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QDt=Q=B "1"2"3

"r 2 R pt=L |rBW Q=Okt %'r
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r + d�r (23)

� s1 + �s2 � d+
1 + d�1 = '1 � C1 (24)

 s1 + �s2 � d+
2 + d�2 = '2 � C2 (25)

d+
r ; d

�
r ; sr � 0; 8r 2 R (26)

C=Q=@a Q}O=kt uOw@u}at xH}DvQO w RmQtDt pOt |xv}y@ |=yu=} QH |=R= x@ %x}[k
xm |wLvx@ d+

r d�r sr � 0 OvQ=O OwHw '|v=tQ; pOt QO C2 w C1 '� ' 
" 2P
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� �1 +  �2 � 0 (28)

��1 � ��2 � 0 (29)

��1 � 1 (30)

�1 � 1 (31)
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xO=O Q=Qk QDt=Q=B CQwYx@ |v=tQ; pOt QO =yQ}eDt u}= =yu=} QH uOw@u=Um} Crax@

w P
b2B

P
k2K1
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k2K

X
i2N1

X
a2A+

1 (i)
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X
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X
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X
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X
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X
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�
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�
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2 � d�2 �
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X
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X
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|=}=[k w =ysr xH}Dv QO w `i=vtX}YND |xr�Ut w RmQtDt |xr�Ut ?=wH Q@ sm =L
|R} Qxt=vQ@ pOt l} =Q} R &CU= xO=U `i=vt X}YND |xr�Ut pL 'xOWC=@F=
"CU= R}J=v w x=Dwm ,=D@Uv |W}=tR; p�=Ut |xv}y@ pL u=tR |rm Qw]x@ "CU= |]N
RmQtDt |xr�Ut pL hQY xm CU= |v=tR u=ty ,=@} QkD 'xOWVQ=Ro u=tR pm `k=w QO
xDUw}B w K}LY OOa |=yQ}eDt =@ xr�Ut l} RmQtDt |xr�Ut xm OwW xHwD "OwW|t
pmW QO w q=m |=yu=} QH |@=} Q}Ut w xm@W |L=Q] p�=Ut R=CU= |@}mQD xmCU=
w |r} Q uqt=L |Q=mty |xr�Ut 'p=L u}= =@ "NP-Hard |xr�Ut l} |twta
|=Q@ 'p=L u}= =@ "CU= pL p@=k |ak=w |=}vO T=}kt p�=Ut R= |Q=}U@ QO |}xO=H
w OvW=@ wo?=wH j}kO pL |=yVwQ CU= O}a@ Q=}U@ 'nQR@ |r}N T=}kt p�=Ut
"OQm xO=iDU= |Q=mD@==Qi w |Q=mD@= |=ysD} Qwor= R= O}=@ p�=Ut R= xDUO u}= pL |=Q@
|r} Q uqt=L R= |=y|oS} w xJ w |]}=QW xJ QO xm CU= u}= p=-wU uwvm =
|=Q@ "OQw;|t Q=@ x@ =yxv} Ry QO =Q |} wHxiQY u} QDW}@ |Q=mty O=H}= |}xO=H w
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6282 5 16227 5 11 35 2555 < 1 22510 7560 17505 4 26 4 1 2 3
2967 5 7102 5 11 27 1135 < 1 10070 3535 7670 4 13 4 1 2 4
3507 5 5442 5 0 61 55 < 1 8950 3535 5470 4 13 3 2 2 5
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7795 4500 8 87 1090 < 1 12295 8340 5045 6 10 2 3 5 9
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15590 125115 16 15 22720 75 140705 26950 136475 26 87 14 4 52 56

11627 5 61737 5 16 08 11795 104 73365 17525 67635 26 57 14 4 52 57
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'|rBW VRQ= x@ |@=}CUO x@ |Ov@|=B x@ uqt=L s=Rr= |=Q@ u}vJty "OW |L=Q]
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Q_v QO xO=H w p} Q pkvwptL |D=}rta |=yx@vH R= |Q=}U@ x=ov; 'O=O p=kDv= u=tR
R= p} Q w xO=H uqt=L QO |Q=mty u=R}t w ẁv |UQQ@ u}vJty "OW Oy=wN xDiQo

=yCWwv=B
1. door-to-door
2. vertical cooperation
3. auction-based mechanisms
4. pickup and delivery problem with time window (PDPTW)
5. multi-depot
6. core
7. design of experiments (DOE)
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