
�13
96

u=DU
tR�

'h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

�| :v
iC

W=O
O=}�

'14
8�1

37
"X

'2/
2|

xQ=t
W'

33
�1

|xQ
wO

R
es

ea
rc

h
N

ot
euDiQoQ_vQO =@ |rwrU O}rwD sDU}U |L=Q]

Cq;u}W=t u=v}t]= C}r@=k w QwD=QB= X}YND
=}wB \}Lt l} QO xQ=mOvJ

�Q=}O=DU=� �|a}iQ O}Ht
�OWQ= |U=vWQ� |wHWv=O� ?r]|OtLt x}]a

h} QW |DavY x=oWv=O '`}=vY |UOvyt |xOmWv=O

x�=Q= |rwrU O}rwD sDU}U |L=Q] |=Q@ K}LY OOa \rDNt |[=} Q pOt wO Q=DWwv u}= QO
`]k w ?Yv 'OOHt |Ov@ Qm}B '|Ov@ Qm}B |=yxv} Ry |UQQ@ x@ pw= pOt QO "CU= xOW
swO pOt QO "CU= xOW xDN=OQB =} wB |]}Lt QO Cq;u}W=t |@=QN w Q=R@= hQYt 'Q=R@=

R= |m} "OwW|t xv}tm QwD=QB= ORtDUO w jwkL 'G=QN= 's=ONDU= x@ \w@ Qt |=yxv} Ry
|Q}oO=} |oS} w T=U= Q@ |DQ=yt hrDNt Kw]U uDiQoQ_vQO pOt u}= |U=U= |=y|Qw;wv
|L=Q] |twU pOt 'xv}y@ ?=wH uOQw;CUOx@ Qw_vtx@ u}vJty "CU= QwD=QB= |Wwt=Qi w

|U} wvOm Rto Q=Ri=sQv QO =ypOt "OQ}o|tQ@ QO =Q swO w pw= pOt wO Qy xm CU= xOW
u=tR w xv}y@ Q}O=kt |UQQ@x@ 'u}vJty "CU= xOW pL =yu; R= |OOa |=yxvwtv w Ov=xOW
w |@D=QtxrUrU pOt |xv}y@ Q}O=kt |UQQ@ w |]N Q}e w |]N |=ypOt R= l} Qy pL

"CU= xOW xDN=OQB u=tRsy

ra�ee@sharif.edu
mohamaditalab88@gmail.com

|Wwt=Qi w |Q}oO=} QF= 'QwD=QB= X}YND '|rwrU O}rwD sDU}U %|O}rm u=oS=w
"Cq;u}W=t |@=QN 'xQ=mOvJ Cq;u}W=t 'QwD=QB=

xtOkt "1
&O=wt |}=Hx@=H |xv} Ry Vy=m ��

&QwD=QB= s}kDUt Q}e w s}kDUt |xv} Ry Vy=m ��
&CN=U C}i}m Ow@y@ ��

&O=wt u=} QH OvwQ QO Ow@y@ ��
&=[i R= xO=iDU= QO Ow@y@ ��

" """w u=OvtQ=m |x}LwQ Ow@y@ ��
%CU= Q} R OQ=wt pt=W |rwrU O}rwD sDU}U l} |rm Cr=L QO

'C=}rta T=U= Q@ Cq;u}W=t w C=a]k |Ov@xDUO %4=ypwrU |Ov@ Qm}B "1
"CU= C=a]k |xO=wv=N p}mWD w |O}rwD |=yCy=@W

w pwrU Qy pN=O QO Cq;u}W=t u=tO}J |L=Q] w u}}aD %5|ywQo u=tO}J "2
"CU= xv}y@ x@ l}ORv =} xv}y@ |rmW x@ =ypwrU OwN u=tO}J u}vJty

u=tR u} QDsm QO xm |Qw]x@ C=a]k |xO=wv=N |Ov@u=tR %6|ywQo |Ov@u=tR "3
"OQ}PB@ u=}=B O}rwD C=}rta �umtt Q}N-=D =}� umtt

C=R}yHD u}vJty w |v=Uv= `@=vt X}YND R= CU= CQ=@a %7`@=vt X}YND "4
"OwW ptLDt C=R}yHD u}= lQ=OD |xv} Ry u} QDsm xm |}xvwo x@ 'Cq;u}W=t x@

O}rwD |xYQa QO syt C=mv R= w= C}=[Q u}t-=D w |QDWt R=}v uOQmxOQw;Q@
|xNQJ 'pwYLt C}i}m w ẁvD Q_v R= |QDWt C=Q=_Dv= uOWQDW}@ =@ "CU=
Q_v R= |QDWt |=[=kD x@ `} QU |} woMU=B w CU= xOW x=Dwm q=m O}rwD Qta
|=yxiUri wQ u}= R= "CU= |D@=kQ C} Rt sm Ct}k w x=Dwm u=tR '?wN C}i}m
R= 3|ywQo |Qw=:vi w 2`kwt x@ CUQO O}rwD '1?=v O}rwD Ovv=t |awvDt |O}rwD
|ywQo |Qw=:vi "CU= xOW x�=Q= O}rwD |xYQa |rY= u=R} Qxt=vQ@ w u=kkLt |wU
|iQat 1975 p=U QO G}@ Qw@ =yOa@ w |Oq}t 1966 p=U QO hviwQD}t =Q
|Q}o Q_v QO =@ xm OwW|t jq]= |}=yVwQ |xawtHt x@ |ywQo |Qw=:vi [1]"OvOQm
|xO=wv=N O=H}= x@ s=Ok= C=a]k |wQ Q@ |Ov}=Qi C=R}yHD w |L=Q] x@=WD u} QDW}@
|Qw=:vi |=yOQ@ Q=m u} QDtyt R= |m} "O}=tv|t Cq;u}W=t |Ov@xDUO w C=a]k
|Q}oQ=mx@ |xOta |=yC} Rt "CU= |rwrU O}rwD sDU}U 'O}rwD |xYQa QO |ywQo
Ov=CQ=@a xm OW u=}@ 1989 p=U QO [1]Q}=y w wrQtw \UwD |rwrU O}rwD sDU}U

%R=
&|R=UxO=t; u=tR Vy=m ��

&CN=U u=} QH QO |OwHwt Vy=m ��
pw�Ut xOvU} wv �

"1395 2 22 VQ}PB '1394 12 10 x}LqY= '1394 7 14 Ci=} QO %M} Q=D



"""u
DiQo

Q_vQ
O=@

|rw
rUO

}rwD
sDU

}U|
L=Q]R= Cq=kt QDW}@ QO "OQwNv Q@ pmWt x@ w Ovm Q=m xikw uwO@ Ov=wD|t u}W=t

"Ovvm|t xO=iDU= |r=wDt |@=QN wO u}@ u=tR COt |x@U=Lt |=Q@ |}=tv `} RwD
|=ysDU}U |R=UxJQ=Bm} QO |aU OwN |xr=kt QO '�2010� u}H w Q=twm V}mwr
Ov=CQ=@a pt=wa u}= xm OvQ=O |U=U= pt=wa Q}=U =@ |}xQwOOvJ |rwrU O}rwD
CUO R= u=tR w Cq;u}W=t C=Q}taD |xv} Ry |wQ Q@ Cq;u}W=t |@=QN Q}F-=D %R=
xOW xO=O uRw xv} Ry |=yQ=}at x@ hOy `@=D QO "xQ}e w pwYLt O}rwD |xDiQ
x@ QHD T=U= Q@ |yOuRw &OyO|t u=Wv =Q =yxv} Ry u}= |@Uv C}ty= =yuRw xm
xar=]t u}= QO xOW |L=Q] pw= pOt Q=m T=U= xr=kt u}= [5]"CU= OQmrta w

"CU=
RwQ x@ p�=Ut R= |m} x@ 2010 p=U R= �|v=Uv= |wQ}v� `@=vt X}YND EL@
w s=ONDU= uwJty |D=aw[wt x@ =OD@= "CU= xOW p}O@D |rwrU O}rwD sDU}U QO
x@ xHwD w QwD=QB= VRwt; EL@ "CU= xOW xDN=OQB ORtDUO w jwkL 'QwD=QB= G=QN=
xDN=OQB u; x@ sm |r}N xm CU= |yHwD ?r=H w syt EL@ =yu; |DQ=yt Kw]U
Cq=kt QO "CU= xOW xDN=OQB xRwL u}= QO |i}m |=yEL@ |x�=Q= x@ QDW}@ w xOW
CU= xOWv |UQQ@ |w |Q=m |xQwO QO xrwLt |Q=m sHL QO QwD=QB= CQ=yt |=kDQ=
Cq=kt OwOat u}@ R= "CU= xOW xQ=W= VRwt; \UwD |w CQ=yt V}=Ri= x@ w
|=Q@ xiOy wO |[=} Q pOt l} '�2013� |UOk w |a}iQ xRwL u}= QO xOWx�=Q=
|R=Uxv}tm "Ov=xO=O x�=Q= pwrU |Ov@ Qm}B w QwD=QB= X}YND p�=Ut u=tRsy pL
|rwrUuwQO w|rwrUu}@ C=mQL 'Cq;u}W=t |QUq=@ w|}=Hx@=H 'O} QN |=yxv} Ry
`@=D "CU= xOw@ Q_v OQwt pw= hOy `@=D \UwD QwD=QB= |rwrU u}@ C=mQL w C=a]k
xOWx�=Q= pOt xm =Hv; R= "OyO|t V}=Ri= =Q =yQwD=QB= R= xO=iDU= ?} Q[ swO hOy
xO=iDU= pOt pL |=Q@ 9u=oJQwt sD} Qwor= R= 'CU= CNU p�=Ut ẁv R= |rOt
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C=a]k C=}rta|r=wD R=|W=v C=mQL ẁv u}= `k=w QO "OvDUy C=a]k|rwrUuwQO w
'?U=vt |rwrU O}rwD sDU}U l} x@ |@=}CUO Qw_vtx@ xm CU= hrDNt |O}rwD
R= |W=v 'hOy `@=D 3�3 |xrtH "s}W=@ xDW=O =Q C=mQL u}= O=OaD u} QDtm O}=@
|=yQ}Ut QO Cw=iD p}rOx@ `k=w QO "CU= |O}rwD sDU}U uOw@ |}xQwOOvJ Ca}@]
'C=a]k |=[=kD u=R}t QO Cw=iD w |O}rwD hrDNt |=yxQwO QO C=a]k VR=OQB
Oy=wNv xv}y@ R}v |Oa@ |xQwO |=Q@ ,=twRr |O}rwD |xQwO l} |=Q@ xv}y@ u=tO}J l}
pwrU x@ |O}rwD pwrU l} R= =Q Cq;u}W=t s} wW Qw@Ht CU= umtt TB "Ow@
|}=yxv} Ry sRrDUt Qt= u}= xm s}vm pkDvt |O}rwD |xQwO wO u}@ QO 'Qo}O |O}rwD
Oy=wN 14u}W=t pkvwptL u}vJty w 13u}W=t ?Yv '12u}W=t |R=U=OH Ovv=t
`@=D 3�4 |xrtH "CU= xv} Ry u=R}t u} QDsm =@ |@=wH x@ |@=}CUO |rm hOy "Ow@
|xrtH "CU= xDU@=w =yQ=R@= |wQ |Q=m sHL x@ xmCU= Q=R@= hQYt |xv} Ry 'hOy
|R} Qxt=vQ@ |=yxQwO pm QO Q=R@= `]k w ?Yv |xv} Ry x@ \w@ Qt 'hOy `@=D 3�5
xm O@=}|t X}YND |}=yQ=R@= x@ Q=R@= `]k w ?Yv |xv} Ry "CU= |O}rwD sDU}U
"OW=@ xOW ?Yv Qo}O u}W=t |wQ w xDW=OQ@ |v}W=t |wQ R= |r=wDt |xQwO wO QO
Cq;u}W=t C=Q}taD |xv} Ry w Cq;u}W=t |@=QN x@ \w@ Qt 'hOy `@=D 3�6 |xrtH
5 |x]@=Q "CU= pwrU l} x@ Cq;u}W=t X}YND C}OwOLt 4 |x]@=Q "CU=
C}OwOLt 6 |x]@=Q "CU= Q=R@= l} x@ xa]k Qy C=}rta X}YND C}OwOLt
uDW=O u=mt= =yxQwO R= |NQ@ QO TB &CU= u}W=t l} QFm =OL |wQ Q=R@= ?Yv
OvJ ?Yv u=mt= |va} &OvDUy xQ=mOvJ Cq;u}W=t "OQ=O OwHw xO=iDU=uwO@ Q=R@=
=yQ=R@= s=Om xm OwW|t xDio pOt x@ |OwQw u=wvax@ "OQ=O OwHw =yu; |wQ Q=R@=
u}W=t x@ Q=R@= X}YND u=tR QO =D OvDUy Cq;u}W=t s=Om |wQ ?Yv x@ R=Ht
s=Hv= C}r@=k =yQ=R@= s=Om \UwD xa]k Qy C=}rta x@=Wt Qw]x@ w OvQ}o Q=Qk Q_v Ot
OQ=wt u}= "OQ}o Q=Qk Q_v Ot Q=R@= x@ xa]k Qy C=}rta X}YND u=tR QO =D OQ=O
Q=R@= l} x@ xa]k C=}rta X}YND uOw@ R=Ht u=wvax@ 8 w 7 |=yC}OwOLt QO
x@ \w@ Qt |=yC}OwOLt 10 w 9 |=yx]@=Q "Ov=xDiQ Q=m x@ u}W=t x@ Q=R@= ?Yv w
12 w 11 |=yC}OwOLt "OvDUy Cq;u}W=t |wQ xO=iDU=uwO@ Q=R@= uOWv?Yv
|v=tR |xQwO Qy QO =ypwrU pN=O QO Cq;u}W=t |Q}o|=H C}iQ_ x@ \w@ Qt
QO u}W=t Qy |wQ Q=R@= ?Yv C}iQ_ x@ \w@ Qt 14 w 13 |=yC}OwOLt "CU=
"CU= |v=tR |xQwO Qy QO Cq;u}W=t Q=m C}iQ_ 15 C}OwOLt "CU= xQwO Qy
17 C}OwOLt "CU=ypwrU QO |Q=mQ=@ sHL uOQmpO=aDt x@ \w@ Qt 16 C}OwOLt

"CU= s}tYD |=yQ}eDt |Dtqa C}OwOLt x@ \w@ Qt

.CU= pOt u}= X=N |=y|oS} w R= |r=wDt |O}rwD xQwO wO u}@ Qo}O u}W=t |wQ

min OF1� 1 =
TX
t=1

IX
i=1

JiX
j=1

GX
g=1

GX
g0=1

MX
m=1

MX
m0=1

CX
c;c0 6=c

xtmc � ytgm � ptijg

�xtm0c0 � ytg0m0 � pti(j+1)g0 �Dt
i � disc;c0 �MCi (3�1)

+
TX
t=1

IX
i=1

JiX
j=1

GX
g=1

GX
g0=1

MX
m=1

MX
m0=1

CX
c=1

xtmc � ytgm � ptijg

�xtm0c � ytg0m0 � pti(j+1)g0 �Dt
i (3�2)

+
T�1X
t=1

MX
m=1

CX
c;c6=c0

xtmc � xt+1
mc0 � disc;c0 � SM (3�3)

+
TX
t=1

MX
m=1

IX
i=1

JiX
j=1

GX
g=1

ytgm � ptijg �Dt
i �  ijg (3�4)

+
T�1X
t=1

GX
g=1

MX
m;m0 6=m

ytgm � yt+1
gm0 � SG (3�5)

+
TX
t=1

MX
m=1

IP
i=1

JiP
j=1

GP
g=1

ptijg � ytgm � timeijgm �Dt
i

MTBFm
�Bm

(3�6)

Subjected to :
CX
c=1

Xt
mc = 1 8m; t; (4)

GX
g=1

P tijg = 1 8i; j; t; (5)

MX
m=1

Y tgm � 1 8g; t; (6)

P tijg � �tijg 8i; g; j; t; (7)

Y tgm � �tgm 8g;m; t; (8)
CX
c=1

MX
m=1

Y tgm �Xt
mc �

IX
i=1

JiX
j=1

P tijg 8g; t; (9)

CX
c=1

MX
m=1

Y tgm �Xt
mc � P tijg 8i; j; g; t; (10)

MX
m=1

Xt
mc � uc 8c; t; (11)

MX
m=1

Xt
mc � lc 8c; t; (12)

GX
g=1

Y tgm � um 8m; t; (13)

GX
g=1

Y tgm � lm 8m; t; (14)

141



"""u
DiQo

Q_vQ
O=@

|rw
rUO

}rwD
sDU

}U|
L=Q]&(1; :::; I) |O}rwD C=a]k %i

&(1; :::; T ) |O}rwD |=yxQwO %t
&(1; :::; Ji) |O}rwD |xQwO Qy QO i |xa]k Qy C=}rta %j

&(1; :::;K) =yQwD=QB= %k
"(1; :::; L) QwD=QB= |DQ=yt Kw]U %l

=yQDt=Q=B "3"2"3
&Cq;u}W=t pm O=OaD %M

&=yQ=R@= pm O=OaD %G
&=ypwrU pm O=OaD %C

&|O}rwD C=a]k pm O=OaD %I
&|O}rwD |=yxQwO pm O=OaD %T

&i |xa]k Qy |=Q@ C=}rta u}= pm O=OaD %Ji
&=yQwD=QB= pm O=OaD %K

&|DQ=yt Kw]U pm O=OaD %L
t |xQwO QO g Q=R@= =@ |Q=m sHL %�tg 

�tg =
IX
i=1

OiX
j=1

MX
m=1

CX
c=1

ptijg � ytgm � xtmc � timeijgm �Dt
i

!
Q=R@= Q}}eD \UwD |rwrU u}@ QwD=QB= |}=Hx@=H u=mt= %�tgmcg0m0c0�

�tgmcg0m0c0 = ytgm � xtmc � ytg0m0 � xtm0c0�
&QwD=QB= G=QN= w s=ONDU= |xv} Ry %H;F

&OQ=O Q=Qk s=l K]U QO xm QwD=QB= ORtDUO |xv} Ry %SAl
&OQ=O Q=Qk pw= |xQwO |=OD@= QO xm s=k QwD=QB= |=Q@ g Q=R@= =@ uOQmQ=m |}=v=wD %at=1

kg

&s=g Q=R@= =@ uOQmQ=m |=Q@ sRq |}=v=wD |xv}tm %awg
&=yQ=R@= =@ QwD=QB= uOQm Q=m |}=v=wD K]U |=yRQt %@l

&QwD=QB= |}=v=wD V}=Ri= w Vy=m u=R}t %!1; !2
&s=t |O}rwD |xQwO QO s=i |xa]k |=[=kD u=R}t %Dt

i

&pwrU QO u}W=t X}YND %xtmc
&u}W=t |wQ Q=R@= X}YND %ytgm

&C=}rta |r=wD %ptijg
&pwrU O=H}= |=Q@ c0 w c O}Ov=m |x]kv wO s}kDUt |xrY=i %discc0

&s=m u}W=t |wQ s=g Q=R@= \UwD s=i xa]k s=j C=}rta VR=OQB u=tR %timeijgm
&|O}rwD |xQwO Qy QO 'R=}v OQwt QwD=QB= O=OaD |xv}tm %minEM

"QwD=QB= |Q=m |v=tR C}iQ_ |xv}W}@ %cap time
s}tYD |=yQ}eDt "4"2"3

&QiY CQwY u}= Q}e QO 1 Q@=Q@ OW=@ Q=m x@ pweWt s=t |xQwO QO k QwD=QB= Qo = %btk
&QiY CQwY u}= Q}e QO 1 Q@=Q@ OwW s=ONDU= s=t xQwO QO k QwD=QB= Qo = %htk

CQwY u}= Q}e QO 1 Q@=Q@ OQ}o Q=Qk s=l K]U QO s=t xQwO QO k QwD=QB= Qo = %letlk
&QiY

u}= Q}e QO 1 Q@=Q@ OW=@ Q=mx@ pweWt g Q=R@= =@ s=t |xQwO QO k QwD=QB= Qo = %wtkg
&QiY CQwY

"s=k QwD=QB= |=Q@ t |xQwO |=OD@= QO g Q=R@= =@ uOQmQ=m |}=v=wD %at�2
kg

K]U |R=UOt;RwQ =@ x=Qty QwD=QB= X}YND Q@ |vD@t pOt "2"3
G=QN= w s=ONDU= 'ORtDUO w jwkL '|Ov@ K]U 'xQwO Qy QO CQ=yt
pk=OL T=U= Q@ "CU= |Q=R@= Qy =@ uOQmQ=m |=Q@ |}=v=wD R= |L]U |=Q=O QwD=QB= Qy
|=Q@ |O}rwD |xQwO Qy QO uOWs=ONDU= jL 'Q=R@= =@ uOQmQ=m |=Q@ R=}v OQwt |}=v=wD
=@ Q=m u=tR COt T=U= Q@ 'OwW s=ONDU= |}xQwO QO |QwD=QB= Qo = "OQ=O OwHw QwD=QB=
s=ONDU= |}xQwO QO Qo = "O@=}|t V}=Ri= Q=R@= u; =@ uOQmQ=m QO |w |}=v=wD 'Q=R@= l}
=yQ=R@= =@ uOQm Q=m |=Q@ |w |}=v=wD 'Q=m R= uOv=t QwO w |Wwt=Qi OwHw Cra x@ OwWv
QwD=QB= Qy uOQmQ=m |}=v=wD |v=UQRwQ x@ T=U= Q@ xQwO Qy |=yDv= QO "O@=}|t Vy=m
u}ov=}t p=Ft |=Q@� OwW|t ?=NDv= =yQwD=QB= |Ov@K]U |=Q@ |U=}kt 'Q=R@= Qy =@
CQOk `k=w QO "OwW|t CN=OQB ORtDUO =yQwD=QB= x@ '|Ov@K]U =@ ?U=vDt "�|}=v=wD
I}y QO p=L x@ =D xm CU= xDiQo Q=Qk Q_v Ot QwD=QB= |=Q@ Q=m u}L QO |Q}oO=}
QO |Wwt=Qi w |Q}oO=} uDiQoQ_vQO |=}=Rt R= |m} "CU= xOWv xO}O |D=k}kLD Q=m
"CU= QwD=QB= x@ xHwD w ORtDUO w jwkL 'G=QN= 's=ONDU= |=yxv} Ry uDN=U pO=aDt
w CU= |tyt Q=}U@ pt=a |O}rwD |=ysDU}U QO QwD=QB= x@ uO=O C}ty= w xHwD
CqwYLt C}i}m uOWQDy@ C}=yv QO w Q=m \}Lt QO QwD=QB= |}=v=wD |}=iwmW Ea=@

"OwW|t
C=[wQit "1"2"3

xm CU= C=}rta |O=OaD w XNWt VR=OQB Q}Ut l} |=Q=O xa]k ẁv Qy ��
"OwW s=Hv= x]w@ Qt |r=wD T=U= Q@ O}=@

"CU= |a]k w XNWt |O}rwD |xQwO Qy QO xa]k ẁv Qy |=Q@ =[=kD u=R}t ��
Ov=wD|t |irDNt |=yQ}Ut "OvQ=O =Q =ypwrU u}@ QO |}=Hx@=H u=wD =yQwD=QB= ��
QwD=QB= |xv}y@ Q}Ut uDi=} 'pOt u}= |HwQN w OW=@ xDW=O OwHw QwD=QB= Qy |=Q@

"CU}v
"CU= xOW XNWt |O}rwD |xQwO Qy QO =yQwD=QB= |=Q@ |Q=m C}iQ_ u} QDW}@ ��
QO xOW KQ]t |=yxv} Ry uOQmxv}tm w |}=v=wD T=U= Q@ O=Qi= u}@ R= xQwO Qy QO ��

"Ovv=t|t Q=m|@ |}xOa w OvwW|t s=ONDU= |}xOa 'hOy `@=D
O=Qi= |va} 'OvW=@ Q=m|@ p@k |xQwO QO O}=@ xQwO Qy QO |t=ONDU= O=Qi= ��

"OvDUy p@k |=yxQwO QO Q=m|@ O=Qi= 'xQwO Qy QO |t=ONDU=
l} Qo = xm|Qw]x@ "CU= xDiQo Q=Qk xHwD OQwt QwD=QB= |Wwt=Qi w |Q}oO=} QF= ��
Q=m x@ pweWt xm |}=yQ=R@= =@ 'OwW Q=m x@ pweWt |O}rwD |xQwO l} QO QwD=QB=
|Q=R@= =@ Qo = w OwW|t xOwRi= |w CQ=yt x@ Q=R@= u; =@ |Q=m sHL u=R}t x@ CU=
Q=m |xwLv w Cq;u}W=t C} wQ 'Q=m \}Lt QO Qw[L Crax@ OyOv s=Hv= Q=m
|}xQwO QO |QwD=QB= Qo = "Ov=t|t |k=@ C@=F w OwW|tv xDU=m |w CQ=yt R= Q=R@=
xDU=m =yQ=R@= s=tD QO |w |DQ=yt K]U R= '|Wwt=Qi Cra x@ 'OwWv xDiQo Q=m x@

"OwW|t
QwD=QB= Qy |=Q@ '|O}rwD |xQwO Qy |=yDv= QO =yCQ=yt |R=UOt;RwQ T=U= Q@ ��
|Ov@K]U =yQwD=QB= 'T=}kt u}= T=U= Q@ w O};|t CUOx@ |DQ=yt u}ov=}t

"Ovvm|t Ci=} QO jwkL xQwO Qy QO |Ov@K]U T=U= Q@ w OvwW|t
=yT}Ov= "2"2"3

&(1; :::;M) Cq;u}W=t %m;m0
&(1; :::; G) =yQ=R@= %g; g0

&(1; :::; C) =ypwrU %c; c0
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u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt uDN=U pO=aDt x@ \w@ Qt 20 w 19 |=yC}OwOLt "OwW|t CN=OQB 'OQ}o|t Q=Qk

=Q s=ONDU= \QW '21 C}OwOLt "CU= Q=m x@ pweWt w G=QN= 's=ONDU= C}a[w
22 C}OwOLt "CU= xOw@ Q=m|@ p@k |xQwO QO ,=tDL |t=ONDU= OQi xm Ovm|t u=}@
23 |=yC}OwOLt "CU= xQwO Qy QO Q=m x@ pweWt QwD=QB= O=OaD pk=OL x@ \w@ Qt
w CU= xQwO QO QwD=QB= |Q}oQ=mx@ 'QwD=QB= x@ Q=R@= X}YND \QW Ovvm|t u=}@ 24 w
C}OwOLt "Ov=tv |k=@ Q=m}@ =D OQ}o CQwY Q=R@= X}YND O}=@ OW xDiQoQ=m x@ Qo =
26 C}OwOLt "CU= QwD=QB= l} x@ Q=m x@ pweWt |=yQ=R@= X}YND x@ \w@ Qt 25
=@ uOQmQ=m |=Q@ sRq |}=v=wD pk=OL xm CU= |QwD=QB= x@ Q=R@= X}YND x@ \w@ Qt
QO =yQwD=QB= |}=v=wD |R=UOt;RwQ x@ \w@ Qt 27 C}OwOLt "OW=@ xDW=O =Q Q=R@= u;
|Ov@K]U x@ \w@ Qt 29 w 28 |=yC}OwOLt "CU= |O}rwD |xQwO Qy |=yDv=
,=tDL K]U l} QO QwD=QB= Qy xmv}= w OvDUy |O}rwD |xQwO Qy |=yDv= QO =yQwD=QB=
\w@ Qt 31 C}OwOLt "CU= QwD=QB= |Q=m u=tR C}iQ_ '30 C}OwOLt "OQ}o Q=Qk

"CU= pOt |=yQ}eDt |Dtqa C}OwOLt x@

pOt |R=U|]N "3"3
p}O@D |]N pOt x@ |]N Q}e pOt 'p}P QO xOW KQ]t |=yVwQ x@ xHwD =@

"OwW|t
1 xQ=tW VwQ "1"3"3

Q@ ZQi CQ=@a u}= QO "O} Q}o@ Q_v QO =Q Z = X1 �X2 � :::�Xn CQ=@a
CU= K[=w "CU= l} w QiY Q}eDt l} (i = 1; :::; n)Xi Q}eDt xm CU= u}=
=y(i = 1; :::; n)Xi s=tD xm CiQo Oy=wN 1 Q=Okt |DQwY QO =yvD Z Q}eDt xm
OwN x@ QiY Q=Okt =y(i = 1; :::; n)Xi R= |m} pk=OL Qo = "OvQ}o@ 1 Q=Okt
'xDmv u}= x@ xHwD =@ "CiQo Oy=wN QiY Q=Okt R}v =yQ}eDt u}= ?Q[ pY=L 'OQ}o@
u} Ro}=H 'CU= |Qv}=@ Q}eDt l} xm =Q Z u=wD|t C}OwOLt OvJ uOQmxi=[= =@
[7]%OvDUy Q} R pmW x@ =yC}OwOLt u}= "OQm l} w QiY |=yQ}eDt ?Q[ pY=L
Z � Xi 8i = 1; ::; n
Z �

nX
i=1

Xi � (n� 1)

2 xQ=tW VwQ "2"3"3
|=Q@ Q} R VwQ R= u=wD|t |R=Uxv}tm |xr�Ut QO CQ=@a wO Q=Okt uOQmxv}W}@ |=Q@

[7]%OQm xO=iDU= |R=U|]N
min T

St :

T = max(X; a)
!

min Z

St :

Z � X
Z � a

3 xQ=tW VwQ "3"3"3
CQ=@a u}= QO "O} Q}o@ Q_v QO =Q Z = Y � X1 � X2 � ::: � Xn CQ=@a
Q}eDt w l} w QiY Q}eDt l} (i = 1; :::; n)Xi Q}eDt xm CU= u}= Q@ ZQi
=Q Y Q=Okt |DQwY QO =yvD Z Q}eDt xm CU= K[=w "CU= |ivt=v Q}eDt l} Y
pk=OL Qo = "OvQ}o@ 1 Q=Okt =y(i = 1; :::; n)Xi s=tD xm CiQo Oy=wN OwN x@
=yQ}eDt u}= ?Q[ pY=L OQ}o@ OwN x@ QiY Q=Okt =y(i = 1; :::; n)Xi R= |m}
C}OwOLt OvJ uOQm xi=[= =@ 'xDmv u}= x@ xHwD =@ "CiQo Oy=wN QiY Q=Okt R}v

|]N Q}e |[=} Q pOt "5"2"3
pOt |rY= RmQtD xm CU= K}LY OOa \rDNt |]N Q}e pOt l} 'xOWx�=Q= pOt

"CU= QwD=QB= |}=v=wD w CQ=yt |wQ

min OF2� 1 =
KX
k=1

�
h1
k �H

�
+

TX
t=2

KX
k=1

�
htk �H + (1� btk)� F � (18�1)

+
TX
t=1

KX
k=1

GX
g=1

GX
g0=1

MX
m=1

MX
m0=1

CX
c;c0 6=c

wtkg � wtkg0 � �tgmcg0m0c0

�disc;c0 (18�2)

+
TX
t=1

KX
k=1

LX
l=1

GX
g=1

�tg � wtkg � letlk � SAl (18�3)

Subjected to :

b1k = h1
k 8k; (19)

bt+1
k (1� btk) = ht+1

k 8t = 1; :::; T � 1; 8k; (20)

ht+1
k � 1� btk 8t = 1; :::; T � 1; 8k; (21)
KX
k=1

btk � minEM 8t; (22)

wtkg � btk 8k; g; t; (23)
KX
k=1

wtkg =
MX
m=1

ytgm 8g; t; (24)

GX
g=1

wtkg � btk 8k; t; (25)

wtkg � awg � atkg 8k; g; t; (26)

at+1
kg = btk � atkg + wtkg � !1�tg + (1� btk) max(atkg � !2; 0)

8t = 1; :::; T � 1; 8k; g; (27)

L�1X
l=1

@l � let(l+1)k �
GP
g=1

atkg

G
�

LX
l=1

@l � letlk 8k; t; (28)

LX
l=1

letlk = 1 8k; t; (29)

GX
g=1

�tg � wtkg � captime� btk 8k; t; (30)

wtkg; h
t
k; b

t
k; le

t
kl 2 f0; 1g

atkg � 0 (31)

'G=QN= w s=ONDU= |xv} Ry x@ \w@ Qt ?}DQD x@ 18�3 w 18�2 '18�1 |=yxrtH
u}@ R= pw= |xQwO QO "OvDUy QwD=QB= ORtDUO w jwkL 'QwD=QB= |rwrU u}@ |}=Hx@=H
u=R}t x@ xDU@ |D; |=yxQwO QO "OvwW|t xDiQo Q=m x@ w s=ONDU= |O=Qi= '=yQwD=QB=
|k=@ Q=m x@ pweWt |O=OaD w OvwW|t s=ONDU= =} G=QN= |O=OaD 'QwD=QB= |}=v=wD
CU= xOW |L=Q] |}xvwox@ pOt "OQ=O =Q =ypwrU u}@ |}=Hx@=H u=wD QwD=QB= "Ovv=t|t
u; QO xm |Lw]U ?UL Q@ QwD=QB= ORtDUO w jwkL "Ovm xv}tm =Q |}=Hx@=H u}= xm
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"""u
DiQo

Q_vQ
O=@

|rw
rUO

}rwD
sDU

}U|
L=Q]Y Y tgmm0 � Y tgm + Y t+1

gm0 � 1 (51)

Y Y tgmm0 � Y tgm (52)

Y Y tgmm0 � Y t+1
gm0 (53)

PXY tijgmc � Xt
mc + PY tijgm � 1 (54)

PXY tijgmc � PY tijgm (55)

PXY tijgmc � Xt
mc (56)

l} w QiY |]N pOt l} x@ xOWx�=Q= pOt '|R=U|]N C=}rta s=Hv= =@
w hOy `@=wD '|R=U|]N |=yC}OwOLt u}= uOWxi=[= ZQi =@ "OwW|t p}O@D

%Ovvm|t Q}}eD Q} R pmW x@ |]N Q}e |=yC}OwOLt
min OF1� 2 =
TX
t=1

IX
i=1

JiX
j=1

GX
g=1

GX
g0=1

MX
m=1

MX
m0=1

CX
c;c0 6=c

PXY 1tijgg0mc �Dt
i

�disc;c0 �MCi (57�1)

+
TX
t=1

IX
i=1

JiX
j=1

GX
g=1

GX
g0=1

MX
m=1

MX
m0=1

CX
c=1

PXY 2tijgg0mc �Dt
i

(57�2)

+
T�1X
t=1

MX
m=1

CX
c;c6=c0

XXt
mcc0 � disc;c0 � SM (57�3)

+
TX
t=1

MX
m=1

IX
i=1

JiX
j=1

GX
g=1

PY tijgm �Dt
i �  ijg (57�4)

+
T�1X
t=1

GX
g=1

MX
m;m0 6=m

Y Y tgmm0 � SG (57�5)

+
TX
t=1

MX
m=1

IP
i=1

JiP
j=1

GP
g=1

PY tijgm � timeijgm �Dt
i

MTBFm
�Bm

(57�6)

Subjected to :

%14 =D 11 w 8 =D 4 |=yC}OwOLt uDiQoQ_vQO =@
CX
c=1

MX
m=1

Y Xt
gmc �

IX
i=1

JiX
j=1

P tijg 8g; t; (58)

CX
c=1

MX
m=1

Y Xt
gmc � P tijg 8i; j; g; t; (59)

IX
i=1

JiX
j=1

GX
g=1

PY tijgm � timeijgm �Dt
i � captime 8m; t;

(60)
IX
i=1

JiX
j=1

GX
g=1

PXY tijgmc � timeijgm �Dt
i � qC

CX
c=1

IX
i=1

JiX
j=1

GX
g=1

PXY tijgmc � timeijgm �Dt
i 8c; t; (61)

Q}eDt w l} w QiY ẁv R= K}LY |=yQ}eDt ?Q[pY=L u} Ro}=H =Q Z u=wD|t
[20]%OvDUy Q} R pmW x@ =yC}OwOLt u}= "OQm |ivt=v

Z �M1Xi 8i = 1; ::; n
Z � Y
Z � Y � (n�

nX
i=1

Xi)M1

1 pOt |R=U|]N "4"3"3
R= "Ov=xOW pOt uOW|]N Q}e Ea=@ 16 w 15 '10 '9 '3�6 =D 3�1 CqtH

%OwW|t h} QaD Q} R pmW x@ O}OH |=yQ}eDt wQu}=
PXY 1tijgg0mc = Xt

mcY
t
gmP

t
ijgX

t
m0c0Y

t
g0m0P

t
i(j+1)g0

PXY 2tijgg0mc = Xt
mcY

t
gmP

t
ijgX

t
m0cY

t
g0m0P

t
i(j+1)g0

XXt
mcc0 = Xt

mcX
t+1
mc0

Y Xt
gmc = Y tgmX

t
mc

PY tijgm = P tijgY
t
gm

Y Y tgmm0 = Y tgmY
t+1
gm0

PXY tijgmc = P tijgX
t
mcY

t
gm

%OW Ovy=wN xi=[= |rY= pOt x@ Q} R |=yC}OwOLt '=yQ}eDt u}= uDiQoQ_vQO =@
PXY 1tijgg0mc � Y Xt

gmc + P tijg + Y Xt
g0m0c0 + P ti(j+1)g0 � 3

(32)

PXY 1tijgg0mc � Y Xt
gmc (33)

PXY 1tijgg0mc � P tijg (34)

PXY 1tijgg0mc � Y Xt
g0m0c0 (35)

PXY 1tijgg0mc � P ti(j+1)g0 (36)

PXY 2tijgg0mc � Y Xt
gmc + P tijg + Y Xt

g0m0c + P ti(j+1)g0 � 3
(37)

PXY 2tijgg0mc � Y Xt
gmc (38)

PXY 2tijgg0mc � P tijg (39)

PXY 2tijgg0mc � Y Xt
g0m0c (40)

PXY 2tijgg0mc � P ti(j+1)g0 (41)

XXt
mcc0 � Xt

mc +Xt+1
mc0 � 1 (42)

XXt
mcc0 � Xt

mc (43)

XXt
mcc0 � Xt+1

mc0 (44)

Y Xt
gmc � Y tgm +Xt

mc � 1 (45)

Y Xt
gmc � Y tgm (46)

Y Xt
gmc � Xt

mc (47)

PY tijgm � P tijg + Y tgm � 1 (48)

PY tijgm � P tijg (49)

PY tijgm � Y tgm (50)

144



2/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt +

TX
t=1

KX
k=1

LX
l=1

GX
g=1

WLtkgl � �tg � SAl (80�2)

Subjected to :

%30 =D 28 w 26 =D 21 '19 |=yC}OwOLt uDiQoQ_vQO =@
Btk = ht+1

k 8k; 8t = 1; :::; T � 1; (81)

at+1
kg = wtkg � !1

IX
i=1

JiX
j=1

�tg +BZtk +BAtkg

8k; g; 8t = 1; :::; T � 1; (82)

wtkg; h
t
k; b

t
k; le

t
kl; B

t
k;WW t

kgg0 ;WLtkgl 2 f0; 1g
BAtkg; BZ

t
k; z; a

t
kg � 0 (83)

G}=Dv p}rLD "4
|=yp=Ft '|]N Q}e pOt w |]N pOt |xv}y@ Q=Okt w pL u=tR |UQQ@ Qw_vtx@
%Ci=} QO u=wD|t xOWpY=L |=y?=wH x@ xHwD =@ "OW pL swO w pw= pOt R= |OOa
|=yQDt=Q=B =Q} R CU}v |k]vt Qo}O p=Ft =@ p=Ft Qy |xv}y@ Q}O=kt |xU}=kt ��
Qy QO xm CU= |k]vt "CU= xOQm Q}}eD 'Oa@ V}=Ri= T=U= Q@ =yp=Ft |OwQw
=Q} R "OwW |UQQ@ sy=@ |]N Q}e w |]N pOt pL u=tR w xv}y@ Q}O=kt 'p=Ft

"OvDUy u=Um} sy=@ |OwQw |=yQDt=Q=B w O=a@=
"CU= |]N Q}e pOt |xv}y@ Q=Okt |w=Ut =} QDtm |]N pOt |xv}y@ ?=wH ��
Q}e pOt pL u=tR R= QDtm |]N pOt pL u=tR 'xr�Ut Qy QO |rm Qw]x@ ��

"CU= |]N
V}=Ri= =@ 'OwW|t |]N pOt R= QDW}@ |]N Q}e pOt ?=wH 'OQ=wt |NQ@ QO ��
xW}ty xDmv u}= |rw O=O Ow@y@ =Q |]N Q}e pOt Q=Okt u=wD|t pL u=tR COt
u=tR V}=Ri= =@ w ODi=}@ xkrL QO pOt OQ=O u=mt= `k=wt |[a@ QO "CU}v Q=QkQ@
CkO |]N Q}e pL |=ysD} Qwor= x@ O}=@ `k=w QO "OyO Ow@y@ =Q ?=wH Ov=wDv

"jr]t xv w OvDUy |rLt xOWCi=} |=y?=wH xm OQm

pw= pOt "1"4
2 w 1 |=ypmW "Ov=xDN=OQB xOW pL |OOa p=Ft GvB K} QWD x@ 4 w 3 |=ypwOH
pOt uOw@|]N Q}e w |]N ^=Lr R= xv}y@ Q}O=kt hqDN= w pL u=tR |UQQ@ x@

"CU= xDN=OQB
CUmW =@ |]N Q}e w |]N pOt wO QO swU p=Ft |xv}y@ ?=wH uDi=} Q}Ut
0 3 QO |]N pOt 'OwW|t xOy=Wt 3 pmW QO xm Qw]u=ty "OW |UQQ@ u=tR

"pw= pOt R= xOW pL |OOa |=yp=Ft O=a@= "3 pwOH
Q=R@= xQwO pwrU u}W=t xa]k p=Ft |oS}w
5 2 2 3 2 1
5 3 2 3 2 2
7 2 2 3 4 3
7 3 2 4 4 4
10 2 3 5 6 5

xtmc; y
t
gm; p

t
ijg; PY

t
ijgm; PXY

t
ijgmc; PXY 1tijgg0mc;

PXY 2tijgg0mc; XXt
mcc0 ; Y X

t
gmc; Y Y

t
gmm0 2 f0; 1g (62)

2 pOt |R=U|]N "5"3"3
xU u}= R= xm Ov=xOW pOt uOW|]N Q}e Ea=@ 27 w 20 '18�3 '18�2 CqtH

%OwW|t h} QaD Q} R pmW x@ |O}OH |=yQ}eDt 'wQu}= R= "OvDUy ẁv
WW t

kgg0 = wtkg � wtkg0
WLtkgl = wtkg � letlk
Btk = bt+1

k � (1� btk)

Z = max(atkg � !2; 0)

BAtkg = btk � atkg
BZtk = (1� btk)� Z
%OW Ovy=wN xi=[= |rY= pOt x@ Q} R |=yC}OwOLt '=yQ}eDt u}= uDiQoQ_vQO =@
WW t

kgg0 � wtkg + wtkg0 � 1 (63)

WW t
kgg0 � wtkg (64)

WW t
kgg0 � wtkg0 (65)

WLtkgl � wtkg + letlk � 1 (66)

WLtkgl � wtkg (67)

WLtkgl � letlk (68)

Btk � bt+1
k + (1� btk)� 1 (69)

Btk � bt+1
k (70)

Btk � (1� btk) (71)

Z � atkg � !2 (72)

Z � 0 (73)

BAtkg � atkg �M1(1� btk) (74)

BAtkg � atkg (75)

BAtkg �M1 � btk (76)

BZtk � Z �M1[1� (1� btk) (77)

BZtk � Z (78)

BZtk �M1 � (1� btk) (79)

K}LY OOa\rDNt |]N pOtl} x@ xOW x�=Q= pOt '|R=U|]N C=}rta s=Hv= =@
w hOy `@=wD '|R=U|]N |=yC}OwOLt u}= uOWxi=[= ZQi =@ "OwW|t p}O@D

"Ovvm|t Q}}eD Q} R pmW x@ |]N Q}e |=yC}OwOLt
min OF2� 2 =

%18�1 hOy `@=D uDiQoQ_vQO =@
TX
t=1

KX
k=1

GX
g=1

GX
g0=1

MX
m=1

MX
m0=1

CX
c;c0 6=c

WW t
kgg0��tgmcg0m0c0�disc;c0

(80�1)
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|x]kv |xrY=i uOQmsm QO |aU x}v=F 17 =D "O@=}|t =Q OwN |vOW ?=wH
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1. lean manufacturing
2. just in time

3. group technology
4. cell formation
5. group layout
6. group scheduling
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8. operation sequence
9. ant colony optimization approach
10. alternative process routing (APR)
11. mean time between failures (MTBF)
12. machine removal
13. machine install
14. machien transmision
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