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Abstract 
With the development of the Internet, more and more fresh produce retail enterprises have adopted 

the new retail model. By integrating online and offline methods, they have expanded sales channels 

and solved the problem of the last mile. Although this model has improved the shopping experience 

for consumers, it has put tremendous pressure on the store replenishment process. Therefore, this 

paper takes the B2B cold chain logistics distribution path under the new retail model as the research 

object, and establishes a single-objective distribution path optimization model based on the total 

distribution cost. The close-to-actual soft time distribution method and immune particle swarm 

optimization algorithm were used to model and solve the entire cold chain distribution process. The 

simulation and comparative analysis of the examples verify the effectiveness of the model and 

algorithm. 
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1. Introduction  

In recent years, with the development of Internet technology and e-commerce, people's living 

standards are constantly improving, and people's demand for cold chain products is increasing. Driven 

by the current consumption upgrade, fresh retail enterprises gradually adopt the new retail mode to 

integrate online and offline, thereby expanding sales channels and shortening the distribution range 

of the last mile. 

Take Alibaba's HEMA fresh life as an example. Each offline supermarket is a front-end warehouse, 

that is, each store is a small storage and distribution center, which makes the central storage center 

only need to distribute goods to stores. When consumers place an order online, the goods will be 

delivered from a retail store near the consumer, instead of shipping from a warehouse in the suburbs, 

which greatly saves the delivery time of the goods and reduces the losses during the delivery process, 

and better solves the problem of the last kilometer. At the same time, this is also the premise that it 

can reach customers within 30 minutes within 3 kilometers of the store. Although this approach has 

improved the service quality of the end consumers, it has put tremendous pressure on the store's 

replenishment process. Therefore, how to reduce costs and increase efficiency is an important 

problem that needs to be solved under the current new retail model of B2B cold chain logistics 

distribution. 

In recent years, domestic and foreign scholars have done a lot of research in the field of cold chain 

logistics. Jing Wang et al. Incorporated food quality issues into cold chain warehousing and 

distribution management decisions and adopted a mixed integer linear programming model to 

optimize the location and route planning of distribution centers [1]. Songyi Wang et al. Considered 

the problem of green and low carbon, established a mathematical model with the lowest total cost, 

and applied a hybrid genetic algorithm to solve the model [2]. Hosseinabadi et al. Studied the vehicle 

routing optimization problem (CVRP) with load capacity constraints. Based on the concepts of 

random search and search agents, heuristic optimization algorithms based on the law of gravity and 
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group interaction were proposed and solved [3]. Pan Qianqian, Qian Hongcheng, Bao Chunling, and 

Zhang Shibin constructed a path optimization model that takes into account both the customer's time 

window and carbon emissions, and used a heuristic algorithm to solve the model [4,5]. Lou Zhenkai 

constructed a multi-objective optimization study that takes into account customer fuzzy time windows, 

and solved it with simulated annealing algorithm [6]. 

Based on this, this article aims to establish the optimization model of B2B cold chain logistics 

distribution path under the new retail mode with the goal of minimizing the total distribution cost.  

2. Cold Chain Logistics Distribution System under The New Retail Mode 

New retail refers to the use of the Internet as a carrier, with the support of advanced technologies such 

as big data, cloud computing, mobile internet and the Internet of Things. In order to improve the user 

experience, the traditional retail model is improved and innovated. And other business processes to 

optimize and reorganize, and establish a new retail model centered on consumer experience with 

online services + offline experiences + logistics. The new retail model has the following 

characteristics. 

(1) Focus on consumer experience. 

(2) Digitization of commodities. 

(3) Online and offline integration. 

Compare the traditional cold chain logistics distribution system with the cold chain logistics 

distribution system under the new retail model, as shown in Figure 1, Figure 2. 
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Figure 1. Traditional cold chain logistics distribution system 
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Figure 2. Cold chain logistics distribution system under the new retail mode 
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As can be seen from Figure 1 and Figure 2, the cold chain logistics distribution system under the new 

retail mode solves the following problems of the traditional cold chain logistics distribution system. 

(1) Adopt the way of direct mining from the source to reduce the intermediate links. 

(2) Adopt the way of store warehouse integration, shorten the distribution distance, improve the 

distribution efficiency and shorten the distribution range of the last kilometer. 

(3) Reasonably arrange the locations of the stores, and improve the coverage and self-matching of the 

stores. 

With the continuous development of new retail mode, more and more new retail stores, such as 

convenience stores and community supermarkets, are focusing on improving shopping convenience 

and user shopping experience. With the acceleration of the urbanization, cold chain warehouses are 

moved from urban areas to suburbs, and the distance between stores for replenishment has increased, 

resulting in cold chain logistics distribution paths becoming more complicated. Therefore, in order to 

satisfy users' high-quality shopping experience, the cold chain product distribution efficiency of this 

B2B model between cold chain suppliers or storage centers and stores will become a key link affecting 

user experience. Therefore, this article aims to reduce costs and increase efficiency as a model for the 

B2B cold chain logistics distribution path of fresh produce.  

3. Cold Chain Logistics Path Optimization Model 

3.1 Basic Assumptions 

Because in the actual cold chain distribution process, it is affected by external factors such as traffic 

and weather, in order to facilitate research and reduce the impact of non-critical factors, the following 

assumptions are made. 

(1) Do not consider the impact of environmental factors such as traffic and weather on distribution. 

(2) The locations of distribution centers and stores are known. 

(3) The transportation distance between each demand point is calculated by the shortest driving 

distance under normal traffic. 

(4) The starting point and ending point of each vehicle are distribution centers. 

(5) The total demand of the stores on the distribution path of each vehicle is not greater than the 

maximum load capacity of the vehicle. 

(6) Delivery service only considers delivery, and does not take delivery halfway. 

(7) Each store can only be delivered by one vehicle, and can only serve once. 

(8) Each store has its own time window requirements. This article considers the soft time window 

requirements for store services. 

(9) Assume that product corruption is only related to vehicle travel time and store service time. 

3.2 Model Related Parameters 

To facilitate modeling, the following set K is defined: {k | k = 1,2,é, K}, where k represents the cold 

chain distribution vehicle with serial number k, and a total of K vehicles participate in the distribution 

service; N: {n | n = 1,2,é, N}, where n represents a store node, and a total of N stores need to be 

served. 

Z : Total Distribution Cost. 

1
C : Total Fixed Cost. 

2
C : Total Vehicle Running Cost. 

3
C : Total Cargo Loss Cost. 

4
C : Total Energy Loss Cost. 

5
C : Total Time Penalty Cost. 
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kf : Fixed costs required for a vehicle to complete one distribution. 

a: Transportation cost per unit distance for cold chain distribution vehicles. 

1b: Cargo damage ratio per unit time during vehicle running. 

2b : Percentage of cargo damage in vehicle service process. 

1l: Energy cost per unit of time when the vehicle is running. 

2l: Energy consumption cost per unit of time during store service. 

ijd : Distance from store i to store j. 

v : Average driving speed of cold chain delivery vehicles. 

p : Price of cold chain distribution vehicle transport products. 

j
ST : Vehicle unloading time at store j. 

jq : Product demand for store j. 

Q : Maximum vehicle load. 

jt : The time when the cold chain delivery vehicle arrives at store j. 

j
ET : Earliest service time specified by store j. 

j
LT : The latest service time specified by store j. 

1q: Penalty coefficient for cold chain logistics delivery vehicles arriving at stores earlier than the 

earliest arrival time specified by the customer. 

2q: Penalty coefficient for cold chain logistics delivery vehicles arriving at the store later than the 

latest arrival time specified by the customer. 

0

1
ijkX
ë
=ì
í

, i" , j NÍ , k K" Í , When it is equal to 0, the delivery vehicle k is not from store i to store 

j, otherwise the delivery vehicle k is from store i to store j. 

0

1
jkY
ë
=ì
í

, j N" Í , k K" Í , When it is equal to 0, delivery vehicle k does not serve store j, otherwise 

delivery vehicle k serves store j. 

3.3 Model Cost Analysis 

3.3.1. Vehicle fixed cost 

Vehicle fixed cost refers to the costs that start to occur after the purchase of a cold-chain distribution 

vehicle, including regular vehicle maintenance costs, driver salaries, and maintenance and 

replacement of vehicle equipment. It has nothing to do with the number of stores, the weight of 

products delivered, the service hours of the stores, and the total distance of delivery. Vehicle fixed 

cost is calculated by formula (1). 

1

k=1

K

kC f=ä                (1) 

3.3.2. Vehicle running cost 

Vehicle running cost refers to the fuel consumption cost, vehicle maintenance and daily maintenance 

cost of cold chain distribution vehicles in one distribution. This article considers that the vehicle 

driving cost is mainly related to the actual driving distance of the vehicle, and is directly proportional. 
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The longer the vehicle driving distance, the higher the vehicle driving cost. Vehicle running cost is 

calculated by formula (2). 

2

k=1 i=0 j=0

K N N

ij ijkC d Xa=äää                             (2) 

3.3.3. Cargo loss cost 

The cost of cargo damage is divided into the cost of corruption caused by the accumulation of time 

during the transportation of fresh agricultural products and the cost of corruption caused by changes 

in temperature inside the car when loading and unloading the door. Cargo loss cost is calculated by 

formula (3). 

3 1 2

1 1 0

K N N
ij

jk ijk j j

k j i

d
C p Y X ST q

v
b b

= = =

è ø
= +é ù

ê ú
ää ä                     (3) 

3.3.4. Energy consumption cost 

The energy consumption cost is divided into the energy consumption cost in order to maintain the 

temperature of the cabin during the driving of the vehicle and the energy consumption cost incurred 

when loading and unloading the car door. The cost of energy consumption is calculated by formula 

(4). 

4 1 2

1 1 0

K N N
ij

jk ijk j

k j i

d
C Y X ST

v
l l

= = =

è ø
= +é ù

ê ú
ää ä                        (4) 

3.3.5. Time penalty costs 

The time penalty cost refers to the penalty cost incurred when the cold chain delivery vehicle performs 

the delivery service earlier than the earliest arrival time specified by the customer or later than the 

latest arrival time specified by the customer. The time penalty cost function under the soft time 

window is shown in Figure 3. 
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0 tET LT

1̒ 2̒

 

Figure 3. Time penalty cost function under soft time window 
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Time penalty cost is calculated by formula (6). 

( ) ( )5 1 2

1 1

= max{0, t } max{0, t }
N N

j j j j

j j

C ET LTq q
= =

- + -ä ä                 (6) 

3.4 Model Construction 

To sum up, the B2B cold chain logistics distribution path optimization model under the new retail 

model can be expressed as follows. 
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1 52 3 4
minZ C C C C C= + + + + 

1 2
1 0k=1 k=1 i=0 j=0 1

K K N N K N N
ij

ij j jk ijk jk ijk
j ik

d
f d X p Y X ST q

v
a b b

= ==

è ø
é ù=
é ù
ê ú

+ + + +ä äää ää ä  

( ) ( )1 2 1 2

1 1 0 1 1

max{0, t } max{0, t }
K N N N N

ij

jk ijk j j j j j

k j i j j

d
Y X ST ET LT

v
l l q q

= = = = =

+ + - + -
è ø
é ù
ê ú

ää ä ä ä       (7) 

S.T. 
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, ,i j N" Í , k K" Í                         (11) 

0

1
jkY
ë
=ì
í

, j N" Í , k K" Í                          (12) 

In the above mathematical model, equation (7) is the objective function of the cold chain logistics 

distribution path optimization model, and equations (8) to (10) are the constraints of the model. 

Equation (8) indicates that for any car participating in cold chain logistics distribution, the sum of all 

customer demand on its distribution path cannot exceed the maximum load of the vehicle. Equation 

(9) indicates that all stores must be served and can only be served by one car. Equation (10) indicates 

that for any store, the number of vehicles served by it and the number of vehicles leaving from it are 

equal. When i = 0, it means that k vehicles participating in cold chain logistics distribution depart 

from the distribution center and must return after completing the distribution task distribution center. 

Equations (11) and (12) are binary constraints.  

4. Immune Particle Swarm Algorithm 

4.1 Basic Ideas 

Particle Swarm Optimization (PSO) is a bionic algorithm that simulates the migration and swarming 

behavior of bird swarm foraging. This algorithm has the characteristics of global random fast search, 

and it seeks the optimal solution of the target problem in the complex solution space through the 

cooperative behavior of the individuals in the population. Its calculation particle formula is Equation 

13 and Equation 14. 
1

id id 1 1 id id 2 2 gd idV wV c rand (P X ) c rand (P X )k k k k k k k k+= + - + -              (13) 

1 1

id id idX X Vk k k+ += +                              (14) 

idX k
: Current position of particle i in d dimension in k-th iteration 

idV k
: The velocity of particle i in the k-th iteration 

The inertia factor w indicates the influence of the original speed of the particles on the current speed. 

It will affect the local and global evolution of the particles. The acceleration factors c1 and c2 are the 

weights of the statistical acceleration terms, and they push each particle toward the individual extreme 

value and the global extreme value at a certain speed. 
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Immunity Algorithm (IA) is an evolution based on genetic algorithm. It is an algorithm that simulates 

the immune system with defense function against invasion in biological organisms. It has antigen 

recognition, antibody production, and immune cells. Memory and immune regulation. 

Immune regulation not only ensures the balance of antibodies and antigens in the body, but also the 

diversity of antibodies, through the mutual restriction relationship between antigens and antibodies 

and between antibodies and antibodies. The idea of antibody concentration adjustment is applied to 

the particle swarm optimization algorithm, so that when the premature convergence phenomenon 

occurs, the particle swarm algorithm can get rid of the local optimal solution in time, and then 

continue to search in other positions in the solution space until the global optimum is found Solution, 

the introduction of this mechanism effectively improves the algorithm's convergence speed and 

solution accuracy in the later period of operation. The selection probability formula of antibody 

concentration is Equation 15. 

i j

1

i

i j

1 1

(x ) (x )

( )

(x ) (x )

N M

j

N M N M

i j

f f

P x

f f

+

=

+ +

= =

-

=

-

ä

ä ä
                         (15) 

Where xi represents the i-th particle and f(xi) represents the fitness function of the i-th particle. 

4.2 Algorithm Description 

Step 1. Parameter setting. Determine the learning factors c1 and c2, the population size N of the 

particle swarm. 

Step 2. Initialization. If the problem to be solved occurs for the first time, N particles xi(i = 1,2,é, N) 

are randomly generated, and the initial velocity vi (i = 1,2,é, N) of each particle is determined. 

Particles serve as the initial particle population P0. If the problem to be solved does not appear for the 

first time, look for immune memory particles in the immune memory library that have previously 

solved the problem. 

Step 3. Generate immune memory particles. Calculate the fitness value of each particle in the current 

particle population Pk, the individual optimal position Pi (i = 1,2, ..., N) of the current particle, and 

the optimal position PG (i = 1,2, ..., N) of the group ), And temporarily store PG as immune memory 

particles in the immune memory library. Determine if the problem end condition is met at this time. 

If it is satisfied, terminate the iteration and output the result. Otherwise, continue to the following 

steps. 

Step 4. Generate new particles. N new particles are generated by the formulas (13) and (14) of the 

particle swarm algorithm, and M new particles are generated by the immune particle swarm algorithm. 

Step 5. Select appropriate particles based on antibody concentration. Use formula (15) to calculate 

the newly generated N plus M particles, and select N particles with a higher probability to form a 

particle swarm Pk. 

Step 6. Update the particle swarm. Use the particles in the immune memory library to replace the 

poorly adapted particles in the Pk to form a new particle population Pk+1. Go to step 3. 

5. Case Solving 

In order to verify the effectiveness of the algorithm, this article chooses a fresh supermarket chain of 

fresh agricultural products, which has a certain number of stores in Xi'an, Shaanxi Province. Select 

15 supermarkets in the supermarket and a cold chain distribution center for B2B cold chain logistics 

distribution services as the research object to collect data. 
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Table 1. Relevant parameter values 

Parameter Parameter Value Unit Parameter Parameter Value Unit 

Q  
3700 Kg v  40 Km/h 

kf  
150 yuan a 1.44 yuan/km 

1b 
3 % 

2b  
6 % 

1l 
5 yuan / hour 

2l 
12 yuan/h 

p  18 yuan/kg    

The number of the distribution center is 0, and the numbers of the stores are 1,2, ..., 15. The delivery 

vehicles leave at 6 am. The distance between the stores is shown in Table 2. The demand of the stores 

is shown in Table 3. 

Table 2. Distance between stores 

 0 1 2 3 4 5 6 7 8 9 10 

0 0 18.5 20.1 5.2 24.4 17.9 16.0 25.5 21.7 15.2 22.2 

1 18.5 0 18.2 15.7 12.2 12.5 6.9 10.5 3.8 17.4 15.4 

2 20.1 18.2 0 15.0 11.2 5.8 11.4 14.8 21.5 5.2 5.2 

3 5.2 15.7 15.0 0 19.6 12.8 11.7 21.1 19.3 10.1 17.1 

4 24.4 12.2 11.2 19.6 0 7.6 8.7 3.8 14.0 14.1 6.1 

5 17.9 12.5 5.8 12.8 7.6 0 5.7 10.4 15.7 6.7 4.5 

6 16.0 6.9 11.4 11.7 8.7 5.7 0 9.5 10.5 10.6 9.4 

7 25.5 10.5 14.8 21.1 3.8 10.4 9.5 0 11.4 17.1 9.8 

8 21.7 3.8 21.5 19.3 14.0 15.7 10.5 11.4 0 21.1 18.1 

9 15.2 17.4 5.2 10.1 14.1 6.7 10.6 17.1 21.1 0 9.2 

10 22.2 15.4 5.2 17.1 6.1 4.5 9.4 9.8 18.1 9.2 0 

11 21.4 15.0 4.8 16.2 6.5 3.7 8.8 10.1 17.9 8.4 17.9 

12 12.8 18.1 8.0 8.0 16.5 8.9 11.7 19.2 21.8 2.8 11.9 

13 10.1 19.7 11.8 6.2 19.9 12.3 14.0 22.4 23.5 6.7 15.6 

14 23.4 19.5 3.3 18.2 10.4 7.4 13.1 14.2 22.5 8.5 4.5 

15 8.4 10.7 14.6 5.0 16.2 10.6 7.6 17.1 14.3 10.9 15.1 

 

 11 12 13 14 15 

0 21.4 12.8 10.1 23.4 8.4 

1 15.0 18.1 19.7 19.5 10.7 

2 4.8 8.0 11.8 3.3 14.6 

3 16.2 8.0 6.2 18.2 5.0 

4 6.5 16.5 19.9 10.4 16.2 
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5 3.7 8.9 12.3 7.4 10.6 

6 8.8 11.7 14.0 13.1 7.6 

7 10.1 19.2 22.4 14.2 17.1 

8 17.9 21.8 23.5 22.5 14.3 

9 8.4 2.8 6.7 8.5 10.9 

10 17.9 11.9 15.6 4.5 15.1 

11 0 11.0 14.8 4.6 14.3 

12 11.0 0 3.9 11.3 9.9 

13 14.8 3.9 0 15.1 10.0 

14 4.6 11.3 15.1 0 17.4 

15 14.3 9.9 10.0 17.4 0 

 

Table 3. Store demand 

Number Demand (kg) Time Window Service Time (min) 

0    

1 500 (7:30-8:30) 15 

2 600 (7:30-9:30) 10 

3 600 (7:30-8:30) 10 

4 400 (7:50-9:30) 6 

5 300 (7:50-8:30) 4 

6 500 (7:30-8:30) 12 

7 400 (7:30-9:30) 8 

8 700 (7:30-9:30) 15 

9 300 (7:30-8:30) 5 

10 300 (7:30-9:30) 6 

11 800 (7:30-9:30) 12 

12 600 (7:30-8:30) 12 

13 520 (7:30-8:30) 8 

14 1240 (7:50-9:30) 15 

15 560 (7:50-9:30) 10 

The immune particle swarm algorithm is used to solve the model in MATLAB. Set the particle swarm 

N = 50, w = 1, c1 = 1.5, c2 = 2, k = 200, and use the basic particle swarm algorithm, ant colony 

algorithm, and immune particle swarm algorithm to conduct experiments. The results are shown in 

Table 4. 
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Table 4. Comparison of experimental results 

Number of experiments PSO ACA IA-PSO 

1 1350 1280 1226 

2 1370 1247 1159 

3 1358 1160 1140 

4 1350 1216 1243 

5 1367 1302 1235 

6 1365 1298 1164 

The optimal distribution paths corresponding to the above algorithms are analyzed, as shown in Table 

5. 

Table 5. Comparison of experimental results 

Algorithm Minimum Distribution Cost Delivery Route 

PSO 1350 

0-8-10-6-11-0 

0-1-5-14-2-4-7-0 

0-3-15-13-12-9-0 

ACA 1160 

0-3-13-12-2-9-0 

0-1-8-14-0 

0-7-4-10-11-5-6-15-0 

IA-PSO 1140 

0-3-13-12-9-2-0 

0-8-1-14-0 

0-7-4-10-11-5-6-15-0 

From the above experimental results, it can be seen that the results of the immune particle swarm 

algorithm are better than the basic particle swarm algorithm and the basic ant colony algorithm. This 

is because the idea of immune algorithm antibody concentration adjustment is introduced into particle 

swarm algorithm, so that when the particle swarm algorithm appears premature convergence , Can 

get rid of the local optimal solution in time, and then continue to search elsewhere in the solution 

space until the global optimal solution is found. Applying immune particle swarm optimization to 

cold chain logistics distribution path optimization research under the new retail model can well reduce 

cold chain logistics distribution costs, reduce business operating costs, improve vehicle distribution 

efficiency, ensure the freshness of cold chain products, and improve users' Shopping satisfaction.  

6. Conclusion 

With the development of Internet technology, new retail models will be the development trend of the 

future retail industry. This paper studies the cold-chain logistics distribution path problem of new 

retail. Aiming at the total cost of distribution, a mathematical model is established under the 

constraints of store time window requirements, vehicle load, etc., and MATLAB simulations are 

performed using immune particle swarm optimization. The effectiveness of the algorithms and 

models is provided, and method support is provided for future issues related to the enterprise.  

References 

[1] J. Wang, H.T. Liu , R. Zhao, et al. The optimization of cold chain operation based on fresh food safety, 

Systems Engineering-Theory & Practice, 2018. 



 

 

237 

International Core Journal of Engineering 

ISSN: 2414-1895 
Volume 6 Issue 3, 2020 

DOI: 10.6919/ICJE.202003_6(3).0039 

[2] S.Y. Wang, F.M. Tao , Y.H. Shi . Optimization of LocationïRouting Problem for Cold Chain Logistics 

Considering Carbon Footprint, International Journal of Environmental Research and Public Health, 2018, 

15(1):86-93. 

[3] A.A.R. Hosseinabadi, N.S.H. Rostami, M. Kardgar, et al. A new efficient approach for solving the 

capacitated Vehicle Routing Problem using the Gravitational Emulation Local Search Algorithm, Applied 

Mathematical Modelling, 2017:S0307904X17301385. 

[4] X.X. Pan, H.C. Gan. Study on cold chain logistics distribution path optimization of considering carbon 

emissions, Mathematics in Practice and Theory,2016,46(2):62-68(in Chinese). 

[5] C.L. Bao, S.B. Zhang. Route optimization of cold chain logistics in joint distribution: With consideration 

of carbon emission, Industrial Engineering and Management,2018,23(5):95-100,107(in Chinese). 

[6] Z.K. Lou. Study on multi-objective optimization of distribution problem with fuzzy time window, Fuzzy 

Systems and Mathematics,2017,31(3):183-190(in Chinese). 


