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|O Q}PBh=]av= S=Dvwt QO O=wt l}D=twD= pkvwptL |=ysDU}U |UQQ@

�Crm}UQwDwt S=Dvwt |OQwt |xar=]t�
�Q=}Wv=O� OvtWwy OwtLt
�OWQ= T=vWQ� � |wkD uULt

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

l} 'pwYLt Qy |=Q@ xv=o =OH S=Dvwt \w]N R= u=wD|t ẁvDt CqwYLt S=Dvwt Qw_vtx@
|xOta "CUH xQy@ Q}PBh=]av= S=Dvwt sDU}U =} pwYLt u}OvJ |=Q@ S=Dvwt \N

ẁvDt CqwYLt O}rwD |xU}=kt w |UQQ@ x@ OQwt u}= QO xDiQos=Hv= C=U}=kt w C=ar=]t
xO=iDU= OQwt O=wt pkvwptL sDU}U "Ov=xDN=OQB S=Dvwt \N l} QO =} xv=o =OH \w]N QO

x@ xHwD =@ O}=@ 1Q}PBh=]av= S=Dvwt |=ysDU}U |UQQ@ "CU= xr=kv Q=wv O}rwD ẁv u}= QO
|xOvwWC}=Oy pkvwptL sDU}U R= =ysDU}U u}= QO &OwW s=Hv= O}OH Q=R=@ |=y|OvtR=}v
Q}PBh=]av= w |DvU S=Dvwt |=ysDU}U Q=DWwv u}= QO "OwW|t xO=iDU= (AGV) 2Q=mOwN

R= S=Dvwt |=ysDU}U |xU}=kt Qw_vtx@ "s}yO|t Q=Qk |UQQ@ OQwt xv=o =OH Qw]x@ =Q
uOw@pO=aDt 'CqwYLt |=[=kD Q}}eD Q@=Q@ QO sDU}U C=Q}}eD u=R}t uwJty |}=yQ=}at

S=Dvwt sDU}U |rm |}=Q=m w pkvwptL sDU}U |}=Q=m '|Q=m |=yx=oDU}= |Q=m sHL
G}=Dv "CU= Crm}U QwDwt ẁv wO S=Dvwt OQwt u}= QO |OQ@ Q=m p=Ft "CU= xOW xO=iDU=

sm =[=kD Q}}eD Q@=Q@ QO Q}PBh=]av= S=Dvwt sDU}U C=Q}}eD u=R}t xm OyO|t u=Wv |D=@U=Lt
.OQ=O S=Dvwt \N |=ysDU}U x@ C@Uv |QDy@ |}=Q=m |=yQ=}at w CU=

hoshmand@sharif.edu
mohsentaghavi@gmail.com

w ptL sDU}U 'xr=kv Q=wv 'S=Dvwt \N 'Q}PBh=]av= S=Dvwt sDU}U %|O}rm u=oS=w
"(AGV)Q=mOwN |xOvwWC}=Oy pkv

xtOkt "1
xv=o =OH S=Dvwt \N l} R= pwYLt Qy |=Q@ pOt u}= QO "OQ=Ov OwHw pwYLt QO
"OyO|t u=Wv =Q OQivt S=Dvwt \N |m} R}i Q=DN=U 1 pmW [2]"OwW|t xO=iDU=
|Q=m sHL |R=UpO=aDt |xr�Ut '\w]Nu}= OQwtQO |Q}os}tYD |xr�Utu} QDsyt
'|a]k |=yu=tR =@ S=Dvwt |=yC}r=ai xr�Ut u}= |OwQw "CU= S=Dvwt |=yx=oDU}=
|=yx=oDU}= O=OaD uOQmxv}tm xr�Ut u}= hOy "OvDUy =yC}r=ai u=}t \@=wQ R}v w
SALBP-1 u=wva CLD ?}DQDx@ xm CU= x=owro x=oDU}= |Q=m u=tR =} |Q=m
O=OaD uOQmXNWt w x}rw= |L=Q] Qw_vtx@ [3]"OwW|t O=} =yu; R= SALBP-2 w
QO SALBP-1 pOt ha[ "s}vm|t xO=iDU= SALBP-1 |xr�Ut R= =yx=oDU}=
O=OaD u=ty =@ x=owro x=oDU}= u=tR R= |QDsm pm}U u=tR CU= umtt xm CU= u}=

"OQivt S=Dvwt \N |m} R}i Q=DN=U "1 pmW

[1]"Ov=xDiQo Q=Qk xO=iDU= OQwt xw@v= O}rwD |=Q@ OQwi |Qvy u=tR R= S=Dvwt \w]N
CU= xr=kv Q=wv =yv; pkvwptL sDU}U xm S=Dvwt |=yx=oDU}= |O=OaD R= \w]N u}=
�� 3�xO=U� OQivt S=Dvwt \w]N u}= 'CqwYLt ẁvD V}=Ri= =@ "Ov=xOW p}mWD
QO xm �� 4\rDNt S=Dvwt \w]N x@ �� OW|t O}rwD pwYLt l} ,=iQY u; QO xm
w xv=}=Q |xv}tR QO CiQW}B "OvOW p}O@D �� OvwW|t O}rwD |awvDt CqwYLt =yu;
Qwy_ R=Uxv}tR (AGV) Q=mOwN |xOvwWC}=Oy pkvwptL |=ysDU}U R= xO=iDU=
|tDU}U Q}PBh=]av= S=Dvwt sDU}U R= Qw_vt "Ow@ Q}PBh=]av= S=Dvwt |=ysDU}U
"OQ=O |Q}PBh=]av= GQ=N C=Q}}eD ,=YwYN w pN=O C=Q}}eD =@ \=@DQ= QO xm CU=
"s}DUy S=Dvwt |=ysDU}U u=}t R= ?=NDv= OvtR=}v ' ẁvDt CqwYLt O}rwD Qw_vtx@
\w]N w �xO=U� OQivt S=Dvwt \w]N |xU}=kt w |UQQ@ x@ u}W}B C=ar=]t |xOta
\N |=Q=O |=ysDU}U |UQQ@ R= TB j}kLD u}= QO "Ov=xDN=OQB \rDNt S=Dvwt
l} ltmx@ 'Q}PBh=]av= S=Dvwt sDU}U w \rDNt S=Dvwt \N '�xO=U� OQivt S=Dvwt
"s} R=OQB|t sDU}U3u}= |xU}=kt x@ 'OQmrta|=yQ=}at|}xQ=BT=U=Q@ w|ak=w p=Ft

�xO=U� OQivt S=Dvwt \N "2
|awvD w OwW|t xO=iDU= O=} R |=[=kD =@ CqwYLt |=Q@ OQivt S=Dvwt\N sDU}U R=
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QQ@&|O}rwD VQ=iU uOWpt=m |=Q@ pkvwptL u=tR pm %Qsum
CQwY u}= Q}e QO w '1 pO=at O@=}X}YND s=i x=oDU}= x@ j C}r=ai Qo = %xij

&QiY pO=at
l x=oDU}= x@ i x=oDU}= R= s=j C}r=ai s=tD= R= Oa@ s=k pwYLt Qo = %yiljk

&QiY pO=at CQwY u}= Q}e QO w '1 pO=at OwW ptL
O@=} X}YND i x=oDU}= x@ j C}r=ai s=Hv= |=Q@ s=k pwYLt Qo = %zijk

&QiY pO=at CQwYu}= Q}e QO w '1 pO=at
X}YND u; x@ Ov=wD|t s=k pwYLt s=r C}r=ai xm |y=oDU}= u} QDOwR %erk

&O@=}
X}YND u; x@ Ov=wD|t s=k pwYLt s=r C}r=ai xm |y=oDU}= u} QDQ}O %lrk

"O@=}
x=owro x=oDU}= |Q=m u=tR =} w |Q=m |=yx=oDU}= O=OaD uOQmxv}tm xr�Ut hOy
[3]"OwW|t O=} =yu; R= MALBP-2 w MALBP-1 u=wvaCLD?}DQDx@ xmCU=
MALBP-1 xr�Ut R= =yx=oDU}= O=OaD uOQmXNWt w x}rw= |L=Q] Qw_vtx@

%CU= xOt; xt=O= QO xr�Ut u}= |=Q@ K}LY OOa |R} Qxt=vQ@ "s}vm|t xO=iDU=
Minimize M (1)

subject toX
i2I

zijk = 1;8j; k (2)&�X
j<r

pjk
�
=C

'
= erk;8k; r (3)

M + 1�
&�X

j<r

pjk
�
=C

'
= lrk;8k; r (4)X

i

(i�zijk � i�zirk) � 0; k 2 K; (j; r) 2 Rk (5)

i�zijk �M ; 8i; j (6)X
j

pjk � zijk � C; 8k; i (7)X
i

X
j�r

i�zijk � lrk;8k; r (8)X
i

X
j�r

i�zijk � erk; 8k; r (9)

O}=@ xm CU= S=Dvwt |=yx=oDU}= O=OaD Qou=Wv w xr�Ut hOy `@=D 1 |x]@=Q
x=oDU}= l} x@ O}=@ S=Dvwt C}r=ai Qy xm CU= u; Qou=}@ 2 |xrO=at "OwW xv}tm
u} QDQ}O w u} QDOwR ?}DQDx@ 4 w 3 |=yx]@=Q R= xO=iDU= =@ "O@=} X}YND S=Dvwt
x@U=Lt O@=} X}YND u; x@ Ov=wD|t s=k pwYLt s=r C}r=ai xm =Q |y=oDU}=
S=Dvwt \N QO pwYLt u=} QH uOWxiQ]l} Ea=@ 5 |x]@=Q |Q=QkQ@ "Ovvm|t
QFm =OL CU= umtt xm CU= |y=oDU}= O=OaD u} QDW}@ Qou=Wv 6 |w=Ut=v "OwW|t
pwYLt Qy pm}U u=tR xm OyO|t u=Wv 7 |x]@=Q "OW=@ M hOy `@=D Q@=Q@
8 |x]@=Q |Q=QkQ@ u}vJty "OW=@ QDW}@ CqwYLt lQDWt pm}U u=tR R= O}=@v
u} QDOwR R= QDW}@ T}Ov= =@ |y=oDU}= x@ s=k pwYLt s=j C}r=ai =D OwW|t Ea=@
=D OwW|t Ea=@ 9 |w=Ut=v |Q=QkQ@ 'p@k Ovv=t "O@=} X}YND V=x]w@ Qt x=oDU}=
V=x]w@ Qt x=oDU}= u} QDQ}O R= QDsm T}Ov= =@ |y=oDU}= x@ s=k pwYLt s=j C}r=ai

"O@=} X}YND

x@ x=oDU}= O=OaD |=Q@ =Q SALBP-2 pOt Qw_vt u}= |=Q@ "OyO xH}Dv =Q x=oDU}=
QO |Q}}eD xm |v=tR =D =Q x} wQ u}= w s}vm|t pL SALBP-1 pOt R= xOt; CUO

[4]"s}yO|t xt=O= 'OwWv O=H}= =y?=wH

\rDNt S=Dvwt \N "3
Cw=iD u}= =@ 'CU= xOW |L=Q] pwYLt ẁv OvJ =} wO O}rwD |=Q@ pOt ẁv u}=
QO pwYLt l} xm |r=L QO |va} "OvwW|t S=Dvwt u=tRty Qw]x@ CqwYLt xm
"OwW|t pt=m Qo}O x=oDU}= QO Qo}O pwYLt CU= uOW pt=m x@ wQ x=oDU}= l}
|ov=N C=R}yHD w =ywQOwN |}=yv S=Dvwt QO ,qwtat \rDNt S=Dvwt |=ysDU}U R=
"�2 pmW� OvwW|t S=Dvwt CqwYLt R= |}xawtHt sDU}U u}= QO "OwW|t xO=iDU=
l} R= u; uOQm?DQt Qw_vtx@ w CU= xiQ]l} S=Dvwt pOt u}= QO CmQL CyH
pOt u}= |=Q@ |Q=PoO=tv "OwW|t xO=iDU= CqwYLt |=Q@ lQDWt pm}U u=tR

%CU= Q} R KQWx@
=yT}Ov= "1

i 2 I = f1; � � � ;mg S=Dvwt x=oDU}= %i
j 2 J = f1; � � � ; ng S=Dvwt C}r=ai %j
k 2 K = f1; � � � ; vg pwYLt %k

|OwQw |=yQDt=Q=B "2
&s=k pwYLt j C}r=ai S=Dvwt u=tR %pjk

&l x@ i x=oDU}= R= pwYLt |}=Hx@=H |=Q@ sRq pkvwptL u=tR %qil
&OvDUy s=j C}r=ai s=Hv= x@ QO=k xm |}=yx=oDU}= xawtHt %Ij

&s=k pwYLt O}rwD |=Q@ sRq |=yC}r=ai xawtHt %Jk
R= p@k j C}r=ai xm |Qw]x@ '(j; r) S=Dvwt |=yC}r=aiCiH xawtHt % Rk

&OwW s=Hv= r C}r=ai
&0 � � � 1 'hOy `@=D QO |vRw ?} Q[ %�

&i x=oDU}= |Q=m |=[i %bi
Ovm|t xO=iDU= s=i x=oDU}= |Q=m |=[i R= s=j C}r=ai xm |}=[i Q=Okt %aij

&OwW s=Hv= =D
"s=k pwYLt |=[=kD %dk

s}tYD |=yQ}eDt �
uOW pt=m |=Q@ sRq S=Dvwt u=tR� x=oDU}= |Q=PoQ=@ u=tR u} QDW}@ %Pmax

&�|O}rwD VQ=iU

"\rDNt S=Dvwt \N |m} R}i Q=DN=U "2 pmW

sHvB w pyJ |xQ=tW �h} QW 32
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"Q}PBh=]av= S=Dvwt sDU}U |m} R}i Q=DN=U "3 pmW

O}=@ xm CU= |Q=m |=yx=oDU}= O=OaD w xr�Ut hOy `@=D Qou=}@ 14 |x]@=Q
x@ O}=@ pwYLt Qy S=Dvwt C}r=ai Qy xm CU= u; Qou=}@ 15 |w=UD "OvwW xv}tm
xm =Q |y=oDU}= O=OaD u} QDW}@ 16 |w=Ut=v "O@=} X}YND S=Dvwt x=oDU}= l}
pm}U u=tR R}v 17 |w=Ut=v "OyO|t u=Wv OvW=@ M Q@=Q@ QFm =OL CU= umtt
18 |x]@=Q "OW=@ C Q@=Q@ QFm =OL CU= umtt xm OyO|t u=Wv =Q x=owro x=oDU}=

"OyO|t u=Wv XNWt u=tR l} QO =Q x=owro x=oDU}= |Q=PoQ=@ sHL
Q}PBh=]av= S=Dvwt |=ysDU}U C=}@O= QO pYit Qw]x@ FAS |R} Qxt=vQ@ swyit
K}LY OOa |R} Qxt=vQ@ R= xr�Ut u}= pL |=Q@ w CU= xDiQo Q=Qk |UQQ@ OQwt
xQw_vtwO K}LY OOa |R} Qxt=vQ@ R= xO=iDU= =@ 'p=Ft Qw]x@ [7 ' 6]"CU= xOW xO=iDU=
pkvwptL u=tR pm uOQmxv}tm w pO=aDt |Q=m |=yx=oDU}= |Q=PoQ=@ |=Q@ |OQm} wQ

%CU= u}vJ xr�Ut u}= |=Q@ |[=} Q |R} Qxt=vQ@ [9]"CU= xOW x�=Q=
Minimize ��Pmax + (1� �)�Qsum (19)

subject toX
i2Ij

X
l2Ir

yiljk = 1; k 2 K; (j; r) 2 Rk (20)X
l2I

(ylijk � yiljk) = 0; i 2 I; k 2 K; (j; r) 2 Rk (21)X
k2K

X
j2Jk

X
l2I

pjk yiljk � Pmax; i 2 I (22)X
i2I

X
l6=i

X
k2K

X
j2Jk

qil yiljk = Qsum (23)X
i2Ij

xij � 1; j 2 J (24)X
j2J

xij � bi; i 2 I (25)

ylijk � xij ; k 2 K; i 2 Ij ; l 2 Ir; (j; r) 2 Rk (26)

ylijk � xlr; k 2 K; i 2 Ij ; l 2 Ir; (j; r) 2 Rk (27)X
l2I

yiljk = zijk; i 2 I; j 2 J; k 2 K

xij 2 f0; 1g; 8i; j
ylijk 2 f0; 1g; 8i; l; j; k
zijk 2 f0; 1g;8i; j; k
� 2 f0; 1g; (28)

|Q=PoQ=@ u=tR |xv}W}@ `@=D wO R= |@}mQD w |rm hOy `@=D Qou=}@ 19 |x]@=Q
u=v}t]= 20 |x]@=Q "CU= (Qsum) pkvwptL u=tR pm w (Pmax) |Q=m x=oDU}=
xOW xO=O X}YND x=oDU}= l} x@ pwYLt Qy |=yC}r=ai xm Ovm|t pY=L

xm CU= u}= QO MALBP-1 pOt ha[ '�xO=U� OQivt S=Dvwt \N Ovv=ty
=Q x=oDU}= O=OaD u=ty 'x=owro x=oDU}= u=tR R= QDsm pm}U u=tR QO CU= umtt
xOt; CUO x@ x=oDU}= O=OaD |=Q@ =Q MALBP-2 pOt Qw_vt u}= |=Q@ "OyO xH}Dv
|Q}}eD xm s}yO|t xt=O= |v=tR =D =Q x} wQ u}= w s}vm|t pL MALBP-1 pOt R=
x�=Q= MALBP-2 pOt |[=} Q |R} Qxt=vQ@ 'xt=O= QO "OwWv xOy=Wt =y?=wH QO

%CU= xOW
Minimize C (10)

subject toX
i2I

zijk = 1; 8j; k (11)X
i

(i�zijk � i�zirk) � 0; k 2 K; (j; r) 2 Rk (12)X
j

p�jkzijk � C; 8k; i

zijk 2 f0; 1g; 8i; j; k (13)

CU= CqwYLt lQDWt pm}U u=tR w xr�Ut hOy `@=D Qou=Wv 10 |x]@=Q
x@ O}=@ pwYLt Qy S=Dvwt C}r=ai xm CU= u; Qou=}@ 11 |w=UD "OwW xv}tm O}=@ xm
u=} QH uOWxiQ]l} Ea=@ 12 |x]@=Q |Q=QkQ@ "O@=} X}YND S=Dvwt x=oDU}= l}
x=oDU}= pm}U u=tR 13 |w=Ut=v u}vJty "OwW|t S=Dvwt \N QO CqwYLt

"OW=@ C hOy `@=D Q=Okt Q@=Q@ Ov=wD|t QFm =OL xm OyO|t u=Wv =Q x=owro

Q}PBh=]av= S=Dvwt sDU}U "4
"CU= (AGV) Q=mOwN |xOvwWC}=Oy pkvwptL sDU}U |=Q=O sDU}U ẁv u}=
O=OaD ^=Lr R= |D}OwOLt OwW|t ZQi w CU= xiQ]wO pwYLt CmQL |=yQ}Ut
"OyO|t u=Wv =Q Q}PBh=]av= S=Dvwt |m} R}i Q=DN=U 3 pmW "OQ=Ov OwHw AGV

|R} Qxt=vQ@ '|L=Q] |xrLQt xU Q}PBh=]av= S=Dvwt sDU}U QO |Q}os}tYD |xr�Ut
[5]"OwW|t pt=W =Q |Ov@u=tR w

|xr�Ut "OvQ}o|t Q=Qk xHwD OQwt |R} Qxt=vQ@ w |L=Q] |xrLQt wO =Hv}= QO
Qw_vtx@ CU= xOW x�=Q= |twta Q}PBh=]av= S=Dvwt sDU}U |=Q@ Q} R QO xm |L=Q]
QO XNWt u=tR QO Ov=wD|t xm CU= |Q=m |=yx=oDU}= O=OaD uOQmXNWt

"OW=@ C=WQ=iU R= |@}mQD |woMU=B 'TQDUO

Minimize M (14)

subject toX
i2I

zijk = 1; 8j; k (15)

i�zijk �M ; 8i; j (16)X
j

pjk �zijk � C; 8k; i (17)X
k

X
j

dkpjkzijk � Pmax; 8i (18)

zijk 2
�

0; 1
�

;8i; j; k
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Maximize Q (29)

subject toX
k2K

X
j2Jk

dk pjk zijk � PLmax; i 2 I (30)X
i2Ij

X
j

X
k

mijk = Q (31)X
i2Ij

zijk = 1; k 2 K; j 2 Jk (32)

�zijk � zirk + 2�mijk <= 0 (33)X
j2J

zijk � bi; i 2 I

mijk 2 f0; 1g; k 2 K; j 2 Jk; i 2 Ij
zijk 2 f0; 1g; k 2 K; j 2 Jk; i 2 Ij (34)

CU= |R=}vV}B |=yCiH pm O=OaD R}v w xr�Ut hOy `@=D Qou=}@ 29 |x]@=Q
|Q=PoQ=@ sHL 30 |w=Ut=v R= xO=iDU= =@ "OvQ}o|t Q=Qk x@=Wt |=yx=oDU}= QO xm
|=yCiH pm O=OaD 31 |w=UD R= xO=iDU= =@ "OwW|t xO=O u=Wv x=owro x=oDU}=
Qou=}@ 32 |x]@=Q "OwW|t x@U=Lt 'OvDi=|t j=iD= x@=Wt x=oDU}= QO xm R=}vV}B
33 |w=Ut=v w 'O@=} X}YND x=oDU}= l} x@ O}=@ |rwYLt Qy C}r=ai xm CU= u;
X}YND i x@=Wt x=oDU}= x@ |rwYLt w r w j C}r=ai wO Qo = xm OyO|t u=Wv R}v
Qou=Wv 34 |x]@=Q C}=yv QO w "Ow@ Oy=wN 1 pO=at mijk Q}eDt Q=Okt x=ov; Ov@=}
PLmax R= |YNWt Q}O=kt |=R=x@ xOW x�=Q= pOt "CU= x=oDU}= sHL C}OwOLt

"CU= pL p@=k

xDi=} X}YND |=yC}r=ai pt=W |Q=m |=yx=oDU}= u=tO}J "2"5
pw= xrLQt R=

|HwQN u=wD|t �|Q=m |=yx=oDU}= x@ |yO|r=wD� u=wva CLD |rOt uOQmxi=[= =@
|R} Qxt=vQ@ |xr�Ut =@ =Q |L=Q] |xr�Ut pOt u}= "O}WN@ Ow@y@ =Q pw= |xrLQt
xm |}=yx=oDU}= u=tO}J |xr�Ut |=Q@ xOW xDiQo Q_v QO C=}[Qi "OR=U|t \@DQt

%R= Ov=CQ=@a 'Ov=xOW xO=O X}YND pw= |xrLQt QO =yu; |=yC}r=ai

&OQ=O OwHw |Q=m x=oDU}= n Q=QkDU= |=Q@ XNWt |=[i n O=OaD "1

&CU= qil C@=F Q}O=kt 'Q=QkDU= |=ypLt u}@ |xrY=i "2

X}YND pOt |Ov@xk@] QO u; |[=} Q pOt 'xr�Ut u}= C=}[Qi x@ xHwD =@
CQwYx@ xr�Ut u}= |[=} Q |R} Qxt=vQ@ [10]"OQ}o|t Q=Qk �l}D=QO=wm � 6swO xHQO
%CU= u}vJ pOt u}= |=Q@ |Q=PoO=tv "CU= |]N Q}e K}LY OOa |R} Qxt=vQ@
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|=y?}mQD Tv=W w 'sm |D}r=ai ẁvD 'pwYLt l} =yvD OwHw p}rOx@ 'pwYLt

"CU= QDsm |R=UpO=aDt u=tR uOQmsm |=Q@ QDy@
C@=F \rDNt S=Dvwt sDU}U |=Q@ pkvwptL u=tR '8 pmW x@=Wt 9 pmW QO
pkvwptL pm u=tR |v=yo =v V}=Ri= Oy=W |}=yv C=@}mQD QO u}vJty "Ov=t|t
'pwYLt ?}mQD |v=}=B |=yCr=L QO xm CU= u}= |v=yo =v V}=Ri= u}= p}rO "s}DUy

"|twta Q}PBh=]av= S=Dvwt sDU}U w\rDNt S=Dvwt sDU}U pkvwptL u=R}t "9 pmW

Q}PBh=]av= S=Dvwt sDU}U w \rDNt S=Dvwt \N sDU}U |rm xU}=kt "10 pmW
"|twta

=OH |DvU S=Dvwt \w]N� OQivt S=Dvwt \N R= xO=iDU= 5 pmW x@ xHwD =@
w 'CU= CqwYLt ?}mQD Q}}eD s=ovy x@ xOta C=Q}}eD s=Hv= OvtR=}v �sy R=
\N R= xO=iDU= xOv=t |k=@ Qo}O |xv} Ro wO "CU= sRq |Q}PBh=]av= Ok=i u}=Q@=v@
'6 pmW x@ xHwD =@ "OvDUy |twta Q}PBh=]av= S=Dvwt sDU}U w \rDNt S=Dvwt
C=Q}}eD u} QDsm w |Q}PBh=]av= u} QDW}@ |=Q=O |twta Q}PBh=]av= S=Dvwt sDU}U
x=oDU}= O=OaD u} QDsm OvtR=}v sDU}U u}= u}vJty "CU= CqwYLt?}mQD Q}}eD QF=Q@
S=Dvwt \N sDU}U QDW}@ |xU}=kt Qw_vtx@ "CU= pwYLt hrDNt C=@}mQD |=R=x@
|}=Q=m uwJty |@=} RQ= |=yQ=}at Q}=U |twta Q}PBh=]av= S=Dvwt sDU}U =@ \rDNt
VQ=iU |=R=x@ pkvwptL pm u=R}t '|Q=m |=yx=oDU}= |Q=PoQ=@ u=R}t '|R=UpO=aDt
x=oDU}= Qy |=R=x@ pkvwptL u=tR w |Q=PoQ=@ u=tR pm ẁtHt w 'xv=RwQ |O}rwD
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exible assembly system
2. automated guided vehicle
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6. quadratic assignment problem

`@=vt
1. Groover, M. Automation, production systems and

computer-integrated manufacturing, Prentice Hall, Up-
per Saddle River, (2001).

2. Sawyer, J.H.F. Line balancing, Machinery Publishing,
Brighton, (1970).

3. Salveson, M.E. \The assembly line balancing problem",
Journal of industrial engineering, 6, pp. 18-25 (1995) .

4. Scholl, A. Balancing and sequencing of assembly lines,
Physica-Verlag, New York, (1999).

5. Sawik, T. Production planning & scheduling in 
exible
assembly systems, Springer, Berlin, (1999).

6. Sawik, T. \An LP-Based approach for loading and rout-
ing in a 
exible assembly line", Int. J. Production Eco-
nomics, 64, pp. 49-58 (2000).

7. Sawik, T. \A lexicographic approach to bi-objective
loading of a 
exible assembly system", European Journal
of Operational Research, 107, pp. 656-668 (1998).

8. Kumar, A.; Jacobson, Sheldon H. and Sewell, Edward
C. \Computational analysis of a 
exible assembly sys-
tem design problem", European Journal of Operational
Research, 123, pp. 453-472 (2000).

9. Sawik, T. \Monolithic vs. hierarchical balancing and
scheduling of a 
exible assembly line", European Journal
of Operational Research, 143, pp. 115-124 (2002).

10. Elshafei, A.N. \Hospital layout as a quadratic assign-
ment problem', Opl Res. Q, 28, pp. 167-179 (1977).

11. Demirel, N.C. and Toksar�, M.D. \Optimization of the
quadratic assignment problem using an ant colony al-
gorithm", Applied Mathematics and Computation, 183,
Issue 1,1,pp. 427-435, (December 2006).

12. Loukil, T.; Teghem, J. and Fortemps, P. \A multi-
objective production scheduling case study solved by
simulated annealing", European Journal of Operational
Research, 179, (3), pp. 709-722 (2007).

sHvB w pyJ |xQ=tW �h} QW 37



"""QO
O=wt

l}
D=twD

=pk
vwpt

L|
=ysD

U}U
|U

QQ@

CUw}B

%RX70 w CG125 Crm}UQwDwt |=yC}r=ai
pj2 Pj1 (j) C}r=ai u=wva C}r=ai pj2 Pj1 (j) C}r=ai u=wva C}r=ai
22 39 xQ=wWwo uOR=H 21 123 186 |U=W QO QwDwt uOR=H w |U=W uOQw; 1
65 90 QwDwt QwO s}U uDU@ 22 56 66 |i}m pQDvm CQ=m uDWwv 2
70 97 wrH MQJ x@ QDtwr}m s}U uDU@ 23 75 77 u=tQi ltm uDU@ w |Q=mT} Qo 3
83 76 |B Qm uDU@ 24 60 96 M=WwO uOR=H w uOQmxO=t; 4
75 82 u=tQi uDU@ 25 66 80 CU=Q ltm uDU@ 5
55 97 Iqm s}U uDU@ 26 � 33 CU=Q |=tvy=Q d=QJ uDU@ 6
117 89 RtQD s}U uDU@ 27 48 30 u=tQi =} |vt}= xqm pik uDU@ 7
33 135 Q}HvR ?=k uDU@ 28 145 113 xvO@ \Uw |=yCmwU uOR =H %|DNQO s}U uOQmQ=wU 8
115 117 R=o s}U w 'R=o s}U CU@ uDU@ 29 61 90 wrH Q}=D uDU@ 9
88 53 �QwDwt |xDUwB uDU@� Cvot ?QO uDU@ 30 � 100 Vm =wy uDU@ 10
30 21 xOvO p=OB uDU@ 31 66 90 AJ ltm uDU@ 11
166 89 %d=QJ |xU=m pN=O R= s}U xDUO uOQm =OH w uO=O Qw@a 32 � 33 AJ |=tvy=Q d=QJ uDU@ 12

�1� wrH |=ys}U uOR=H
40 103 l =@ ?QO uDU@ w l =@ uOR=H 33 182 150 Q}oro w Q}oro xJ@ uDU@ 13
115 130 %jw@ w d=QJ pN=O |=ys}U |=yCmwU uOR=H 34 153 150 ?ka |=yCmwU uOR=H %|DNQO s}U uDU@ 14

�2� wrH |=ys}U uOR=H
96 79 u} R uOR=H 35 118 120 ?ka MQJ uOR=H 15
� 85 wrH |Qwr@ uDU@ 36 30 27 pOvy uDU@ 16

77 18 CU=Q pe@ ?=k uOR=H 37 158 130 ?ka MQJ I}B uDU@ 'Q}HvR uDU@ 17
77 18 AJ pe@ ?=k uOR=H 38 70 135 w uOR=H w RtQD p=OB uDU@ 'RtQD ADU= s}U uDU@ 18

�QwLt�pO=aD p}t uDU@
45 47 \N R= QwDwt uOQw;u}}=B 39 � 101 RtQD ADU= w RtQD p=OB Qvi uDU@ 19

86 156 RwRo = uDU@ 20

%RX70 Crm}U QwDwt |R=}vV}B Q=Owtv %CG125 Crm}U QwDwt |R=}vV}B Q=Owtv

sHvB w pyJ |xQ=tW �h} QW 38


