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Two-stage heuristic algorithm for multi-depot vehicle
routing problem with time windows

YU Bin, JIN Peng-huan, YANG Zhong-zhen

(Transportation Management College, Dalian Maritime University, Dalian 116026, China)

Abstract Vehicle routing problem (VRP) plays a vital role in logistics research. The multi-depot vehicle

routing problem with time windows (MDVRPTW), an extension of VRP with time windows (VRPTW),

is very complicated to be solved. This paper presented a two-stage heuristic to solve MDVRPTW. In the

two-stage heuristic, aggregation-based clustering algorithm was firstly proposed to transfer MDVRPTW

to several VRPTWs, and ant colony optimization (ACO) was developed to optimize each VRPTW. Two

improvement strategies: crossover operation and adaptive ant-weight strategy, are designed to improve

ACO. The performance of the two-stage heuristic was examined by use of some classic instances. Results

show that the two-stage heuristic is a powerful tool for MDVRPTW.

Keywords multi-depot vehicle routing problem with time window; aggregation; clustering algorithm; ant

colony optimization
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����������� (VRPTW) 	
���������	
���	�
��
����. �
��������	
��	��	
���
� (TSP) ���, ��, �
�
	 NP-hard ��. ��
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��
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�������������.
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 �+� [13] ������
�����
%)���������. -01� [14] �&�',-2��


�������������
�.�.

��������, %/���(3�0�, *4�������0.+5 [15]. $#���
�
	

�/101,���-�����	6��, 2713���238, 4,$#���	
�������
�	)*�. ��, 5�����9.6$#���: ��/0!�$#��:��
���-2���

� MDVRPTW. +,�1$#��:���23���:, ;4�1���-2����5232-��
��������.

2 �� !"#`a$%&'bc

��������������	����7�����#���23��8.���. ���1�
�,�
<��3=7�������#,/
����494:60�����;5�1�6��,;��
�<1	8.2	23, 0�<3233=
8.�=; �����1����73>=?1�>3. @��
���������
�?4@5 (86 1): C ={c1, c2, · · · , cH}372	23�0-; D ={d1, d2, · · · , dN}3
7�����0-; <�23 (ci ∈ C) �7�6

 qi(qi > 0); L 372	A�0-. [T S

ch
, TE

ch
] 
23 ch

�B����8899, 2:	��8.C23���(9>=9� T S
ch

, (D>=:� TE
ch

.
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Æ 1 )d*+,-.*/ef0123gh

3 45678ij9

5����9.6$#���	4,� “,�:, 4��” �;<. 1) +,, ������;2	�2
3���:, <E�������=�
�������. C��
�1F>G�����/1., �H�
���)A. ;2, 23�:�:4�I;?@�J(4���<3, ��, A4,BB�����=C�D
�23K	>>>G��<3. ��, 5�LE-2���?@,A, BC��:=C>?��@$#�C
>���23��:. 2) ;4, 5��1�����-2��������� VRPTW ����. �-�
��@524.
3.1 :k;<=>?@ABClD

��	,�23�:��	��23�����BB����:, ���	��=�, D�	�:�:
4�!�M. AN	���	������,5��:��>E�
F. &�, O���:��2+�EF,
��:�GD, 72PE�:��)A>H. ���23�:�, ��	9:C>6�EF, �:	4;.C
>, ��23��������G��QFH��23G��B?. (���	I�=). &�:C>	$#
�C>, 5:C>��:�:4�!
H�, 2<	, HI<=�:JK2RJ����C:C>�� I,
"�4J�����KP. 5L, LE-2���?@,A, ��23 ch ÆM���� dn �SA p (ch, dn),
:
�37
:

p (ch, dn) =
ω (ch, dn)µ × ψ (ch, dn)γ∑

dn∈D ω (ch, dn)µ × ψ (ch, dn)γ (1)

��, ω (ch, dn)37�:1���$#�C>, ���:�:4�!�@, 5I,;�T
�:C>?; ψ (ch, dn)γ
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37�:1���4;.C>,5I, ;�T
/0!; µ, γ 	OOL(,,�OO9:C>���
��!.
1) �:C>?��
�:C>?�-2���C>?�=, �������<3�@, 5I,�����2	��H��E

.!�^(���. CC>%/�����, P>_�P, 
4J���QBPC>, 5�4,�O��0�
�=���PR�:

ωnew (ch, dn) = ρ× ωold (ch, dn) +
N ×Q∑
dn∈D Fdn

, ρ ∈ (0, 1) (2)

��, ωold (ch, dn), ωnew (ch, dn) �N3723 ch ����� dn G��P�4��:C>?�(3; ρ
	
(, 37�:C>?�Q#I!. N 37����(3; Q 
	3; Fdn 37���� dn ��S����`

T(� (2	���.!).
2) /0!C>��
/0!�23 - ������BB
23G�����=�!	@. 5I, /0!4,5����:

ψ (ch, dn) =
1

lch,dn

× δ (ch, dn) (3)

��, lch,dn 3723 ch ����� dn �BB, 1
lch,dn


,�3723���������QFH; δ (ch, dn)


,�3723 ch �a����� dn �a��230���B?.. �
��123��R���
2
3�������:

δ (ch, dn) =

∑
ch′∈Cdn

σ (ch, ch′)

Mdn

(4)

��, Cdn 37���� dn a��230-; Mdn 37���� dn a��230-�23�(3; σ (ch, ch′)

�b5���:

σ (ch, ch′) =

{
1, @K

(
T S

ch
+ tch,ch′ < TE

ch

)
U�(T S

ch′ + tch′ ,ch
< TE

ch′ )
0, ��

(5)

��, T S
ch
, TE

ch
�N3723 ch ����VJ
J8�W; tch,ch′ 3723 ch �23 ch′ G��R���.

+8K, ��c���B?.L(, a��230-PSL4J23������ÆM. 
�XM5�
SL, 5�4,�	��%)�23ÆM��, <%)ÆM��23, ;4T7,R� (1) ������Æ
M. 6 2 K7���23�:�PU. P@, 23 c9 N;B���� d2 �C, d	����B?.�@�,
�
D�J���� d1.
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Æ 2 mFGnHIJKLoMNpO*PQ

3.2 RS>qTlD
-2��	OV;Y�-2QP�
$#2������R����, �	�
1S�� Dorigo[16] �

T� 20 QZ 90 Uef+,����. -2���
��P�$#���WG
[g7,J�X���, �
��������2	+������13��� [16−18]. 5��123�:��;���������
�D�
������������, ;4�1-2�������N
�.
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Æ 4 UXYFUVW
1) ��\Y
�5����-2���, ��
[�S�����7���#, (4:6C����H�
. 5RH

�94=Æ
2	23�Q8., 0�<3233=
8.�=, 2794!Z<�23����

�>
3�SO�88. H��ÆV4,�	�����T���UZÆV[�, P@, 6 1 ���97�� d1 �

#�H��ÆV
: d1 − c8 − c3 − c4 − c5 − d1.
2) ?@,A
W-7���#, �1\hÆM8.�23�\YH�. +,, W-PÆM��a�3]�
�230,

;4, ���;�,A7
�23�ÆM5��23. 5�,A�	�59�6X�C>?Y!
ZV�	
@, 
�[����:��C>?, 5I4,��C>?�eWC>?. 5L, ��i i ��X, ÆM j �S

A@5:

pij =
(τij)

α × (ηij)
β∑

h/∈tabu (τih)α × (ηih)β
(6)

��, τ ij 37�6 (i, j) X��C>?�(3; ηij 37�6 (i, j) X�ZV�; α 
 β �N37��C>?


=8!�$#��U; tabu 37>
��]��0-, P@, H�WGG1����>!Z��88��
:	>
��.

3) ^jk�
�-2���BC^j�U
�	)�^O��YC_�Z\, �H��<3 [17]. 5�4,���=

��^jk�, �-�^j1�@5:
Step 1 7�S���%)ÆM99��, ;4T799���N%)ÆM��23�
^j�[, P

@, i�9��23 c8 
il9��23 c2 
ÆM, @6 3.
Step 2 ^`23 c8 
23 c2 \YP��S��, @6 4.
Step 3 ��23	%)ÆM�, 2�+>>m]^�, ��	9�',��_���������S

���_�(�.. 5�4,� 2-opt � [17−18] ���_���.
�_O���=, 5I2BC��^jA (pm) �OO<���	I6�^j. ^jA>`11, IA,

PSL���Z\I!. �	, ���fZ7C�a
=1���G�	��, %��\@��a�a*],
>`��11�^b�[nZ\. ��, 5�4,���V_7���4;^jSA, �-�R�@5:

pm(t) = pmin
m + (pmax

m − pmin
m )1−t/T (7)

��, pmin
m 
 pmax

m �N37(M
(1�^jA, 9�SA�N
, pmin
m = 1/H (H : 37`_�23(3)


 pmax
m = 1/N (N : 37�����(); T 
 t �N37(1���e
a����e.
4) ��C>?�Po`
��X�C>?
W-G��Q��?��Ca6, 2:	X, W-
��1pc��X�C>?Y!

�/
q����C, ��, �-2��/
�=db4, �PW-\1��X�C>?Y!	e@
��.
�	C>?�P
�4,@5��:

τnew
ij = ρ× τold

ij +
K∑

k=1

∆τk
ij , ρ ∈ (0, 1) (8)

��, τold
ij , τnew

ij �N37�6 (i, j) X�P�4���C>?(3;
∑

∆τk
ij 37�6 (i, j) X��C>?

�03; k 
�S���i k 9��Zc; K 37�S����d���(.
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��5Z\I!��'�e����4J������	bB6, ��, 5�4,��� ant-weight
o` [12] �����C>?03, �-R�@5:

∆τk
ij =

⎧⎨
⎩

Q

K × fθ
× Lk − lij
mk × Lk

, @KA(i,j)c� kth��

0, ��

(9)

��, f 37�S����`T(� (2	���.!); lij 37i k 9����6 (i, j) X��`T(�
(.!). Lk 37�S���i k 9���.!; mk 37��S���i k 9����23(, mk ≥1; θ3
7OO��C>?03�V_7�U, θ ≥1, (f, 4,�1���C>?03	S��H��fZ�Z\
I!, 2a����;�!4, XM��C>?03, '��
���d]�_���, @K θ = 1, ACo`
<
fe��Po`, �-R�@5:

θ =
⌊
t× 2/T

⌋
+ 1 (10)

��, �� 37f5aIrc, P@, �1.8� = 1.
� ant-weight o`�, <���E��C>?03
 Q/fθ, <9��g�R Q/(K ∗ fθ), <9��2

�d�<��6�C>?03A����I����h��@, 2:	X, �6 (i, j) X���C>?03
��P


(
Lk − lij

)
/

(
mk × Lk

)
.

3.3 ]t^]
5����9.6$#���
�?4@5:
BEGIN

fJ�R�bi��@L(;
// b�����:23�
��23���������Qjf, fJ��:C>?jf;
While (>!ZZ\99)
While (b	23gÆM����)
72	g�:23%)ÆM��23;
��C23�<�����a�230-���B?.;
��C23�<������/0!;
��C23ÆM<������SA;
�1cds��ÆM����;
End while

// 7,���-2��
���� VRPTW ��

While (c�g�������)
��ZV�jf, fJ���C>?jf;
While (>!ZJ899)
�1?@SAR�\Y��;
LE^jA, ��^jk�� 2-opt ��;
gI ant-weight o`�P��C>?jf;
End While

End while


2	�����S����`T(�;
�P��C>?jf;
End while

End
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�Dh���9.6$#����.=,5�4,���G@�MDVRPTW�P�C�����t

h.9.6$#����L(@3 127. MDVRPTW�P��-C>@3 227 (��: http://neumann.
hec.ca/ chairedistributique/data).

b 1 Ævcw
µ γ ρ Q α β

1 3 0.95 2000 1 3

b 2 dxve
$e fki gj

�Ni

hi

ik

jk

flM
$e fki gj

�Ni

hi

ik

jk

flM
1 48 4 200 1074.12 11 48 4 200 1005.73

2 96 4 195 1762.21 12 96 4 195 1478.51

3 144 4 150 2373.65 13 144 4 150 2011.24

4 192 4 185 2852.29 14 192 4 185 2202.08

5 240 4 180 3029.65 15 240 4 180 2494.57

6 288 4 175 3627.18 16 288 4 175 2901.02

7 72 6 200 1418.22 17 72 6 200 1236.24

8 144 6 190 2102.61 18 144 6 190 1792.61

9 216 6 180 2737.82 19 216 6 180 2285.10

10 288 6 170 3505.27 20 288 6 170 3079.16

4.1 ghBClDiqTRSjk>ylmn
5����9.6$#����d23�:.6
��-2���H���.6.
��&5��
o

`�.=, 5�\Y�m�-2������. +,, �$#��:���, @n��4;.C>;;?@�
J(l��:JK. ��, ljBC����23�������G��Q�$#��:�� (��BB�
$#��:��) �5�����:�� (��/0!�$#��:��) ����. C�:�����4
;C>�, AEF23������BB, 2>EF23����B?., ���5�����:���0.
5L, lj\Y@5m�-2��: �	��BB�$#��:���`:-2�� (ACO-CD), �	��
/0!�$#��:���`:-2�� (ACO-CC), �	��/0!�$#��:�����-2��
(IACO-CC). ;4, ��0�995, �k������ 10 =th, ��JK@3 3 27.

b 3 oz{ppO*qr
$e IACO-CC ACO-CC ACO-CD $e IACO-CC ACO-CC ACO-CD

1 1080.58 1085.7 1086.85 11 1006.23 1007.99 1008.98

2 1763.39 1766.6 1768.96 12 1480.45 1486.3 1490.21

3 2374.35 2440.6 2655.38 13 2011.93 2222.3 2300.00

4 2852.99 3349.7 3605.49 14 2221.45 2568.99 2700.18

5 3139.79 3372.1 3785.49 15 2502.52 3079.87 3274.48

6 3791 4153.5 4604.92 16 2951.81 3387.01 3662.03

7 1428.32 1453.98 1474.76 17 1251.37 1287.5 1313.06

8 2104.71 2257.4 2454.02 18 1813.67 2029.23 2170.71

9 2768 3065.3 3448.29 19 2305.7 2665.63 2871.53

10 3597.87 3976.7 4441.08 20 3098.1 3678.89 3992.25

E-�, ACO-CD ���.=>@ ACO-CC ��, 5-����/0!��:�_-��23��:
k�. AN	73 3 
�#�, ��� 10 ��P ACO-CC ��m�8K (� 10 ��P ACO-CC ��

ACO-CD 18 6.71%, 4 10 ��P
 4.55%). 5��	�
, � 10 ��P4,���mo����, 24
10 ��P������ln, 5��h-��4,/0!���	���������:�9�., 2-�
�5���:����a.. &�, lj2
��J, IACO-CC �.=��� ACO-CC, AN	��23,
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��1��P (P@, 23(3?1 150). 5��	�
, ACO-CC���H����, 4,�	`:-2�
�, �>>��9o�[. 2� IACO-CC ���, ^jk�
V_7�C>?�Po`�BC	)�^O
�9o�#], m1������G�, 72�H��<3.
4.2 stu?@AlDylv|


���hpD5����9.6$#��� (IACO-CC) �.=, 5�; IACO-CC aR�(e��
Polacek����C��� (VNS)[1] �� Cordeau�������� (TS)[2] 
������� (ITS)[3] �
����, JK@3 4 27.

b 4 wpxyqr
$e TS VNS ITS IACO-

CC

$e TS VNS ITS IACO-

CC

1 1083.98 1083.98 1074.12 1080.01 11 1031.49 1005.73 1005.73 1005.73

2 1763.07 1762.21 1762.21 1762.21 12 1500.48 1487.64 1478.51 1478.51

3 2408.42 2374.36 2373.65 2373.65 13 2020.58 2014.02 2011.24 2011.24

4 2958.23 2858.2 2852.29 2852.29 14 2247.72 2221.17 2202.08 2217.09

5 3134.04 3040.84 3029.65 3134.04 15 2509.75 2494.82 2494.57 2494.57

6 3904.07 3758.36 3627.18 3758.36 16 2943.9 2939.2 2901.02 2941.56

7 1423.35 1422.65 1418.22 1418.22 17 1250.09 1239.13 1236.24 1239.13

8 2150.22 2103.89 2102.61 2103.89 18 1809.35 1796.21 1792.61 1796.21

9 2833.8 2783.95 2737.82 2753.21 19 2310.92 2318.59 2285.10 2291.98

10 3717.22 3577.28 3505.27 3582.82 20 3131.9 3079.73 3079.16 3079.16

73 4 ��JK
c, 5����9.6$#������<38KH� TS 
 VNS 9���. 5�
������2	� 20 ��P�	 10 ��PuJ�Wc�(e�. 27, 7��JK�, 5����
�
��,��M��P�	�e�3�. E-�, IACO-CC �����<3>@ ITS ��, d	, 9����
��JK�M>Z 1%, 385����9.6$#���b;	��	qn6���.

5 z{

������	
���������	E�
���
��
����. ������
�	2	
23�n
�-, C���	
�
	 NP-hard ��. 2���������������
��
	�
�����������mo, ����	
�
����
�. 5�+,��\���/0!�$#��
:��; MDVRPTW =�
����� VRPTW, ;4, <
�',
[7,������������
��C����
�. -2��	�����P�����,5���9���o`��H-2���.=:
^jo`
V_7 ant-weight o`. (4, �1��G@� MDVRPTW �C�����Dh, JKK79
.6$#���	����	)�
���.
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