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Under the increasingly uncertain economic environment, the research on the reliability of urban distribution system has great
practical significance for the integration of logistics and supply chain resources. This paper summarizes the factors that affect the
city logistics distribution system. Starting from the research of factors that influence the reliability of city distribution system,
further construction of city distribution system reliability influence model is built based on Bayesian networks. The complex
problem is simplified by using the sub-Bayesian network, and an example is analyzed. In the calculation process, we combined
the traditional Bayesian algorithm and the Expectation Maximization (EM) algorithm, which made the Bayesian model able to lay
a more accurate foundation.The results show that the Bayesian network can accurately reflect the dynamic relationship among the
factors affecting the reliability of urban distribution system. Moreover, by changing the prior probability of the node of the cause,
the correlation degree between the variables that affect the successful distribution can be calculated. The results have significant
practical significance on improving the quality of distribution, the level of distribution, and the efficiency of enterprises.

1. Introduction

With the ups and downs of economic development in recent
years, urbanization is speeding up, cities are being expanded,
and the urban population has been dramatically increased,
which leads to an increasing complexity of business envi-
ronment such as diversity, uncertainty, and instability of
market. With this situation, the research on reliability of
urban distribution system is becoming important and has a
practical significance to integrate logistics and supply chain
resources, to further improve the national economy with a
sustained, healthy, and rapid development.

The level of reliability on urban distribution not only
reflects the capacity of the various unit components in
distribution system to contact and coordinate each other,
but also reflects the ability to guarantee a rapid, stable,
and sustainable development environment for society and
economy. Urban distribution is sensitive in both internal
and external development process, which makes it becoming
more easily disturbed and affects its reliability.

Bayesian network is a graphic model that combines
graph theory and probability theory in the field of artificial
intelligence. It can simulate the causal relationships among
different subjects in the real world and also well combine
prior knowledge and posterior data. Bayesian network is an
important application ondealingwith uncertain information,
and it has been successfully used in several areas such asmed-
ical diagnosis, statistical decision, and learning prediction.
In this paper, we use Bayesian networks to deeply analyze
the influence factors of the reliability in city distribution
system. Parameter learning of Bayesian network is mainly
based on the existing training data. But in real world, there
is little complete data for learning. EM algorithm is an
algorithm for parameter, which can improve the accuracy of
network parameters. So we combine Bayesian network and
EM algorithm to make the calculated value more exact.

The remainder of this paper is organized as follows. Sec-
tion 2 provides the relevant literature on urban distribution,
urban distribution system reliability, and Bayesian networks.
Section 3 describes the factors affecting the reliability of
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urban distribution system. Section 4 presents model of urban
distribution system reliability factors based on Bayesian
network. In Section 5, a numerical study of different cases is
presented. Section 6 comes up with conclusion of the study.

2. Literature Review

Reliability research is widely used in many fields, but the
research in the logistics system is only emerged gradually
in recent years. At present, there are already some domestic
and foreign scholars on the reliability of the logistics system
study. The research results from the supply chain reliability
can be used for the reliability of logistics system research
route, methods and tools, and so forth.

Thomas [1] first used reliability engineering in the study
on supply chain and gave the probability model of the
supply chain reliability in emergency environment, but it
does not involve the logistics operation details. In order
to ensure the normal operation of the supply chain, Chen
and Xue [2] build a comprehensive evaluation model of
reliability of supply chain based on MAS (Mobile Agent
Server). City logistics system is a complex network system;
some scholars have conducted research on the reliability of
city logistics network from the perspective of the reliability
of complex networks. Tran and Zhiya [3] measured shortage
of client in the logistics system and defined the logistics
network point of supply reliability, arc reliability, and logistics
network reliability from the viewpoint of probability. They
construct a single-layer network reliability model. Then they
put forward the reliability of the logistics network optimiza-
tion problem and constructed a double objective chance
constrained programming model based on service reliability
and cost. To measure the logistics system reliability, Lin [4]
proposed a model and method to measure the operation
performance of the network and the reliability of network
structure when the logistics network node malfunctions.
Schuëller et al. [5] qualitatively discussed the reliability of
the logistics system and the metrics and methods of some
other logistics property which influence the logistics system
reliability, but not for the quantitative research of strict.
Wang et al. [6] defined the reliability of logistics service
as a function of the distance and put forward a modeling
method of the logistics service reliability. Križman [7] studied
measuremethod and the convergent validity algorithm of the
logistics structural reliability. Xu et al. [8] proposed a bilevel
programming model which can reduce or eliminate the
adverse effects of supply uncertainty in collaborative logistics
network (CLN) resource matching process. By adding the
robust constraints, this model reduces both the frequency
and the cost of resource planning changes, which lead to
increasing stability of CLN operation. In the field of logistics
system reliability research, the existing literature research
focuses on logistics system reliability measure, evaluation,
and prediction, mainly using the Monte Carlo, the fault tree,
and probability analysis method to establish the assessment
model of logistics system reliability and obtained certain
research results. From the research tendency, the research
on the reliability of logistics system will be more specific,

such as the problem of reliability level and influence factors.
Moreover, research on the reliability of logistics systems
will be more closely combined with the key technology
problem which needs to be solved urgently in the national
economy and social development, and the application value
will become more and more obvious.

Bayesian network is a methodology that has been widely
used in fault diagnosis, reliability analysis, economic fore-
casting, and so forth. Since 2001, the application of Bayesian
network is expanded to risk analysis by Weber et al. [9].
For example, Norrington et al. [10] studied the network
construction procedures intensively to improve the reliability
of risk analysis. By applying the probability inference theory
to the network topology, Bayesian network can be used to
identify the most influential factors by Hänninen and Kujala
[11]. Now Bayesian network has been applied in the research
of the logistics system. Tian-kui et al. [12] put forward a
fuzzy comprehensive evaluation of supply chain risks based
on Bayesian networks. Taking the supply chain risks of an
enterprise as an example, they calculated the logarithmic
probability 𝑃 of risky affairs through linear deduction of
Bayesian networks and then worked out the main risky
affairs and their ranks by the way of fuzzy comprehensive
evaluation. Li et al. [13] establish a local risk analysis model
of food supply chain based on the Bayesian network, which
can predict the risk. Wen-Fang [14] analyzed the key factors
affecting the evaluation of logistics performance and their
relationship with each other through analyzing the connota-
tion of logistics performance evaluation. And the evaluation
index system of logistics performance is constructed from
the logistics service quality performance, logistics strategy
and system, and operation service and supporting. Guo
et al. [15] crystallized the abstract problem of cold-chain
logistics system fault and constructed fault tree according to
operation features of various functional parts and the causal
relationship between events in cold-chain logistics system. By
converting fault tree to Bayesian networks, it is convenient
to draw a comprehensive evaluation for the system reliability
of cold-chain logistics system and reveal the main cause of
system failure, in order to provide quantitative foundation
for improving system reliability. As can be seen from these
results, the use of Bayesian networks is extremely broad, but
the use is not widespread in the field of the reliability of
logistics system. This paper applied the method to study the
factors affecting urban logistics distribution system reliability
to analyze the impact of these factors on system reliability.

EM algorithm proposed in 1977 by Dempster et al.
[16] is an iterative maximum likelihood estimation of the
optimization strategy for seeking parameters. It can focus
on the noncomplete data from the parameters of maximum
likelihood estimation. This method can be widely used in
missing data, incomplete data, and censored data with noise.
Some scholars combine the EM algorithm and the Bayesian
network to solve the problem. Liu andHe [17] apply theNaive
BayesianMethod and the EM algorithm inChinese web-page
classification, which improves the final convergent result by
continually changing the convergent initial conditions.Wang
et al. [18] proposed a method that combines data revising
and the Bayesian structural EM algorithm, which is effective
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in learning Bayesian networks from small data set. Wei and
Huijin [19] use the result of Naive Bayesian as the initial
range of EM, then refine the value reduplicate, and finally
get the excepted maximized value. Cao et al. [20] propose a
learning algorithm based on cloud model and EM algorithm
to solve the problem that the conception of node which has
been discrete is fuzzy and random inBayesian network.These
papers focus on theoretical research. In this paper, the EM
algorithm and Bayesian network are combined to study the
influence factors of urban distribution system reliability.

3. Analysis of the Key Influence Factors of City
Logistics Distribution System

In this paper, four influence factors will be discussed. They
are hardware configuration, personnel operation, external
factors, and the change of customer demand.

3.1. Hardware Configuration. For hardware configuration,
there are facilities, logistics technology, and information
systems.

Facility is one of the most important elements of logistics
systems,which undertakes various tasks of logistics operation
of each link, which is in a very important position in the
logistics system. Logistics facilities include logistics packag-
ing, warehouse, storage, transportation, loading and unload-
ing handling, container utilization, and port logistics and
distribution facilities in the process of machining. Advanced
logistics facilities and equipment are a guarantee of efficiency,
high-quality, and low-cost logistics operation. Thus logistics
distribution system efficiency will be extremely low without
the logistics equipment.

Logistics technology includes some basic technology
and methods such as logistics prediction, supplier selection,
inventory control, and logistics packaging.The content of the
logistics industry has been changed with each passing day,
so the new concept and technology of logistics play a vital
role in the development of logistics industry. In twenty-first
century, some theories of logistics and technology such as
“frontier logistics,” “6 Sigma Logistics,” “closed loop logistics
and reverse logistics,” and “RFID” have greatly promoted the
development of the logistics industry. But in the meantime,
they brought us more challenges and uncertainties to the city
distribution system.

The flow of goods is accompanied by the flow of infor-
mation, and information plays an important role in city
logistics system. In China, there is no unified platform in
logistics information, which directly leads to a low degree
of information sharing between various enterprises. On the
one hand, because of the difficulty in the communication
of information, once there are some problems arising, the
error information will be difficult to correct, which will
significantly affect the reliability of logistics distribution
system. On the other hand, due to the lack of a unified system
of standardization, the information is difficult to transmit
within different enterprises, which eventually weaken the
function of information system.

3.2. Personnel Operating Factors. Personnel operating factor
refers to the uncertainty of the system caused by the specific
operational problems. It includes stocking process, process
storage, and the quality of delivery staff.

Stock is the basic work in distribution, which mainly
includes the order, purchase, goods collection, purchasing,
and other related processes. Stock is a key link to the success
of distribution, which is also one of the important factors
that affect the city logistics distribution system reliability. Any
personnel information input, wrong label posts, and scanning
errors would delay the delivery of goods.

Storage is a guarantee to meet customer demand and
to deal with emergency and also an important part to
ensure the reliability of urban logistics distribution system.
Storage should be processed in a planned way based on past
experience and customer orders. The hoarding of goods will
not only extend the cash cycle but also may cause some risks
for quick replacement of products.

The quality of delivery staffs directly affects the goods
delivery rate and customer satisfaction. The distribution
industrymanagement has some requirements. (1) Timeliness:
is the delivery in the stipulated time? (2) Safety: whether the
goods are damaged or lost? Some products need unpacking
inspection of their quality and quantity by customers (service
quality). The attitude of delivery staff may significantly
determine customers satisfaction. Operationmainly includes
the waybill filled and the packaging completed.

3.3. External Factors. External factors refer to the external
factors of city logistics distribution system including gov-
ernment policy factors, emergency, macroeconomic fluctu-
ations, and the international factors.

In China, the government’s policy is of great signifi-
cance for the development of logistics, and the change of
government policy will have a significant influence on the
development of logistics industry, while it cannot be denied
that there are still some defects of Chinese government
functions in the process of city logistics development, which
mainly include the defects of government’s logistics manage-
ment system, the government’s lack of guidance of modern
logistics, and the weakness of government’s regulation of
logistics market. Hence, the development of city logistics
needs the establishment of the urban infrastructure system,
the improvement of enterprise logistics network, the con-
struction of logistics system and logistics standardization,
and a good environment for enterprise development. The
unpredictability of government policy has brought a series
of uncertainty, which will directly affect the reliability of the
urban logistics system.

The State Council issued “overall national public emer-
gency contingency plan,” which mentions that public emer-
gency events may cause heavy casualties, property damage,
environmental damage, serious social harm, and public
safety problems. Public emergency has the characteristics
of suddenness, complexity, destructiveness, and continuity.
Many sudden natural disasters can interrupt logistics oper-
ation process and influence the normal function of urban
logistics flow and functions.Therefore, the public emergency
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is an important factor for the uncertainty of city logistics
distribution system.

City logistics distribution system is a complex economic
system in terms of the mutual influence and mutual restric-
tion within the whole national economy. First of all, city
logistics economy is an important component of the national
economy systems. On the one hand, its development will
promote national economy. On the other hand, the develop-
ment of the national economy also has a significant influence
on the development of city logistics. And macroeconomic
fluctuations have a great impact on city logistics system.
When the macroeconomics is overheated, logistics economy
will be booming, and even there is an expansion trend. And
when macroeconomics declines, the city logistics demand
will decrease and the investment will be greatly reduced as
well.

With the development of economic globalization, the
connection between the Chinese economy and world econ-
omy is gradually strengthened especially after China’s acces-
sion to the WTO (World Trade Organization), which brings
us the opportunities and challenges simultaneously. Enter-
prises have been facing the pressure from both domestic and
overseas competition. Foreign logistics enterprises moving
into our country become a challenge for the development
of domestic enterprises. In the same time, the connection
between the countries became closer than ever before. A
country’s economic fluctuationwill also have impact on other
countries’ economic development, which brings a series of
uncertainty to city economy.

3.4. Customer Demand. From the customers’ requirement
perspective, the frequent changes of orders from customers
and the irregularities of orders have an impact on demand
forecasting. In shorter production cycle of enterprise, the
change of demand forecasting leads to corresponding
changes of production plan, procurement, and scheduling.
For the longer production cycle of enterprise, the change
is unable to meet the final demand of the customers, as
it cannot change the production plan. The uncertainty of
demand mainly comes from the incorrect forecast method,
decision error, and variability of customer demand.

4. Bayesian Network Construction

4.1. Basic Principle of the Bayesian Network. Bayesian net-
work is a graph theory model, which is established based on
the relationship between probabilities of random variables
and represented by directed cyclic graph (DAG). It has two
elements: nodes and arcs. Node is the basis of Bayesian
network structure, which represents the basic elements of
Bayesian network modeling events. A directed arc between
the nodes indicates that the condition dependency results
from the cause node to final node. Bayesian network can be
expressed by the following mathematical expression: DAG =
(𝑃, 𝐿), 𝑃 = (𝑝1, 𝑝2, . . . , 𝑝𝑖), 𝐿 = (𝑙1, 𝑙2, . . . , 𝑙𝑖), and 𝑃 and 𝐿
represent nodes and directed arcs in the Bayesian network. A
simple Bayesian network is shown in Figure 1.

In Figure 1, 𝐴, 𝐵, and 𝐶 represent individual node, and
the variable to each node should be expressed by lower case

A B

C

Figure 1: Simple Bayesian network diagram.

letters. For example, the variable of node 𝐴 is expressed as
𝑎1, 𝑎2, . . . , 𝑎𝑖 and satisfies𝑃(𝑎1)+𝑃(𝑎2)+⋅ ⋅ ⋅+𝑃(𝑎𝑖) = 1, and in
the same way, we can have the variable that represents nodes
𝐵, 𝐶.

Assuming the existence of 𝑋1, 𝑋2, . . . , 𝑋𝑖 in a Bayesian
network, there are as many as 𝑖 independent nodes:

𝑃 (𝑋1𝑋2 ⋅ ⋅ ⋅ 𝑋𝑖) = 𝑃 (𝑋1) 𝑃 (𝑋2) ⋅ ⋅ ⋅ 𝑃 (𝑋𝑖) . (1)

According to formula (1) and Byes theorem, the joint and
conditional probability is

𝑃 (𝑋1𝑋2 ⋅ ⋅ ⋅ 𝑋𝑖) = 𝑃 (𝑋1) 𝑃 (𝑋2 | 𝑋1) 𝑃 (𝑋3 | 𝑋1𝑋2)

⋅ ⋅ ⋅ 𝑃 (𝑋𝑖 | 𝑋1𝑋2 ⋅ ⋅ ⋅ 𝑋𝑖−1) .
(2)

Formula (2) can be further expressed as

𝑃 (𝑋1𝑋2 ⋅ ⋅ ⋅ 𝑋𝑖) = ∏𝑃(𝑋𝑖 | ∏(𝑋𝑖)) . (3)

∏(𝑋𝑖) can be called the parent node of 𝑋𝑖, in the Bayesian
network, if the directed arcs connect node𝑋with𝑌 and point
from node𝑋 to 𝑌, and we call𝑋 the parent node to 𝑌 and 𝑌
is a child node to 𝑋. If 𝑋𝑖 has no parent node, we call it the
root node.

Total probability formula is as follows.
Sample𝐸 provided the experimental space 𝑆,𝐴 is an event

of 𝐸, 𝐵1, 𝐵2, . . . , 𝐵𝑛 is a partition of 𝑆, and 𝑃(𝐵𝑖) > 0 (𝑖 =
1, 2, . . . , 𝑛).

Then,

𝑃 (𝐴) = 𝑃 (𝐴 | 𝐵1) × 𝑃 (𝐵1) + 𝑃 (𝐴 | 𝐵2) × 𝑃 (𝐵2)

+ ⋅ ⋅ ⋅ + 𝑃 (𝐴 | 𝐵𝑛) × 𝑃 (𝐵𝑛) .
(4)

A Bayesian network is a kind of probabilistic reasoning
algorithms based on the relationship between the nodes
variables in a Bayesian network. In practical applications,
the specific structures of the Bayesian network are rather
complex, and the probabilistic reasoning for the whole
Bayesian network could be relatively difficult and tedious,
as the network between adjacent nodes is assumed to be
nonindependent, so we can define a node as an intermediate
node, and the node can form a sub-Bayesian network with its
child nodes and parent nodes. In this way, a complex Bayesian
network can be decomposed into a number of simple “sub-
Bayesian networks,” through the probabilistic reasoning to
the “child Bayesian network,” and it could figure out the
conditional probability of whole Bayesian network.We firstly
set the prior probability of Bayesian network, and directed
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Figure 2: Urban distribution system reliability factors model.

arcs represent the relationship between the nodes, using the
basic principles of probability theory, and the probabilistic
reasoning between networks nodes could reflect the impact
degree of the cause node to the result node.Therefore, we can
calculate the probability of the relationship nodes in different
structure according to the different needs and then reflect the
relationship between the nodes.

4.2. Parameter Learning. Parameter learning of Bayesian
network is mainly based on the existing training data. But in
real world, there is little complete data for learning.Therefore,
to improve the accuracy of network parameters, modifica-
tions based on mathematical method are essential. Here,
ExpectationMaximization algorithm is applied (Kjærulff and
Madsen [21]). As an algorithm for parameter adjustment,
it can be used to maximize the likelihood estimation with
incomplete data. By iterating the expectation step and maxi-
mization step, the EM algorithm can repair missing data and
refine it gradually until the data likelihood value reaches a
local optimal. In the expectation step, the likelihood function
of the current parameter 𝜃 is expectedwhen the set of samples
𝐷 is given; in the maximization step, the likelihood function
obtained at the expected stage is maximized. And replace
the next expectation with the maximized result, and then
perform the desired calculation. The EM algorithm repeats
steps 𝐸 and 𝑀 until the expected error in the estimate is less
than a fixed limit. EM algorithm for the parameter estimation
provides a reliable method, which is considered the most
feasible solution to the current data loss method.The specific
algorithm steps are as follows.

Given the Bayesian network structure 𝑆, the incomplete
data variable set𝑋 is as follows:𝑋 = {𝑋1, 𝑋2, . . . , 𝑋𝑛}, and𝑋1
is the first incomplete data variable set;𝐷 = {𝐷1, 𝐷2, . . . , 𝐷𝑛}
is the complete data set,𝐷 ∈ 𝑋.

Step 1 (expectation step). Consider

𝑁𝑡𝑖𝑗𝑘 = [𝑁𝑖𝑗𝑘 | 𝑋, 𝜃, 𝑆]

=
𝑁

∑
1

𝑝 (V𝑖 = 𝑘, pa (V𝑖) = 𝑗 | 𝑋, 𝜃, 𝑆) ,
(5)

where 𝜃 is the parameter to be estimated, V𝑖 is the child node
𝑖, 𝑖 = (1, 2, 3, . . . , 𝑘), pa(V𝑖) is the parent node of V𝑖, pa(V𝑖) =
{1, 2, 3, . . . , 𝑗}, and 𝑁𝑖𝑗𝑘 is the count of (V𝑖, pa(V𝑖)) = (𝑘, 𝑗).
The E-step of the EM algorithm is to calculate the expected
sufficient statistics for a complete database.

Step 2 (maximization step). Consider

𝜃𝑡 = arg
𝜃𝑡

max𝑄(𝜃𝑡 | 𝜃)

= arg
𝜃𝑡

max𝐸 [𝑝 (𝐷 | 𝜃) | 𝑋, 𝜃𝑡, 𝑆] =
𝑁𝑡𝑖𝑗𝑘

∑‖V𝑖‖𝑖=1 𝑁𝑡𝑖𝑗𝑘
,

(6)

where 𝜃𝑡 is the new parameter. The maximization step is to
compute the maximum likelihood estimate of 𝜃𝑡, expressed
by𝑁𝑖𝑗𝑘.

5. Case Analysis

5.1. Model of Reliability Factors in Urban Distribution System.
According to the analysis of the reliability factors in urban
distribution system in Section 4, we give the model of
reliability factors in urban distribution system in this section,
as shown in Figure 2.

5.2. Sub-Bayesian Network Inference. In order to facilitate
the analysis, we decompose the Bayesian network of urban
distribution system reliability factors into several simple
“sub-Bayesian network reasoning.”We select a “sub-Bayesian
network” in Figure 2 for calculation. In the “sub-Bayesian
network,” the hardware configuration for the intermediate
nodes, logistics technology, facilities and information system
for the parent node, and successful distribution for the child
nodes are shown in Figure 3.

In the Bayesian network, we get the initial measurement
data from a logistics company.We did a sample survey and set
the number of samples as 50. Table 1 shows the survey results.
Then we analyze the data and get the prior probability of
cause variables. For factors such as human and organizational
factor, the statistical data are not sufficient. Thus, the EM
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Figure 3: Child Bayesian network of urban distribution system
reliability factors model topology.

algorithm and experts experience are essential. When there
is some data missing in the numerical statistics results,
first calculate the parameters according to the existing data.
Then the estimated value of the first iteration is calculated
according to formulas (5) and (6). Repeat expectation step
and maximization step, until the error between the first and
last iteration values is less than 0.005 when the iteration is
stopped. At this time, we get more accurate results. With the
EM algorithm, the Bayesian model can lay a more accurate
foundation for the relations and dependencies between inci-
dents.

In the example, we firstly set the parent node according to
the prior probability of the data, as shown in Table 2. Among
them,𝐴means that the logistics technology is suitable for the
operation of logistics enterprises; 𝐴 means that the logistics
technology is not suitable for the operation of logistics
enterprises; 𝐵 means that equipment is in good condition; 𝐵
means that equipment is not in good condition;𝐶means that
the use of information systems will improve the operational
efficiency; 𝐶 means that the use of information systems will
not improve the operational efficiency; 𝐷 means that hard-
ware configuration system functions correctly;𝐷means that
hardware configuration system cannot function correctly. 𝐸
means that the entire distribution process is successful, and 𝐸
means that distribution process is unsuccessful.

𝐴𝐵𝐶𝐷 represent four conditions that are established and
so on. Tables 3 and 4 show the joint probability between
various factors.

According to formula (3) and total probability formula
(4), we can calculate the probability for𝐷:

𝑃 (𝐷) = 𝑃 (𝐴𝐵𝐶) × 𝑃 (𝐷 | 𝐴𝐵𝐶) + 𝑃 (𝐴𝐵𝐶)

× 𝑃 (𝐷 | 𝐴𝐵𝐶) + 𝑃 (𝐴𝐵𝐶) × 𝑃 (𝐷 | 𝐴𝐵𝐶)

+ 𝑃 (𝐴𝐵𝐶) × 𝑃 (𝐷 | 𝐴𝐵𝐶) + 𝑃 (𝐴𝐵𝐶)

× 𝑃 (𝐷 | 𝐴𝐵𝐶) + 𝑃 (𝐴𝐵𝐶) × 𝑃 (𝐷 | 𝐴𝐵𝐶)

+ 𝑃 (𝐴𝐵𝐶) × 𝑃 (𝐷 | 𝐴𝐵𝐶) + 𝑃 (𝐴𝐵𝐶)

× 𝑃 (𝐷 | 𝐴𝐵𝐶) = 0.8578.

(7)

Table 1: The measurement data.

Number Date Logistics
technology

Facilities
and

equipment

Information
system

1 2013/9/1 √ √ √
2 2013/9/8 √ √ √
3 2013/9/15 × × √
4 2013/9/22 √ √ √
5 2013/10/1 × √ ×
6 2013/10/8 √ √ √
7 2013/10/15 √ √ √
8 2013/10/22 √ √ √
9 2013/11/1 √ √ √
10 2013/11/8 √ √ √
11 2013/11/15 √ × ×
12 2013/11/22 √ √ √
13 2013/12/1 √ √ √
14 2013/12/8 √ √ √
15 2013/12/15 √ √ √
16 2013/12/22 √ √ √
17 2014/1/1 √ × √
18 2014/1/8 √ × √
19 2014/1/15 √ √ √
20 2014/1/22 × √ √
21 2014/2/1 √ √ √
22 2014/2/8 √ √ √
23 2014/2/15 √ √ √
24 2014/2/22 √ √ √
25 2014/3/1 √ √ √
26 2014/3/8 × √ √
27 2014/3/15 √ × ×
28 2014/3/22 √ √ √
29 2014/4/1 √ √ √
30 2014/4/8 √ √ √
31 2014/4/15 √ × √
32 2014/4/22 √ √ √
33 2014/5/1 √ √ ×
34 2014/5/8 √ √ √
35 2014/5/15 √ √ √
36 2014/5/22 √ × √
37 2014/6/1 √ √ √
38 2014/6/8 × √ √
39 2014/6/15 √ √ √
40 2014/6/22 √ × √
41 2014/7/1 √ √ √
42 2014/7/8 √ √ √
43 2014/7/15 √ √ ×
44 2014/7/22 √ √ √
45 2014/8/1 √ √ √
46 2014/8/8 √ × √
47 2014/8/15 √ √ √
48 2014/8/22 √ √ √
49 2014/9/1 √ × √
50 2014/9/8 √ √ √
Total number of failures 5 10 5
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Table 2: Parent prior probability.

Probability A 𝐴 B 𝐵 C 𝐶
𝑃 0.9 0.1 0.8 0.2 0.9 0.1

Table 3: Joint probability between the hardware configuration and
its parent.

Joint
conditional
probability

ABC 𝐴𝐵𝐶 𝐴𝐵𝐶 𝐴𝐵𝐶 𝐴𝐵𝐶 𝐴𝐵𝐶 𝐴𝐵𝐶 𝐴𝐵𝐶

D 0.99 0.63 0.67 0.72 0.41 0.37 0.21 0.02
𝐷 0.01 0.37 0.33 0.28 0.59 0.63 0.79 0.98

Table 4: Joint probability between hardware configuration and
successful distribution.

Joint conditional probability 𝐷 𝐷
𝐸 0.82 0.11
𝐸 0.18 0.89

Further we can derive the conditional probability 𝐸:

𝑃 (𝐸) = 𝑃 (𝐷) × 𝑃 (𝐸 | 𝐷) + 𝑃 (𝐷) × 𝑃 (𝐸 | 𝐷)

= 0.7191.
(8)

5.3. Internode Correlation Calculation according to the Change
of Prior Probability. In Bayesian network probabilistic rea-
soning, we define the degree of interaction between nodes
of the association degree. (We use “𝑅” in this paper.) The
correlation of Bayesian network after the change of node prior
probability can be represented by the following formula:

𝑅 =
Δ𝑃 (𝑗) /𝑃 (𝑗)
Δ𝑃 (𝑖) /𝑃 (𝑖)

. (9)

Among them, Δ𝑃(𝑖) means the variation of parent node
𝑖 probability and Δ𝑃(𝑗) means the variation of child node
𝑗 probability, and then we change the prior probability of
parent node 𝐴 as 𝑃(𝐴) = 0.6 and keep the initial state of
𝐵 and 𝐶. Similarly, we can deduce the probabilities of nodes
𝐷 and 𝐸: 𝑃(𝐷) = 0.77928, 𝑃(𝐸) = 0.66329.

According to formula (9), we can calculate the corre-
lation between the logistics technology and equipment of
the hardware, and also the correlation between the logistics
technology and the successful distribution:

𝑅 = Δ𝑃 (𝐷) /𝑃 (𝐷)
Δ𝑃 (𝐴) /𝑃 (𝐴)

= 0.2747,

𝑅 = Δ𝑃 (𝐸) /𝑃 (𝐸)
Δ𝑃 (𝐴) /𝑃 (𝐴)

= 0.2327.
(10)

Similarly, we can calculate the situation when changing
the prior probability of a parent node for 𝐵, 𝑃(𝐵) = 0.6,
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Figure 4: The association degree.

the correlation between the facilities and equipment of the
hardware, and also the correlation between the facilities and
the successful distribution:

𝑅 = Δ𝑃 (𝐷) /𝑃 (𝐷)
Δ𝑃 (𝐵) /𝑃 (𝐵)

= 0.3398,

𝑅 = Δ𝑃 (𝐸) /𝑃 (𝐸)
Δ𝑃 (𝐵) /𝑃 (𝐵)

= 0.2879.
(11)

When the prior probability of parent node 𝐶 changes
as 𝑃(𝐶) = 0.6, the correlation between the information
system and equipment of the hardware and also the corre-
lation between the information system and the successful
distribution are

𝑅 = Δ𝑃 (𝐷) /𝑃 (𝐷)
Δ𝑃 (𝐶) /𝑃 (𝐶)

= 0.3586,

𝑅 = Δ𝑃 (𝐸) /𝑃 (𝐸)
Δ𝑃 (𝐶) /𝑃 (𝐶)

= 0.3037.
(12)

The result is given in Figure 4. It can be seen fromFigure 4
that the correlation among the information system, the
equipment of the hardware, and the successful distribution
is in max degree. The information system has a great effect
on the equipment of the hardware, and it also plays an
important role in the successful distribution. Therefore, we
propose that, in daily operation, distribution enterprises
should pay attention to the daily maintenance work of
information system and hire professionals to ensure the
normal operation of the information system. The correlation
among information system, the equipment of the hardware,
and the successful distribution is large. So enterprises should
increase the equipment investment. In order to promote the
development of logistics industry, the government should
take the responsibility of management functions, strengthen
the investment in infrastructure, and create a good envi-
ronment, which will provide a solid foundation for the
development of distribution business.The correlation among
the logistics technology, the equipment of the hardware, and
the successful distribution is min, even though we cannot
ignore.
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5.4. The Probabilities of the Nodes Change Rate Calcula-
tion When Conditional Probability Changes. In the Bayesian
network probabilistic reasoning, we can simulate that the
various factors on the changes of distribution affect the degree
of success in specific environment through the internode
conditional probability change. In this paper, the change
of conditional probability between the hardware facilities
and successful distribution is analyzed as an example. We
assume that, with changes in the external environment,
the joint probabilities between the hardware facilities and
successful distribution decrease from 0.82 to 0.7, and when
other probability conditions are not changed, the probability
of node 𝐸 is calculated as 𝐷: 𝑃(𝐸) = 0.6161, and the results
above show𝑃(𝐸) = 0.7191.Therefore, successful delivery rate
of change is

ROC = Δ𝑃 (𝐸)
𝑃 (𝐸)

× 100% = 14.32%. (13)

When the conditional probability of hardware facilities
and the successful distribution change, 𝑃(𝐸 | 𝐷) get changed
from 0.82 to 0.7, and the successful distribution will fall
14.32%. Similarly, we could also calculate the changes of
factors affecting the probability distribution of each node to
other nodes which change under the conditional probability.

6. Conclusions

The research results and the contribution of this article are as
follows.

First of all, according to the feature of Bayesian net-
work structure, a complex Bayesian network can be divided
into several simple sub-Bayesian networks by selecting the
appropriate intermediate node, which can reduce the com-
putational difficulty. This paper illustrates this point with an
example.

When analyzing factors on the reliability of city distribu-
tion system using Bayesian network, the correlation factors
of the variables and the successful delivery can be calculated
by changing the prior probability of parent node, and through
the analysis of the correlation degree of each node, the degree
of influence of each factor on the success of distribution can
be inferred.

With the development of science and technology, the
influence factors of the city distribution system and the
relationship between all the influence factors are constantly
changing, by adjusting the conditional probability of vari-
ables, and the dynamic change process of the relationship
among variables can be reflected more truly. With the change
of environment, the conditional probability of each variable
will be changed accordingly, and the influence of variables
on the reliability of distribution system will be different.
Therefore, this method can be used to measure the change of
the probability of the conditional probability between nodes.
Using the results of the study, distribution enterprises can
calculate the impact of various factors on the distribution
system reliability, identify the key factors, and improve them
based on the actual operation of the company.

Competing Interests

The authors declare that there are no competing interests
regarding the publication of this paper.

Acknowledgments

This research was sponsored by Project of National Social
Science Foundation of China (15BGL202); project of the
planning subject of “the 12th Five Year Plan” in national
science and technology for the rural development in
China: demonstration of key technology and equipment for
safe distribution of agricultural logistics (2015BAD18B01);
Project of Beijing Philosophy and Social Science (13JGC082);
Project of Beijing Municipal Commission of Education
(SM201410011002); Project of Innovation Ability Promotion
(PXM2016 014213 000033).

References

[1] M. U. Thomas, “Supply chain reliability for contingency oper-
ations,” in Proceedings of the Reliability and Maintainability
Symposium, pp. 61–67, 2002.

[2] C. Chen and H. X. Xue, “HenXin Xue. The supply chain inte-
grated reliability evaluationmodel based onMAS,”Manufacture
Information Engineering of China, vol. 40, no. 23, pp. 8–18, 2011.

[3] R. Tran and C. Zhiya, “Reliability and probabilistic characteris-
tics of the logistics network,”Central SouthUniversity of Forestry
Science and Technology, vol. 30, no. 10, pp. 129–132, 2010.

[4] Y.-K. Lin, “A simple algorithm for reliability evaluation of
a stochastic-flow network with node failure,” Computers &
Operations Research, vol. 28, no. 13, pp. 1277–1285, 2001.
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