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Optimization model and algorithm for Online to Offline
dynamic take-out delivery routing problem

centered on business districts∗

ZHOU Chenghao1 LYU Boxuan1 ZHOU Hanyu1 LU Haiyan1,2,†

Abstract In the take-out food industry, improper path planning by couriers of-
ten leads to low delivery efficiency. Most of the existing VRP research focuses on the
optimization of express delivery and other industries, and there is a lack of optimization
algorithm research for the food delivery with real-time characteristics. Aiming at the
Online to Offline (O2O) take-out delivery routing optimization problem, this paper takes
a comprehensive consideration of its dynamic delivery requirements, cargo differentiation
and other characteristics as well as constraints such as time windows and cargo capaci-
ties, and establishes an O2O dynamic route optimization model of the take-out delivery
personnel, in which the business districts are regarded as a delivery centre, and the num-
ber of delivery personnel and the total travel time by the delivery personnel are taken
as the minimization targets. Using the method of periodically processing new orders,
the resultant dynamic adjustment problem of the delivery personnel’s route is converted
into a series of static TSP sub-problems and thereby a phased heuristic real-time delivery
routing optimization algorithm framework is designed, and a concrete algorithm and a

ÂvFÏ: 2022-01-31

*Ä7�8: I[g,�ÆÄ7 (No. 61772013),ô���Æ)M#M�Ôö�8 (No. 202010295136Y)

1. ôH�ÆnÆ�, ô�Ãâ 214122; School of Science, Jiangnan University, Wuxi 214122, Jiangsu,

China

2. Ãâ½)ÔO�ó§EâïÄ¥%, ô�Ãâ 214122; Wuxi Engineering Technology Research

Center for Biocomputing, Wuxi 214122, Jiangsu, China

† Ï&�ö E-mail: luhaiyan@jiangnan.edu.cn



18 ±¤h, ½ÆZ, ±¿�, °°ÿ 26 ò

numerical example are given. A set of test cases centered on business districts is gen-
erated on the basis of a number of widely used VRP instances, the algorithm is tested
through simulation experiment and compared with other algorithms. The results show
that the algorithm proposed in this paper can make full use of the delivery personnel
near the location of the new orders to conduct the delivery, optimize the corresponding
delivery route, and effectively reduce the number of delivery personnel for delivery and
the total travel time by the delivery personnel.

Keywords NP-hard problem, vehicle routing problem, genetic algorithm, KNN
classification algorithm, dynamic delivery demand, business district

Chinese Library Classification TP301.6
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I¦: (x, y)§¦^î¼ålO�I¦:�8Ü¥¤k!:�m�ålµ

si =
√

(x− xi)2 + (y − yi)2" (11)

lA��m¥À�ål�C� k �!:|¤8Ü Nk(x, y)§�âõêLû5K(½
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T¾ü¤á�¯4
µ

z = arg max
∑

(xi,yi)∈Nk(x,y)

I{zi = j}, i = 1, 2, · · · , n; j = 1, 2, · · · ,m" (12)

e�3õ�¯4
�5K���Ã{«©§K`kò¾ü©���Ic �!:�
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�mI!1Àþ�åLu;Ü§¦�õ�¯4
Uë���¡�¾ü©�"eù�

5K�KE,��§Kæ��Å©���{"äN�{6§��{ 2"

�{ 2: Äu KNN �¾ü©��{

Ñ\: A��m P§#¾üû[: (a, b), #¾ü�r: (c, d), �Ø�ê k

ÑÑ: �©��¾ü�¯4
?Ò

(x, y)← (a+c
2 , b+d

2 )

for (xi, yi) in P

si ←
√

(x− xi)2 + (y − yi)2

end

Nk(x, y) = {(xi, yi) | ��� k � si}
z = argmax

∑
(xi,yi)∈Nk(x,y)

I{zi = j}, i = 1, 2, · · · , n; j = 1, 2, · · · ,m

if �3õ� z ÷vþãúª§�¤8Ü Z1

z = argmin
∑

(xi,yi)∈Nk(x,y)

I{zi = z}, i = 1, 2, · · · , n; z ∈ Z1

if �3õ� z ÷vþãúª§�¤8Ü Z2

z = random(z), z ∈ Z2

return z

¯4
©��#¾ü�§I�c �!:8ÜUC§Ù�k´»�UØ2´�`´

»§I�é¯4
�´»?1­`z"éuþ�ÓNÝ¥¯4
®²c L�!:§�±

Ø^2�Ä§òþ�Ó¥¯4
�c �!:�#©���!:��#�!:8Ü§Ï

é¯4
��`´»"d�z�¯4
�´»`z¯K´�� TSP§E�±^¢D�{

¦)§äNö��Ð©´»�¦)�Ó§äN6§��{ 3"

�{ 3: �x´»¢�`z�{

Ñ\: ¤k¾ü&E�¯4
&E8Ü§��`zÓg P , p Ó¥Ñy�#¾üê Lp,

p Ó¥®Ñu¯4
êþ Kp

ÑÑ: ¤k¯4
��x´»

�1�{ 1

p← 0 //`zÓg

while p 6 P

l← 0 //¾ü?Ò

do while l 6 Lp

k ← Kp //�{�^¯4
êþ

do while k > 0

�1�{ 2

if ¯4
ØU÷v�å^� then
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if k>0 then

3¯4
8Ü¥üØd¯4


k ← k + 1

continue

else

lT¾ü�û[:�Ñ#¯4
KITg�x

return ¯4
´»

break

end

l← l + 1

end

p← p + 1

end

3 �ý¢��(J©Û

3.1 êâ5
�¢���

du�©¤?Ø¯K�AÏ5§"�IO�úmÿÁ�~§��©Äu The VRP
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