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Abstract

In recent years, the rapid development of fresh food e-commerce in China has brought about more development
opportunities for the cold chain logistics industry but has also presented new challenges. With the development of
cloud computing and big data technology, it is increasingly important to study the application of big data and
cloud computing technology in cold chain logistics. The purpose of this paper is to study the intelligent algorithm
of cold chain logistics distribution optimization based on big data cloud computing analysis. Based on the
constituent elements of the cold chain distribution problem and using cloud computing technology to obtain real-
time traffic information in the transportation system through a unified access interface, this article analyses the
distribution time and cost of refrigerated vehicles, thereby establishing a cold chain distribution vehicle path
optimization model. By analysing the parallel programming mode of cloud computing, the parallel design and
analysis of a coarse-grained genetic algorithm are used to solve the simulation model of the established
optimization model. The experimental results show that the method of optimizing cold chain logistics vehicle
routing using cloud computing is effective. When comparing 1, 2, 4, and 8 processors, the execution times are
19.89, 14.52, 8.12, and 6.41, respectively. It can be seen that the more processors there are, the shorter the
calculation time.
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Introduction
With the improvement of people’s living standards, the
structure and nutritional value of foods have also re-
ceived increasing attention. The residents of our country
are also slowly changing their diet structure. The diversi-
fied and varied consumption patterns of fruits, vegeta-
bles, quick-frozen products, and eggs and poultry have
changed from the previous single consumption structure
for food and clothing to a diversified food structure for
the pursuit of balanced nutrition and health. The pro-
portion of fresh food in people’s daily diet is also in-
creasing. Fresh food is difficult to keep fresh at room
temperature, so it needs to be distributed from the

origin to the consumer terminal through cold chain lo-
gistics [1]. This often requires cold chain logistics tech-
nical support in various tasks, such as warehousing,
transportation, and distribution. The frequent food
safety issues in recent years have caused the country and
residents to attach great importance to food safety [2].
In people’s minds, dietary health has become a key issue
in life, especially concerning the quality and safety of
raw, cold and fresh food. The degree of attention to this
topic has gradually increased. If you want to ensure the
quality of fresh food, then you must ensure its safety and
smoothness in the circulation process, that is, to ensure
the traceability of fresh food circulation information, in-
cluding fast speed, quality and quantity, to further meet
the needs of consumers in consuming fresh food. In re-
cent years, with the continuous deepening of Internet
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technology, the degree of informatization of logistics en-
terprise management has continued to increase. The
emergence of information technologies such as cloud
computing and the Internet of Things has led to good
results for enterprises in public logistics information
platforms and intelligent logistics system application
prospects [3]. The application of big data and cloud
computing in logistics is based on the integration of lo-
gistics resources and capabilities, dynamic on-demand
services, and integrated logistics service requirements
[4]. Cloud computing can quickly search for real-time
and dynamic information in a short period of time, can
transfer the latest vehicle transportation, storage status,
real-time routes and other information to logistics cen-
tres and vehicles, and obtain the calculation results in a
short time, thus improving the efficiency of distribution
and increasing economic benefits. This paper is aimed at
the problem of the real-time route optimization of cold
chain logistics distribution vehicles, uses cloud comput-
ing processing methods for analysis, establishes an appli-
cation service that is consistent with the actual
distribution of cold chain logistics vehicles, builds an
optimization model that meets the constraints, and pro-
vides planning and vehicle scheduling for cold chain lo-
gistics to provide support for optimization. Real-time
route optimization services for cold chain logistics distri-
bution vehicles based on cloud computing are used to
realize distribution resources, distribution capabilities,
and distribution knowledge sharing and on-demand use,
improve the utilization rate of distribution resources,
meet the personalized needs of users for services, and
promote energy conservation and emissions reduction to
achieve green and low-carbon manufacturing.
Lv and his team believe that accurate and timely traffic

flow information is critical to the successful deployment
of intelligent transportation systems [5]. In the past few
years, the amount of traffic data has exploded, and we
have truly entered the era of big data in transportation.
The existing traffic flow prediction methods mainly use
shallow traffic prediction models and are still unsatisfac-
tory for many practical applications. This situation in-
spired the above authors to rethink the problem of
traffic flow prediction based on deep architecture models
with large traffic data. They proposed a new deep
learning-based traffic flow prediction method that inher-
ently considers spatiotemporal correlation [6]. Stacked
autoencoder models are used to learn general traffic flow
features and are trained in a greedy layered manner. To
the best knowledge of the above authors, this is the first
time that a deep architecture model has been applied
using an autoencoder as a building block to represent
traffic flow characteristics for prediction. In addition,
they found that the proposed traffic flow prediction
method has superior performance [7]. Dejene and his

team see cloud computing as an emerging paradigm that
provides computing resources as services over the net-
work. Communication resources often become a bottle-
neck for the provision of many cloud application
services. Therefore, copying data (such as a database)
closer to the data consumer (such as a cloud application)
is considered a promising solution, which allows for the
minimization of network latency and bandwidth usage.
The above authors studied data replication in cloud
computing data centres. Unlike other methods available
in the literature, in addition to improving the quality of
service (QoS) due to reduced communication delays,
they also consider the energy efficiency and bandwidth
consumption of the system. The evaluation results ob-
tained during extensive simulations help reveal the tra-
deoff between performance and energy efficiency and
guide the design of future data replication solutions [8].
G.W. Lailossa believes that cold chain management is an
important factor in ensuring the quality and safety stan-
dards of fishery products. Global trends in fishery prod-
uct standard requirements (quality, safety, and
traceability) are increasing and becoming a global influ-
ence. These issues have led to the development of a new
paradigm for tuna cold chain system management,
which must be holistic, integrated and up-to-date. The
review results of previous studies indicate that cold
chain management is still partially applied and has not
been fully integrated into the entire process (postharvest
processing, processing and packaging, refrigeration and
distribution, refrigerated transportation, and fishery
sales). He provides a new paradigm for providing cold
chain management capabilities through a system integra-
tion approach. The output of this integrated model is ex-
pected to improve the export competitiveness of
Indonesian fishery products (tuna) [9].
This article analyses the components of the cold chain

distribution problem, uses cloud computing technology to
obtain real-time traffic information in the transportation
system in a unified access interface, and then analyses the
distribution time and cost of refrigerated vehicles to estab-
lish a cold chain. The chain distribution vehicle routing
optimization model is analysed in parallel with the cloud
computing parallel programming model. The coarse-
grained genetic algorithm is designed and analysed in par-
allel and used to solve the simulation of the established
optimization model. From the experimental results, it can
be seen that the method of optimizing cold chain logistics
vehicle routing using cloud computing is effective.

Proposed method
Cold chain logistics
Definition of cold chain logistics
Cold chain logistics refers to perishable and perishable
products such as agricultural products, meat delicatessens,
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and dairy products that must remain in a low-temperature
environment [10, 11].

Characteristics of cold chain logistics
The main characteristics of cold chain logistics are as
follows.

1) Storage and transportation products are perishable
and perishable

During the storage and transportation process, with the
passage of time, the deterioration of storage and transpor-
tation products is accelerated. Once the product deterio-
rates and the customer is unwilling to purchase it, the
enterprise experiences a large amount of waste. Different
products have different temperature requirements for
storage and transportation; some require refrigerated pro-
cessing, and some require frozen processing.

2) Large investment in cold chain infrastructure

To ensure the quality of cold chain logistics produc-
tion [12], storage and transportation products and to
keep them in a low-temperature environment, the prod-
ucts need to be stored in cold storage, and a large
amount of refrigeration equipment must be purchased
to monitor the temperature in real time. The daily main-
tenance of cold chain equipment and the training of
personnel using refrigeration equipment require signifi-
cant investment. Perishable products require low
temperature throughout the whole process from pro-
curement, production, and processing to transportation
and distribution, especially the connection of each link.
Therefore, cold chain logistics requires more investment
and management funds than room temperature logistics.

3) High level of cold chain logistics technology and
information technology requirements

Cold chain products must be kept in a low-
temperature environment due to their own particular-
ities [13]; otherwise, the products will rot and deterior-
ate, which will affect sales and reduce customer
satisfaction. The whole process of cold chain products
from procurement, production, storage, and transporta-
tion involves many technologies, such as refrigeration
technology, the selection of refrigerants, the manage-
ment of refrigeration systems, and vehicle refrigeration
technology. To maintain the coordination of the cold
chain and the freshness of the product, it is necessary to
monitor the real-time status of the cold chain through-
out the process. This process requires the use of RFID,
GPS, GIS, GPRS and other logistics technologies.

Cold chain logistics composition

Freezing Cooling is the process of manually lowering
the temperature using a refrigerant. Precooling refers to
the process of quickly lowering the temperature of prod-
ucts that need to be refrigerated and transported to the
final temperature in advance. This approach can extend
the shelf life of fruits and vegetables and reduce their
drying during circulation and transportation. Consump-
tion and loss ensure that consumers can buy fresh green
products.

Frozen storage Frozen storage is a process after freezing
processing. On the one hand, it is used to keep the proc-
essed products in a low-temperature environment, to
keep the products fresh and to prevent decay and deteri-
oration. On the other hand, it is used to transport the
products processed in the first step to a distribution
centre or to the merchant for storage, which can allevi-
ate the imbalance in production and sales and ensure
that goods are available to consumers during the off-
peak season.

Refrigerated transportation and distribution Refriger-
ated transportation and distribution refer to the low-
temperature transportation and distribution of products
from the entire logistics link of procurement, production
processing, and distribution. This process involves the
selection of transportation means according to the trans-
portation products and distance. Temperature and hu-
midity are the key factors affecting product quality.
These factors must be controlled for during transporta-
tion and distribution, so the good performance of the ve-
hicle and the real-time monitoring of temperature and
humidity on the vehicle are important. In addition to the
two main reasons—temperature and humidity—road
conditions, wear and tear during loading and unloading,
and the conversion between different modes of transpor-
tation will all affect the quality of refrigerated transpor-
tation and distribution products, chain equipment and
cold chain technology.

Frozen sales Frozen sales are the last link of cold chain
logistics. After a series of links, the products are finally
sent to retail stores or hypermarkets. They are sold in re-
frigerated storage and refrigerated display cabinets in these
malls for a short period of time. Only when the product is
sold to consumers can the whole process of this product
be considered complete, and then, the producers and op-
erators can obtain profits. After the product is sold, the
market feedback information can provide producers and
operators with subsequent decision-making information
on how the product is produced, sold, and operated; then,
a new round of operation can begin.
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Cloud computing
Cloud computing is a resource service model that com-
bines grid computing [14], distributed computing, paral-
lel computing, and the Internet. Its objective is to
virtualize soft and hard resources such as computing,
storage, and services. Software and other services inte-
grate computing models that integrate distributed com-
puting resources such as scalable computing, storage,
data, and applications for collaborative work [15, 16].
The cloud computing architecture consists of three
parts: Infrastructure as a Service (IaaS), Platform as a
Service (PaaS), and Software as a Service (SaaS). The
architecture of cloud computing is shown in Fig. 1.
The principle of cloud computing is to use distributed

computing resources to provide users with various ser-
vices. Users can obtain service resources anytime and
anywhere according to their actual needs. Cloud com-
puting uses Internet and virtualization technology to
connect a large number of PCs or servers together; they
form large clusters, virtualize resource pools, allocate re-
sources according to user needs, and obtain higher re-
source utilization rates at lower costs [17, 18]. Cloud
computing, as a new application model, breaks down the
resource constraints under the traditional model, stores
data, applications, and services in the cloud, provides
powerful computing and processing capabilities, and en-
ables the self-adaptation of business systems [19]. As
long as users can access the network, they can obtain
the required service resources (computing, storage, and
software).
The resource layer provides infrastructure cloud com-

puting services [20], forming a variety of physical devices,

such as servers, networks, and storage devices, through
virtualization technology to form dynamic virtual re-
sources and provide them to users as network services.
The platform layer provides users with the encapsula-

tion of resource layer services, enabling users to build
their own applications using more advanced services.
This layer is mainly designed for developers and includes
parallel programming and development environments,
middleware services, and distributed data management.
The application layer provides users with software ser-

vices and interactive interfaces. Users can lease corre-
sponding software services and customize these services
according to their needs. The cloud provides the corre-
sponding infrastructure, services, software and hardware
resources. There is no need to pay for expensive hard-
ware equipment, no need to bear frequent maintenance
and upgrade costs, and no need to build their own server
centre, data centre, or large computer room, thereby
greatly reducing the cost of information system con-
struction [21, 22].
The user access layer provides various support services

for users to utilize the various services of cloud comput-
ing and provides various levels of access interfaces [23].
The management layer manages the cloud computing

services provided at all levels.

Big data
The scope of the exploration of big data technology is
wider than that of traditional data management technol-
ogy. It includes not only structured data within a known
range but also the degree of data correlation. It is specif-
ically manifested in three points: the first is to store a

Fig. 1 Architecture diagram of cloud computing
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large amount of structured and unstructured data; the
second is to process a large amount of data in real time;
and the third is to build an algorithm model and con-
tinuously optimize it based on real-time data [24, 25]. A
typical big data technology architecture is shown in
Fig. 2.

Big data processing
Mining the value contained in data is the core driving
force behind the development of big data technology.
Big data platforms face the challenge of processing
massive amounts of data in a short period of time. When
the system is busy, there will be more than 100,000 or
even millions of online data processing requests per sec-
ond, and thus, it is necessary to use big data real-time
processing technology. Big data require different process-
ing forms for three different types of data: the batch pro-
cessing of static data, real-time processing of online data,
and comprehensive processing of image data.
Static data are stored on storage media in a static

form, and their accumulation process reflects the con-
tinuous precipitation of enterprise data assets. Due to
the large volume of static data, ranging from the TB
level to the PB level, the data accuracy is high, but the
value density is low. It also takes considerable time to
process static data and basically does not provide user-
system interaction operations. The batch processing of
static data is suitable for behaviour analysis in social net-
works, product recommendations in e-commerce, and
cost and efficiency analysis in public service fields.
Technologies suitable for the batch processing of static

data include the MapReduce computing framework,
which was first proposed and promoted by Google. It

has great advantages in processing large data in a highly
parallel and scalable manner. The programming inter-
face is simple. You can use cheap X86 servers to build a
large-scale big data framework with strong input and
output (I/O) capabilities, which is easy to understand
and use. MapReduce uses the working principle of de-
composition first (Map) and then merge processing (Re-
duce). It can divide large data files and distribute them
to multiple computing nodes for parallel processing.
After processing, they are summarized. This data pro-
cessing technology greatly improves the processing
speed and has great scalability and high availability.

Big data analysis
Big data analysis is used to conduct in-depth observa-
tions of data to discover the relationships, patterns
and trends that are valuable for decision-making and
then to use discovery to establish decision-making
models and provide predictive support methods and
processes. In the process of big data analysis, appro-
priate statistical analysis methods and tools are used
to extract the most valuable information from the
collected data and play a role in the status quo ana-
lysis, cause analysis, and quantitative predictive ana-
lysis. Before performing data analysis tasks, clear
analysis goals and assumptions need to be set, and
then, whether the assumptions are correct needs to
be verified through comparative analysis, group ana-
lysis, cross analysis, regression analysis and other
methods; next, the analysis results need to be inter-
preted, and the corresponding data analysis conclu-
sions can be drawn.

Fig. 2 Big data technology architecture
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Optimization model of cold chain logistics distribution
vehicle routing based on big data cloud computing
Distribution time analysis
By using the real-time road condition of vehicle travel,
the driving speed of relevant sections of distribution ve-
hicles is obtained, and the travel time of distribution ve-
hicles is calculated so that the vehicles can choose the
route with the shortest time possible in the process of
driving. In the construction of the model, real-time road
condition information is acquired. Through the unified
access interface of the established service architecture,
the real-time traffic information of the road segment in
the city where the vehicles are distributed is obtained in
the traffic information cloud, and the average driving
speed of the vehicles in this road segment, V1, lane
width LRi and the tonnage of permitted vehicles are ob-
tained. On the basis of the value of Vi, the road traffic
congestion degree, when Vi = 0, the current state of con-
gestion high; only when LRi lane width is greater than
vehicle width L and allows for traffic tonnage QRi, mean-
ing the gross tonnage of Q is greater than that of the
car, can I select the path. Therefore, the time needed for
the vehicle to complete the distribution of total travel
time Ts is calculated by Formula (1):

Ts ¼
XN

i¼1

ti i¼1ð Þ ð1Þ

where ti(i − 1) is the travel time of the refrigerated truck
from customer i-1 to i.

Distribution vehicle cost analysis
According to the characteristics of cold chain logistics,
this paper deeply discusses the cost of goods damage
caused by low-temperature products due to their corro-
sivity, the energy cost consumed by refrigeration equip-
ment during vehicle distribution, the penalty cost
beyond the customer’s time window, the inherent cost
of distribution vehicles and the transportation cost on
each road section.

Fixed costs There are fixed costs to be borne by trans-
port vehicles, namely, the wages of drivers and escorts
and the cost of vehicle wear and tear, and the total fixed
cost C1 = f is constant.

Transportation cost In the distribution process of low-
temperature products, there is a large difference in ve-
hicle driving speed in different time periods, so the fuel
consumption of vehicles also has a large difference. Es-
pecially during rush hour when traffic congestion occurs,
vehicle fuel consumption will be significantly higher.
The transportation costs of the vehicle includes the fuel
consumption and repair and maintenance costs of the

vehicle, which are dynamic and proportional to the
mileage of the vehicle. For transport cost expressed by
C2, Formula (2) can be obtained.

C2 ¼
Xn

i¼0

Xn

j¼0

cijxij ð2Þ

cij is the transport cost of refrigerated vehicles on sec-
tion (vi,vj), and cij = cji, where xij is represented by 0,1.
xij = 1 means refrigerated vehicles have passed section
(vi, vj); otherwise, xij = 0.

Damage cost of cold storage The damage cost of the
cold collection is analysed in the following three cases.
First, cargo damage is caused by the length of the trans-
portation time during transportation. Second, when
serving customers, the air flow caused by the opening of
the compartment door, through which the cold air in
the compartment and the outside air flow alternately,
causes the temperature in the compartment to rise and
damages the cold storage. Third, during transportation,
the vehicle can be bumped due to the quality of the
road, and the product may be damaged. The cost of cold
storage damage is expressed by C3, which can be calcu-
lated by Formula (3):

C3 ¼ r
Xn

j¼0

λ j α1tij þ α2β1 þ α3Sij
� � ð3Þ

where r represents the unit price of the product; λj is a
0,1 variable, with λj = 1 representing the refrigerated
truck serving customer j, and otherwise, λj = 0; α1 is the
percentage of damage during the product delivery process;
tij represents the time from customer i to customer j; α2
represents the percentage of product damage during the
door opening and loading/unloading process; βj is the
quantity of customer j’s cargo; α3 is the percentage of
product damage during vehicle transportation; and sij is
the mileage between customer i and customer j.

Energy costs of refrigerated vehicles The cost of en-
ergy is mainly the cost of consuming refrigerant. The
consumption of refrigerant is mainly related to the heat
transfer coefficient of the cabin, the temperature inside
the cabin, the surface area inside and outside the cabin,
and the outside temperature. The amount of refrigerant
consumption G can be calculated by Formula (4):

G ¼ a� b� S � Δt ð4Þ
where G represents the consumption of refrigerant, a is
a constant, b represents the heat transfer coefficient, S is
the average surface area inside and outside the vehicle,
and Δt is the temperature difference between the inside
and outside of the vehicle. Then, the cooling cost of the
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vehicle during driving is represented by C4, which can
be calculated by Formula (5):

C4 ¼
Xn

i¼0

Xn

j¼0

r1 � G � tij � xij ð5Þ

where r1 is the price of the refrigerant, tij is the time
from customer i to customer j, and xij is a variable of
0,1. In addition, when the door is opened, the outside air
directly convects with the air in the refrigerated car to
alternate between cold and heat. Therefore, when calcu-
lating the cooling cost C5 of the door, only the cost of
the refrigerant consumed by the heat exchange of the
door is calculated, such as in Formula (6):

C5 ¼
Xn

i¼1

r1 � a� S � Δt � ti ð6Þ

where ti is the time the vehicle stays and waits at cus-
tomer i, and S is the area of the door at this time.

Penalty costs beyond customer delivery time The de-
livery of goods by logistics companies to customers is
limited by time. Here, we use the limitation method of
soft time windows for optimization; that is, the goods re-
quired by customers must arrive within a certain time
range. If they fail to arrive on time, then customers will
impose a fine on the delivery company. To prevent the
refrigerated truck from unloading the goods earlier than
the time window, we adopt the early arrival waiting
principle; that is, if the time of arrival of the goods is
earlier than the start time of the customer’s time win-
dow, then the logistics vehicle should wait at the cus-
tomer until the start of the customer’s time window and
then unload. Then, the penalty cost incurred by the cus-
tomer because the delivery task is not within the time
window range is represented by C6, which can be calcu-
lated by Formula (7):

C6 ¼ ω1

Xn

j¼1

max aj−s j−t j
� �

; 0
� �

þ ω2

Xn

j¼1

max s j−bj
� �

; 0
� � ð7Þ

where ω1, ω2 represent the loss cost caused by the refrig-
erated vehicle unloading the goods earlier and later than
the time window, respectively. sj is the time when the ve-
hicle arrives at customer j, and tj is the time when the
vehicle waits at customer j.

Other costs In the process of the distribution of goods,
under time constraints, vehicles will sometimes travel on
expressways, which will generate high-speed charging
costs. At the same time, some cities will levy different

traffic congestion charges when vehicles drive during
peak periods. These costs are expressed as C7 and can
be obtained by Formula (8).

C7 ¼
Xm

j¼1

gi ð8Þ

Establish an optimized path model for cold chain logistics
distribution vehicles
The path decision model of vehicle transport in cold
chain logistics is constructed as follows:

Min W 1BþW 2Cf g ð9Þ
Among them,

B ¼ Ts þ
XN

i¼1

t j ð10Þ

C ¼ C1 þ C2 þ C3 þ C4 þ C5 þ C6 þ C7 ð11Þ

Experiments
Data collection
The data are on the cold chain logistics distribution
products of a supply chain management company, which
now services more than 560 restaurants, with the daily
servicing of 300 restaurants. Due to the large number of
service stores, only 12 restaurants are selected as the
demand stores for the cold chain logistics distribution
service studied in this paper, and the distribution centre
of the company completes the distribution task of these
12 demand stores. In addition, the company’s distribu-
tion centre number is 0, and the store number for each
demand is 1,2..., 12.

Experimental design and experimental steps
Parallel programming mode
In the context of big data cloud computing, to allow
users to quickly and easily obtain services in cloud com-
puting and make full use of cloud computing resources,
a parallel programming model is used to enable large
and complex tasks in the background to be executed in
parallel, hiding the parallel from developers details of
distributed processing, such as virtualization, fault toler-
ance, and data distribution. Map-Reduce is a simplified
parallel programming model that has the advantages of
the simple and effective calculation of large amounts of
data.
The Map-Reduce system consists of three modules.

The client-side Map-Reduce API submits parallel pro-
cessing jobs written by developers to the Master node;
the Master node automatically decomposes user jobs
into map and reduce tasks, and then, the tasks are
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scheduled to worker nodes; and the work tasks of
worker nodes are requested in the Master node. In
addition, the input/output data of Map-Reduce can be
stored in a distributed file system composed of multiple
worker nodes. The cloud computing parallel execution
process is shown in Fig. 3.

Solution of optimization model by parallel genetic
algorithm
In the context of big data cloud computing, this paper
uses the genetic algorithm coarse-grained parallel mode
to solve the real-time optimal path model of cold chain
logistics distribution vehicles. The coarse-grained genetic
algorithm divides the randomly generated initial popula-
tion into several subpopulations according to the
number of processors. Each subpopulation executes evo-
lution operations concurrently and independently on dif-
ferent processors. Each time after a certain evolutionary
generation, several individuals will be exchanged to
introduce excellent genes from other subgroups, enrich
the diversity of each subgroup, and prevent the occur-
rence of immature convergence; moreover, the commu-
nication overhead of the coarse-grained model is small,
and a nearly linear acceleration ratio can be obtained,
which is suitable for running in communication on a
low-bandwidth cluster system.
m*n random subpopulations are distributed in the

feasible set, each subpopulation has n individuals, and
each subpopulation is independently genetically evolved

for a certain number of generations. The sampling
points are concentrated on the optimal solution through
the information transfer between subpopulations. The
search space of each subgroup will be smaller and
smaller. In this way, each subpopulation is mapped to m
processors. These processors independently perform
genetic steps in parallel; that is, they independently per-
form selection, crossover, and mutation operations. After
selection, hybridization, and mutation, a new generation
of individuals is added as the current population. The
fitness value of the function is calculated, and individuals
with poor performance are eliminated. Because there are
multiple groups and the search space shrinks at a differ-
ent rate for each group, it can be guaranteed that the
search space always contains the optimal solution. Each
subgroup will eventually find one or more local extreme
points.
The steps of genetic algorithm execution in the big

data cloud computing environment are as follows:

Step 1: Population initialization
Step 2: Divide the initial population into m
subpopulations
Step 3: The main loop starts while i ≠m do
Step 3.1: While j ≠ n do
Step 3.1.1: Chromosome coding
Step 3.1.2: Calculate the fitness value of the function
Step 3.1.3: Select
Step 3.1.4: Cross

Fig. 3 Parallel execution of cloud computing
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Step 3.1.5: Mutation
Step 3.1.6: Extract individuals to migrate from the
subpopulation
End while
Step 3.2: Migration
End while
Step 4: Output results

Discussion
Genetic algorithm optimization process and result
analysis
Analysis of genetic algorithm optimization results
The model constructed in this study is based on the
minimum total cost as the optimization goal. After 200
iterations, the approximate optimal solution of the
model is 8150. The fixed cost, variable cost, refrigeration
cost, damage cost, penalty cost and total cost are com-
pared. An index is used to compare the results before
and after optimization. Table 1 and Fig. 4 show the com-
parison of the optimization results. We can see that
compared with the previous total cost of 11,581, a re-
duction of 3431 yuan is achieved; that is, the total cost
of the vehicle is reduced by 19%. The comparison of spe-
cific optimization results is shown in Table 1 and Fig. 4.

Comparative analysis of the number of iterations and
average cost
Set the maximum number of iterations in the MATLAB
program to 10, 50, and 100. When the number of itera-
tions is 10 or 50, the gap between the minimum cost
and the average cost of each generation is relatively
large. Figure 5 shows the comparison between the mini-
mum cost and average cost of each generation when the
number of iterations is 100. We can see that when the
number of iterations is close to 100, the difference be-
tween the minimum cost and the average cost of each
generation does not exceed 0.1, and given the maximum
iteration with the increasing number of times, the aver-
age cost of cold chain logistics distribution is constantly
approaching the minimum cost. The comparison of the
minimum cost and average cost of each generation when
the number of iterations is 100 is shown in Fig. 5.

Analysis of genetic algorithm optimization results
Analysis of the optimal solution of the optimization
process.
The optimization process of the genetic algorithm and
the optimal solution in the iteration process are shown
in Fig. 6. The line segment on the graph is a line

Table 1 Comparison of optimization results

Index Cost before optimization ($/day) Optimized cost ($/day) Reduction ratio (%)

Fixed cost 1645 1136 20

Variable cost 5457 4361 16.7

Cooling cost 1620 1110 20.1

Damage cost 1367 967 15.7

Penalty cost 992 576 24

Total cost 11,581 8150 19

Fig. 4 Comparison of optimization results
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segment composed of 200 points, and each point is the
result of each iteration. When the number of iterations
reaches 105, the iteration results tend to be stable. In the
actual running process, the number of termination itera-
tions was tried at 200, 300, 500, 800, and 1000, and the
final results were between 8000 and 9000. Therefore,
this paper chooses 8150, with the lowest cost, as the ap-
proximate optimal solution. The genetic algorithm
optimization process is shown in Fig. 6.

Comparison of coarse-grained parallel genetic algorithm
and classic genetic algorithm.
Using 1, 2, 4, and 8 different numbers of processors,
the execution times of the algorithm are 19.89, 14.52,
8.12, and 6.41, respectively. It can be seen that to a
certain extent, the greater the number of processors
is, the shorter the calculation time. The comparison
results of different numbers of processors are shown
in Table 2.

Fig. 5 Comparison of the minimum cost and average cost of each generation when the number of iterations is 100

Fig. 6 Genetic algorithm optimization process

Chen Journal of Cloud Computing: Advances, Systems and Applications            (2020) 9:37 Page 10 of 12



Depending on the degree of attention paid to vehicle
delivery costs and delivery times, the time and cost of
the calculated results are also different. Comparing the
distribution time under the parallel genetic algorithm
and the classic genetic algorithm, the experimental re-
sults are shown in Fig. 7. We can see that when the
number of iterations is less than 50, the time difference
between the two algorithms is not large, with both be-
tween 5.3 and 5.8. When the number of iterations is
greater than 50, the fastest delivery time under the paral-
lel genetic algorithm reaches 1.6 h, while the fastest de-
livery time of the classic genetic algorithm takes 3.25 h.
The evolutionary algebra of the coarse-grained parallel
genetic algorithm model and the evolutionary algebra of
the classic genetic algorithm in the big data cloud com-
puting environment are shown in Fig. 7.

Conclusions
(1) In the context of big data cloud computing, this
paper studies the problem of the real-time optimization
of cold chain logistics distribution vehicles. With cold
chain logistics distribution vehicle optimization as the
application background and big data cloud computing

as the technical support, real-time vehicle routing is
optimized. Through the service model of cloud com-
puting, cold chain logistics enterprises can complete
the same calculation and processing process only by
paying a low service fee, which reduces the cost and
improves processing efficiency. Therefore, it is prac-
tical and feasible to study the cold chain logistics dis-
tribution vehicle routing problem in big data cloud
computing.
(2) This paper analyses the parallel programming

mode of big data cloud computing. To speed up the so-
lution rate of real-time optimization models, the idea of
parallel design of coarse-grained genetic algorithms in
the big data cloud computing environment is given, ana-
lysis and simulation experiments of the algorithm are
performed, and the experimental results verify the valid-
ity of the model.
(3) This article only analyses and explores the

optimization of cold chain logistics distribution ve-
hicle routing based on big data cloud computing.
There are still many issues that need further research
and improvement. 1) The application of big data
cloud computing technology in the cold chain logis-
tics industry has not been fully launched, it may be
difficult to integrate information resources, and it re-
quires considerable manpower and material resources
to cooperate. 2) The multisource factors of cold chain
logistics distribution vehicle routing optimization are
analysed, the general method of analysis is given, and
simulation experiments are performed, which need to
be verified in a real big data cloud computing
environment.

Table 2 Comparison of different numbers of processors

Number of processors Execution time Speedup (times) Effectiveness

1 19.89 – –

2 14.52 1.56 0.83

4 8.12 2.5 0.7

8 6.41 3.67 0.55

Fig. 7 Comparison of coarse-grained parallel genetic algorithm and classic genetic algorithm
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