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u=} QDWt =@ \@DQt |=yxQo w �xQo u}rw=� wBO R= pmWDt N |xawtHt "CU= h=Qo
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s}tYD |=yQ}eDt �
u}= Q}e QO w Ow@ Oy=wN 1 Q@=Q@ 'OwW O}OR=@ i |xQo R= Oa@ j |xQo Qo = %xkij

&OQ}o|t QiY Q=Okt CQwY
&c |QDWt x@ |yOT} wQU R= Oa@ 'x}rkv |xr}Uw QO xOv=t}k=@ Q=@ u=R}t %yc

&i |x]kv x@ uO}UQ u=tR %�i

"i |QDWt CtU x@ CmQL w wBO R= uOW GQ=N u=tR %�i

"CU= xOW XNWt 26 =D 13 \@=wQ QO (P2) swO |[=} Q pOt 'T=U= u}= Q@

P2 : Minimize Z =
X
j2N

X
i2N

tijxij +
X
i2N

wi (13)

S:t:X
i2N

xij =
X
i2N

xji 8j 2 N (14)X
j2Nc

X
i2N

xij = 1 8c 2 C (15)X
j2N

xij � jKj 8 i = 1 (16)

yc � Q� dc 8 c 2 C (17)

yc0 +Q

0@1�X
i2Nc

X
j2Nc0

xij

1A � dc0 + yc0

8 c 2 C [ f1g ; c0 2 Cnc (18)

�i + �i + wi + sti + tij � �j +M(1� xij)
8i 2 N j 2 N=1 (19)

�i + �i + wi + sti + tij � �j �M(1� xij)
8i 2 N j 2 N=1 (20)

�i � Txji 8i 2 N ; j = 1 (21)

�i + wi + sti + tij � T +M(1� xij) 8i 2 N; j = 1
(22)

�i + �i � bi 8i 2 N=1 (23)

ai � �i + �i + wi 8i 2 N=1 (24)

xij 2 f0; 1g 8i; j 2 N (25)

wi; �i ; �i 2 R+ 8i 2 N (26)

pOt QO 4 =D 1 \@=wQ =@ x@=Wt |OQmrta ^=Lr R= 16 =D 13 \@=wQ P2 pOt QO
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^=Lr x]kv |=Q@ |v=tR |xQHvB u}}=B w q=@ OwOL u=wvax@ R}v 24 w 23 \@=wQ
xr�Ut s}tYD |=yQ}eDt |xOvvmXNWt 26 w 25 \@=wQ C}=yv QO "CU= xOW

"OvDUy

XNWt 12 =D 1 \@=wQ QO xr�Ut |[=} Q pOt 'xOW QmP OQ=wt x@ xHwD =@
"CU= xOW

P1 : Minimize Z =
X
k2K

X
j2N

X
i2N

tijxkij +
X
i2N

wi (1)

S:t:X
i2N

xkij =
X
i2N

xkji 8j 2 N ; k 2 K (2)X
k2K

X
i2N

X
j2Nc

xkij = 1 8c 2 C (3)X
k2K

X
j2N

xkij � jKj 8i = 1 (4)X
i2N

X
j2N

dixkij � Q 8k 2 K (5)

�k
i + wi + sti + tij � �k

j +M(1�X
k2K

xkij)

8i 2 N; j 2 N=1 ; k 2 K (6)

�k
i + wi + sti + tij � �k

j �M(1�X
k2K

xkij)

8i 2 N; j 2 N=1 ; k 2 K (7)

�i + wi + sti + tij � T +M(1�X
k2K

xkij)

8i 2 N; j = 1 (8)

�k
i � bi 8i 2 N=1 ; k 2 K (9)

ai � �k
i + wi 8i 2 N=1 ; k 2 K (10)

xkij 2 f0; 1g 8i; j 2 N ; k 2 K (11)

wi; �i 2 R+ 8i 2 N; k 2 K (12)

u}= "Ovm|t xv}tm =Q =yQ}Ut pm u=tR COt 'pOt hOy `@=D u=wva x@ 1 |xrO=at
V}=t}B u=tR COt |R=Uxv}tm pw= CtUk "CU= xOW p}mWD CtUk wO R= xrO=at
2 |x]@=Q "CU= x}rkv p}=Uw Q=_Dv= u=tR COt |R=Uxv}tm swO CtUk w =yQ}Ut
3 |x]@=Q "OwW GQ=N u; R= ,=tDL 'OW OQ=w |QDWt l} x@ xr}Uw Qo = Ovm|t u=}@
"OwW O}OR=@ \w@ Qt |=yu=tR � u=mt R= |m} QO ,=tDL |QDWt Qy xm Ovm|t u=}@
p}=Uw C}iQ_ C}OwOLt 5 |x]@=Q "CU= p}=Uw O=OaD C}OwOLt Qou=}@ 4 |x]@=Q
s}_vD =Q |r=wDt u=} QDWt x@ uO}UQ u=tR 7 w 6 \@=wQ "OQ}o|t Q_vQO =Q x}rkv
\@=wQ "OQ}o|t Q_v QO =Q x}rkv p}=Uw |=Q@ R=Ht u=tR u} QDW}@ 8 |x]@=Q "Ovm|t
O}OR=@ OwN R=Ht |v=tR |xQHvB QO =yvD |QDWt Qy xm Ovm|t u}t[D 10 w 9
XNWt =Q xr�Ut s}tYD |=yQ}eDt C}a[w 12 w 11 \@=wQ C}=yv QO "OwW
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=ysD} Qwor= u}= R= l} Qy "CU= xOW x�=Q= |R=wt w |QU |xNUv wO QO sD} Qwor= u}=
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xv=o =OH CQwY x@ u=} QDWt OwW|t ZQi =OD@= 'Qw_vt u}O@ "OwW x@U=Lt
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i |QDWt wO s=eO= R= pY=L |} wHxiQY u=R}t 27 |x]@=Q "Ovm|t XNWt =Q j

"Ovm|t XNWt =Q j w
Savij = tio + toj � tij (27)

%R= CU= CQ=@a u=tR |=v@tQ@ |QU |} wHxiQY sD} Qwor= |=ys=o
27 |x]@=Q j@] =Q |} wHxiQY u=R}t 'wO x@ wO CQwY x@ \=kv |=Q@ "1 s=o

&O}vm x@U=Lt
&O}vm ?=NDv= =Q |} wHxiQY u=R}t u} QDW}@ "2 s=o

l} QO x=wNrO |r=wD =@ =Q xOW ?=NDv= |} wHxiQY x@ \w@ Qt |x]kv wO "3 s=o
&O}vm |UQQ@ =Q u=tR uOw@ |vOW \QW w xO=O Q=Qk Q}Ut
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