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|[=} Q pOt 'xOWKQ]t s}y=it x@ \w@ Qt C=L}[wD T=U=Q@ w |rwrU O}rwD sDU}U
N x@ u}W=t n X}YND hOy u; QO xm OwW|t x�=Q= Q=DWwv u}= QO |O}OH
u}t-=D w |wkrLu=}t u=} QH |R=Uxv}tm Q@ xwqa xm |}xvwox@ 'CU= XNWt |xkrL
QO "OW=@ l}ORv Qo}Om} x@ umtt OL =D Cw=iDt |=yxkrL u}@ u=} QH '=yC}OwOLt
'xt=O= QO "OW Oy=wN x�=Q= |D=L}[wD =yxkrL |xv}y@ O=OaD OQwtQO Q=DWwv |=yDv=
x=Qty|[=} Q pOtTBU w OvwW|th} QaD pOt |=yQDt=Q=B w s}tYD |=yQ}eDt =OD@=
xOW KQ]t |xr�Ut |=Q@ '|[=} Q |R=UpOt QO "OwW|t u=}@ u; |=yC}OwOLt =@
|R=UpOt R= p@k C=}[Qi u}= "CU= xOW xDiQo Q_v QO |D=}[Qi Q=DWwv u}= QO

%CU= xOW xOQw; |[=} Q
"CU= |DyHl} AGV sDU}U QO =yxkrL QO =tvy=Q Q}Ut �

CtON u}rw= xyH=wt u}rw= w 'OyO|t s=Hv= Q=ml}\ki OL=w u; QO x=oDU}= Qy �
"CU=

"OvyO|t xt=O= OwN Q=m x@ |@=QN w CUmW uwO@ |Q=m C=kw= QO p}=Uw |x}rm �
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"""QO
=yu

}W=t
|Ov

@xwQo
|=Q@

|[
=}Q

|R=
Up

OtQO fiti |=yCQ=@a u} Ro}=H =Q lQDWt pt=a u}= u=wD|t TB 'OQ}o|t =Q Q=Okt
%OQm xOW KQ]t C}OwOLt

t0j(x1j + x2j + x3j + � � �+ xnj) � T
%OQw; CUO x@ =Q 10 C}OwOLt |Q}oQwDm =i R= TB w

t0j
� nX
i=1

xij
� � T; 8j

w Ovvm|t |UQQ@ =Q xr�Ut uOw@ Q}PBu=mt= EL@ 10 w 9 |=yC}OwOLt Ck}kL QO
?}=Q[ =} =yxkrL O=OaD O}=@ '|[=} Q pOt |=Q@ umtt ?=wH OwHw sOa CQwY QO
'OW xDio |[=} Q pOt KQW QO xm u=vJ "OwW xO=O Q}}eD =yxkrL QO u}}=B w q=@ OL
=Q xDmv u}= 11 |=yC}OwOLt w CU= 1 w 0 |R} Qxt=vQ@ ẁv R= xOW KQ]t pOt

"OvwW|t QmPDt
|[=} Q pOt |R=U \N "2"3"2

"Ov=|]NQ}e =yC}OwOLt R=|NQ@ w hOy `@=D xmCi=} QO u=wD|t 1 pOt QOCkO =@
pO=at x@ =Q =yC}OwOLt R= |NQ@ w hOy `@=D xO=U |t}y=it |Q}oQ=mx@ =@ u=wD|t
|xr�Ut |R=U|]N *hwQat VwQ R= |Q}oxQy@ =@ =Hv}= QO "OQm p}O@D =yu; |]N
h} QaD u}vJ CU= 1 w 0 Q}eDt xm =Q yijkl O}OH s}tYD Q}eDt 'ha=[t X}YND

%s}vm|t
yijkl = xij xkl

yijkl =

8<:1 OvW=@ 1 wO Qy xkl w xij Q}O=kt Qo =
0 CQwYu}= Q}e QO

=Q 4 hOy `@=D w 'xi=[= xr�Ut x@ =Q 17 w '16 '15 |=yC}OwOLt 'xt=O= QO
xm CU= K[=wQB "s}vm|t u} Ro}=H �1�4 hOy `@=D |va}� u; |]N pO=at =@
CQwY u}= QO "OQm u} Ro}=H 1�9 |=yC}OwOLt =@ u=wD|t R}v =Q 9 |=yC}OwOLt

"CU= 1 pOt R= QDxO=U Q=}U@ u; pL xm OwW|t pY=L 2 pOt
%2 pOt

minZ =
nX
i=1

NX
j=1

nX
k=1

NX
l=1

fikyijkl; i 6= k; j 6= l (1�4)

s:t:
Constraints(5); (6); (10)and(11)

�
� nX
i=1

NX
j=1

nX
k=1

NX
l=1

fikyijkl
� � nX

i=1

nX
k=1

fikyijkj j = 1; 2; � � � ; N
(1�7)

�0
� nX
i=1

NX
j=1

nX
k=1

NX
l=1

fikyijkl
� � nX

i=1

nX
k=1

fikyijkj

j = 1; 2; � � � ; N (1�8)
t0j = max

i
ffitixijg j = 1; 2; � � � ; N (1�9)

xij + xkl � 2yijkl � 0; 8i; j; k; l (15)
nX
i=1

NX
j=1

nX
k=1

NX
l=1

yijkl = n(n� 1)=2 (16)

k > i
yijkl 2 f0; 1g 8i; j; k; l (17)

�0
� nX
i=1

NX
j=1

nX
k=1

NX
l=1

fikxijxkl
�
�

nX
i=1

nX
k=1

fikxijxkl;

j = 1; 2; : : : ; N (8)

t0j = max
i
ffitixijg; j = 1; 2; : : : ; N (9)

nX
i=1

xij � T=t0j ; j = 1; 2; : : : ; N (10)

xij 2 f0; 1g;8i; j (11)

|wkrLu=}t |=y|}=Hx@=H pm |R=Uxv}tm '4 |xrO=at QO w 1 pOt QO hOy `@=D
CU= j 6= l u; QO xm OwW|t pt=W =Q |}xv} Ry `@=D u}= CU= K[=w ,qt=m "CU=
Qy xm CU= u}= |xOvyOu=Wv 5 C}OwOLt "OwW|t xv}tm |wkrLu=}t u=} QH |va}
Qy QO xm OQ=O O}m -=D ?r]t u}= Q@ 6 C}OwOLt "OQ=O jraD xkrL l} x@ \ki u}W=t
OW KQ]t =OD@= QO xm Qw]u=ty "OW=@ xDW=O OwHw O}=@ u}W=t wO |R=Uxv}tm |xkrL
8 w 7 |=yC}OwOLt xm OW=@ xDW=O OwHw u=} QH uR=wD |O}rwD |=yxkrL uwQO O}=@
u=} QH C=Q}}eD |xvt=O �0 w � C}OwOLt wO u}= QO "Ovvm|t O}m -=D ?r]t u}= Q@

%R= Ov=CQ=@a w OvDUy xOWp}mWD |=yxkrL QO

� = 1
N
�� (12)

�0 = 1
N

+ � (13)

/ Q@ Q=m \UwD xm CU= u=} QH pO=aD ?} Q[ � w =yxkrL O=OaD N =yu; QO xm
lJwm |� ?=NDv= "(0 � � < 1

N ) xm |Qw]x@ 'OwW|t u}}aD xOvQ}os}tYD
QDuR=wDt |=yxkrL O=H}= w Qo}Om} x@ Cw=iDt |=yxkrL u=} QH uOWl}ORv swyitx@
=yxkrL u=} QH u}=Q@=v@ w xOW lJwm xkrL Qy u=} QH C=Q}}eD |xvt=O xm =QJ 'CU=
|}=yxkrL O=H}= |=vatx@ nQR@ �|@=NDv= 'Qo}O hQ] R= "OwW|tl}ORv sy x@ Q=}U@
|Q}owrH � uOW|ivt R= jwi |x]@=Q QO � |q=@ OL "CU= QDpO=aDt=v |=yu=} QH =@
|=Q@ Q}}eD |xvt=O l} O}rwD x@ QHvt w CU= |Q=}DN= � u}}=B OL ?=NDv= w Ovm|t
Q} R |xDmv x@ xHwD 10 w 9 |=yC}OwOLt K}[wD R= p@k "OwW|t �0 w � OwOL

%OUQ|t Q_v x@ |QwQ[
"CU= nP

i=1
xij � T=t0 Q@=Q@ xkrL Qy QO =yAGV |}=v=wD w C}iQ_ C}OwOLt �

C=@F= "1"3"2
AGV Qy |wQ TQDUO QO u=tR pm R= O}=@ xkrL Qy QO R=}v OQwt u=tR pm s}v=O|t

%s} Q=O xkrL Qy QO TB &OW=@ QDsm |R} Qxt=vQ@ |xQwO QO
t1x1j + t2x2j + t3x3j + � � �+ tnxnj � T (14)

QO u=tR pm R= O}=@v xkrL QO R=}v OQwt u=tR pm xm Ovm|t u=}@ Kw[wx@ x]@=Q u}=
l} QO xm CU= |QwQ[ Q=}U@ xDmv u}= QmP "OwW QDW}@ AGV Qy |=Q@ TQDUO
u=tR O}=@ u}=Q@=v@ "Ovm|t u}}aD =Q O}rwD u=tR x=owro u}W=t xW}ty '|D=}rta Ov}=Qi
xkrL Qy QO x=owro u=tR xm O=O u=Wv u=wD|t "OwW x@U=Lt x=owro u}W=t QO C=}rta

%|va} 'O};|t CUO x@ 9 C}OwOLt R=
t0i = max(fitixij); 8j
q=@ C=L}[wD w xrO=at x@ xHwD =@ O}=@ 14 C}OwOLt xm CiQo xH}Dv u=wD|t TB
u} QDW}@ t0j 'OwW xij = 1 Q=Okt xm |t=ovy xm u}= x@ xHwD =@ "OwW K}LYD

sHvB w pyJ |xQ=tW �h} QW 16



"""w
O=Sv=

}Q;
|rk

QO=y
@Q}t

'sOk
t|r

mwD=
[Q O} Q@D |R=Ux}@W pOt |=yQDt=Q=B "1"3

uDiQo Q=Qk |=Q@ |rai ?=wH VQ}PB p}=tD |Q}oxR=Ov= |=Q@ |QDt=Q=B� x}rw= |=tO %T0
&�Oa@ Q=QmD QO

&=tO Vy=m ?} Q[ =} uOWOQU MQv %�
&x}rw= |=tO p}OaD ?} Q[ %�

&=tO Qy QO xOWxDiQ}PB |=y?=wH O=OaD |xOvQ=tW %n
&=tO Cq=kDv= O=OaD |xOvQ=tW %r

&uwvm =D hOy `@=D Q=Okt u} QDy@ %ZXBest
&Oa@ Q=QmD ẁQW |x]kv u=wvax@ |rai ?=wH |=Q@ hOy `@=D Q=Okt %ZXn

&=tO l} QO pL=Qt O=OaD u} QDW}@ %El
"=tO Cq=kDv= O=OaD u} QDW}@ %MMT

O} Q@D |R=Ux}@W |O=yvW}B sD} Qwor= "2"3
OQmrta |xwLv 3 pmW QO "CU= xOW |L=Q] pOt ?=wH uDi=} |=Q@ sD} Qwor= u}=
l} R= xO=iDU= =@ sD} Qwor= "CU= xOW xO=O V}=tv O} Q@D |R=Ux}@W sD} Qwor=
R= xO=iDU= =@ Q=QmD Qy QO w 'Ovm|t ẁQW =Q OwN Q=m �|rai ?=wH� x}rw= ?=wH

|OwNx@ xr�Ut u}= w Ov=xOW|]N =yC}OwOLt R= |Q=}U@ 2 pOt QO xm u}= OwHw =@
10 |=yC}OwOLt p}rOx@ 'OwW|t 1 pOt x@ C@Uv u; pL CrwyU Ea=@ OwN
s=ovyx@ xm OwW|t Ea=@ pOt uOw@ |]NQ}e "CU= |]NQ}e QwmPt pOt Rwvy
|=y?=wH '2 pOt Q@|vD@t |xvwtv p�=Ut pL |=Q@ LINGO Q=Ri=sQv R= xO=iDU=
"jr]t |xv}y@ |=y?=wH xv Ov=|rLt |xv}y@ |=y?=wH LINGO \UwD xOWx�=Q=

O} Q@D |R=Ux}@W sD} Qwor= |L=Q] "3
|xr�Ut� pOt QO hOy `@=D =@ 2 w 1 |=ypOt QO hOy `@=wD |xU}=kt R=
NP- p�=Ut xDUO R= wO Qy xm P-Median |xr�Ut w �8ha=[t X}YND
�� 2 w 1 |=ypOt pL |Q=wWO w |oO}J}B u=wD|t |DL=Qx@ '[18]OvDUy Hard

Q=}U@ p�=Ut R= xDUO u}= pL xm s}v=O|t "OQm |UQQ@ =Q �� 2 pOt XwYNx@ w
pL |=Q@ |Q=mD@==Qi w |Q=mD@= |=ysD} Qwor= R= xO=iDU=Ea=@ Qt= u}ty wCU=Q@u=tR
O} Q@D |R=Ux}@W |Q=mD@==Qi sD} Qwor= R= xr�Ut pL |=Q@ 'Q=DWwv u}= QO "OwW|t =yu;
xOW|L=Q] sD} Qwor= TBU w 'sD} Qwor= |=yQDt=Q=B =OD@= [20w19]"CU= xOW xO=iDU=

"OW Ovy=wN xO=O K}[wD xr�Ut pL |=Q@

"O} Q@D |R=Ux}@W |O=yvW}B sD} Qwor= "3 pmW

sHvB w pyJ |xQ=tW �h} QW 17



"""QO
=yu

}W=t
|Ov

@xwQo
|=Q@

|[
=}Q

|R=
Up

Ot

max

"(
nX
i=1

Xij � T �1=t0j
)
; 0
#2��

s:t:

Constraints(5; 6; 9� 1; 11; 16) (20)

15 w 11 '1�9 '6'5 |=yC}OwOLt w 21 hOy `@=D R= pmWDt pOt u}=
X}YND Qy =@ xm OQm =aO= 3 pOt R= xO=iDU= =@ u=wD|t p=L "CU= 2 pOt pO=at
Qy QO u}W=t wO |R=Uxv}tm uO=O Q=Qk \QWx@ '=yxkrL x@ =yu}W=t |iO=YD ,qt=m
x}rw= xHwt ?=wH 1�7 =} 7 |=yC}OwOLt R= t0i Q=Okt uOQw; CUO x@ w xkrL
|=Q@ 'xOW xO=O C=L}[wD w 3 pOt uDiQo Q_v QO =@ "OwW|t O}rwD 1 pOt |=Q@
9xOW p}OaD |WWwB CNQO VwQ swyit R= 'q=@ C}i}m =@ x}rw= xHwt ?=wH O}rwD

[18]"OwW|t xO=iDU= 4 pmW j@=]t Q}}eD =@

x}=Uty xHwt ?=wH O}rwD "4"3
hOy `@=D Vy=m � QDy@ |=y?=wH uDi=} |=Q@ umtt |=[i |wHwCUH |=Q@
sD} Qwor= QO '�|R=Uxv}W}@ p�=Ut QO hOy `@=D V}=Ri= w |R=Uxv}tm p�=Ut QO
u}= QO "OwW |iQat umtt |=[i QO |wQV}B |xwLv O}=@ |O=yvW}B |R=Ux}@W
xO=iDU= OQwt |o}=Uty Q=DN=U wO |O=yvW}B sD} Qwor= |}=Q=m uOQ@q=@ |=Q@ CtUk
|rLt |wHwCUH |=ysD} Qwor= u=wvax@ |o}=Uty |=yQ=DN=U u}= "OvQ}o|t Q=Qk
'sD} Qwor= Q=QmD Qy QO "Ovvm|t ?=wH |=[i QO QDy@ |=y?=wH |wHwCUH x@ s=Ok=

"OwW|t ?=NDv= |iO=YD Qw]x@ |o}=Uty wO u}= R= |m}

"x}rw= pL O}rwD CQ=Jwri "4 pmW

|=[i |wHwCUH x@ s=Ok= �|Q=mD@= |=ysD} Qwor=� xO=iDU= OQwt |=y|o}=Uty
Vy=m � QDy@ ?=wH uDi=} CQwY QO "Ovm|t |rai ?=wH Ow@y@ Qw_vtx@ ?=wH
u}= '�|R=Uxv}W}@ p�=Ut QO hOy `@=D V}=Ri= w |R=Uxv}tm p�=Ut QO hOy `@=D
CQwYx@ ?=wH u}= 'CQwY u}= Q}e QO "OwW|t xDiQ}PB |rai ?=wH u=wvax@ ?=wH
sD} Qwor= 'OwW|t xDiQ}PB �OwW|t x@U=Lt CN=wvm} `} RwD T=U=Q@ xm � |r=tDL=

"CU= xOW xDiQo Q_v QO 3 pmW j@=]t Q=DWwv u}= QO |O=yvW}B SA

OUQ|t Q_v x@ |QwQ[ =yu; |UQQ@ xm |OQ=wt 'SA sD} Qwor= Qy |L=Q] QO
%R= Ov=CQ=@a

&x}rw= xHwt ?=wH O}rwD �
&x}=Uty xHwt ?=wH O}rwD �

"SA sD} Qwor= |=yQDt=Q=B |=Q@ ?U=vt Q}O=kt �

x}rw= xHwt ?=wH O}rwD "3"3
O}rwD |Q=mD@==Qi |xOvyOOw@y@ |=ysD} Qwor= |x}rm R= xO=iDU= QO syt OQ=wt R= |m}
sD} Qwor= R= xO=iDU= Qw_vtx@ 'Q=DWwv u}= QO "CU= ẁQW |=Q@ x}rw= xHwt ?=wH
|}xvwox@ =Q |[=} Q pOt O}=@ =OD@= x}rw= xHwt ?=wH O}rwD |=Q@ O} Q@D |R=Ux}@W
OQ=wt QDW}@ QO "OvwW <=[Q= |[=} Q pOt |=yC}OwOLt |x}rm xm OQm |R=UR=@
pOt |R=UR=@ |=Q@ u} Sv=Qo q VwQ R= 'O} Q@D |R=Ux}@W sD} Qwor= R= xO=iDU= |=Q@
|=yX}YND QO =yu; <=[Q= xm |}=yC}OwOLt 'Qw_vt u}= |=Q@ "OwW|t xO=iDU=
=yC}OwOLt xm u}= x@ xHwD =@ "OvwW|t pkDvt hOy `@=D x@ 'CU}v Q}PBu=mt= X=N
=@ X=N p=Ft u}= QO xt} QH |xrO=at R= OvDUy �|w=Ut QDlJwm� CQwYx@
18 |xr�Ut |rm CQwY QO u}=Q@=v@ [21]"OwW|t xO=iDU= Q} R |r}tmD C=L}[wD

"OwW|t 19 |xr�Ut =@ RQ= sy
minC = f(x)

s:t: (18)

gi(x) � bi8i
minff(x) + r � p(x)g

(19)
where; p(x) =

mX
i=1

maxf(gi(x)� bi); 0g2

hOy `@=D q=@ C=L}[wD x@ xHwD =@ "OwW|t |iQat 3 pOt CtUk u}= QO
hOy `@=D x@ xm 10 w 8 w 7 |=yC}OwOLt R= |}xawtHt CQwYx@ =Q 3 pOt

"s}vm|t C@F =Q u; |R=UxO=U R= Oa@ w '|R=UR=@ xOW xO=O p=kDv= 2 pOt
%3 pOt

min
� nX
i=1

NX
j=1
i 6=k

nX
k=1
j 6=l

NX
l=1

fikXijXkl + r
NX
j=1

�

max

2664
8>><>>:�

nX
i=1

NX
j=1
i 6=k

nX
k=1

NX
l=1
fikYijkl�

nX
i=1

nX
k=1
i 6=k

fikYijkj

9>>=>>; ;0
3775

2

+

max

2664
8>><>>:

nX
i=1

nX
k=1
i6=k

fikYijkj��0
nX
i=1

NX
j=1
i6=k

nX
k=1

NX
l=1

fikYijkl

9>>=>>; ;0
3775

2

+
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O=Sv=

}Q;
|rk

QO=y
@Q}t

'sOk
t|r

mwD=
[Q �U � (0; 100) w U � (0; 10)� |=yQDt=Q=B =@ CN=wvm} `} RwD R= xm |iO=YD

|=ysD} Qwor= R=}v OQwt|=yQDt=Q=B Qou=Wv R}v 1pwOH "Ov=xOt;CUO x@ 'Ovvm|t|wQ}B
'CU= xOW x�=Q= |D=@U=Lt G}=Dv u; QO xm 2 pwOH QO "CU= SA |Q=mD@==Qi w j}kO
Q=m x@ LINGO Q=Ri=sQv ?r=k QO xm � j}kO |=ysD} Qwor= |Q}oQ=mx@ R= pY=L G}=Dv
xDWwv |irO |U} wvxt=vQ@ u=@ R =@ xm �SA sD} Qwor= R= pY=L G}=Dv =@ �Ov=xOW xDiQo
p�=Ut |xQ=tW |xOvyOu=Wv 2 pwOH QO uwDU u}rw= "CU= xOW xU}=kt '�xOW
?}DQDx@ swU w swO uwDU "CU= =ysD} Qwor= T=U=Q@ G}=Dv |Ov@s}UkD R}v w xvwtv
QDy@ CQ=@ax@ "Ov=|[=} Q pOt |=yC}OwOLt O=OaD w =yQ}eDt O=OaD |xOvyOu=Wv
Qou=Wv sQ=yJ uwDU "OvDUy |[=} Q pOt O=a@= |xOvyOu=Wv swU w swO |=yuwDU
"OyO|t u=Wv =Q hOy `@=D Q=Okt sHvB uwDU "CU= x}v=F ?ULQ@ C=@U=Lt u=tR
Q=Ri=sQv QO j}kO |=ysD} Qwor= R= xO=iDU= seQ|ra 'OW xQ=W= R}v QDV}B xm u=vJ
|xv}y@ G}=Dv xrY=L G}=Dv '|[=} Q pOt |]NQ}e C}y=t p}rOx@ 'LINGO

|=yu}W=t |xOvyOu=Wv 2 pwOH QO uwDU u} QN; "jr]t |xv}y@ xv Ov=|rLt
u} QDy@ R= 'SA sD} Qwor= R= pY=L G}=Dv "OvDUy =yxkrL x@ xOW xO=O X}YND
QO xm Qw]u=ty "Ov=xOW pY=L SA sD} Qwor= |=QH= 10 QO xOWxDi=} |=y?=wH
|DL w LINGO ?=wH OQ=wt QDW}@ QO SA sD} Qwor= 'OwW|t xOy=Wt 2 pwOH
QO 'QDy@ lQO |=Q@ "CU= xOQw; CUO x@ QDsm Q=}U@ |v=tR COt QO =Q u; R= QDy@

"xr�Ut GvB |=Q@ Lingo 8 p@=kt QO SA |=y?=wH p}rLD "5 pmW

"=yQDt=Q=B Q}O=kt "1 pwOH
=yQDt=Q=B O=OaD O=OaD xr�Ut

T ti �0 � xkrL u}W=t
4000 [3w1w2w4w1] 0 9 0 1 2 5 1
2000 [1w1w1w1w1w1] 0 85 0 15 2 6 2
1000 [2w1w5w1w3w1w1] 0 8 0 2 2 7 3
4000 [2w1w5w1w3w1w1w3] 0 75 0 25 2 8 4
9000 [2w1w5w1w3w1w1w3w4] 0 8 0 2 2 9 5

?=wH QO xOWO}rwD |=yxkrL� =yxkrL pN=O QO u=} QH u=R}t %pw= |o}=Uty �
u} QDW}@ w u}W=t wO R= V}@ =@ |=yxkrL R= TBU 'xOQw; CUO x@ =Q �x}rw=
u} QDsm =@ |xkrL x@ w xOW ?=NDv= |iO=YD Qw]x@ |v}W=t '|wkrLuwQO u=} QH

"OwW|t xO=O p=kDv= u=} QH
l} �u}W=t wO R= V}@ =}� QDW}@ u}W=t O=OaD =@ |xkrL R= %swO |o}=Uty �
xO=O p=kDv= QDsm u}W=t O=OaD =@ |xkrL x@ w '?=NDv= |iO=YD Qw]x@ u}W=t

"OwW|t
?=NDv= w =]N w |aU R= xO=iDU= =@ SA sD} Qwor= |=yQDt=Q=B 'Q=DWwv u}= QO
SA sD} Qwor= QO hkwD \QW xm CU= QmP x@ sRq "Ov=xOW u}}aD '=yQDt=Q=B u} QDy@

"CU= QiY |}=yv |=tO =} =tO Cq=kDv= O=OaD |O=yvW}B

|D=@U=Lt G}=Dv "4
|=ysD} Qwor=\UwD �� xvwtv |xr�UtGvBpL x@ \w@ Qt|D=@U=LtG}=DvVN@u}= QO
u}= �x@ - R=� pw=OH "Ov=xOW xU}=kt Qo}Om} =@ �� SA |Q=mD@==Qi sD} Qwor= w j}kO
O=Oa= R= xO=iDU= =@ 'CU=hrDNt |=yu}W=t u}@ u=} QH u=R}t Qou=}@ xm xvwtv p�=Ut

"�CPU3 GHz, 1024 MB RAM, Windows XP: PC C=YNWt� |O=yvW}B SA sD} Qwor= =@ Lingo 8 pL |xU}=kt "2 pwOH
hOy `@=D Q=Okt u=tR O=OaD O=OaDl} Q=Okt =@ s}tYD |=yQ}eDt xr�Ut |xQ=tW

[10]�|}x}L=v |xv}y@ �x}v=F� |D=@U=Lt =yC}OwOLt =yQ}eDt
x11; x21; x32; x41; x52 547 7 105 112 wov}r
x11; x21; x32; x41; x52

547 1 62 � � SA 1
0 xDi=} Ow@y@ � � =]N

12; x21; x31; x42; x52; x62 573 35 148 158 wov}r
x11; x22; x32; x41; x51; x61

573 2 125 � � SA 2
0 xDi=} Ow@y@ � � =]N

x12; x22; x31; x41; x52; x61; x71 80 230 199 212 wov}r
x12; x22; x31; x41; x52; x61; x72

80 3 � � SA 3
0 xDi=} Ow@y@ � � =]N

x11; x21; x32; x42; x51; x62; x71; x82 118 1847 258 274 wov}r
x11; x21; x32; x42; x51; x62; x71; x81

107 3 31 � � SA 4
xDi=} Ow@y@ xDi=} Ow@y@ � � =]N

x11; x22; x31; x41; x52; x61; x72; x82; x92 1694 25586 325 344 wov}r
x11; x22; x32; x41; x51; x62; x71; x81; x91

1715 3 325 � � SA 5
�1 2 xDi=} Ow@y@ � � =]N

� local optimum
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|R=
Up

Otq=@ |=yxvwtv |=Q@ w �0 w � |=yQDt=Q=B xm CU= |QwQ[ xDmv u}= QmP =Hv}= QO
Q}O=kt |t=tD "CU= xOt; CUO x@ x]w@ Qt C=L}[wD w 13 w 12 CqO=at j@]
CN=wvm} `} RwD =@ |iO=YD Q}O=kt 11 |xvwtv R= Q}e 4 pwOH QO �x@ - R=� pwOH
ti |=yQDt=Q=B QO =yi |t=tD 'x@U=Lt |DL=Q Qw_vtx@ "OvDUy OY =D QiY u}@
|Q}oxQy@ =@ '11 |xr�Ut QO "Ov=xOW xDiQo Q_v QO 1 pO=at '12 =D 6 p�=Ut QO
R= �hOy `@=D� |wkrLu=}t u=} QH u=R}t '=yu}W=t |Ov@s}UkD O}OH VwQ R=
"CU= xDi=} Ow@y@ �|O=yvW}B SA sD} Qwor= R= xO=iDU= =@� 2100 x@ 2400 Q=Okt
xm OwW|t XNWt [6]xOW KQ]t |=yQDt=Q=B |x}k@ uDiQo Q_v QO =@ u}vJty
QO xm Qw]u=ty "CU= xDi=} Vy=m R}v =yxkrL pw] ẁtHt 11 |xr�Ut OQwtQO
|=Q@ Ca=U 10 u=tR COt QO \ki Lingo 8 Q=Ri=sQv xOW XNWt 4 pwOH
u=tR COt u}= QO 11 =D 8 p�=Ut |=Q@ w xOQm O}rwD umtt ?=wH 7 w 6 p�=Ut

"CU= xOQmv O}rwD R}v umtt ?=wH |DL

|Q}oxH}Dv "5
|]NQ}e |[=} Q pOt 'uR=wDt |=yxkrL |SD=QDU= R= xO=iDU= =@ 'Q=DWwv u}= QO
hOy wO uDiQo Q_v QO =@ |HwR AGV |=ysDU}U QO =yu}W=t |Ov@xwQo |=Q@
|oO}J}B w pOt ẁv x@ xHwD =@ "OW x�=Q= |wkrLu=}t w uwQO u=} QH |R=Uxv}tm
xO=iDU=|[=} Q pOt pL |=Q@ (SA) O} Q@D |R=Ux}@W |Q=mD@==Qi sD} Qwor= R= xr�Ut
xOW pL xr�Ut u}OvJ SA |Q=mD@==Qi w j}kO |=ysD} Qwor= R= xO=iDU= =@ "OW
|}=Qosy R= |m =L xrY=L G}=Dv "OvDiQo Q=Qk xU}=kt w p}rLD OQwt =yu; G}=Dv w
uDi=} QO sD} Qwor= u}= |q=@ |}=v=wD u}vJty w |O=yvW}B SA sD} Qwor= |q=@
C=k}kLD x@ C@Uv Q=DWwv u}= R=}Dt= xHw |rm Qw]x@ "OvDUy q=@ C}i}m =@ |=y?=wH
Qw]x@ xm CU= u=} QH uR=wDt |=yxkrL O=H}= |}=v=wD =@ |[=} Q pOt |x�=Q= xDWPo
O=OaD 'Q=DWwv u}= QO "Ovm|t |R=Uxv}tm =Q |wkrLu=}t w uwQO u=} QH u=tRsy
pOt pL =@ ?U=vt C}U=UL p}rLD =@ u=wD|t xm CU= xOW ZQi swrat =yxkrL
|=yxkrL T}U-=D |xv} Ry uDiQo Q_v QO w Cw=iDt |=yxkrL O=OaD |=Q@ |[=} Q
XNWt R}v =Q =yxkrL |xv}y@ O=OaD |wkrLu=}t u=} QH |xv} Ry p@=kt QO QDW}@

"OQm

"QDW}@ |=yp=Ft |=Q@ =yQDt=Q=B Q}O=kt "3 pwOH
=yQDt=Q=B |xQ=tW

T ti �0 � xr�Ut
5000 =yi |t=tD |=R=x@ 1 0 85 0 15 6
5000 =yi |t=tD |=R=x@ 1 0 8 0 2 7
5000 =yi |t=tD |=R=x@ 1 0 57 0 09 8
5000 =yi |t=tD |=R=x@ 1 0 057 0 09 9
5000 =yi |t=tD |=R=x@ 1 0 45 0 05 10
5000 =yi |t=tD |=R=x@ 1 0 45 0 05 11
5000 =yi |t=tD |=R=x@ 1 0 38 0 02 12

"QDW}@ |=yp=Ft |=Q@ |O=yvW}B SA sD} Qwor= =@ Lingo 8 pL |xU}=kt "4 pwOH
pL u} QDy@
xOt; CUOx@ `@=D Q=Okt |D=@U=Lt u=tR O=OaD O=OaD O=OaD |xQ=tW

Lingo \UwD hOy �x}v=F� =yQ}eDt =yxkrL =yu}W=t xr�Ut
Ca=U xO QO

2194 2158 5 812 422 2 10 6
3278 3127 12 812 508 2 11 7

VQ=Ro |Q=Okt 4765 15 792 1335 3 12 8
"CU= xOWv

VQ=Ro |Q=Okt 6664 17 225 2073 3 15 9
"CU= xOWv

VQ=Ro |Q=Okt 15776 20 16 6484 4 20 10
"CU= xOWv

VQ=Ro |Q=Okt 2100 20 282 9316 4 24 11
"CU= xOWv

VQ=Ro |Q=Okt 25598 21 35 22655 5 30 12
"CU= xOWv

"CU= xOW xOQw; xvwtv |xr�Ut 5 |=Q@ �SA w j}kO� sD} Qwor= wO G}=Dv R}v 5 pmW
QDW}@ C=U}=kt w =yp=Ft |=Q@ C=@U=Lt G}=Dv w =yQDt=Q=B ?}DQDx@ 4 w 3 pw=OH QO

"CU= xOW xOQw;

CWwv=B
1. non-linear integer programming (NLIP)
2. cellular manufacturing system (CMA)
3. balanced loop strategy
4. simulated annealing algorithm (SA)
tandem au-�tandem |U}rov= xS=w |UQ=ipO=at �|HwR� xS=w 'Q=DWwv u}= QO "5
xkrL OvJ R= CU= CQ=@a u; swyit w xOW u=OQoQ@ �tomated guided vehicle

Q@ Q=@ l} xkrL Qy QO CU= QmP x@ sRq "Ov=xDiQo Q=Qk 'p@=kDt C=]=@DQ= =@ sy Q=vm QO xm
"OQ=O xOya x@ =Q xkrL QO QkDUt |=yu}W=t u}@ u=} QH pO=@D Q=mOwN

6. tabu search algorithm
7. similarity coe�cient
8. quadratic assignment problem (QAP)
9. modi�ed spanning tree (MST)
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