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QO =Q OwN |=yq=m w OvUQ|t |Qw@a Q=@v= x@ |OwQw |=yuw}t=m "CU= |HwQN ?QO
pkvwptL |=ysDU}U \UwD xOW x}rND CqwYLt "Ovvm|t x}rND Ci=} QO ?QO
Ovv=wD|t CqwYLt u}= "OvwW|t pkDvt |HwQN ?QO x@ |OwQw ?QO R= l}D=twD=
|Ov@u=tR 'Q_v OQwt |xr�Ut QO "OvwW xQ}NP Ckwt Q=@v= QO swRr CQwY QO
x@ 'j}kLD u}= QO "OwW|t u}}aD u=tRsy CQwY x@ |HwQN w |OwQw |=yuw}t=m
u}= 'x}rkv |xr}Uw x@ \w@ Qt |=yxv} Ry R}v w C=}rta s=Hv= |rm u=tR Vy=m Qw_vt
uw}t=m u=wva x@ |HwQN Q}Ut QO |OwQw uw}t=m R= xm OwW|t xO=O sDU}U x@ u=mt=
QO xO=iDU= |=Q@ |vw}t=m ?=NDv= CQwY QO '?}DQD u}O@ "OwW xO=iDU= |HwQN
xr�Ut "OwQ|t u}@ R= =yq=m R= |NQ@ OOHt |Q}oQ=@ w x}rND x@ R=}v '|HwQN VN@
QO "OwW|t |Ov@pwtQi |[=} Q CQwY x@ \rDNt K}LY OOa |R} Qxt=vQ@ l} =@
u}= "CU= C=}rta pm s=Hv= |=Q@ u=tR u} QDx=Dwm uDi=} hOy '|Ov@u=tR p}=Ut

"CU= xOW |R=Uxv}y@ hOy u}ty T=U= Q@ R}v |[=} Q pOt
%OvQ} R KQW x@ 'OvQ}o|t Q=Qk Q_v Ot j}kLD u}= QO xm |D=[wQit

R=Ov=Q=@ |=y?QO x@ |yOC@ wv CU=}U T=U= Q@ |HwQN w |OwQw |=yuw}t=m �
"Ov@=}|t X}YND

uw}t=m R= xO=iDU= |=Q@ w Ov=TQDUO QO xr�Ut |=OD@= QO |OwQw |=yuw}t=m �
"OQ=Ov OwHw |v=tR |xQHvB R}v |HwQN

=@ Q_=vDt x}rND pm u=tR 'x}rND ?QO x@ xDi=}X}YND |OwQw uw}t=m Qy |=Q@ �
"CU= pwYLt |=yOL=w O=OaD

"CU= OwOLt=v |Q}oQ=@ |x}rND R=Ov=Q=@ uwQO |r=kDv= C=R}yHD C}iQ_ �

QO 'u=WwQixOQN w =yR=Ov=Q=@ u}@ |QyWuwQ@ |x}rkv p}=Uw |@=} Q}Ut w ?=NDv= Ov}=Qi
|x}rND w u=oOvvmu}t-=D x@ CqwYLt X}YND hOy "OwW|t u}}aD p} wLD Ov}=Qi
w |OwQw |x}rkv p}=Uw |Ov@u=tR |xt=vQ@ w =yQ}Ut |R=Uxv}y@ 'u=tRsy |Q}oQ=@
|Q=Oyov w pkvwptL 'O} QN dr@t xm |}xvwo x@ CU= CqwYLt C}@FD w |HwQN
|@=} Q}Ut |xr�Ut 'OwNVywSB QO u=Q=mty w QR|OtL= "OUQ@ u=R}t u} QDtm x@ =yv;
|Q}oQ=@ |x}rND p}yUD |=Q=O |L]UxU u}t-=D |xQ}HvR l} QO =Q x}rkv |xr}Uw

[7]"OvOQm x�=Q= u; pL |=Q@ |@}mQD l}DvS sD} Qwor= w Ov=xOQm |UQQ@ u=tRsy
syt C=t}tYD R= |m} Ov=wD|t u=tRsy |Q}oQ=@ |x}rND |@=}u=mt |xr�Ut
|Q}os}tYD pOt l} |v=OLw w |wUwt "OwW ?wULt l}DUHr C} Q}Ot QO
|x}rND |@=}u=mt |Ov@x@DQ w |@=} RQ= |=Q@ O}OH |OwyW |R=i |@D=QtxrUrU |ywQo
|=Q@ ?=NDv= CqmWt =} |Q}os}tYD |xO}J}B |=yl}DUHr QO u=tRsy |Q}oQ=@
|a]kQ}e\}=QW QO |QF-wt Qw] x@ Ov=wD|t |Q}os}tYD "OvOQm x�=Q= `} RwD |=ysDU}U
R= |OwyW |R=i x=Q u} QDl}ORv pOt u}= QO "OwW s=Hv= Q=}atOvJ p}rLD ?wJQ=J QO
xOQw;Q@ |ivt p;xO}= pL x=Q R= |OwyW |R=i x=Q u} QDQwO wC@Ft |R=i p;xO}= pL x=Q
|OwyW |R=i |rY= C=}rta T=U= Q@ |RmQt u=mt |=yxv} Ro C}=yv QO w OwW|t
|xt=vQ@ |xr�Ut l} OwN |xr=kt QO OQis=QyW w |v=OLw [8]"OvwW|t |Ov@x@DQ
|=yQO OOaDt |=yT} wQU =@ =Q u=tRsy |Q}oQ=@ |x}rND QO =yuw}t=m |Ov@u=tR
|Q=Po =w xr�Ut w u=tRsy |Ov@u=tR |=Q@ O}OH pOt l} =yv; "OvOQm pL R=Ov=Q=@
|=yT} wQU '=yuw}t=m Ct} Ra w OwQw |=Q@ |v=tR |xQHvB |=yC}OwOLt =@ uw}t=m
pOt pL |=Q@ w OvO=O x�=Q= =yuw}t=m |Ov@hY w R=Ov=Q=@ |=y?QO |=Q@ |OOaDt
|Q=taDU= |D@=kQ w |m}DvS |D@=kQ |=ysD} Qwor= |va} |Q=mD@==Qi sD} Qwor= wO R=
pm V}=Ri= x@ QHvt |O=yvW}B ?wJQ=J xm OvO=O u=Wv |D=@U=Lt G}=Dv "OW xO=iDU=
|=ysD} Qwor= u}vJty w OQ=O |QDj}kO |R} Qxt=vQ@ x@ R=}v xJ Qo = &OwW|t =yxv} Ry
|irDNt |=yOQmrta 'xU}=kt |=Q@ xOW xDiQo Q_v QO |=yQ=}at T=U= Q@ |O=yvW}B
QO =yuw}t=m |R} Qxt=vQ@ wX}YND x@ u=Q=mty w|v=OLw Qo}O|WywSB QO [9]"OvQ=O
"OvDN=OQB =yuw}t=m |Ov@hY w |SQv= hQYt x@ xHwD =@ u=tRsy |Q}oQ=@ |x}rND
Ov=wD|t wCU= `} RwD |=ysDU}U Ot=Q=m |=yOQ@y=Q R= |m} u=tRsy |Q}oQ=@ |x}rND
"Ovm `} QUD =Q u=} QDWt x@ CqwYLt p} wLD w OyO Vy=m =Q |OwHwt |=yxv} Ry
|r=wD '|R} Qxt=vQ@ pmWt pL |=Q@ xiOywO |R=Uxv}y@ pOt l} 'j}kLD u}= QO
?QO OvJ u=tRsy |Q}oQ=@ l} QO =y?QO x@ l =QDi}r w uw}t=m u}}aD '=yuw}t=m
|Q=Oyov |=yxv} Ry |R=Uxv}tm hOy "CU= xOW x�=Q= h=]av= p@=k |=y?QO =@
'u=} QDWt x@ xrwtLt p=UQ= QO =yuw}t=m Q}N-=D 'u=tRsy |Q}oQ=@ l} QO CqwYLt
l =QDi}r |SQv= hQYt |R=Uxv}tm w hY QO OwHwt |=yuw}t=m |=Q@ Q=_Dv= pk=OL
xiOyOvJ |QDUm =N nQo w xiOyOvJ |D@=kQ sD} Qwor= wO R= Qw_vt u}= x@ "CU=

[10]"CU= xOW xO=iDU=
sDU}U QO syt EL=@t R= |m} xm OyO|t u=Wv hrDNt Cq=kt |UQQ@
[11]wr@o = w w} "CU= R=Ov=Q=@ QO x}rkv p}=Uw |Ov@u=tR 'u=tRsy |Q}oQ=@ |x}rND
QO w Ov=xDN=OQB |HwQN ?QO l} w |OwQw ?QO l} =@ =yuw}t=m |Ov@u=tR x@
xv}tm xr�Ut hOy `@=D "Ov=xDiQo Q_v QO =Q CqwYLt Ckwt |R=UxQ}NP u=WpOt
|R} Qxt=vQ@ pOt l} 'xr=kt QO xOW xDiQo Q=m x@ pOt w CU=yQ=m pm s=tD= u=tR uOQm
OwN |xr=kt QO [12]uJ 'Cq=kt R= Qo}O |}xDUO QO "CU= \rDNt K}LY OOa
|Q}oQ=@ |x}rND sDU}U QO uw}t=m wO \UwD |y=oQ=m u=} QH |Ov@u=tR |xr�Ut x@
|r=wD =@ =yQ=m s=tD s=Hv= u=tR uOQm xv}tm xr=kt u}= hOy "CU= xDN=OQB u=tRsy
VwQ w |Q=mD@= VwQ l} R= xr�Ut pL |=Q@ xr=kt u}= QO xOvU} wv "CU= xv}y@
|xO=iDU= ẁ[wt |UQQ@ x@ Cq=kt R= |tm O=OaD "CU= xOQm xO=iDU= u=Qm w xN=W
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@"Q}N= |xQwO OvJ QO u=tRsy |Q}oQ=@ |x}rND |=ysDU}U |xv}W}B |UQQ@ "2 pwOH
pL VwQ xr�Ut Q=WDv= p=U Cq=kt

SA w |O} Q@}y sD} Qwor= x}rkv p}=Uw |@=} Q}Ut w |R} Qxt=vQ@ 2014 [13]

l}DvS sD} Qwor= |x}rND QO =yuw}t=m |Ov@u=tR 2015 [14]?QO OvJ =@ u=tRsy |Q}oQ=@

ALNS sD} Qwor= |x}rND QO =yuw}t=m |Ov@u=tR 2015 [15]|v=tR |xQHvB =@ u=tRsy |Q}oQ=@
w CPLEX VwQ sDU}U =@ x}rkv p}=Uw |@=} Q}Ut 2016 [16]

SA sD} Qwor= u=tRsy |Q}oQ=@ |x}rND

l}DvS sD} Qwor= |x}rND QO JTT |Ov@u=tR 2016 [17]u=tRsy |Q}oQ=@
|Ov@u=tR sD} Qwor= RmQt QO =yuw}t=m |Ov@u=tR 2016 [18]|}xrtHOvJ u=tRsy |Q}oQ=@ x}rND

LNS 'SPM sD} Qwor= =@ x}rkv p}=Uw |@=} Q}Ut 2016 [19]
CPLEX VwQ w u=tRsy |Q}oQ=@ |x}rND

CG sD} Qwor=
|@=} Q}Ut w wmU ?QO X}YND

2017 [20]|Q}oQ=@ x}rND QO x}rkv p}=Uw
xJQ=Bm} Qw] x@ u=tRsy

PSO sD} Qwor= p=v}tQD QO =yuw}t=m |Ov@u=tR 2017 [21]?QO OvJ =@ u=tRsy |Q}oQ=@ |x}rND

CPLEX VwQ
=yuw}t=m GwQN w OwQw |Ov@u=tR

2017 [22]|Q}oQ=@ |xt=vQ@ T=U= Q@
|RQtuwQ@ |=yuw}t=m

hY pOt l} |x�=Q= VQ}PB u=tR |R=Uxv}y@ 2017 [23]Q=_Dv= u=tR COt |=Q@ QwWm R= GQ=N |=yuw}t=m
w ANLS sD} Qwor= ?=NDv= w x}rkv p}=Uw |@=} Q}Ut 2017 [24]
CPLEX VwQ u=tRsy |Q}oQ=@ |x}rND

uwDU O}rwD sD} Qwor= |OwQw |=yuw}t=m X}YND 2018 [25]=y?QO x@ |HwQN w

1; 2; :::; j |HwQN |=yuw}t=m |xawtHt %J
"CU= xOW xOR Q=@ i |OwQw uw}t=m x@ xm k ẁv |q=m Q=Okt %rik

"OwW |Q}oQ=@ j |HwQN uw}t=m QO O}=@ xm k ẁv |q=m Q=Okt %sjk
"|HwQN =} |OwQw ?QO QO Q[=L uw}t=m Z} waD |=Q@ R=}v OQwt u=tR %D

"|HwQN |=yuw}t=m hY x@ |OwQw uw}t=m l} p=kDv= |=Q@ R=}v OQwt u=tR %W
"|HwQN ?QO =D |OwQw ?QO R= q=m p=kDv= w VR=OQB u=tR %V

&nQR@ OOa %M
%xDUw}B |=yQ}eDt

&C=}rta pm u=tR %T
"OwW|t x}rND ?QO OQ=w i uw}t=m xm |v=tR %Ci

"CU= C}=yv|@ Ckwt |R=UxQ}NP |x}L=v C}iQ_ �
|HwQN =} |OwQw uw}t=m u=wva x@ xm OQ=Ov OwHw |Dw=iD sDU}U |=yuw}t=m |=Q@ �

"CU= uoty u=ow=v |va} "Ovvm C}r=ai
"OQ=O OwHw =RHt |=yR=Ov=Q=@ =@ |HwQN ?QO l} w |OwQw ?QO l} �

\rDNt K}LY OOa |R} Qxt=vQ@ |R=UpOt "1"3
%OwW|t x�=Q= \rDNt K}LY OOa |R} Qxt=vQ@ |[=} Q pOt l} VN@ u}= QO

%=yQDt=Q=B
i = 1; 2; :::; I |OwQw |=yuw}t=m |xawtHt %I
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Ovyt XJ

j=1 kij � 1 8j (17)

dj � Fi +W�M (1� kij) 8i; j (18)

All variables > 0
vij 2 f0; 1g ; pij 2 f0; 1g ; qij 2 f0; 1g ; kij 2 f0; 1g (19)

2 C}OwOLt "CU= C=}rta pm u=tR |R=Uxv}tm CQwY x@ pOt u}= hOy `@=D
s=tD Ovm|t u}t[D 3C}OwOLt "Ovm|tXNWt =Q C=}rta pm u=tR u}}aD |xwLv
\w@ Qt 4 C}OwOLt "OwW pkDvt |HwQN hY x@ uw}t=m u=ty =} x}rND uw}t=m Q=@
p=ai CQwY QO \ki 5 C}OwOLt "CU= |HwQN uw}t=m |=[=kD uOW xOQw;Q@ x@
u}}aD 6 C}OwOLt "OyO|t =Q q=m p=kDv= |xR=H= j x@ i uw}t=m R= Q=@ p=kDv= uOw@
'OwW xO=iDU= |HwQN uw}t=m u=wva x@ CU= Q=Qk |OwQw uw}t=m Qo = \ki xm Ovm|t
uw}t=m xm Ovm|t u=}@ 7 C}OwOLt "OW=@ xDW=O OwHw u; QO q=m uOv=t|k=@ |xR=H=
|=yC}OwOLt "Ovm lQD =Q |OwQw ?QO Ov=wD|t 'sRq u=R}t x@ x}rND R= TB \ki
GwQN u=tR 11 C}OwOLt "Ov=|OwQw |=yuw}t=m |Ov@u=tR x@ \w@ Qt 10 =D 8
|Ov@u=tR x@ \w@ Qt 14 =D 12 |=yC}OwOLt "Ovm|t XNWt =Q |HwQN uw}t=m
\ki |HwQN uw}t=m xm CU= u}= Qou=}@ 15 C}OwOLt "Ov=|HwQN |=yuw}t=m
uw}t=m u; |=Q@ R=}v OQwt |=yq=m s=tD xm OwW GQ=N |HwQN ?QO R= Ov=wD|t |v=tR
Qy xm Ovvm|t u}}aD 17 w 16 |=yC}OwOLt "OW=@ xOW x}rND |OwQw |=yuw}t=m R=
C}OwOLt "OwW xO=iDU= |HwQN uw}t=m l} u=wva x@ Ov=wD|t \ki |OwQw uw}t=m
'OwW xDiQo Q_v QO |HwQN u=wva x@ |OwQw uw}t=m Qo = xm Ovm|t XNWt 18
OQ=w Ov=wD|t 'hY Z} waD |=Q@ R=}v OQwt u=tR |] w |OwQw ?QO lQD R= TB

"OwW |HwQN ?QO
xO=iDU= [11]wr@o = w w} |xr=kt QO xO=iDU= OQwt |=yxO=O R= VywSB u}= QO
x�=Q= \rDNt K}LY OOa |R} Qxt=vQ@ pOt |xr}Uw x@ =yxO=O |x}rm "CU= xOW
?=wH uOQw; CUO x@ =D =yv; pL |=Q@ sRq u=tR COt w OvwW|t xOwtR; xOW
QO uw}t=m |Ov@u=tR |xr�Ut |q=@ |oO}J}B x@ xHwD =@ "OwW|t xQ}NP xv}y@
xm |OQ=wt QO \rDNt K}LY OOa |R} Qxt=vQ@ pOt 'u=tRsy |Q}oQ=@ |x}rND
xH}Dv QO "CU}v pwkat u=tRCOt QO xr�Ut pL x@ QO=k OW=@ nQR@ =yp=Ft
R= xO=iDU= |=Q@ "OwW|t xO=iDU= pL |=Q@ xJQwtQ}W |Q=mD@==Qi sD} Qwor= R=
CUO x@ |}=v=wD =ysD} Qwor= u}= xm OwW C@=F O}=@ =OD@= |Q=mD@==Qi sD} Qwor=
|}=yp=Ft 'p}rO u}ty x@ "OvQ=O =Q x=Dwm u=tRCOt QO ?U=vt ?=wH uOQw;
pL XNWt O=OaD x@ sD} Qwor= =@ CU= xOw@ =yv; pL x@ QO=k j}kO VwQ xm
=D OQ}o|t Q=Qk xU}=kt OQwt xOt; CUO x@ ?=wH u} QDy@ w u}ov=}t w OwW|t
xO=iDU= =yv; G}=Dv R= 'p}rLD |xt=O= |=Q@ u=wD@ w OwW O}}-=D sD} Qwor= u}= OQmrta
hOy `@=D Q=Okt w \}=QW CLD =yxO=O w =yp=Ft xawtHt |xty xt=O= QO "OQm
xU}=kt sRq u=R}t x@ x}rND u=mt= Cr=L =@ |O=a Cr=L QO xOt; CUO x@

"OwW|t
|irDNt |=yOQm} wQ R= C=@U=Lt w p}rLD w x} RHD Qw_vt x@ VywSB u}= QO
"CU= xOt; xt=O= QO l} Qy s=Hv= pL=Qt w u; R= |}xYqN xm CU= xOW xO=iDU=
|=yQ=Ri=sQv R= |R=UpOtCLY w Q=@Da= uOQmXNWt w|[=} Q pOt pL |=Q@ �

"CU= xOW xO=iDU= ?rDt w Rto pFt |R=Uxv}y@
'OvDUy xv}y@ ?=wH uDi=} x@ QO=k |R=Uxv}y@ |=yQ=Ri=sQv xmlJwm |=yxR=Ov= QO �

"CU= xOW xO=iDU= |[=} Q pOt pL |=Q@ Rto |R=Uxv}y@ Q=Ri=sQv R=
?=wH uDi=} x@ QO=k |R=Uxv}y@ |=yQ=Ri=sQv xm nQR@ w \UwDt |=yxR=Ov= QO �

"Ovm|t lQD =Q x}rND ?QO i uw}t=m xm |v=tR %Fi
"OwW|t |Q}oQ=@ ?QO OQ=w j |HwQN uw}t=m xm |v=tR %dj

"Ovm|t lQD =Q |Q}oQ=@ ?QO j |HwQN uw}t=m xm |v=tR %Lj
%K}LY OOa |=yQ}eDt

=O}B p=kDv= j |HwQN uw}t=m x@ i |OwQw uw}t=m R= xm k ẁv |q=m Q=Okt %xijk
"Ovm|t

x@ CU= Q=Qk xm |Dkw 'Ov=t|t |k=@ i ẁv uw}t=m QO xm k ẁv |q=m Q=Okt %yijk
"OQ}o Q=Qk xO=iDU= OQwt j uw}t=m u=wva

%l} w QiY |=yQ}eDt
'O@=} p=kDv= |HwQN ẁv R= j uw}t=m x@ |OwQw ẁv R= i uw}t=m R= |}q=m Qo = %�ij

"QiY CQwYu}= Q}e QO l}
l} 'OwW VR=OQB j |OwQw uw}t=m R= p@k x@=Wt ?QO QO i |OwQw uw}t=m Qo = %pij

"QiY CQwY u}= Q}e QO
'OwW VR=OQB j |HwQN uw}t=m R= p@k x@=Wt ?QO QO i |HwQN uw}t=m Qo = %qij

"QiY CQwY u}= Q}e QO l}
u}= Q}e QO l} 'OwW xO=iDU= j |HwQN uw}t=m u=wva x@ i |OwQw uw}t=m Qo = %kij

"QiY CQwY
VywSB u}= QO |UQQ@ OQwt |HwQN w |OwQw |=yuw}t=m |Ov@u=tR |xr�Ut
'CU= xOt; Q} R QO xm Qw] u=ty '\rDNt K}LY OOa |R} Qxt=vQ@ l} CQwY x@

"CU= xOW |Ov@pwtQi

MinT

subject:to (1)

T � Lj 8j (2)XJ

j=1 xijk +
XJ

j=1
yijk = rij 8j; k (3)XJ

j=1 xijk +
XJ

j=1
yijk = sij 8j; k (4)

xijk �Mvij 8i; j; k (5)

yijk �Mkij 8i; j; k (6)

Fi � ci +
XK

k=1 rik �
XJ

j=1
yijk 8i (7)

ci � Fi +D�M (1� pij) 8i; j; i 6= j (8)

ci � Fi +D�M pij 8i; j; i 6= j (9)

pii = 0 8i (10)

Lj � dj +
XK

k=1 sjk �
XJ

j=1
yijk 8j (11)

dj � Li +D�M (1� qij) 8i; j; i 6= j (12)

di � Lj +D�M qij 8i; j; i 6= j (13)

qii = 0 8i (14)

Lj � cj +V +
XK

k=1 xijk �
XK

k=1
yijk �M (1� vij)

8i; j (15)XI

i=1 kij � 1 8i (16)
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@"hrDNt |=yOwtv |=Q@ |O=yvW}B pOt w x}=B pOt pL |xU}=kt "3 pwOH
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