO |}=v=wD xm xOW xO=O xaUwD
|R=Uxv}y@ sD} Qwor= '|UQQ@ OQwt |xr�Ut |q=@ |oO}J}B x@ xHwD=@ "OQ=O =Q\UwDt
w \UwDt O=a@= =@ p�=Ut pL |=Q@ |@}mQD |Q=mD@==Qi sD} Qwor= wO w C=QP s=LOR=
s=LOR= |R=Uxv}y@ sD} Qwor= '|O=yvW}B |@}mQD |=yOQm} wQ QO "OW O=yvW}B nQR@
Q}eDt |o}=Uty |wHwCUH |=ysD} Qwor= w wHwCUH |=[i QO Vw=m x@ C=QP
"OvR=OQB|t Q=QmD Qy QO xOt; CUO x@ pLx=Q u} QDy@ R= C}a@D x@ O} Q@D |R=Ux}@W w
=ysD} Qwor= R= xOt; CUO x@ G}=Dv '|O=yvW}B |=ysD} Qwor= |HvUQ=@Da= Qw_vtx@
|=Q@ "OW xU}=kt [33]w�=o w |r ẁvtt |wHwCUH w l}DvS |@}mQD sD} Qwor= =@
sD} Qwor= w |O=yvW}B |=ysD} Qwor= xm O=O u=Wv G}=Dv 'lJwm O=a@= =@ p�=Ut
'Rto \UwD xOt; CUOx@ xv}y@ pLx=Q x@=Wt xv}y@ ?=wH x@ [33]w�=o w |r |@}mQD
pY=L |D=@U=Lt u=tR 'xr�Ut O=a@= V}=Ri= =@ xm Cw=iD u}= =@ "Ov@=}|t CUO

=yCWwv=B
1. 
exible job shop scheduling with assembly operation
2. two-stage production system
3. genetic algorithms (GA)
4. greedy random adaptive search procedure (GRASP)
5. arti�cial immune system (AIS)
6. simulated annealing (SA)
7. particle swarm optimization (PSO)
8. personal-best (P-best)
9. global-best (G-best)
10. hybrid particle swarm optimization and variable neighborhood

search (HPSOVNS)
11. variable neighborhood search (VNS)
12. hybrid particle swarm optimization and simulated annealing

(HPSOSA)
13. hybrid genetic algorithm and tabu search (HGATS)
14. least signi�cant di�erence (LSD)
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