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Research on Risk Assessment and Early
Warning of Supply Chain Based
on Extension in the Context for New
Retailing

Shiming Liu, Huihong Chen and Ziyu Hu

Abstract Under the new retail background, enterprises pursue more rapid response
and flexible supply chain, but also increase the vulnerability and risk of supply
chain. Any link problems caused by the uncertainty of supply chain are very easy to
cause supply collapse or operational obstacles. In order to reduce the influence of
uncertainty and reduce the risk and loss caused by out of control, this paper, guided
by the concept and thought of risk assessment, tries to introduce the extension
assessment into the supply chain risk analysis in order to assess the supply chain
risk through a quantitative analysis method and reduce the impact of uncertainty.

Keywords Extension � Risk assessment � Supply chain � Early-warning degree

1 Introduction

Under the new retail background, the retail chain, characterized by “small scale,
good management, low cost, high gross profit, excellent service”, is on the basis of
deep ploughing entity, plus the power of e-commerce, and the new retailing of
“Online + offline + logistics” combines the supply chain as the king, and integrates
the advantages of strong resource ability. For the breakthroughs and new devel-
opment hotspots and trends of many entity retailers, the competition pattern of new
retailers has risen to competition among supply chains. People have made great
efforts to make the supply chain more lean and lower cost, but at the same time,
they have also increased the vulnerability and risk of the supply chain. Any problem
in the supply chain may affect other links, affect the normal operation of the whole
company, and even cause economic loss and social impact on the whole supply
chain. In order to ensure the safety of supply chain and improve the ability of risk
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prevention and control, this paper applies the extension analysis method to supply
chain, and provides a train of thought and Practice for the risk prevention and
control of supply chain.

2 Theory, Practice and Feasibility Analysis

Extenics is initiated by Professor Cai Wen of Guangdong University of
Technology. It uses a formal model to study the possibilities of developing things
and the laws and methods of pioneering and innovation, and it is used to deal with
the problems of contradictions. The parameter element model of the extension
theory is a dynamic model, which is simpler than the neural network, and will not
be affected by the limitation of the training set, which can affect the discriminant
ability of the model, and can better fit the complex and dynamic change system of
the risk early warning of the supply chain [1–4].

In extenics, matter-element, affair-element and relation-element are established
as the basic logic cells of Extenics. These 3 basic logic cells can describe the
property and method of the possessions in the great thousand world, also known as
the basic element, which can be recorded as R = (matter element, event element,
relation element) = (N, C, V), in which the matter element represents the properties
and characteristics of the object, the element represents the interaction between
objects and objects, and the relation element expresses the interaction and mutual
relationship between the relations. Influence. In extenics, a problem solving model
can be established in terms of matter element, matter element and relationship
element according to a certain calculation method.

An object(N) may have multiple features, and the relationship of each feature
has a corresponding value. At this point, the multidimensional matrix can be
defined to represent the view formula (1):

R ¼ N;C;Vð Þ ¼
N C1 V1

C2 V2

. . . . . .
Cn Vn

2
664

3
775 ð1Þ

In the formula:

N The matter element;
C1, C2, …, Cn The attribute name of the matter element;
Vi (i = 1, 2, …, n) C1,C2, …, Cn Corresponding attribute values.

As the time t changes, the corresponding properties and corresponding values of
matter-element will also change, so we can add t parameters to formula (1), as
shown in formula 2.

2 S. Liu et al.



R ¼ NðtÞ;CðtÞ;VðtÞð Þ ¼
NðtÞ C1 V1ðtÞ

C2 V2ðtÞ
. . . . . .
Cn VnðtÞ

2
664

3
775 ð2Þ

In the formula:

N(t) matter elements that vary with time;
C the attribute value of the measure;
V(t) he value corresponding to the attribute characteristics.

3 Classification of Risk Early-Warning Index System
of Supply Chain

Supply chain risk comes from the uncertainty of supply chain; the existence and
transmission of supply chain uncertainty affects the whole supply chain; the size of
the risk depends essentially on the probability and severity of the occurrence of the
uncertainty. According to the nature of supply chain, supply chain research gen-
erally considers that there are external risks and internal risks in supply chain. The
external risk is uncontrollable, and no specific analysis is done for the time being.
Based on the supply chain perspective and the key factor of risk early warning
based on the perspective of the supply chain, this paper builds the risk
early-warning index system based on Extenics in Supply Chain Based on the
perspective of supply chain, which is based on the supply chain perspective, and see
Table 1, which is based on the [5–8].

4 The Theoretical Foundation of Establishing the Risk
Early Warning Model of Supply Chain

There are 28 early warning objects in supply chain risk warning, which can be
expressed as formula (3):

Rj ¼ Nj;Cj;Vji
� � ¼

Nj C1 Vj1

C2 Vj2

. . . . . .
Cn Vjn

2
664

3
775 ¼

Nj C1 \aj1; bj1 [
C2 \aj2; bj2 [
. . . . . .
Cn \ajn; bjn [

2
664

3
775 ð3Þ

In the formula:

R–i(i = 1, 2, …, n) The overall situation of t supply chain risk input at a certain
time;

Research on Risk Assessment and Early Warning … 3



Nj the j supply chain risk grade divided;
Ci the attributes corresponding to each Ni;
Vi the attribute values corresponding to each Ni;
<aji, bji> the numerical range of the attribute value, where aji indicates

the lower limit and bji is the upper limit.

The generation of risk early-warning index system based on the research standards
of supply chain risk department is based on extenics, taking the input data of risk
early warning system as the main consideration parameter of risk early warning.
According to 1.1 risk early warning index system and 1.2 risk warning threshold,
the degree of early warning of supply chain risk early warning can be obtained. It is
divided into five levels: safety V, no police IV, light police III, middle police II,
heavy alarm I, see Table 2. The establishment of the risk early-warning index
system of supply chain should be established as far as possible to realize the

Table 1 The safety pre-warning index based on extension theory

Risk
indicators

Specific risk indicators Risk
indicators

Specific risk indicators

Demand
risk

The accuracy rate of
demand forecast C1

Information
risk

The degree of information
sharing of node enterprises C15

Demand fluctuation
amplitude C2

Information sharing efficiency of
node enterprises C16

Market demand strain
capacity C3

Supply chain complexity C17

New technology
substitution effect degree
C4

Technical
risk

Advanced technology C18

Supply
risk

Supplier production
flexible C5

Non imitability of technology C20

Supplier delivery rate C6 New product launch cycle C21

Supplier inventory level
C7

Supply chain partners operating
capability C21

Supplier qualification rate
C8

Operational
risk

Supply chain enterprise cultural
compatibility C22

Supplier innovation
ability C9

Supply chain enterprise goal
concept compatibility C23

Logistics
risk

Impact degree of logistics
cost C10

Supply chain enterprise capacity
complementarity C24

The perfection of logistics
facilities C11

Financial
risk

Enterprise capital supply status
C25

Logistics personnel
reserve C12

Financial system perfection C26

Logistics capability C13 Financial plan rationality C27

Information degree of
node enterprise C14

Financing and the ability to resist
risk C28

4 S. Liu et al.



quantification, rationalization and operationalization of early warning information,
so that the early warning index system truly reflects the actual situation of the
danger in the supply chain. The determination of the threshold value of each
warning index mainly refers to the laws and standards of the supply chain, and
determines the threshold of early warning indicators combined with the actual
situation.

This table only gives some threshold values.
According to the demand for risk early warning, as shown in Eq. (4).

Rp ¼ Np;Cj;Vip
� � ¼

Np C1 V1p

C2 V2p

. . . . . .
Cn Vnp

2
664

3
775 ¼

Np C1 \a1p;a1p [
C2 \a2p;a2p [
. . . . . .
Cn \anp;anp [

2
664

3
775 ð4Þ

In the formula:

Rp Construction of the node domain, Rp belongs to the value within the Rj range.

4.1 Construction of Risk Early Warning Correlation
Function of Supply Chain

For each warning object, the definition formula (5) denotes I (I = 1, 2, …). 28)
index and J (J = 1, 2,… (5)) the correlation degree of the security level, and the
point of calculation for the early warning object qi is evaluated by the value Vik of
the Ck which is not satisfied.

KiðViÞ ¼
qðVi;VijÞ

qðVi;VipÞ�qðVi;VijÞ ; qðVi;VipÞ 6¼ qðVi;VijÞ
� qðVi;VijÞ

jqðVi;VijÞj ; qðVi;VipÞ ¼ qðVi;VijÞ

8<
: ð5Þ

In the formula:

Table 2 Safety pre-warning index valve values

Risk early-warning
index

Demand
risk C1

Supply risk
C2

Logistics
risk C3

… Financial risk
C28

Safety V [0, 20] [0.0, 0.5] [0, 0.5] … [0, 10]

No warning IV [20, 23] [0.5, 0. 7] [0.5, 2] … [10, 30]

Light warning III [23, 30] [0.7, 0.8] [2, 30] … [30, 50]

Medium warning II [30, 35] [0.8, 0.9] [30, 40] … [50, 70]

Serious warning I [35, 60] [0.9, 1] [40, 80] … [70, 80]

Research on Risk Assessment and Early Warning … 5



Ki(Vi) the correlation between the i index and the j security level;
Vi the current range;
Vij = <aij, bij> classical domain;
Vip = <aip, bip> domain;
|Vij| The range of the range of the range;
q(Vi, Vij) The distance between point Vi and finite interval Vij = <aij, bij>;
q(Vi,Vip) The distance between point Vi and finite interval Vip = <aij, bij>,

The calculation formula is q(x, <a, b>)=|x − (a + b)/2| − (a − b)/
2.

4.2 Construction of Risk Early-Warning Weight Coefficient
of Supply Chain

Coefficient parameters for defining the early warning weight of the supply chain
uijðVi;VijÞ See formula (6), among i = 1, 2, …, 28; j = 1, 2, …, 5.

uijðVi;VijÞ ¼
2ðVi þ aijÞ
bij�aij

; V � aij þ bij
2

2ðbij þViÞ
bij�aij

; V � aij þ bij
2

8<
: ð6Þ

In the formula:

uijðVi;VijÞ The coefficient parameters of the early warning weight of the supply
chain.

Generally speaking,
Pn

1 uij ¼ 1, there are several ways to choose the weight
coefficient in extenics. When the risk early-warning of the supply chain is calcu-
lated in the larger category after the calculation, the possibility of conflict will
increase, so the weight should also increase. The weight value can be defined by the
definition formula (7); and the risk early warning of the supply chain in the eval-
uation process, if the index amount is calculated in a smaller category, will lead to
the reduction of the possibility of the conflict, so the weight should also be reduced.
We can define the formula (8) to take the weight value.

ui ¼
jmax � uðVi;VijÞ; uijmaxðVi;VijÞ� � 1

2
1
2 jmax; uijmaxðVi;VijÞ� � 1

2

�
ð7Þ

ui ¼
ðm� jmax þ 1Þ � ð1þuijmaxðVi;VijÞÞ; uijmaxðVi;VijÞ� � 1

2
1
2 ðm� jmax þ 1Þ; uijmaxðVi;VijÞ� � 1

2

�
ð8Þ

In the formula:

6 S. Liu et al.



ui Weight value;

Finally, the weight coefficient of the corresponding index is calculated. See
formula (9):

xi ¼ uiPn
1 ui

: ð9Þ

4.3 Risk Early-Warning Grade Evaluation of Supply Chain

The function K (x) is set to represent the association property, and its numerical
content is used to illustrate which security level of the early-warning object is
consistent with the risk early warning of the supply chain, which is expressed in
formula 10.

KjðR0Þ ¼
Xn

1
xiKðViÞ ð10Þ

Kj0ðR0Þ ¼ j 2 f1; 2; 3. . .;m
max

gKjðR0Þ ð11Þ

It shows that the early warning model will alert R0 to its corresponding level j0.

5 Application Calculation and Analysis

5.1 Supply Chain Early Warning Classic Domain Selection

According to the characteristics of early warning (3) and supply chain, different
safety levels have different attribute contents and characteristic data ranges. We can
design the classical field of supply chain risk by using formulas (12)–(16):

R1 ¼ I;C1;Vi1ð Þ ¼
NðIÞ C1 V1ð1Þ

C2 V2ð1Þ
. . . . . .
Cn Vnð1Þ

2
664

3
775 ¼

C1 \35; 60[
C2 \0:9; 1[
. . . . . .
Cn \70; 80[

2
664

3
775 ð12Þ

R2 ¼ II;C2;Vi2ð Þ ¼
NðIIÞ C1 V1ð2Þ

C2 V2ð2Þ
. . . . . .
Cn Vnð2Þ

2
664

3
775 ¼

C1 \30; 35[
C2 \0:8; 0:9[
. . . . . .
Cn \50; 70[

2
664

3
775 ð13Þ

Research on Risk Assessment and Early Warning … 7



R3 ¼ III;C3;Vi3ð Þ ¼
NðIIIÞ C1 V1ð3Þ

C2 V2ð3Þ
. . . . . .
Cn Vnð3Þ

2
664

3
775 ¼

C1 \23; 30[
C2 \0:7; 0:8[
. . . . . .
Cn \30; 50[

2
664

3
775 ð14Þ

R4 ¼ IV;C4;Vi4ð Þ ¼
NðIVÞ C1 V1ð4Þ

C2 V2ð4Þ
. . . . . .
Cn Vnð4Þ

2
664

3
775 ¼

C1 \20; 23[
C2 \0:5; 0:7[
. . . . . .
Cn \10; 30[

2
664

3
775 ð15Þ

R5 ¼ V;C5;Vi5ð Þ ¼
NðVÞ C1 V1ð5Þ

C2 V2ð5Þ
. . . . . .
Cn Vnð5Þ

2
664

3
775 ¼

C1 \0; 20[
C2 \0; 0:5[
. . . . . .
Cn \0; 10[

2
664

3
775 ð16Þ

5.2 Supply Chain Early Warning Area Selection

According to the characteristics of different security levels and supply chain early
warning indicators, the selection of the supply chain risk early-warning area can be
designed as follows: the threshold of early warning index of the security state of the
supply chain risk early warning index system can be obtained by the formula of the
supply chain risk warning area (17).

Rp ¼ Np;Cj;Vip
� � ¼

Np C1 V1p

C2 V2p

. . . . . .
Cn Vnp

2
664

3
775 ¼

Pi C1 \a1p; b1p [
C2 \a2p; b2p [
. . . . . .
Cn \anp; bnp [

2
664

3
775
p

¼
I : V C1 \0; 60[

C2 \0; 1[
. . . . . .
C28 \0; 80[

2
664

3
775 ð17Þ

5.3 Selection of Early-Warning Index Value of Supply
Chain

The value of each early warning index in Table 1 is shown as shown in Table 3, in
which PI (pre-warning index) refers to early warning indicators; PIV (pre-warning
index value) refers to early warning value, Vi is the value of the early warning index
corresponding to the attribute characteristic Ci, V1, V2, … V28’s early warning
indicators are 24, 0.6, …, 90.

8 S. Liu et al.
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5.4 Calculation of the Early Warning Power Coefficient
and Safety Degree of Supply Chain

According to the above set value, and according to the formulas (5)–(9) calculation
method, the index weight values of the supply chain early warning related to the
supply chain, as shown in Table 4, are calculated.

5.5 Calculation of Comprehensive Early Warning Degree
of Supply Chain

According to the value of the forewarning index weight of the supply chain of the
above Table 4, and the calculation method of formula (4) and (10), the calculated
value of the early-warning degree related to the supply chain, as shown in Table 5,
is calculated.

5.6 F Company Supply Chain Risk Early Warning Security
State and Result Analysis

5.6.1 Analysis of Single Index Security Early Warning

Take C1 (demand forecast accuracy) and C2 (demand fluctuation amplitude) as an
example, in which the values of 5 relational degrees related to C1 supply chain
extenics are K1 (C1) = −0. 4286, K2 (C1) = 0.3333, K3 (C1) = −0. 2000,
K4 = 0.3333, 2000, calculated or directly from the rank type (11) of the security
rank. Figure 1 shows that the supply chain warning level of the available C1 is
grade IV, indicating that the accuracy rate of F’s supply chain demand prediction is
non police level. C2 supply chain extenics level related 5 correlation degrees are K1

(C2) = −0.9400, K2 (C2) = −0.9200, K3 (C2) = 0.2000, K4 (C2) = −0.1429, = K5

(C2) = −0. 4419, calculated through the rank type (11) of the security level or
directly from the Fig. 1, and the level of the supply chain early warning level
belongs to grade III, said The fluctuation of supply chain demand of Ming F
company belongs to light police level, which indicates that there are still more
problems in supply chain fluctuation. By analogy, it can also easily get other
security level and state types of other supply chain warning indicators.

5.6.2 Comprehensive Security Early-Warning Analysis

As shown in Fig. 2, the formulas (10) and (11) are calculated. The relative safety
level and state type of the F supply chain inspection index are Kj = 4 (P0) = −0.

10 S. Liu et al.
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0681, and the relevant inspection indexes are no alarm safety level, which shows
that the inspection index of the supply chain of F company is more reasonable. But
by formulae (10) and (11), Kj = 3 (P0) = −0. 2164 can be found. It is found that the
security state of the F supply chain has a tendency to change from the non alarm
level to the light alarm level. This also suggests that the optimization and adjust-
ment of the early warning index should be more closely concerned, and the
attention of the early warning model results is needed more carefully.

Table 5 Calculated values about safety pre-warning degree of F company

Early warning indicators K5(vi) K4(vi) K3(vi) K2(vi) K1(vi)

C1 −0.142 9 −0.040 0 0.043 5 -0.200 0 -0.314 3

C2 −0.200 0 0.333 3 −0.200 0 −0.333 3 −0.428 6

C3 −0.441 9 −0.142 9 0.200 0 −0.920 0 −0.940 0

C4 −0.142 9 0.090 9 −0.076 9 −0.250 0 −0.400 0

C5 −0.375 0 1.500 0 −0.500 0 −0.750 0 −0.833 3

C6 −0.073 2 0.055 6 −0.050 0 −0.155 6 −0.240 0

C7 −0.222 2 0.400 0 −0.300 0 −0.650 0 −0.766 7

C8 −0.100 0 −0.500 0 −0.750 0 −0.833 3 −0.875 0

C9 −0.272 7 0.333 3 −0.200 0 −0.733 3 −0.800 0

C10 −0.272 7 0.333 3 −0.200 0 −0.466 7 −0.600 0

C11 −0.444 4 −0.375 0 −0.166 7 0.250 0 −0.166 7

C12 −0.375 0 −0.166 7 0.250 0 −0.166 7 −0.375 0

C13 −0.866 7 −0.866 7 −0.866 7 −0.866 7 −0.866 7

C14 −0.080 0 −0.600 0 −0.800 0 −0.866 7 −0.866 7

C15 −0.142 9 0.200 0 −0.400 0 −0.600 0 −0.760 0

C16 −0.937 5 −0.916 7 −0.875 0 −0.750 0 −0.050 0

C17 −0.428 6 0.333 3 −0.200 0 −0.600 0 −0.800 0

C18 0.250 0 −0.166 7 −0.615 4 −0.642 7 −0.657 5

C19 −0.187 5 0.300 0 −0.350 0 −0.566 7 −0.740 0

C20 −0.050 0 −0.500 0 0.750 0 −0.833 3 −0.900 0

C21 −0.371 4 −0.153 9 −0.022 2 0.023 3 −0.371 4

C22 −0.142 9 0.200 0 −0.640 0 −0.700 0 −0.808 5

C23 −0.222 2 0.166 7 −0.125 0 −0.461 5 −0.720 0

C24 −0.297 3 −0.037 0 0.040 0 −0.133 3 −0.350 0

C25 −0.200 0 0.333 3 −0.310 3 −0.411 8 −0.487 2

C26 −0.272 7 −0.058 8 0.066 7 −0.200 0 −0.680 0

C27 −0.700 0 −0.580 0 −0.300 0 0.750 0 −0.343 8

C28 −0.444 4 −0.285 7 0.666 7 −0.333 3 −0.600 0

Kj(R0) −0.315 2 −0.068 1 −0.216 4 −0.350 7 −0.494 6

12 S. Liu et al.



6 Conclusion

The supply chain risk early-warning model based on extenics is an organic com-
bination of supply chain detection management and extension decision theory,
which provides new ideas for improving the risk early warning capability of supply
chain, evaluating the security state of supply chain system and effectively
early-warning. Improving the predictability and robustness of the supply chain can
better eliminate the uncertainty of supply chain risk.
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Estimating Regional Water Resources
Carrying Capacity Based on Big Data
Analysis of Demand and Supply

Xiaoli Chen

Abstract The shortage of water resources is a common concern at present, a
comprehensive model, therefore, is needed to analyze and predict the water
resources carrying capacity in a region. The system dynamics model is established
to systematically analyze the inner relationship between water demand and supply,
and the BP neural network model is used for estimating and forecasting the regional
water resources carrying capacity. A case study in Shan Dong indicates that the
comprehensive model could play a rather good practical role and give a reference to
water-policy decision maker.

Keywords Water resources � Carrying capacity � System dynamics model �
Neural network

1 Introduction

Water resource is the basic foundation for the survival of mankind and the
development of social and economic, however, we are facing the problem of water
shortage and the environmental decline [1], therefore, we need to assess the car-
rying capacity of water resources in a region [2, 3]. For this purpose, we need to
give full consideration to social and economic factors [4, 5], draw lessons from the
scarcity of water resources in human history, and analyze the conditions for future
water resources supply [6, 7]. So as to provide a basis for the formulation of water
resources utilization strategy.
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2 Model Development

In order to objectively estimate the carrying capacity of water resources, the system
dynamics model and BP neural network model are respectively established.

2.1 System Dynamics Model

The system dynamic method is used to study the dynamic situation of water supply
and demand, and the system dynamics equation is written to make sure that the
consistency of indexes in the BP neural network model.

The supply of water resources mainly include surface runoff, underground
runoff, water reproduction by using science and technology and diversion of water
resource. By the further analysis, we can find that surface runoff is decided by
surface runoff and channel ecological water requirement, while surface runoff is
also affected by the index such as precipitation, underlying surface conditions,
evaporation and so on. Underground runoff is mainly decided by underground
runoff, degree of groundwater exploitation and conditions of groundwater pollution
and so on. Water reproduction by using science and technology mainly includes
decline of sewage rate, improvement of repeat utilization, sea water desalination
and rainwater collection.

The demand of water resource is mainly composed of economic water demand,
ecological water demand and domestic water demand. Economic water demand is
mainly including agriculture, industry and tertiary industry, which is effected by the
development of economic society. Domestic water demand consists of water con-
sumption of urban and rural residents, which is mainly effected by the change of the
population and urbanization rates. Ecological water demand contains animal and
plant water consumption (Figs. 1 and 2).

Fig. 1 The casual relationship of water resources demand system
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2.2 BP Neural Network

The BP neural network is introduced to objectively evaluate the carrying capacity
of water resources. This model does not need to determine the subjectivity of
weight as other methods, and effectively avoids the subjective judgement of the
evaluator. And it is simple with a good nonlinear mapping ability and well applied
to the evaluation of water resources carrying capacity.

For a comprehensive evaluation of water resources carrying capacity, combined
with the characteristics of regional water resources development and utilization,
referring to the guidelines for the water resources evaluation, nine evaluation
indexes were selected:

x1: Irrigation rate (Irrigated area/Total planting area, %)
x2: Water Development (Water supply/The total amount of water, %)
x3: Supply modulus (Water supply/Area, m3/km2)
x4: Supply of Per capacity (Water supply/Total people, m3/per)
x5: Consumption of per capacity (The total amount of water/Total people, m3/per)
x6: Water pollution rate (Water pollution/The total amount of water, %)
x7: Agricultural water rate (Agricultural water/Total water, %)
x8: Industrial water rate (Industrial water/Total water, %)
x9: Ecological water (Ecological water/Total water, %)

The water resource carrying capacity is divided into three level, level I is the
poorest, it shows that the water resources carrying capacity is close to the saturation
value; level III shows that water resource supply situation is optimistic, water
resources of the region contain big carrying capacity; level II is between these two
levels, which shows that the region water resources development and utilization are
close to saturation, the supply and demand of water resources, to a certain extent,
can meet the economic and social development of local region (Table 1).

After selecting the indicators, a three layers BP neural network is established to
evaluate water resources bearing capacity, the network include the input layer,
hidden layer and output layer three parts. The number of input layer neurons is
eight, the network output levels for I, II, III. On the selection of the number of

Fig. 2 The feedback mechanism of water resources demand system
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hidden layer nodes, we use the common Kolmogorov theorem to determine the
implied four hidden layer neurons at present.

Put the evaluation indexes as samples, evaluation grade is the output of network,
BP network Sum up the complex relationship between the corresponding internal
evaluation and assessment level by constantly learning. A comprehensive evalua-
tion of water resources carrying capacity can be carried out.

3 Case Study

Shandong Peninsula is located in 114� 190�122� 430E; 34� 220�38� 230N, The East
is connected to the ocean, between the Yellow Sea and Bohai. The northwest and
the north are the northwest plains caused by alluvial deposits in the Yellow River
(Fig. 3).

The data is obtained from the official website of China Statistical Yearbook, and
the detail data is shown in the website: http://www.stats.gov.cn/tjsj/ndsj, and the
first step is to normalize the data to make sure the date is between [0, 1]. The output
module is set up as follows (Table 2).

bx ¼ ðx� xminÞ=ðxmax � xminÞ ð1Þ

Then, the algorithm program is written, and the training samples are used for
network training until the accuracy of training is satisfied. The parameter is set by
repeated adjustments: number of training is 1000, the goal error of training is
0.0001, the speed of learning is 0.05. The result of training (Table 3).

It can be seen from the grade change that the water resources carrying capacity
of Shandong peninsula is decreasing, which means that the development and uti-
lization of water resources in this area have a certain scale, the development
potential is gradually declining, and the water supply can still be satisfied. But if the
region’s economic and social development is still developing, there will be water
shortage. The region should take certain measures to deal with this situation,
otherwise water resources will become an obstacle for economic and social
development.

Table 1 Grades of the evaluation indexes of water resources carrying capacity

Grade Index

x1 x2 x3 x4 x5 x6 x7 x8 x9
I >50 >75 >15 <200 <400 >15 >75 >35 <1

II 50–20 75–50 15–1 200–400 400–800 5–15 65–70 20–25 1–5

III <20 <50 <1 >400 >800 <5 <65 <20 >5
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The grade change can be vividly seen in the Fig. 4. Which also shows that the
trend of grade in this region.

From the prediction results, the carrying capacity of water resources decreases
with time. There is no doubt that water sources will have an increasingly significant
impact on local people.

Fig. 3 Basic appearance of
Shandong Province

Table 2 Learning samples
and output modes of water
resources carrying capacity
evaluation

Learning Grade of carrying capacity Output module

1–20 I [0, 1]

21–40 II [1, 2]

41–60 III [2, 3]
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4 Conclusion

Combining the system dynamics model with the BP neural network can provide a
reference for evaluating and predicting the carrying capacity of water resources in a
region.

Table 3 Prediction of nine index and the evaluation result

x1 x2 x3 x4 x5 x6 x7 x8 x9 LV.

2015 0.436 0.741 13.98 235.5 307.5 0.182 0.682 0.143 0.028 II
2016 0.446 0.802 13.22 233.1 280.8 0.192 0.67 0.152 0.028 II
2017 0.454 0.513 14.48 233.4 223.4 0.213 0.673 0.168 0.305 II
2018 0.452 1.568 13.65 231.1 380.3 0.134 0.67 0.169 0.204 II
2019 0.431 0.642 14.01 217.1 301.5 0.239 0.668 0.158 0.275 I
2020 0.462 0.768 14.11 241.1 208.2 0.126 0.662 0.168 0.264 II
2021 0.451 0.509 14.27 223 208.1 0.171 0.663 0.16 0.283 II
2022 0.461 0.71 13.8 229.4 420.3 0.163 0.659 0.159 0.319 I
2023 0.442 1.109 15.52 235.2 332.5 0.182 0.659 0.169 0.28 I
2024 0.435 0.753 13.58 231.2 361.4 0.223 0.657 0.157 0.343 I
2025 0.431 0.526 14.79 231.8 283.9 0.258 0.656 0.148 0.285 II
2026 0.445 0.519 14.76 235.2 351.3 0.238 0.652 0.183 0.153 I
2027 0.467 0.72 13.51 225.4 329.2 0.224 0.651 0.168 0.27 I
2028 0.452 1.429 14.51 231.5 375.4 0.215 0.649 0.17 0.258 I
2029 0.443 0.669 13.53 232.8 182.2 0.257 0.648 0.183 0.214 I

Fig. 4 Grade trend of water resources carrying capacity
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Relationship Between Global Warming
and Hurricanes Wind Speed Based
on Analyzing MODIS Remote Sensing
Data

Xiaoli Chen

Abstract Hurricane is a severely destructive weather system, and the global
warming, meanwhile, is not a good trend currently. The relationship between global
surface temperature and the trend of global temperature change can be derived by
using the MODIS remote sensing data. Global temperature change in the next
10 years can be obtained: keep a rise rate of 0.24 K. The main factors of affecting
the intensity of hurricane are pressure, humidity and inertial stability. Firstly, the
relationship between air pressure and wind speed is established by a linear
regression model. Then, the relationship between the humidity and the wind speed
is obtained through the analysis of the humidity field in the typhoon area. Since the
temperature mainly affects the pressure, the air pressure, therefore, is used as a key
factor in the analysis of global hurricane activity and global warming. A case study
in the Pacific Northwest shows that global warming will probably cause a 3–5%
increase in wind speed for every 1 °C rise in temperature.

Keywords Remote sensing data � Gray forecast � Linear regression � Polynomial
fitting

1 Introduction

Both hurricanes and typhoons have a tremendous impact on people’s livelihood,
agriculture and economy. Global warming can redistribute global precipitation,
melt glaciers and permafrost, increase sea levels and urban haze, which not only
endanger the balance of natural ecosystems but also threaten human survival [1].

Global warming is likely to have a considerable impact on the total ocean heat
up to 10% according to current scientists. Hurricane energy comes from the oceans
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and is therefore also closely linked to climate change. Therefore, studying the
relationship between global hurricane activities and global warming has an very
important practical significance [2].

2 Model Development

2.1 Data Preparation

First of all, we need to obtain temperature data through the following steps:

(1) Obtain the MODIS remote sensing image data of 1948–2016 in three cities from
30�W � 30�E https://ladsweb.nascom.nasa.gov/data/search.html. Download
MODIS surface temperature data of this area with a resolution of 1 km � 1 km.

(2) We choose batch processing due to the large amount of data based on the use of
MRT image cropping and projection conversion.

(3) Select the available data from the processed data, merge the monthly data, and
obtain the yearly images to get the average temperature of the surface in a year
in the area.

(4) The annual average temperature under different latitudes is integrated to obtain
the annual average surface temperature of this latitude.

2.2 FNN Combination Forecast Temperature

In practice, the traditional single prediction method is difficult to obtain satisfactory
prediction results. If the various prediction methods are combined, making full use
of their useful information will produce better predictions to avoid deficiencies. In
this paper, the multi-layer feedforward network is used to combine the forecasting
value of the temperature-based GMð1; 1Þ isometric model with the one-step pre-
dictive value of the NARMAðp; qÞ recursive network to obtain the FNN combined
model and the FNN combined model. The result is used as the final predictive value
[3, 4].

Multi-layer feedforward network combination forecasting model shown in
Fig. 1. In this paper, the average annual temperature of 1000 hPa as an example,
the basic method and procedure for predicting the global temperature prediction
neural network combination are as follows.

In the first stage, the NARMA (p, q) recursive network model with network
structure was established based on the data of 1948–1965 and GM (1, 1), And then
use the two models to predict the yearly average temperature of 1983–2016 by
one-step NARMA (p, q) recursive network model and GM (1, 1). In the second
stage, the annual average temperature predicted values of the GM (1, 1) model and
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the NARMA (p, q) recursive network model from 1983 to 1999 are taken as inputs,
and the corresponding actual values are used as the output of the network to form
the training samples of the network The training selects a combined forecasting
network FNN whose network structure is 2-3-1. The network after training to
forecast the annual average temperature in 2000–2016 due to the large amount of
data. Forecast results in the Table 1 (Fig. 2).

Fig. 1 Flow chart

Table 1 Forecast results from 2000–2016

Year Actual
value

GMð1; 1Þ Prediction NARMAðp; qÞ
Prediction

FNN Prediction

Predict
value

Relative
error (%)

Predict
value

Relative
error (%)

Predict
value

Relative
error (%)

2000 281.239 282.842 0.57 281.520 0.1 281.605 0.13

2001 281.386 283.102 0.61 282.343 0.34 281.921 0.19

2002 281.697 283.134 0.51 282.739 0.37 281.838 0.05

2003 281.382 284.280 1.03 282.564 0.42 281.720 0.12

2004 281.239 282.336 0.39 283.348 0.75 281.914 0.24

2005 281.482 282.158 0.24 281.904 0.15 281.651 0.06

2006 281.429 282.695 0.45 282.048 0.22 281.710 0.1

2007 281.462 282.025 0.2 283.517 0.73 281.969 0.18

2008 281.469 283.636 0.77 282.004 0.19 281.835 0.13

2009 281.517 283.375 0.66 282.193 0.24 282.277 0.27

2010 281.314 283.677 0.84 282.974 0.59 282.861 0.55

2011 281.478 283.448 0.7 282.914 0.51 282.745 0.45

2012 281.345 284.384 1.08 282.133 0.28 282.161 0.29

2013 281.422 284.377 1.05 283.279 0.66 283.026 0.57

2014 281.619 283.393 0.63 282.858 0.44 282.886 0.45

2015 281.608 285.128 1.25 281.777 0.06 282.171 0.2

2016 281.579 282.959 0.49 281.945 0.13 282.142 0.2
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From the above predictions, it can be concluded that in the 10 years, the global
temperature will also rise at a rate of about 0.24 K.

3 Case Study

The available temperature reflects the degree of global warming from the analysis
of the degree of global warming and the intensity of global hurricane activity. The
wind speed reflects the intensity of the hurricane, and the air pressure is the most
important factor that affects the wind speed and has a negative correlation with the
wind speed. The relationship between temperature and wind speed is first explored,
and combine the linear relationship between wind speed and barometric pressure to
establish a model of the relationship between temperature and wind speed. Based
on this model analysis, we can approximate find the relationship between global
warming degree and global hurricane activity intensity.

The atmospheric pressure data of the Hurricane Event Center is selected from
1981 to 2014 in the Northwest Pacific Ocean and the corresponding sea temperature
of the region for the year. Scatter plot of the sea surface temperature is shown in
Fig. 1. At the same time, we select the regional sea surface temperature The
maximum wind speed corresponding to the year hurricane activity, the scatter plot
is shown in Fig. 3.

From the Figs. 3, 4, it is obviously that there is a certain of degree of linear
relationship between “temperature T/K” and “pressure P/hPa” and “temperature
T/K” and “wind speed v/m s−1” Relationship rather than strict linear relationship,
there are two ways to find the curve equation: linearization and curve fitting. Curve
fitting is an important data processing method [5]. A quadratic curve fitting method

Fig. 2 Prediction result of
the next 10 years
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based on the principle of least squares is employed to establish the quadratic fitting
curve equation and verify the fitting effect of the method by actual data.

From the analysis of the intensity of the global hurricane activity we have
concluded that there is a linear negative correlation between the pressure and the
wind speed, so adopting a third-order fourth-order fitting curve does not correspond
to reality. After the above analysis, the final fitted curve when M = 2, then the
temperature as a function of pressure as:

y ¼ �21:97� x2 þ 1:004� 104 � x� 1:147� 106 ð1Þ

R = 0.8869, the fitting degree is well, and the fitting plot is shown below
(Fig. 5).

It can be seen that the rising of the sea surface temperature causes the pressure
drop in the corresponding area to some extent through the analysis of the rela-
tionship between the sea surface temperature in the Northwest Pacific and the

Fig. 4 Scatter plot of
temperature and wind speed

Fig. 3 Scatter plot of
temperature and pressure

Fig. 5 Fitting plot of temperature and pressure
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pressure intensity function of the center of the hurricane and the analysis of the
influencing factors on the activity intensity of the hurricane. The reduced influence
makes the humidity in the hurricane area increase and the inertial stability increase,
which eventually leads to the increase of the wind speed and the increase of the
hurricane intensity.

4 Conclusion

The global temperature is still on the rise in the coming decades based on the
analysis and forecast of the trend of global warming. As the temperature rises, the
pressure of hurricanes in the world will drop to a certain degree, resulting in the
pressure of wind and the increase of wind speed. By further analysis of the rela-
tionship between temperature and barometric pressure function, a preliminary
conclusion can be obtained: For every 1 °C increase in sea surface temperature,
hurricane wind speed will increase by 3–5%.
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Systematically Design of Sponge City
Road Based on the SWMM Model

Quanlin Chen

Abstract Rainstorm waterlog disasters are becoming more and more frequent in
china recently, which brings great harm to the ecological environment and causes
an enormous loss of life and property. The concept of “sponge city”, therefore, is
put forward to solve this environmental issue. The applicability of the low-impact
development techniques is introduced to control the rainwater runoffs. Firstly, the
concept of sponge city road system design is put forward, and the design idea and
principle is also introduced. Secondly, the SWMM model is built and its principles
and application steps are described. Finally, a sponge city road systematic simu-
lation experiment is designed on the basis of the actual case to verify that the road
system can improve the control of rainwater runoffs, the result shows it is worth
developing technology to a certain degree.

Keywords Sponge city � SWMM � Urban road � Runoff

1 Introduction

Sponge city is a city with good elasticity in adapting to environmental changes and
responding to natural disasters, its urban underground water system operates like a
sponge to absorb, store, leak, and purify rainwater and release it for reuse when
necessary [1]. Moreover, the construction of sponge city is based on the principle of
ecological priority and under the premise of ensuring the safety of urban drainage
and waterlogging, the construction of sponge city can promote the utilization of
Rain Water resources and the protection of ecological environment. Urban road is
an important place to produce and discharge rain water runoffs, which plays an
important role in the prevention and control of urban waterlogging, and it is an
important part of sponge city construction.
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2 Sponge City Road System

The idea of the sponge urban road system derived from the view of sponge city,
which combines the local climate, hydrogeology and water resources of the city,
and synthetically take the urban planning and related planning into consideration.
The key point of the system is to select reasonable facilities and technology and
design the road networks and all urban roads comprehensively so that the capacity
of rain water purification, infiltration, storage and discharge is improved and the
hydrological cycle of urban roads are restored.

The main design idea of the system is that: as for the newly built roads, under the
condition of ensuring the traffic safety and function, the system adopt the
low-impact development technology to carry on the reasonable planning and design
in order to prevent waterlogging, environmental pollution and other problems; as
for the traditional urban roads, on the foundation of making sure about the traffic
safety and function, using the land outside the urban roads, the low-impact facilities
and technologies are adopted to solve the problems of urban road drainage, pol-
lution and soon.

There are three design principles: reducing the impervious area of the road to the
maximum extent; maintaining the natural hydrological condition; using infiltration
and retention to prolong the confluence time and achieve the purpose of wrong peak
[2]. The main Application object of low-impact development technology facilities
in sponge city roads are shown in Table 1.

Table 1 Main objects of application of low-impact development technology facilities in sponge
city roads

Classification Facility Installation

Osmosis
technology

Permeable cement
concrete

Sidewalk, Non-motorized lane, Parking lots, Square
and low loaded road

Permeable asphalt
concrete

Driveway

Sinking green
space

Road green belt

Biological
detention facility

Road green belt

Osmosis pond Square, Green area

Seepage well Green area

Storage
technology

Wet pond Green area, Square

Rain Water
wetland

Green area, Riparian zone

Regulation
technology

Regulating pond Green area

Grass planting
ditch

Both sides of the road

Permeable pipe Both sides of the road
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3 SWMM Model

3.1 Application Steps of SWMM Model

The first step is to generalize the study region. There is an assumption that the
rainfall is evenly distributed in the area. According to the land use situation around
the study area, the sub-catchment area is divided, and the location and size of
components are determined, including sub-catchment area, joint points, pipes and
outlets. (It is also necessary to make sure the location and size of low impact
development facilities when adopting sponge city development mode [3, 4]). At the
same time, the relationship between each component are definite. Then the second
step is to set the properties of objects and determine the parameters. On the one
hand, we need to design a series of parameters in sub-catchment area, such as rain
gauge, outlets, width, slope, impermeability and so on. Joint points refer to the
nodes of drainage system the connecting each part of pipes. Outfalls and joint
points are supposed to measure the inner bottom elevation and maximum depth
from the surface to the inner bottom. On the other hand, as for the pipes, the
maximum depth, length and Manning roughness coefficient should be determined.
With regard to the facilities of low impact development, it is essential to determine
parameters such as the vegetation coverage fraction, Manning N value, surface
slope, porosity, soil thickness, water production capacity, water conductivity and
water absorption. Finally, perform the simulation after setting and determining the
property parameters of each object, then the result will be displayed [5].

3.2 A Simulation Case

As is shown in Fig. 1, a certain section of road can be designed as study project,
whose width is 5 m and length is 200 m, and there is green spaces with an area of
0.029 ha all around. The land has not yet been set up with joint points and outlets.
Choose the period from 3: 00 pm to 8: 00 pm on October 27, 2016 as rainfall time.

Fig. 1 Layout of the selected road
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The typical heavy rain and heavy rain events in Zhengzhou from 3 to 8 p.m on
October 27, 2016 are chosen as rainfall sequences. The time series of rainfall are
shown in Table 2 and Fig. 2.

On the basis of data information, the average annual air temperature in
Zhengzhou was 14.3 °C. In October, the evaporation capacity was calculated
according to 70 mm, the average temperature was 19.7 °C and the average wind
speed was 2 m/s.

The current state of the traditional road surface is simulated. The permeable area
is a part of the green belt, the impervious area is the hardened road area, and the
impervious area is 0.071 ha, accounting for 71% of the total area. Some unob-
tainable parameters are set to default values directly in accordance documents.

The output of the simulation is shown in Fig. 3.

Table 2 The rainfall process on 27 October, 2016

Time 15:00 16:00 17:00 18:00 19:00 20:00 21:00

Rainfall/mm 0 47.5 87.5 75 42 21 0

Fig. 2 Rainfall sequence process on October 26

Fig. 3 The output result
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The flow rate of rain water in the first hour was small and there was not been
drained away. Next, the flow rate increased sharply, reaching the peak of 1500LPS
after about two and a half hours, then the flow rate decreased steadily, and the rain
was slowly discharged ultimately.

First of all, add biological retention zones like rain water gardens, ecological tree
ponds with permeable pavements, sunken green spaces, grass trenches, rain water
wetlands and other low-impact development facilities to the whole region with an
area of 0.1 ha, of which low-impact development facilities occupies an area of
0.05 ha. Then, the road surface is paved with permeable materials, with an area of
0.035 ha. Most of the road surface is set to permeable ground in the experiment,
however, it can’t meet this requirement in practical application, this part of error is
taken into account and set the permeability as 95%.

The parameters of each component are set up and simulated according to the
actual situation in this area by referring to a great deal of literature at home and
abroad and the typical parameters in SWMM user manual. The simulation result is
shown in Fig. 4.

The rainfall was relatively small in the first hour, increasing slowly, and it began
to increase rapidly after 3.2 h. It reached a peak of about 680LPS around 3.8 h, the
flow started to sharply decrease in two stages after the peak flow.

4 Conclusion

As what has been discussed above, a conclusion can be derived that the peak flow
rate can be significantly reduced after the adoption of sponge city road system, it is
about half of that before experiment during this experiment, and the time when the
peak appears, moreover, can be delayed by about 45 min. It is shown that the

Fig. 4 Simulation result
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design of spongy urban roads can effectively improve the control of rain water
runoff, which is beneficial to the protection of the ecosystem of urban roads.
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Research on the Best Booking Strategy
for Air Tickets Based on Big Data
Analysis

Lei Yang and Xiaoquan Wang

Abstract Airlines apply revenue management methods to formulate price sales
strategies that allow ticket prices to change dynamically. Research on the best
booking strategy for air tickets can help travelers to choose a reasonable booking
time and reduce travel expenses. This article, from the perspective of passengers,
collects more than 140,000 ticket price records from the Internet and applies a
variety of big data visualization technology to study the fare variation rules and the
best booking strategy for a specific airline on the premise of travel time. The study
found that when the travel date is given, the cheaper tickets can be purchased about
25 days in advance; when the booking date is given, the ticket price changes show
periodic characteristics, and the ticket price peak usually appears on Friday.

Keywords Big data � Ticket booking � Visualization technology

1 Introduction

The rapid development of China’s high-speed rail business has brought pressure on
the air passenger transportation. For long-distance travel (1500–2000 km), how-
ever, taking a plane is still the best choice for most people. In the current fast-paced
environment where time is money, the advantage of aviation tools has become
increasingly apparent. According to the data released by the National Bureau of
Statistics of China, in 2016, there were 490 million people traveling by plane, with
an average of 1,717 km per flight, which is equivalent to the distance from Beijing
to Chengdu [1]. Traveling by plane has become commonplace.

The widespread use of the Internet promotes the aeronautical e-commerce
booming. In the online ticket sales market, the OTA (Online Travel Agency) giant
has built strong market position. In 2015, Ctrip.com’s market share of online ticket
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sales reached 32.4%, while Qunar reached 34.1%. At the same time, major airlines
have also laid out their online direct sales channels to reduce agency fees (such as
Air China and China Southern Airlines). Online ticket sales make ticket prices more
transparent and ticket booking easier. Take Ctrip.com, which has a relatively high
market share, as an example. Input the departure city and arrival city, you can check
the fare of the ticket from the current date to the next few months. However,
historical prices cannot be found on these network platforms, so it is not possible to
know the historical price trends of flights on a particular date.

No doubt, any passenger wants to buy a cheap airline ticket for departure day.
Insider suggested that if the itinerary has already been made, one month or so in
advance booking, you can buy the cheapest ticket. In other words, the sooner, the
cheaper. Is this really true? Ticket prices are affected by many factors, such as the
number of remaining seats, fuel prices, etc. Each airline dynamically adjusts ticket
prices in accordance with private and complex pricing systems and hidden variables
(e.g., remaining seats) in order to maximize revenue, thus making the change of air
ticket price has tendency, volatility and randomness.

From a macro perspective, the frequency of passengers traveling by air is not
high, and passengers are unlikely to observe for a long time when they purchase air
tickets online. Throughout the major air ticket sales platforms, historical prices do
not show, pre-sale prices are often subject to change. Due to various uncertainties
and information asymmetry, passengers can only see a rough price situation and
then make a choice by the seat of their pants, it is difficult to buy at the lowest point
of the ticket price. How to buy a cheap ticket with a fixed departure date? Is it
cheaper to book sooner? Is there a trend in the change in ticket pre-sale prices? As
the departure date approaches, is the ticket price rising or falling? It is of great
significance that booking strategy research can help travelers choose the best pur-
chase time and save travel expenses.

2 Related Research

Currently, the domestic OTA (Online Travel Agency) is represented by Ctrip. Its
online platform provides ticket price inquiries, air ticket bookings and other ser-
vices, but does not provide forecast information for future ticket prices. The major
airlines’ direct-sale platforms are similar to those of OTA, but discounted air tickets
such as member air tickets and mileage tickets are introduced. Niche platforms such
as Aiflygo can inquire about the historical price before the plane takes off. When it
comes to foreign ticket price forecasting platforms, it is represented by Farecast and
Yapta. Farecast has 200 billion flight data records. Its forecasting system uses
12,000 price records in 41 days as a sample, which can save an average of 50 US
dollars per ticket. However, Farecast was acquired by Microsoft in 2008, and the
provider of its price data information, ITA Software, was acquired by Google,
making the forecasting function officially closed in 2014.
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The domestic and international studies on air ticket prices are mostly from the
perspective of airlines, i.e. sellers, and they focus on pricing strategies. However,
there are not many studies on fare prediction from the perspective of passengers.
Etzioni O, Tuchinda R et al. combined Ripper, Q-learning, and time-series algo-
rithms to propose a multi-policy data mining algorithm, Hamlet, to construct a
predictive model [2]. Groves et al. used system feature extraction techniques based
on machine learning and combined basic user-provided domain knowledge to
improve the performance of machine algorithms [3]. Domestic research on air
tickets focuses on issues such as pricing strategies and sales strategies, such as
literature [4–6]. There are few studies on forecasting ticket prices, and many use
time-sequence analysis methods. For example, Gu Zhaojun et al. used the time
series algorithm to predict the change trend of ticket prices by taking the time
before the flight as a variable [7]. Hua Yiqun and Cao Jian introduced the fuzzy
time series into ticket price forecasting [8]. Wang Xing et al. proposed a
multi-phase sequence change estimation framework for ticket price sequence
characteristics [9]. This article defines the research problem as ticket price under the
scene of fixed take-off point and changing booking points, and analyzes it through
various visualization technologies, and tools.

3 Problem Description

First define the relevant concepts in the research question:

Take-off point (target point): The date the user travels by air.
Booking Point (Observation Point): The date the user ordered the ticket online.

Lead time: The number of days between the user’s online booking date and the
departure date (excluding the day of departure). The maximum lead time in this
study is 44 days.

Taking the departure day 2018-4-14 as an example, Fig. 1 depicts the change in
ticket prices within 44 days of the departure date. It can be seen that with the
approach of the take-off day, the ticket prices are constantly changing. How to

Booking point (change) 

Lead time 

Take-off point (fixed) 
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choose the booking point to buy a more favorable ticket will be the focus of this
article.

In the study of this paper, the take-off point (target point) is fixed, that is, the date
when the user travels by plane is determined, and the booking point (observation
point) is uncertain, that is, the user can book a ticket at any time before the take-off
day. To improve operability, the maximum lead time for booking points is 44 days,
because according to statistics, more than 90% of domestic passengers book tickets
within 30 days in advance, and more than 45% of passengers book flights within
3 days of the lead time [10]. Therefore, it is universal and research significance to
use 44 days as the boundary for analysis. At the same time, taking into account the
high cost of ticket refunds and various affiliated terms for discounted tickets, the
user only has one ticket booking opportunity, which is consistent with the reality.

4 Empirical Research

4.1 Data Collection and Processing

This study selects the route from Beijing to Guangzhou. There are two reasons for
choosing this route: One is that the route has a long distance and the price change is
obvious. Second, the route has a total of 62 flights (Some flights may be temporarily
cancelled, so the value is slightly floating), and more data can be collected.
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Data Collection Method: Data was collected daily from Ctrip.com using reptile
software Octopus. First create a custom task, and then observe the characteristics of
changes in the destination URL, find the law of change, enter the target URL list in
Octopus software. Since Ctrip’s web page uses Ajax technology, that is, it does not
need to reload the entire web page, only part of the content of the web page is
updated. Therefore, it is necessary to set Ajax lazy loading and select an appropriate
timeout period. In this article, the timeout period is set to 2 s. In addition, due to the
large number of flight records in the web page, the scroll bar needs to be dragged
down to display the flight information completely. Therefore, the “rolling page”
needs to be set during collection, which is mainly to set the scrolling times and
duration after the page is loaded. Next select the information to be collected, and
delete unnecessary fields (such as takeoff airport, arrival airport, punctuality rate,
etc.), start acquisition, and export the data after the collection is completed. Some of
the collected results are shown in Fig. 2.

Data collection scope: From April 14, 2018 to June 5, 2018, record their price
information from 1 day before takeoff to 44 days before takeoff respectively. For
example, when April 14th, 2018, is the take-off point, the price will be recorded
once a day from March 1, 2018 to April 13, 2018 as observation points (Table 1).

Data processing methods: With the approach of the take-off point, especially on
the day before departure, a certain flight ticket may be sold out. At this time, we
choose to ignore this tuple.

Field1 Field2 Field3 Time1 Time2 Field14 Field17
Southern Airlines CZ3166 Planned model:32L(middle) 6:30 9:50 ¥740 39% off economy class
Eastern Airlines MU3576 Planned model:32L(middle) 6:30 9:50 ¥960 50% off economy class
Eastern Airlines MU5181 Airbus A330-300(large ) 7:15 10:40 ¥940 49% off economy class

Southern Airlines CZ9224 Airbus A330-300(large ) 7:15 10:40 ¥1,220 64% off economy class
Southern Airlines CZ3116 Airbus A330-200(large ) 7:30 10:50 ¥740 39% off economy class
Eastern Airlines MU3019 Airbus A330-200(large ) 7:30 10:50 ¥960 50% off economy class

Air China CA1351 Boeing777-300ER(large) 7:35 10:55 ¥1,030 54% off economy class
Shenzhen Airlines ZH1351 Boeing777-300ER(large) 7:35 10:55 ¥1,910 100% off economy class

Hainan Airlines HU7805 Boeing787-9(large) 8:15 11:25 ¥1,440 75% off economy class
Southern Airlines CZ3108 Planned model:33W(large) 8:30 11:50 ¥740 39% off economy class

Fig. 2 Data collection results (partial)

Table 1 Data item details

Item Detail Sum

Take-off point (target point) 2018.4.14–2018.6.5 53 days

Booking point (observation point) 44 days before departure 44 days

Daily records 62 daily flight records 62

Total A total of 144,584 records (53 * 44 *
62 = 144,584)

Research on the Best Booking Strategy for Air Tickets … 39



4.2 Data Analysis

Use MATLAB and other software tools for visual analysis of data. First, taking Air
China CA1301 as the research object, we explored the change rule of airline ticket
prices when the booking points changed. Then, we took Air China CA1301 and
China Southern Airlines CZ3102 as targets, changing the booking points (un-
changed take-off points) and the take-off points (unchanged booking points)
respectively, to study the cyclical pattern of ticket price changes. Finally, the
integrity of all flights is observed by the box plot.

4.2.1 Ticket Price Changes as Booking Points Change

In Fig. 3, each row represents changes in the price of a ticket at a specific point of
departure. Each column represents the time interval between the point of booking
and the point of departure and is getting closer and closer to the point of departure
from left to right. The color of the gray bar indicates the price level. The darker the
color, the higher the price.

Take the first line of Fig. 3 as an example, the first line indicates that the take-off
point is April 14, 2018, the first gray bar marked with a red box on the left indicates
the price of the ticket that was observed 44 days before the take-off point.

By analyzing Fig. 3, we can find the following rules:

(a) Starting around the 9th day of departure, which is 9 days before the plane took
off, ticket prices tend to increase. Starting from the column with the number 9
in the figure, the color of the block is deepened, even reaching the deepest.

Fig. 3 Changes in ticket price of Air China CA1301 when ticketing points change
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(b) The price of the ticket is relatively low around 25 days before the plane took
off. Corresponding to Fig. 3, the area is lighter in color, indicating that there is a
relatively high possibility of buying a relatively cheap ticket near this date.

(c) Price adjustments happen on the same day.

An interesting line with an inclination of about 45° can be found in the figure,
which shows that the adjustment of the prices occurred on the same day. This is not
hard to understand. From the perspective of the row, the date increases day by day,
so the advance N day of the previous row and the advance N + 1 day of the
subsequent row correspond to the same date. In addition, holidays or weekends tend
to increase prices, such as 2018/4/14, 2018/4/15, 2018/4/21, 2018/4/22, 2018/4/28,
2018/4/29. The color is relatively deeper.

4.2.2 Periodic Analysis of Ticket Price Trends

Is the change in ticket price cyclic? What is the price change between last Friday
and next Friday? Now take the week as a cycle to observe the cyclical changes in
ticket price by drawing calendar thermograms.

(a) Periodic analysis of ticket price as booking points change

Still taking Air China CA1301 as the research object, given the take-off point, the
ticket price 44 days before the departure point will be plotted as a calendar ther-
mograms. As shown in Fig. 4a, the figure shows the price change of Air China
CA1301 flight on April 14, 2018, 44 days before its takeoff. The ticket booking
points are from 2018-3-01 to 2018-4-13. That is, the gray bar marked with the first
red box in the figure indicates that the price of Air China CA1301 is 1,716 yuan that
was ordered on March 1, 2018 and took off on April 14, 2018. By analogy, the
second gray bar indicates the price of Air China CA1301 is 1,716 yuan that was
ordered on March 2, 2018 and took off on April 14, 2018. Similarly, Fig. 4b shows
the price change of Air China CA1301 flight on April 15, 2018, 44 days before its
takeoff. The ticket booking point are from 2018-3-02 to 2018-4-14.

From the calendar thermogram of Fig. 4, it can be found that when the booking
point changes, there is no significant periodicity in the ticket price. The darker color
in the lower right corner of the calendar thermogram shows that as the departure
date of the plane approaches, the price of the ticket is relatively high.

(b) Periodic analysis of ticket price as take-off points change

The object of study is Air China CA1301, given the booking point, to observe if
there is a cyclical change in the price of the ticket when the take-off date changes.
Figure 5a shows the ticket price for Air China CA1301 from 2018-5-11 to
2018-6-13 that was ordered on April 29, 2018. That is, the gray bar marked with the
first red box in the figure indicates that the price of Air China CA1301 is 1,716 yuan
that was ordered on April 29, 2018 and took off on May 11, 2018. By analogy, the
second gray bar indicates the price of Air China CA1301 is 1,030 yuan that was
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ordered on April 29, 2018 and took off on May 12, 2018. Similarly, Fig. 5b shows
the price of the airline ticket for Air China CA1301 on April 30, 2018. The take-off
points are from 2018-5-11 to 2018-6-14.

In Fig. 5, significant periodic features can be seen. The gray bar color corre-
sponding to the column on Friday is significantly darker than other dates, and the
top-down color tends to be lighter, indicating that the price of Air China CA1301
taking off on Friday is higher, at the same time, with the increase in the interval
between the booking point and the take-off point, the ticket price has slightly
decreased. The gray bar color corresponding to the Sunday column shows a
deepening trend, indicating that as the interval between the booking point and the
departure point increases, the ticket price will gradually increase. In addition,
similar colors from Monday to Thursday of the same week indicate that the price
gap is not large.

Next, take China Southern Airlines CZ3102 as the research object, draw a
calendar thermogram and observe whether there are similar periodic laws. As
shown in Fig. 6, similar to the previous results, the gray bar corresponding to the
Friday column has a darker color, and at the same time, the color of the gray bar is
similar between Monday to Thursday in one week, which means that the price is
quite the same. The gray bar corresponding to the Saturday column is lighter and
the price is relatively low.

(a)

(c)

(b)

(d)

Fig. 4 Calendar thermogram of Air China CA1301 ticket price when the booking points change
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4.2.3 Study on the Overall Characteristics of Ticket Price

The price data of all flights observed every day is plotted as a box plot, as shown in
Fig. 7.

In the box plot of Fig. 7, the above figure shows that when the take-off point is
2018-5-11, the boxes from left to right indicate the price of the ticket when the
booking points are from 2018-3-28 to 2018-4-14. The figure below shows that
when the take-off point is 2018-5-13, the boxes from left to right indicate the price
of the ticket when the booking point is 2018-3-30 to 2018-4-15. The box reflects the

(a)

(c)

(b)

(d)

Fig. 5 Calendar thermogram of Air China CA1301 ticket price when the take-off points change

Fig. 6 Calendar thermogram of China Southern CZ3102 ticket price when the take-off points
change
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maximum, minimum, median, and upper and lower quartile values of the ticket
price during the day. The discrete points in the box represent the ticket price values
for all flights during the day, and some of the data are coincident.

It can be seen from Fig. 7 that the ticket price has a typical stage characteristic.
During the period, the ticket price is relatively stable and has a small fluctuation.
This shows that the change in ticket price is not gradual, but it remains stable within
a certain period of time, and after a certain point of time changes, it continues to
maintain stability in the new stage. The length of the stage is as short as 5 days or
so and it is as long as 10 days.

5 Conclusion

This article sums up the research issues as the take-off point is determined, the
booking points are changed, so as to explore the changes in the ticket price as the
ticketing points approach the take-off point. And apply a variety of data visual-
ization methods, tools for the corresponding analysis.

For the study of this paper, we propose the following strategies for booking
tickets:

First, there is a higher likelihood of getting cheaper tickets around 25 days
before the plane takes off.

The study found that ticket prices do not simply show an upward trend, so it is
not cheaper to buy earlier. And there are more likely to buy cheaper tickets during
the 25 days before the plane takes off. About 9 days before the plane took off, the

Drawing area

Fig. 7 Box plot of ticket price
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ticket price began to increase significantly. At this time, the possibility of a drop in
ticket prices is extremely low. If passengers are at this node, they should purchase it
as soon as possible.

Second, avoid traveling on Friday.
The price of flights departing on Fridays is usually higher than other dates, so

when selecting a trip point, you can try to avoid Friday and stagger the price peak.
Third, travelers do not have to check ticket prices frequently.
Ticket prices have a phased nature, not always changing, but often stabilizing at

a certain stage. Therefore, travelers do not have to compete for many seconds, nor
do they need to frequently observe price changes. Especially when it is far from the
departure day, the ticket has a longer duration in the corresponding phase, and the
frequency of checking the price can be appropriately reduced. And about 25 days
before the plane takes off, it should be focused.

Ticket prices are affected by many factors, and the pricing strategies of major
airlines are also different. At the same time, since the major ticket sales platforms do
not display historical data externally, data collection is also a lasting and trivial task.
This article aims to provide some ideas and methods for studying ticket prices and
booking strategy. More precise research remains to be further explored.
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The Influence of Boundary-Spanning
Search on Organizational Ambidexterity
Capacity: An Empirical Research
in the Chinese Context

Dingding Xiao, Fei Han and Baolong Wang

Abstract Open innovation system has been identified as a key competency for
sustained success in the competitive market. More and more firms prefer external
heterogeneity resources to remedy resource endowment and capability structural
defects. The study focuses on the questions of whether or not the boundary-
spanning search (BSS) affects the organizational ambidexterity capacity (OAC) and
how it is influenced. Based on the sampling investigation of 338 firms in China, we
use structural equation model to explore influential mechanisms of BSS behaviors
on the OAC. The main results are shown as following: First, the BSS behavior of
firms can be divided into two dimensions–organizational and technological
boundary spanning–which can be further divided into (1) technology-driven and
market-driven BSS, (2) generic technology-oriented and product technology-
oriented BSS. Secondly, the different dimensions have variant influences on OAC.
Technology-driven and generic technology-oriented BSS have positive influences
on exploratory capabilities, while market-driven, generic technology-oriented and
product technology-oriented BSS have positive influence on exploitative capabili-
ties. Thirdly, the research breaks through the theoretical assumption of the OAC
and finds that the OAC is not absolutely exclusive; the exploratory capabilities have
significant positive impact on exploitative capabilities. The conclusions expand the
perspective and dimension of organization search theory, which enrich the empir-
ical studies about organizational ambidexterity in the context of emerging economy.
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1 Introduction

In the dynamic environment, firms need to contain the ambidexterity capacity of
exploiting the existing knowledge and exploring the potential knowledge to adapt
to the non-continuous changes in technology and market environment [1]. Since
March’s proposal of two basic activities of “exploration” and “exploitation”, the
scholars have extended them to organizational learning [2], strategic management
[3], innovation management [4] and other research fields. They reach a general
consensus that the building of ambidexterity capacity, which consists of explorative
and exploitative capabilities within an organization, does help overcome core
rigidity and competence traps thus enhancing the sensitivity to environmental
change [5]. However, due to the differences in organizational structures, thinking
modes and cultures required by the two activities, they have the general, consec-
utive and nested tension relation [6], resulting in facing a choice between the two
trade-offs and paradoxes. “How to coordinate the tension between the exploration
and exploitation and effectively enhance the organizational ambidexterity” becomes
the focus of scholars and business managers.

To break this dilemma, scholars found a solution within the organization and
strived to achieve an internal balance of ambidexterity capacity [7]. Through
organizational, context and leadership ambidexterity modes, we help firms effec-
tively manage both current needs as well as assist them in adapting to environ-
mental changes. Jansen [5] claims that the organization can use three ways to
coordinate these tensions, namely accepting, decomposing and resolving. This
solution is based on the dual mechanism of exploration and exploitation and its
breakthrough lies in the use of external resources to coordinate the organizations’
internal contradictions [8], especially in organizations with limited resources and
capabilities. The use of external technology resources to enhance the technological
capacity also becomes the inevitable choice for the firm to integrate itself into an
open innovation system [9]. And, the boundary-spanning search (BSS) is the
logical starting point for its identification, acquisition and integration of external
innovation resources. However, the existing studies of BSS are only at the theo-
retical level and fail to answer the questions of “whether BSS can improve the
technological capacity”, or “whether the different dimensions of BSS have diverse
effects on exploratory and exploitative capabilities.” This topic especially lacks
theoretical and empirical tests in the emerging economy context.

Based on these gaps, we examine 338 sample firms in China to explore
influential mechanisms of BSS behaviors on the OAC and the relationship between
the exploratory and exploitative capabilities. This study also contributes to existing
literature in the following aspects: First, it defines the dimensions and contents of
firms’ BSS behavior in the Chinese context. Second, it theoretically demonstrates
the logical relationship between BSS and OAC and empirically tests the influence
of different dimensions of the BSS on the ambidexterity capacity. Lastly, it breaks
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through the theoretical assumption of ambidexterity capacity relationships given by
March [1], and empirically tests the relationship between the exploratory and
exploitative capabilities.

2 Theoretical Perspective

Under the background of open innovation, organizations face affluent external
innovation resources. Consequently boundary-spanning search becomes the focus
of scholars’ attention at home and abroad [10]. They analyze BSS from the per-
spectives of single attributes of time, technology and geography in terms of
boundary-spanning search [11]. Laursen and Salter [10] propose that the funda-
mental objective of BSS is to seek heterogeneous knowledge or technology, and
measures BSS behavior by the degree of depth and breadth. Sidhu [11] looks into
BSS from three dimensions of supply, demand and market, corresponding to
knowledge involving suppliers, customers and competitors. Other scholars divide
the search activity into a technological knowledge and a professional knowledge
search according to the characteristics of the knowledge [12].

Though the current studies cover search boundaries of internal and external,
home and cross-border, the depth and breadth, we still find it a little confusing on
boundary spanning typology [13]. There is still a gap with regard to clear mea-
surement of BSS behavior, whether it’s by use of objective index system or sub-
jective one. It seems unlikely that we can achieve a universal standard of dimension
classification and measurement, but it is worthwhile reconciling the different defi-
nitions within an integrated framework. Such an effort not only reduces the
ambiguity to interpret the BSS behavior, but also provides guidance for future
research, especially on the relationship between BSS and ambidexterity capacity.
Moreover, existing studies mostly are being concentrated on the firms from
developed countries, and less in the context of emerging economy or a region in
transition, there is obvious distinction in the characteristic of BSS behavior and
ambidexterity capacity of organizations due to their lower technology level and
innovation capability.

Since firms, universities and other research institutions have essential differences
in the organizational attributes and social functions, there are obvious variations in
terms of the targets, ways and contents of BSS. On one hand, firms can search
different target objects or knowledge sources. They collaborate with other institu-
tions to conquer what they cannot handle alone; they build good relationship with
suppliers and consumers to get feedback timely; they also keep an eye on their
competitors to track latest market trends. On the other hand, firms demands different
types of knowledge. They need to reserve the pre-competitive technology within
certain industry to develop dynamic capability; they desire to obtain generic
technology of inner- and inter-industry for improving the innovation capacity; they
are also eager to be aware of knowledge about product design and process opti-
mization to sustain competitive advantage. In short, firms search various external
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organizations for different kinds of technology, which gives us an insight that we
can try to clarify BBS behavior from two perspectives: knowledge source (i.e.
which kind of target object) and knowledge attributes (i.e. which kind of tech-
nology). So, we call them organizational boundary and technological boundary
spanning respectively.

3 Research Hypotheses

3.1 Subdivision of Boundary-Spanning Search Dimensions

From the perspective of organizational boundary spanning, firms can conduct
search activity through diversified, multi-level knowledge sources [14]. The
knowledge spillovers, search, and creation in an emerging market are a dynamic
and reciprocal process [15]. In the context of transition, firms face more severe
situation than before due to the rising labor costs and economic slowdown. Thus,
firms are turning to external sources to introduce product and process innovations.
Some leading firms generally choose university-industry collaboration, in which
universities and research institutes become the main source of external knowledge.
These firms aspire to enhance technology capabilities substantially, which we
classify into a technology-driven BSS. Meanwhile, other firms with less technology
capabilities often keep in touch with their major suppliers and clients to build good
“guanxi” so that they can timely get the suggestion and feedback about production
design and process optimization. They also have a frequent visit to industry
association and other intermediary, through which they adjust innovation strategy
dynamically. We call this type market-driven BSS.

From the perspective of technological boundary spanning, not like the case in
developed countries, lots of Chinese firms lack enough capability of industrial
technology to fully absorb pre-competitive technology. They are being satisfied
with acquiring generic technology, even product and process technology. Thus, we
propose only two kinds of BSS behavior in terms of technological boundary
spanning search which aims at pursuing generic technology and product technology
respectively in the Chinese context. Mostly, Universities and public laboratories
focus on basic research, applied research and technology infrastructure, to provide
the basis of generic technological support for business firms. Firms that focus on
product design and development, which devote themselves to transforming and
integrating generic technology into proprietary technology, contribute to the
back-end technology [16]. Therefore, the following is hypothesized:

H1:BSS behavior can be denoted by two dimensions named organizational and
technological boundary spanning. It can be further divided into technology-driven
and market-driven BSS, generic technology-oriented and product technology-
oriented BSS respectively in the Chinese context.
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3.2 BBS and OAC

3.2.1 The Relationship Between Organization Boundary-Based
BSS and OAC

Technology-driven BBS mainly refers to the search for science and technology
sources across organizational boundaries. The search objects include universities,
research institutes, commercial laboratories and other research subjects [10]. Due to
the diversification of knowledge acquisition in the open innovation system,
acquiring heterogeneous knowledge via external search is the critical choices for
firms. By researching the openness of the firms, Wu [17] finds an inverted U-shaped
relationship among the cooperative openness, external resource technology, and
complementary assets acquisition, which means there is a certain “critical point” in
the use of external resources from partner. Meanwhile, Chen [9] find that enhancing
the external search breadth and depth can significantly promote organizational STI
(science, technology, innovation) and DUI (doing, using, and interacting) innova-
tion performance. And the search orientation has different effects on the knowledge
source selection, and capability structure optimization.

Thus, technology-driven BSS becomes the critical path of firms’ access to the
core technological advantages, which in turn have a defining impact on an orga-
nization’s technological capacity and structural integrity. Christine suggest that in
certain search and access of key technologies, the cooperation with universities will
reduce transaction costs and technological barriers. Schoenmakers and Duysters
[18] find that relative to corporate patents, patents of public R&D institutions have a
higher reference frequency, and more easily spawn a major innovation, especially
those across professional fields. Stettner and Lavie [19] reveal that exploring via
externally oriented modes such as acquisitions or alliances, while exploiting via
internal organization, enhances these firms’ performance. These analysis shows that
universities and research institutes provide diverse knowledge sources for firms’
innovative activities, especially in the presence of Chinese firms’ weak techno-
logical capability. Technology-driven BSS will help meet the different demand
levels and positively impact the firms’ exploration and exploitation capability.
Therefore, the following is hypothesized:

H2-1: Technology-driven BSS will be positively related to firms’ exploratory
capabilities.
H2-2: Technology-driven BSS will be positively related to firms’ exploitative
capabilities.

Market-driven BSS is the search behavior of market information across orga-
nizational boundaries, and its main targets are market information exchange sub-
jects including suppliers, competitors, trade associations, professional meetings, etc.
[10]. Timely feedback from the market and user information is the necessary step to
create new knowledge and products. The market-driven BSS helps firms to sys-
tematically process the dispersed market information and acquire more valuable
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ideas, and also expands potential partnerships, thereby increasing the creation of
market opportunities for new products and technology. Wei and Wu [20] propose
that local search and nonlocal search are balanced by jointly considering the breadth
and depth of geographic search, and that the optimal balance depends on industry
dynamism. Kim and Inkpen [21] find that diversification of alliance members
attributes introduce cutting-edge technological information for the alliance. The
participation of chambers of commerce and suppliers provide complementary
market information for the firms’ innovative activities and thereby the firms can
have a better understanding of customer needs and competitors’ actions. They can
be encouraged to continuously explore new technologies and develop new
products.

Regarding the impact, such search behavior will face the subjects of more
diversification attributes, thus becoming the important R&D source for new tech-
nologies and products [22]. He and Wong [23] hold the view that the organizational
change and technological innovation depend on not only the capability to integrate
internal and external technological information, but also the capability to reach
customers, products and other market information. Sidhu [11] maintain that under
fixed technological capacity, when the external environment is changed, firms’
search practice and innovation output will also change, and timely tracking infor-
mation of market dynamics is the typical manifestation of firms’ innovation process.
Thus, market-driven BSS enriches the way to access critical external information,
achieves the effective connection of dynamic market information and firms’
development strategies, and plays a significant role in promoting firms’ technology
and service innovation. Therefore, the following is hypothesized:

H2-3: Market-driven BSS will be positively related to firms’ exploratory
capabilities.
H2-4: Market-driven BSS will be positively related to firms’ exploitative
capabilities.

3.2.2 The Relationship Between Technology Boundary-Based
BSS and OAC

According to Tassey [24], technology can be divided into basic technology, generic
technology and product technology based on the perspective of the process, and
there is a huge difference among the three types of technology concerning the
supply subject, application field and properties. Based on the analysis of the
Chinese firms’ technological capability structure, this paper proposes that most
firms are searching for generic and product technology. The developed countries
pursue the inter-industrial generic technology and product generic technology in
high-tech fields, thus taking the mission-oriented pre-competitive R&D strategy.
The developing countries want to upgrade the inner-industrial generic technology in
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traditional manufacturing, and they pursue the diffusion-oriented generic technol-
ogy strategies. For firms, generic technology change means changing technological
paradigms. Firms judge customer needs and technology trends, improve the
existing technology gradually. But in the case of varieties of technology paradigm,
reform of generic technology will become the dominant way thus determining the
development path of the leading industrial technology.

Meanwhile, the second innovation of key generic technology is an important
opportunity to achieve technological transition in underdeveloped countries. Take
Taiwan’s Industrial Technology Research Institute for example. Their systematic
study of generic technology provides the technological foundation for Taiwan’s
semiconductor industry, which not only contributes to the global technological
leadership of Taiwan but its technology spillover has also led to the rapid devel-
opment of the Pearl River Delta electronics manufacturing. In short, the generic
technology gives birth to the new energy, new materials and other strategic
emerging industries. It improves the firms’ technological capabilities of exploring
new technologies and exploiting old knowledge, and creates the basic conditions
for the enhancement of overall innovative capabilities of the firms and industries.
Therefore, the following is hypothesized:

H3-1: Generic technology-oriented BSS will be positively related to firms’
exploratory capabilities.
H3-2: Generic technology-oriented BSS will be positively related to firms’
exploitative capabilities.

Product technology is the sum of specialized technology, operating experience
and technology in the production of a certain product, which has strong private
property, and its application is limited to a certain type of product, and it becomes
the core competitiveness of a firm in a period of time. Nerkar [25] proposes that a
great original innovation depends on the effective integration of basic technology
and emerging technology, while the in-depth exploitation of existing technology
will bring gradual production process improvement. The breakthrough innovation
requires more basic knowledge, and the public research institution is an important
way to acquire such knowledge. In summary, the two kinds of search behavior have
different effects on the firms’ technological capabilities. The product
technology-oriented search focuses more on sophisticated proprietary technology,
whose goal is to optimize the existing production processes and improve current
production technologies, but it has little impact on industrial technology develop-
ment path, which means fewer enhancements of firms’ exploratory capabilities.
Therefore, the following is hypothesized:

H3-3: Product technology-oriented BSS will be positively related to firms’
exploratory capabilities.
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3.3 The Relationship of Organizational Ambidexterity
Capacity

According to March’s [23] concept definition, exploratory and exploitative activi-
ties have significant differences in resource, structure, and culture, so they are at the
two end positions of organizational innovation continuum. With further study,
Gupta [26] and other scholars question the absolute dichotomy between exploration
and exploitation and say that the tension constraints can be solved by ambidexterity,
for example, by constructing an ambidextrous organization to coordinate the ten-
sion; by the introduction of external resources to coordinate the excessive com-
petition over limited organizational resources [27];by developing the dynamic
capabilities to promote sensibility to the external environment [28]. Meanwhile,
punctuated and ambidexterity equilibrium model provide theoretical bases to
resolve the tension between exploration and exploitation and the further research on
the ambidexterity affirm the premise of their mutual influence.

Take the new product development for example. The ambidexterity capabilities
can coexist and promote each other and both self-renewal through the learning
behavior within the organization and among organizations [29]. Rothaermel and
Deeds [30] find that new product development takes the exploratory innovation
alliance as a starting point, and take the exploitative alliance’s completing product
marketing process as the terminal point. McMillan [31] propose that exploration
efforts lead to science outcomes, and that both exploration and exploitation efforts
have a positive impact on technological outcomes. Rosenbloom [32] considers the
organization’s technological capabilities growth path as alternating intermittent
phenomenon, thus ensuring a continuous process of exploitation, use of existing
technologies, as well as search for the next generation of technology. According to
the above studies, the OAC has broken the absolute split and the relationship
between the two fails to reach a unified conclusion. With the merging with the
absorptive capacity theory and dynamic capabilities theory, the tension will be more
effectively addressed and its positive effect on organizational performance will be
further verified. Therefore, the following is hypothesized:

H4: The firms’ exploratory capabilities will be positively related to firms’
exploitative capabilities.

4 Research Design

4.1 Sample and Response

Adopting the random principle, we can improve the sample’ representativeness,
making research results more accurate and reliable, and the appropriateness of
population determination and sample selection is the key to data quality. Therefore,
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a number of various industry-based surveys can provide more stable conclusions
[33]. The requirement of the sample firms was to engage in certain technological
innovative activities, including electronic, pharmaceutical, chemical and other
industries. Based on the above criteria, we chose the provinces with a higher level
of technological and economic development, namely Shandong, Guangdong, and
Zhejiang as the collection areas. We require the development managers or tech-
nological directors to fill out the questionnaire, which is able to fully reflect and
determine the reasonableness of the items, and to provide objective and credible
data base.

Following the approach of Bagozzi and Yi [34], the study seeks to ensure the
sample size of 200 or more. In view of the data availability and timeliness, this
study chooses four channels to collect the questionnaire (Table 1). The question-
naires were distributed from September to December 2012. We have distributed
1934 questionnaires, and a total of 338 surveys were completed, which represents a
response rate of 17.48%.

4.2 Measures

The exploratory and exploitative capability. As the dependent variable, previous
research adopted the measurement of high operability with different perspectives.
The indicators include the depth and breadth of the patent search, the number of
research projects, or involving R&D with external alliance. The innovative capa-
bilities can be distinguished according to the degree of relevant indicators that
characterize the level of exploratory and exploitative capabilities [18]. Compared
with the objective indicators, the scale has the advantages of generalizing, com-
prehensiveness, easy-operation, and can characterize and measure the latent vari-
ables. He and Wong expand the content of firms’ exploratory and exploitative
strategies, and the former strategy includes four measure items, namely ‘introduce
new generation of products’, ‘extend product range’ etc., while the later includes
‘improve existing product quality’, ‘improve production flexibility’ etc. In line with

Table 1 Questionnaire for distribution and collection

Distribution ways Distribution
number

Collection
number

Collection
rate (%)

Valid
number

Valid
rate (%)

On-spot distribution
in the firm

84 46 54.76 41 48.81

Distribution via
government agency

750 170 22.67 132 17.6

Distribution via
friends

800 193 24.13 148 18.5

Distribution via email 300 23 7.67 17 5.67

Total 1934 432 22.34 338 17.48
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Jansen [4], our scale contains items such as ‘find and utilize the latent chances in
market’, ‘introduce improved products and services in existing markets’, ‘makes
gradual improvements for existing products or services’. Our measure has a com-
parable reliability score with Cronbach alpha of 0.828 and 0.891, respectively.

The boundary-spanning search. Due to vary boundaries and goals, the BSS
behavior is different in the position of organizational innovation activities on a
continuous spectrum, resulting in differences in the impact on capability and per-
formance [35]. Rosenkopf and Nerkar [36] measure organizational knowledge
search activities across the boundary of organization and industry by calculating the
number of target organizations’ citation of patents within and outside of the
organization as well as the industry. Sidhu [11] divide the BSS into three dimen-
sions,the supply dimension includes the new knowledge pertaining to the input and
output of the technology in the organizations, and the demand dimension includes
the knowledge about the search for external market structure, market segment,
product use, alternative, customer preferences, need, etc., and the space dimension
includes the skills of different areas and operational experience knowledge. To
measure the BBS, we use the 7-points scale developed by Laursen and Salter [10]
and Rosenkopf and Nerkar [36]. The scale consists of 17 items, such as ‘exchange
technology development information with public research institutions’ and ‘par-
ticipate in the key generic technology projects sponsored by the government
agencies’ etc. The Cronbach alpha values are 0.934, 0.793, 0.849 and 0.900,
respectively.

5 Empirical Analysis

5.1 Descriptive Statistics

Prior to the initial model building, in addition to the analysis of the distribution of
the sample size, reliability and validity, there is the need for a brief description of
sample characteristics and correlativity. We used SPSS for each variable descriptive
statistical analysis, getting the variables’ mean, standard deviation, and correlations
(see Table 2).

5.2 Discriminant Validity

This paper further constructed pairwise matching detection model, thereby testing
the discriminant validity of the various dimensions. As shown in Table 3, the
detection model consisting of each pair of variables went through two-step testing
procedures of constraint and unconstraint, respectively, and marked by v2 and Dv2
values accordingly. Seen from the results, six pairs of models’ unconstrained model
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v2 values are less than constrained one, indicating that there is no perfect corre-
lation between pairwise relations, but high discriminant validity. Therefore, under
the premise of dividing the BSS into two dimensions of organization and tech-
nology, our further subdividing BSS into technology-driven (SS) and market-driven
(MS) ones, generic technology-oriented (GT) and product technology-oriented
(PT) ones have the theoretical and empirical rationality, thus verifying H1.

5.3 Testing and Hypothesized Model

5.3.1 Structural Model Fitting Degree

To test the hypothesized model, AMOS was used to analyze the initial calculation,
and initial fitting results were shown in Table 4. From the perspective of fitting
results, v2 of the initial structural model is 348.047 (df = 215); v2/df value was
1.619; RMSEA coefficient was 0.071, less than 0.10; NFI, GFI coefficients were

Table 2 Descriptive statistics and correlations

Variables Mean Standard
deviation

1 2 3 4 5 6

1. Technology-driven
BSS

4.44 1.29 1.000

2. Market-driven BSS 4.65 1.24 0.412** 1.000

3. Generic
technology-oriented
BSS

5.57 0.85 0.272** 0.353** 1.000

4. Product
technology-oriented
BSS

5.61 0.91 0.181** 0.216** 0.141** 1.000

5. Exploratory
capabilities

5.26 1.011 0.192** 0.145** 0.013 0.038 1.000

6. Exploitative
capabilities

5.23 1.086 0.151** 0.097* 0.056 0.043 0.648** 1.000

Note ***p < 0.001,**p < 0.01,*p < 0.05,the same hereafter

Table 3 Testing result of discriminant validity of BSS

Matching detection Constrained model v2 Unconstrained model v2 Dv2

1. SS & MS 87.36 64.58 22.78***

2. SS & GT 94.28 83.45 10.83***

3. SS & PT 101.34 94.83 6.51***

4. MS & GT 93.66 82.97 10.69***

5. MS & PT 96.47 83.15 13.32***

6. GT & PT 86.27 74.16 12.11***
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0.895 and 0.884, less than 0.9. Except v2/df, RMSEA, CFI, TLI and other indi-
cators had reached the acceptable range; the rest fit indices were not fit within the
acceptable range, indicating that the fitting effect of the model was not ideal. Only a
few models are able to fit successfully through one operation, which is more
common in analytical model. The reason for this may be that the constructed
conceptual model itself has some problems or the data obtained by surveys are
deviated. Therefore, it’s necessary to revise the initial model and to detect whether
its fitting indicators can reach the standard model.

According to the fitting results, this study made the following two amendments.
First, we used the modified index MI and increased the correlation between the
residuals. Generally, when a = 0.05, it is appropriate to modified the path param-
eters of MI > 3.84. Second, we fine-tuned the model by adding or deleting the path
relationship of the variables according to the test result of the path coefficient in the
initial model test.

For the paths failing to pass the significant test in initial fitting, we first fixed the
pathway of “market-driven BSS! exploratory capability,” and “technology-driven
BSS ! exploitative capabilities”, and further adjusted and modified the model to
achieve the best fitting effect. In the modified model, the overall fitting coefficient
and path coefficients between the variables were significantly improved, so the
revised structural equation model eventually deleted the above two paths.
Meanwhile, on the basis of the simplified model, we amended the residual rela-
tionship between variables by increasing the residual covariance relationship to

Table 4 Fitting result of initial structural model

Path Path
coefficient

S.E. C.R. P

Exploratory capabilities <— Technology-driven
BSS

0.367 .039 3.926 ***

Exploratory capabilities <— Market-driven BSS 0.037 .028 1.306 0.192

Exploratory capabilities <—
Generic-technology-oriented BSS

0.452 .050 1.052 ***

Exploitative capabilities <— Technology-driven
BSS

0.016 .037 0.153 0.278

Exploitative capabilities <— Market-driven BSS 0.254 .026 0.547 ***

Exploitative capabilities <—
Generic-technology-oriented BSS

0.196 .046 1.430 *

Exploitative capabilities <—
Product-technology-oriented BSS

0.308 .046 0.182 ***

Exploitative capabilities <— Exploratory
capabilities

0.088 .059 1.019 ***

v2 348.047 RMSEA 0.071 CFI 0.927

df 215 NFI 0.895 GFI 0.884

v2/df 1.619 TLI 0.915
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eliminate the wind age of the simulation gradually. Finally, we refit the revised
model and obtain the optimal fitting results (Fig. 1).

5.3.2 Hypothesis Testing

From the perspective of organizational dimension, the path coefficients of
technology-driven and market-driven BSS on organizations’ exploratory and
exploitative capabilities were 0.38, 0.262 (P < 0.01; P < 0.001), so hypotheses
H2-1, 2–4 were verified. BSS is an important measure to implement the external
knowledge source strategy, an effective integration of inner knowledge of different
research units with different attributes and to a certain extent, it reflects and deepens
open innovative theory [37]. Consistent with Laursen and Salter [14] the research
requires Chinese firms to cooperate with the external institutions of universities,
suppliers, customers, etc., and according to the subjects’ attributes and type of
knowledge provided, the institutions can be divided into technology-driven and
market-driven ones. The classification considers all aspects of the functional
characteristics of the supply chain involved in technological subjects. Its innovation
lies in the combination of dimension segmentation and content targeting, high-
lighting the different influences of internal and external factors on the firms’
technological capability enhancing process.

Seen from technological dimension, the integration of different levels of tech-
nological knowledge is conducive to improve firms’ technological innovative
capabilities based on firms’ own development phase and innovative strategies. The
path coefficients of generic technology-oriented BSS on organizations’ exploratory

0.262*** 

0.143*** 

0.304*** 

0.229*** 

0.47*** 

0.38** 

Technology-
driven BSS

Market-
driven BSS

Exploratory 
Capabilities 

Generic
technology- 

oriented BSS

Product
technology- 

oriented BSS

Exploitative 
Capabilities 

Fig. 1 Final structural model
of the impact of BSS on OAC
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and exploitative capabilities were 0.47, 0.229 and both achieved the significant
level of 0.1%, so the hypotheses H3-1, 3-2 were verified. The path coefficient of
product-technology-oriented BSS on organizations’ exploitative capabilities was
0.304 (P < 0.001), so hypothesis H3-3 was verified. Similarly to Rosenkopf and
Nerkar [36], the result also verifies that technology boundary-based BSS is posi-
tively related to the firms’ technological capabilities. However, we subdivide the
dimensions of the search, and enrich and detail the existing research of BSS. The
results deepen the conclusions of Sidhu [11] about the relationship between orga-
nizational search and performance. It locates the technology, which the firms need
and subdivide the capability so as to find the solution to performance improvement
in the realistic context.

Since March [1] ,the scholars have fully discussed the relationships between
exploratory and exploitative theoretically and claimed that the two have balanced or
coupled interaction, but there are only few empirical studies. The path coefficient of
exploratory and exploitative capabilities was 0.143 and had the significance (P <
0.001), which supported hypothesis H4. In this study, firms’ exploratory capabil-
ities promoting its exploitative capabilities has been verified, but the reverse effect
has not been supported by the theory, which is closely related to the current situ-
ation of low technological capacity of Chinese firms. In this case, the radical
innovation seldom achieved even through long-term accumulation of technology,
and most firms only innovate by the gradual improvement of the existing
technology.

6 Discussion

This paper discusses the impact mechanism of organization boundary-based BSS
and technology boundary-based BSS on the firms’ exploratory and exploitative
capabilities. Below, we discuss the implications of the study.

6.1 Managerial Implications

Open innovative system contains a wealth of innovative resources. For firms in
developing countries, the use of external resources to enhance innovation capability
is a necessary path to build core competitiveness, so how to effectively search and
integrate the needed target knowledge and cooperative partners becomes the pri-
mary concern for firms. Compared with the developed countries, Chinese firms’
technological capacities are relatively low, so they cannot absorb the basic research
achievements from public research institutions, but linger on the level of
technology-based innovation [38]. The technology-driven units represented by
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universities, research institutes, and the market-driven units represented by sup-
pliers, competitors, business associations become important sources of firms for
technological and market information.

Apart from demonstrating the external innovative resource role in promoting the
firms’ technology capabilities, this paper further analyzes the matching problem of
two types of subjects, target knowledge and different levels of capabilities. In order
to improve the exploratory capabilities, firms should use the cutting-edge knowl-
edge from research institutions to remedy technology disadvantage. Such kind of
knowledge is mainly basic knowledge or generic knowledge on the upstream
technology supply chain. As to the exploitative capabilities, firms should pay more
attention to the market-driven technology and timely master the product demand
information, such as suppliers, customers, etc. to have the gradual improvement of
the process of designing, manufacturing and researching. This conclusion reveals
the matching problem of different search activities and capability levels and pro-
vides references for firms to choose cooperative partners, locate technology cate-
gory and improve capabilities.

Based on the research findings of dynamic capability theory, organization
focusing on similar technology search helps to enhance exploratory capabilities,
which means to build “first-order capabilities” through local search, and through
BSS and external integration, the exploitative capabilities can be fostered, i.e. to
build the “second-order capabilities” of the “first-order capabilities” [39]. The
conclusion of this paper verifies the impact of BSS on OAC and further identifies
the level difference of different types of BSS on technological capabilities, which is
the deep extension of organizational search and organizational learning theories.

6.2 Limitations and Suggestions for Further Research

This paper strictly follows the logic of scientific research, but due to time and
condition limitations, there are still some limitations, which should be improved in
future studies as follows: First, considering the collecting speed and sample size, we
chose the firms from Shandong Province, Guangdong Province and Zhejiang
Province for the sample investigation and adopt various collection methods which
might influence the validity of this paper to some extent, so the further studies can
improve the validity by random sampling. Second, most sample enterprises belong
to manufacturing industry and we do not differentiate the industry differences in the
analyzing process. The further studies can focus on one industry (software etc.) or
make a comparison of the high-tech industry and low-tech industry to get more
detailed and meaningful results.
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Research on Logistics Distribution
Routing Optimization Based on Ant
Colony Algorithm

Taking Shun Feng Logistics in Nan Gang
District of Harbin as an Example

Xiao Xi Zhang

Abstract Logistics distribution is the core of logistics, and the optimization of
vehicle routing problem is the key to logistics path optimization. Choosing a rea-
sonable delivery route is of great significance for improving the efficiency of logistics
distribution and reducing logistics cost. In view of the choice of logistics distribution
route, first of all, introduce the traveling salesman problem (TSP problem), introduce
the ant colony algorithm and build its mathematical model. Secondly, the important
parameters in the ant colony algorithm are tested and analyzed, and the reasonable
range of value is determined. Finally, taking the logistics of Nan gang District of
Harbin as an example, the use of Matla B simulation results show that the scheme can
optimize the logistics distribution route and improve the delivery efficiency.

Keywords Ant colony algorithm � Logistics distribution � TSP problem � SF
logistics � Matlab simulation

1 Introduction

In recent years, with the economic globalization and the deepening of China’s
economic system reform, modern logistics distribution has gradually become the
core industry requirement to promote the development of our country’s economy.
The quality of logistics distribution plan determines the efficiency of logistics
distribution to a large extent. In October 2016, the office of the State Council issued
the opinion on the policies and measures to promote the healthy development of the
logistics industry. It pointed out that the efficiency of logistics distribution should be
improved, the competitiveness of logistics enterprises increased, and the policy
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support for the logistics industry was strengthened so as to promote the healthy and
efficient development of the logistics industry. Therefore, in order to optimize the
logistics transportation route and choose a reasonable distribution plan, it is nec-
essary to study the optimization of logistics distribution route.

In academic circles, the study of solving the optimization of logistics distribution
path has attracted extensive attention of many researchers at home and abroad, such
as mathematics, computer communications, and so on. Among them, foreign com-
parisons are representative: Dantzig and Rmaser [1] proposed the optimization of
logistics distribution path for the first time in 1959. The problem is quickly aroused
by experts from various disciplines such as world operations research, logistics
science, combinatorial mathematics and other related people, and become the front of
operations research and combinatorial optimization. Along problems and research
hot spots; In 1989, Willard [2] applied the tabu search method to vehicle routing
optimization for the first time. By designing a repetitive virtual logistics center, the
vehicle routing optimization problem was transformed into a traveling salesman
problem, and the 2-opt method was used to solve the vehicle routing optimization
scheme. In 1995, the research progress and development of vehicle routing problems
were discussed in eighth volumes published in the book “operations research and
management science manual”, which was published by Desrosiers [3]. In 2008,
Donati [4] and other ant colony algorithms were used to study vehicle routing
problem with vehicle speed varying with time. In contrast, the domestic research on
this aspect is relatively backward in the early 1990s, but it has been developed in the
early 1990s, but there are also some research results on the optimization of vehicle
distribution path. It is more representative: in 2001, Chen [5] proposed a hybrid
operator in genetic algorithm to improve the ant colony algorithm and proved the
algorithm to be effective by solving the TSP problem. In 2006, Lang [6] reviewed the
latest progress of the vehicle routing optimization problem in the distribution vehicle
optimization scheduling model budget method. In 2012, Wang [7] and so on pro-
posed improved ant colony algorithm and introduced heuristic factor and parameter
adaptive adjustment. In 2013, Li [8] and so on pointed out the superiority of ant
colony algorithm in solving the problem of large nonlinear system optimization, and
improved the basic ant colony algorithm according to the characteristics of the
logistics vehicle scheduling system and proved the algorithm. The correctness of it.
To sum up, the research on the distribution path is mainly qualitative, and the
quantitative research mainly focuses on the improved ant colony algorithm itself, and
the research on the setting and optimization of the algorithm parameters is very few.
Based on the policy of national logistics industry, this paper aims to select the rational
distribution route and optimize the logistics distribution path, and tries to introduce
the optimization problem of the traveler (TSP problem) to explain the ant colony
system model, and verify the parameter value of the ant colony algorithm through the
simulation experiment, and determine the selection range of the parameter value. At
the same time, taking the logistics of SF in Nangang District of Harbin as an example,
the Matlab tool simulation experiment is used to optimize the route. Finally, the aim
of this paper is to optimize the logistics distribution path based on ant colony
algorithm.
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2 Analysis of TSP Problem Based on Ant Colony
Algorithm

2.1 TSP Problem Definition and Mathematical Description

The traveling salesman problem (TSP problem) introduced in this paper is a special
case of path optimization. In recent years, because of its simplicity and adaptability,
the TSP problem has been used as a testing platform for new ideas and methods for
solving combinatorial optimization problems. The essence of this is that for n cities,
the distance between them is known, and a traveler travels from one city to all the
cities, and each city can only pass once, finally back to the starting point, so that the
total distance is shortest. The mathematical method is described as: a collection of n
cities C ¼ fc1;c2;. . .cNg, the distance between each city is dðci;cjÞ 2 Rþ ,ci;cj 2
Cð1� i; j�NÞ.

Objective function: TD ¼ PN�1

I¼1
dðcPðiÞ; cPðiþ 1ÞÞþ dðcPðNÞ; ðcPð1ÞÞ.

The smallest city sequence: fcPð1Þ; cPð2Þ; . . .cPðNÞg, Among them, Pð1Þ;
Pð2Þ; � � �P ðNÞ is the full arrangement of 1; 2; . . .N.

2.2 Overview of Ant Colony Algorithm and Implementation
Steps of Solving TSP Problem

2.2.1 An Overview of Ant Colony Algorithm

Ant colony algorithm is a probabilistic algorithm for finding optimal paths. In 90s
of last century, Italy scholar M. Dorigo simulated the path selection method of ants
searching for food, and then came to an algorithm. As a bionic algorithm, ant
colony algorithm has strong robustness. It is easy to integrate with other algorithms
to improve the performance of the algorithm. Global optimization has become a
powerful tool for solving complex combinatorial optimization problems. In recent
years, there are many ways to study path optimization based on genetic algorithm
and particle swarm optimization, in which the genetic algorithm has good global
search ability, but it has no characteristics of active optimization and has no
memory. Although particle swarm optimization can effectively optimize the
parameters of the system, its local optimization ability is poor; Therefore, ant
colony algorithm is the first choice for path optimization.

To facilitate the description of the ant colony model, first define the following
variables:

M Ant number;
n Number of cities;
dij Distance between (I, j)cities, i; j ¼ 1; 2; . . .; n;
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fij The number of pheromones on the t time path (i, j), i; j ¼ 1; 2; . . .; n;
uij The visibility of the path reflects the degree of Enlightenment from the

city to the city, uij ¼ 1
dij
;

a The number of pheromones on the t time path;
b The relative importance of enlightening information;
q Pheromone Volatilization Coefficient;
Dfði; jÞ The amount of information added to a path (I, J) in a cycle;
Dfkij The pheromone intensity of ant K placed on the edge of L (I, J);

pkijðtÞ The probability of an ant turning from a city to a city at a time;

tabuk The amount of pheromone remained in the path passed by the ants in
another iteration;

Q Taboo table, record the city where ants are walking now, and will not
choose cities from the table next visit.

2.2.2 The Steps to Solve the TSP Problem

Based on the above variables, the optimization steps of ant colony algorithm are
summarized as follows:

Step 1: parameter initialization
Initialization parameters m, a, b, q, Q, Command t = 0, Cycle times Nc = 0,

The maximum cycle number is Ncmax; The amount of information on each path at
the initial time is fijð0Þ ¼ C (C is a constant), Dfijð0Þ ¼ 0.

Step 2: construction path
M ants are randomly placed in n cities, and the taboo list of each ant is updated

to make the first element the ant’s current city.
Step 3: determine the transfer probability
At t, the probability of ant K moving from city to next city is:

pk i; jð Þ ¼
f i;jð Þ½ �a� u i;jð Þ½ �bP

s2Jk tð Þ f i;sð Þ½ �a� u i;sð Þ½ �b if j 2 Jk

0 otherwise

(

At the same time, the j is put into the taboo table of ant K, so cycle, until all the
ants complete the tour of the n city; Jk indicates that the next step can allow access
but not access to the logistics point;

Step 4: determine the path length
Calculate the travel path length Lkðk ¼ 1; 2; . . .mÞ of each ant, and record the

current optimal traversal sequence and path length.
Step 5: pheromone update
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After all ants find a legal path, they update the information:

fij tþ 1ð Þ ¼ 1� pð Þfij tð Þþ
X

m
fkij t; tþ 1ð Þ ð2Þ

Mfkij t; tþ 1ð Þ ¼
Q
Lk

If the ant passes i; jð Þ
0 otherwise

�

Among them, Q indicates that the trajectory of ants is normal (101000). Lk

indicates the length and the path of the ant K in this tour.
Step 6: to each side ði; jÞ, Dfij ¼ 0, Nc ¼ Ncþ 1.
Step 7: judge whether Nc reaches Ncmax, if Nc�Ncmax, then turn to Step 2;

otherwise, go to step 8;
Step 8: output results. The optimal solution of this experiment is output.
Based on the description of the model above, the operation flow chart of the ant

colony algorithm is compiled, as shown in Fig. 1.

3 Optimization and Analysis of Parameter Setting of Ant
Colony Algorithm

From the above mathematical model, we can see that if the parameter is not set
properly, it will lead to slow solution and poor quality of the solution. Therefore,
the determination of reasonable parameter values will help to improve the con-
vergence speed and global optimization ability of the algorithm. In the ant colony
algorithm, there are mainly three parameters that affect the performance of the
algorithm, that is, pheromone elicitation factor a, expected heuristic factor b and
pheromone volatilization coefficient q. Based on this, this paper mainly analyzes
and tests the three parameters of alpha, beta and Rho, and then determines the
reasonable value.

3.1 Pheromone Elicitation Factor Alpha and Expectation
Heuristic Factor Beta Analysis

Pheromone heuristic factor alpha reflects the intensity of the information accu-
mulated by ants in the process of movement to the leading role of the following
ants. It also reflects the intensity of the ants’ effect on the random factors in the path
search: the greater the alpha value, the stronger the amount of information accu-
mulated for the path selection of the succeeding ants. The possibility of ants to
choose the previous path is greater, the ant cooperation is strengthened and the
convergence speed is quicker, but the search randomness is weakened, the search
space becomes smaller and the algorithm is easily trapped in the local optimal,
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Fig. 1 Flow chart of the
running program of ant
colony algorithm
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which will reduce the global search ability of the algorithm, and when the alpha
value is too low, the search speed will be reduced, which will lead to the algorithm
difficult to find. The global optimal solution [9], the general alpha value range is
0.5–5.

Beta reflects the strength of the ant’s path length to the ants’ guiding role in the
course of the movement. The greater the beta value, the stronger the guiding role of
the heuristic information to the ants’ path selection, the faster the algorithm con-
verges, but it weakens the randomness of the ant colony in the optimal path search,
and the algorithm is easy to fall into the local optimal, and when the beta value is
too small It will make the ant quickly fall into local optimum, greatly reducing the
global optimization ability of the algorithm [9], the value of the general beta is 1–5.

In this paper, the effect of alpha and beta on the performance of ant colony
algorithm is discussed. When taking beta = 5, the alpha is {0.5, 1, 2, 5}, and the
other default values are: n = 15, m = 22, Q = 100, Nc = 200, P = 0.1. The data
used in the experiment are derived from the Eil51 city problem, and the data are
detailed in Appendix 1. The results of the experiment are shown in Table 1.

When the alpha = 1 is taken, the beta is {1, 2, and 5}, and the other default
values are n = 15, m = 22, Q = 100, Nc = 200, and Rho = 0.1, and the TSP
problem data used in the experiment is derived from the Eil51 city problem. The
results of the experiment are shown in Table 2.

The experimental results show that if the fast convergence performance of the
ant colony algorithm is increased and the accuracy of the search process is required,
the combination of alpha and beta values should be selected at the same time.
Therefore, based on the experimental results, the parameter values in this paper are
selected as: alpha = 1, beta = 5.

Table 1 Simulation results of combination of alpha and beta algorithms

Pheromone concentration influence
parameter A

Heuristic information influence
parameter B

Optimal path
length

0.5 5 458.382479

1 5 447.001731

2 5 459.590417

5 5 465.767435

Table 2 Simulation results of combination of alpha and beta algorithms

Pheromone concentration influence
parameter A

Heuristic information influence
parameter B

Optimal path
length

1 1 481.415788

1 2 461.263149

1 5 447.001731
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3.2 Numerical Analysis of Pheromone Volatiles

The size of Rho is directly related to the global optimization ability and conver-
gence speed of the ant colony algorithm. In general, the number of [0, 1] and 1- Rho
represent the degree of the pheromone’s retention, which indirectly reflects the
strong and weak relationship between the ants. The greater the value of Rho, the
more volatile of the path pheromone, the less the residual pheromone on the path,
the smaller the attractiveness to the subsequent ants, the weakening of the collab-
oration, and the reduction of the convergence speed. The smaller the value of Rho,
the greater the value of the retention coefficient 1- Rho, the longer the retention time
of the pheromone, the greater the possibility of the search of the previously sear-
ched path. The positive feedback function of this algorithm is strengthened,
although it can speed up the convergence speed, it will reduce the randomness and
search ability of the algorithm [10]. The value of pheromone Volatilization
Coefficient in this paper is set to {0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9}, and the
other default values are n = 15, m = 22, Q = 100, Nc = 200, and the TSP problem
data used in the experiment are derived from the Eil51 city problem. The results of
the experiment are shown in Table 3.

In order to select the pheromone volatility 1- Rho in ant colony algorithm, we
must consider the two performance indexes of global search ability and conver-
gence speed, and make a reasonable choice according to the two performance
indexes. Based on the above experimental results, the pheromone volatilization
coefficient is set to 0.5.

The selection of parameter values directly affects the global convergence and
solving efficiency of the ant colony algorithm. By analyzing and setting up three
important parameters, such as information Su Qifa factor alpha, expected heuristic
factor beta and pheromone volatilization coefficient rho, the parameter selection
value is determined, and then the convergence speed and global search of the
algorithm are improved. The effect of ability provides a parameter basis for
improving the efficiency of path optimization.

Table 3 Simulation results
of pheromone volatilization
coefficient P algorithm
performance

Pheromone volatilization coefficient
rho

Optimal path
length

0.1 448.317777

0.2 453.848623

0.3 446.568507

0.4 455.270271

0.5 445.624177

0.6 448.123656

0.7 454.123656

0.8 448.317777

0.9 448.384141
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4 Case Verification—Take Harbin Nan Gang District
Shun Feng Logistics Distribution Route as an Example

As the capital city of Harbin, Heilongjiang is the largest commercial center in the
north of Northeast China. The modern logistics industry in Harbin started late.
According to the statistical yearbook of Harbin, after 2014, the freight transporta-
tion was mainly carried by civil aviation, its total amount reached 38 thousand tons,
and up to 43 thousand tons [11] in 2015, and the transport volume of goods
increased year by year. Although the logistics industry in Harbin has some
advantages compared with other cities in the province, there is still a big gap
compared with other provincial capitals. In 2014, the freight volume of Zhengzhou
reached 22802 tons, and the freight volume of Hangzhou reached 293 million 350
thousand tons, and the freight volume of Guangzhou reached 965 million 530
thousand tons [12]. In the same year, the total freight transport volume of Harbin
reached 101 million 690 thousand tons. From this, we can see that the development
level of logistics industry in Harbin is still low. In April 2017, the Heilongjiang
Ministry of Commerce issued the implementation opinion of Heilongjiang Province
on promoting the development of trade and logistics industry, and pointed out that
promoting the construction of express logistics park to promote the rapid and
healthy development of the express industry in the province. In May of the same
year, the Harbin Municipal Committee held the demonstration meeting of “Harbin
logistics industry” “development plan of 13th Five-Year”, and discussed the
development plan of Harbin logistics industry. Therefore, based on the policies of
Heilongjiang and Harbin, it is of great practical significance to optimize the
logistics distribution route and improve the distribution efficiency in Harbin.

4.1 Data Selection

On this paper, through the Baidu map coordinate system, a total of 15 SF express
delivery points in Nangang District of Harbin are selected. The self extraction of
these self extracts is mainly concentrated in the places with large passenger flow
around the University, the shopping center, the residential area and so on. Harbin
Shun Feng Logistics in the city and the county area of 81 self promotion, and there
will be two times a day, 11 a.m. and 6 p.m. after the completion of the loading of
goods to their respective distribution, and then notify the customer to the nearest
point of view to pick up the goods. This paper focuses on the optimization of the
distribution path of 15 express delivery points in the Nan gang District of Shun
Feng Logistics in the morning time. A cargo container vehicle from the general
distribution point of Nan gang district is sent to the other 14 self lifting points. Each
time, only once, after all the self lifting, the cargo is returned to the starting point
and does not consider the congestion. The shortest path of the process. Specific data
information is detailed in Table 4.
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4.2 Data Processing

In order to simplify the calculation of data, this paper takes the distance of two point
coordinates instead of the actual distance and transforms the coordinate data. At the
same time, it is convenient for data processing. In this paper, we choose the data
after the decimal point of latitude and longitude as the coordinate data. As the
latitude and longitude across the earth is a 1/360 of a latitude and longitude circle, it
is about 111 km. Therefore, the latitude and longitude is converted to the data of
rice as a unit, and the specific data are as follows:

Coordinate after conversion ¼ latitude and longitude � 11;000 m[14].
The converted data are shown in Table 5 as follows:

Table 4 Self lifting latitude and longitude coordinates of SF logistics in Nan gang District

Self lifting
number

Self lifting name Latitude and
longitude

1 Shun Feng District Department 126.67027, 45.709242

2 Self lifting of Zhongshan Road
No. 244 in Nangang District

126.660429, 45.755093

3 Self lifting of No. 145, the
Yellow River Road, Nangang District

126.714869, 45.763718

4 The self lifting of No. 62,
Yan Xing Road, Nangang District

126.614208, 45.721168

5 The business point of Liaoyang
street in Nangang District

126.663753, 45.769298

6 Nangang district collection
garden business point

126.644613, 45.689934

7 Qinghua Street business point
in Nangang District

126.608173, 45.72269

8 Business point of West Bank
of Jianqiao in Nangang District

126.592672, 45.697519

9 Business point of Shenyang street
in Nangang District

126.653249, 45.756799

10 The business point of Liaohe
District in Nangang District

126.686423, 45.766538

11 The self lifting of SF EXPRESS
in Nangang District

126.635195, 45.684517

12 The self lifting of Nangang
district business place

126.542173, 45.747582

13 The prosper street of Kazakhstan 126.641739, 45.747731

14 The self lifting of the family District
of the Xuefu Road, Heilongjiang University

126.62866, 45.716998

15 The self lifting of the Southern Campus
of Harbin Normal University

126.632253, 45.730743

Data source The Baidu map coordinate system [13]
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4.3 Parameter Setting

Through the analysis of the parameters in the previous article, n = 15, m = 22;
alpha = 1; beta = 5; rho = 0.5 are selected in this case; the maximum cycle times
NC_max = 200; the release of the pheromone Q = 100. The setting of specific
parameters is shown in Table 6. The detailed code is shown in annex two.

Table 5 Coordinate values after conversion of X, Y data

Self lifting
number

Self lifting name After
conversion
X

After
conversion
Y

1 Shun Feng District Department 74399.97 78725.86

2 The Self lifting of Zhongshan Road No. 244 in
Nangang District

73307.62 83815.32

3 Self lifting of No. 145, the Yellow River Road,
Nangang District

79350.46 84772.70

4 The self lifting of No. 62, Yan Xing Road,
Nangang District

68177.09 80049.65

5 The business point of Liaoyang street in
Nangang District

73676.58 85392.08

6 Nangang district collection garden business
point

71552.04 76582.67

7 Qinghua Street business point in Nangang
District

67507.20 80218.59

8 Business point of West Bank of Jianqiao in
Nangang District

65786.59 77424.61

9 Business point of Shenyang street in Nangang
District

72510.64 84004.69

10 The business point of Liaohe District in
Nangang District

76192.95 85085.72

11 The self lifting of SF EXPRESS in Nangang
District

70506.65 75981.39

12 The self lifting of Nangang district business
place

60181.20 82981.60

13 The prosper street of Kazakhstan 71233.03 82998.14

14 The self lifting of the family District of the
Xuefu Road, Heilongjiang University

69781.26 79586.78

15 The self lifting of the Southern Campus of
Harbin Normal University

70180.08 81112.47
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4.4 Path Optimization of Ant Colony Algorithm

The results are as follows: MATLAB simulation results are as follows:
The shortest path (Shortest_Route) is 1-6-11-14-4-7-8-12-15-13-9-2-5-10-3-1.
The shortest path length (Shortest_length) is 49113.73 m.
The shortest path graph and convergence curve are shown in the following figure
respectively (Figs. 2 and 3).

It can be found that the average path of the pheromone volatilization is still
fluctuating because of the effect of pheromone volatilization, and the global opti-
mization is still carried out, and it does not fall into the local optimal. Therefore, the
effect of the ant colony algorithm on the optimization of distribution path is proved.

Table 6 Correlation
parameter values of ant
colony algorithm

Parameter Numerical value

a (Information heuristics) 1

b (Expectation inspiring factor) 5

q (Number of iterations) 0.5

m (Number of ants) 22

n (Urban scale) 15

Q (Pheromone intensity) 100

Nc (Pheromone volatilization factor) 200

Fig. 2 Shortest path
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5 Conclusion

Logistics distribution is an important part of logistics activities. It is the main
research direction of this paper to optimize distribution routes and improve distri-
bution efficiency. In this paper, we use ant colony optimization algorithm and
experimental simulation to determine reasonable parameter values to study logistics
distribution routing optimization problem. Taking the logistics of SF in Nangang
District of Harbin as an example, the shortest distribution route was determined by
Matlab simulation experiment, which verified the feasibility and efficiency of the
ant colony optimization algorithm and parameter value in the previous article.
Finally, we achieve the purpose of selecting reasonable distribution routes and
optimizing logistics distribution routes.

Acknowledgements This paper is funded by the International Exchange Program of Harbin
Engineering University for Innovation-oriented Talents Cultivation.
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A Comparative Analysis of Wages Level
of Private Enterprises in 30 Provincial
Administrative Regions in China Based
on Principal Component Analysis

Shuang Zheng

Abstract Through the analysis of 19 statistical indicators of wages level in dif-
ferent industries in 30 provincial administrative regions, the principal component
analysis method is used to compare and analyze the wage levels of private enter-
prises in different provincial administrative regions in China. A region with a score
greater than 0 indicates that private enterprises have a better wage level, and a
comprehensive score of less than 0 indicates that private enterprises have poorer
wage development. Among them, Beijing’s private enterprises have the highest
overall wage rate, which is much higher than other provincial administrative
regions. The study also found that there is a certain degree of similarity between the
level of wages of private enterprises in various regions and their level of economic
development.

Keywords Principal component analysis � Private enterprise � Wage level

1 Introduction

The development of private enterprises reflects the economic vitality of a country
and region, and it is of great positive significance to many aspects such as
employment and economic development in countries and regions. Especially in the
current state-owned mixed ownership reform of state-owned enterprises, private
companies have played a very important role. The salary level of private enterprises
reflects the ability of private enterprises to attract talents and the development of
private enterprises. It is of great significance to study the wage levels of the private
enterprise.

The study of the development level of private enterprise wages is of great
significance in many aspects. Bao Shufang learned from the study of the wage
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regulation of Shanghai private enterprises in the early years after the founding of the
People’s Republic of China: The wage level of private enterprises has a lot to do
with the initial exploration of the party and the government in the field of income
distribution. In addition, it also reflects the demands of private enterprise workers in
the interests and the complex relationship between the aspect and the country [1].
Wang Yunzhong conducted an analysis of the level of actual labor remuneration of
private industrial enterprises and compared them with other relevant factors, and
measured the increase in the pay of private industrial enterprises in China [2]. Pan
Qifan has conducted in-depth research on the differences in wage levels between
domestic and foreign public and private enterprises through literature review
methods [3].

There have been many achievements in the study of economic issues through
principal component analysis. Wei Jing et al. analyzed and processed relevant data
of 15 prefectures and cities in Xinjiang through principal component analysis and
other methods, and obtained that comprehensive scores and ranks of the open levels
in various regions of Xinjiang [4]. Luo Xiaoxun et al. used the principal component
analysis method to conduct a detailed study of theater performance evaluation,
through the construction of multi-level index system [5]. Kong Fanbin et al. used
principal component analysis to measure and rank industrial scale competitiveness,
industrial structure competitiveness, industrial efficiency, industry innovation
competitiveness, industrial ecological competitiveness, and comprehensive indus-
trial competitiveness of the Yangtze River Economic Belt along the Yangtze River
in 2010–2014. And they also conducted a comparative study [6].

Based on the above studies, this paper is based on data from 30 other provincial
administrative regions except Hong Kong, Macao, Taiwan, and Tibet in the “China
Statistical Yearbook”. And selecting 19 average wages for different industries of
statistical indicators, using principal component analysis, the salary level of private
enterprises in China is researched in this paper.

2 Problem Description and Mathematical Description

In accordance with the principle of data availability, systematization, scientificity,
and objectivity, the 2012 the average wages of employees for sub-regions in
Different industries is selected to conduct in-depth research on the issues in this
paper. According to the fourth part of the “China Statistical Yearbook (2013)”
(hereinafter collectively referred to as the “Yearbook”): Table 4-16 of the
employment of employees and wages. (Note: Since 2013 and previous “Yearbook”
data can be directly linked with EXCEL, for the convenience of the study, as well
as taking into account the timeliness and scientific nature of the data, the data in the
2013 “Yearbook” is selected in this paper.)

According to the classification of the “Yearbook”, in the study of the wage level
of the private enterprise the average wage level of each industry is selected as the
index. They are as follows:
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X1, Average wages for farming, forestry, animal husbandry, and fishery (unit: yuan,
the same for each index unit below, no longer listed separately);
X2, Average wage for mining industry;
X3, Average wage for manufacturing industry;
X4, Average wage in water, electricity, heat, gas production and supply industry;
X5, Average wage in construction industry;
X6, Average wage in wholesale and retail trade;
X7, Average wage in transportation, warehousing and postal services;
X8, Average wage in accommodation and catering industry;
X9, Average wage in software and information technology services;
X10, Average wage in the financial industry;
X11, Average wage in real estate;
X12, Average wage in rental and business services;
X13, Average wage in scientific research and technical services;
X14, Average wage in water, environmental, and public facilities management;
X15, Average wages in resident services, repairs, and other service sectors;
X16, Average wages in the education sector;
X17, Average wages in health and social work;
X18, Average wages in the culture, sports, and entertainment industries;
X19, Average wages in Public management, social security, and social organization,
a total of 19 indicators.

The sample was selected as the data of 30 other provincial administrative districts
except Hong Kong, Macau, Taiwan and Tibet.

3 Model Establishment

In the study of this paper, the study of the wage level of the private sector involves
19 indicators, which are denoted by X1;X2; . . .;X19 respectively. The
19-dimensional random vector composed of the 19 indicators is
X ¼ X1;X2; . . .;X19ð Þ0.

A new synthesis variable can be formed through the linear transformation of X,
which can be expressed with X, satisfying the following formula:

Y1 ¼ u11X1 þ u12X2 þ � � � þ u1�19X19

Y2 ¼ u21X1 þ u22X2 þ � � � þ u2�19X19

. . .
Y19 ¼ u19�1X1 þ u19�2X2 þ � � � þ u19�19X19

8

>

>

<

>

>

:

ð1Þ

Among them, u0iui ¼ 1, that is, u2i1 þ u2i2 þ � � � þ u2ip ¼ 1. Yi and Yj are not related to
each other. (i 6¼ j; i; j ¼ 1; 2; . . .; 19).

Let the covariance matrix of the random vector X ¼ X1;X2; . . .;X19ð Þ0 be
R.k1 � � � � � kp is the eigenvalue of R, which c1; . . .; cp is the standard orthogonal
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eigenvector corresponding to each eigenvalue of the matrix R. Then the first i
principal component Yi can be expressed as:

Yi ¼ c1iX1 þ c2iX2 þ � � � þ c19iX19 i ¼ 1; 2; . . .; 19ð Þ ð2Þ

where varðYiÞ ¼ c0iRci ¼ ki. And covðY i;YjÞ ¼ c0iRcj ¼ 0 i 6¼ jð Þ.
In the following, the model is further analyzed by using SPSS software and the

indicator data in this paper.

4 Model Analysis

Firstly, data standardization function of SPSS 21.0 statistical software was used to
standardize the data of the 19 indicators in the 30 provincial administrative regions
selected in this paper, which will provide the basis for the next step of the principal
component analysis.

Selecting standardized data, SPSS 21.0 statistical software is used to calculate
the corresponding eigenvalues, variance contribution rates, cumulative variance
contribution rates, and factor loading matrix data for each factor. First, view result
of the eigenvalue greater than 1 as the principal component analysis result
according to the default, and calculate the total variance of the interpretation of each
factor, as shown in Table 1.

It is shown from Table 2 that the variance of first 3 principal components
accounted for 80.794% of the total variance. It do not satisfy the general require-
ment of 85% of the cumulative variance contribution rate in the principal compo-
nent analysis. At this point, change the condition setting to set the number of output
factors to 4. At this time, using SPSS 21.0 again for statistical analysis, the results
are as shown in Table 2.

From the output of Table 3, we can see that the ratio of the variance of the first
four principal components,Y1, Y2, Y3 and Y4, to the total variance is 85.228%. We
select the first principal component Y1, the second principal component Y2, the third
principal component Y3 and the fourth principal component Y4. And the variance of
the four principal components accounts for 85.228% of the total variance, that is,
basically retains the information of the original indicator, so that the original 19
indicators are converted into 4 indicators, and the number of indicators is greatly
reduced. It has played a very good dimension reduction effect.

The factor load matrix obtained by SPSS 21.0 software is shown in Table 3.
By dividing each element of the first column of the component matrix output

from the result of the factor analysis module of SPSS 21.0 by the square root of the
third eigenvalue. The coefficient of the first i principal component of the principal
component analysis can be obtained. The results are shown in Table 4.

Using SPSS 21.0 software to analyze and process the coefficients of each
principal component in the principal component analysis in Table 5, the scores of
each principal component of 30 provincial administrative regions in China can be
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Table 2 Total variance explained

Component Initial eigenvalues Extraction sums and squared loading
Total % of variance Cumulative % Total % of variance Cumulative %

1 12.577 66.194 66.194 12.577 66.194 66.194
2 1.719 9.047 75.241 1.719 9.047 75.241
3 1.055 5.553 80.794 1.055 5.553 80.794
4 0.842 4.434 85.228 0.842 4.434 85.228
5 0.628 3.307 88.535
6 0.471 2.479 91.014
7 0.420 2.208 93.223
8 0.281 1.477 94.700
9 0.223 1.175 95.875
10 0.166 0.872 96.747
11 0.154 0.809 97.556
12 0.129 0.681 98.238
13 0.097 0.512 98.749
14 0.085 0.449 99.199
15 0.058 0.304 99.503
16 0.040 0.211 99.713
17 0.029 0.155 99.868
18 0.016 0.086 99.954
19 0.009 0.046 100.000
Extraction method: principal component analysis

Table 1 Total variance explained

Component Initial eigenvalues Extraction sums and squared loading
Total % of variance Cumulative % Total % of variance Cumulative %

1 12.577 66.194 66.194 12.577 66.194 66.194
2 1.719 9.047 75.241 1.719 9.047 75.241
3 1.055 5.553 80.794 1.055 5.553 80.794
4 0.842 4.434 85.228
5 0.628 3.307 88.535
6 0.471 2.479 91.014
7 0.420 2.208 93.223
8 0.281 1.477 94.700
9 0.223 1.175 95.875
10 0.166 0.872 96.747
11 0.154 0.809 97.556
12 0.129 0.681 98.238
13 0.097 0.512 98.749
14 0.085 0.449 99.199
15 0.058 0.304 99.503
16 0.040 0.211 99.713
17 0.029 0.155 99.868
18 0.016 0.086 99.954
19 0.009 0.046 100.000
Extraction method: principal component analysis
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obtained. The variance contribution rate of each principal component accounts for
four main components. The proportion of the component variance contribution rate
is used as the weight. With Excel, the weighted summary can be obtained for the
wage level Y of the 30 provincial administrative regions. The formula is as follows:

Y ¼
X
19

i¼1

ki
k1 þ k2 þ � � � þ k19

Yi ð3Þ

The calculation results are shown in Table 5.

Table 3 Component matrixa

Composition

1 2 3 4

X1 Average wages for farming, forestry, animal
husbandry, and fishery

0.841 0.294 −0.331 −0.011

X2 Average wage for mining industry 0.313 0.815 0.062 −0.339

X3 Average wage for manufacturing industry 0.948 0.168 −0.094 −0.066

X4 Average wage in water, electricity, heat, gas
production and supply industry

0.618 0.273 0.551 −0.070

X5 Average wage in construction industry 0.829 0.167 −0.198 −0.207

X6 Average wage in wholesale and retail trade 0.941 −0.020 −0.152 −0.044

X7 Average wage in transportation, warehousing
and postal services

0.907 −0.006 −0.262 0.023

X8 Average wage in accommodation and catering
industry

0.909 −0.076 −0.100 0.058

X9 Average wage in software and information
technology services

0.809 −0.339 0.266 0.133

X10 Average wage in the financial industry 0.728 −0.033 0.590 −0.053

X11 Average wage in real estate 0.848 0.275 0.147 −0.037

X12 Average wage in rental and business services 0.930 −0.252 −0.075 0.085

X13 Average wage in scientific research and
technical services

0.829 −0.368 −0.031 0.029

X14 Average wage in water, environmental, and
public facilities management

0.813 0.020 0.003 −0.008

X15 Average wages in resident services, repairs,
and other service sectors

0.858 0.001 −0.164 −0.095

X16 Average wages in the education sector 0.866 −0.178 0.056 0.187

X17 Average wages in health and social work 0.880 −0.255 0.097 −0.089

X18 Average wages in the culture, sports, and
entertainment industries

0.920 −0.041 −0.030 0.066

X19 Average wages in Public management, social
security, and social organization

0.216 0.585 0.009 0.763

Extraction method: principal component analysis
a4 components have been extracted
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5 Explain Model Results

Through the analysis of the above model and the study of the results, we can get the
following rules:

(1) In the research on the wage level of private enterprises in 34 provincial-level
administrative regions of China, the cumulative contribution of the four prin-
cipal components selected in this paper accounts for 85.228% of the total,
indicating that there is a good interpretation effect of principal component
analysis method for analyzing this issue.

(2) It can be seen from Table 5 that the private enterprises in Beijing have the
highest wage level, and its comprehensive score is 3.24 higher than Tianjin,
which ranks second, indicating that the wage level of private enterprises in
Beijing is much higher than that of other provincial administrative regions. In
Sichuan Province and other 18 provincial administrative regions, the compre-
hensive scores of are negative, and a negative composite score does not indicate
that the private enterprises in the region have negative wages. Can only rep-
resent the private sector in the region where wages are low.

(3) By comparing relevant statistical data, it can be seen from Table 5 that the
private sector has a higher wage level (in this article, the provincial adminis-
trative district with a comprehensive score greater than 0 is defined as the
higher wage level of the private sector), the level of development is also good,

Table 4 Coefficients of
principal components

Y1 Y2 Y3 Y4

X1 0.237 0.224 −0.323 −0.012

X2 0.088 0.621 0.061 −0.370

X3 0.267 0.128 −0.091 −0.072

X4 0.174 0.208 0.537 −0.076

X5 0.234 0.127 −0.193 −0.226

X6 0.265 −0.015 −0.148 −0.048

X7 0.256 −0.005 −0.255 0.025

X8 0.256 −0.058 −0.097 0.063

X9 0.228 −0.258 0.259 0.145

X10 0.205 −0.025 0.575 −0.058

X11 0.239 0.210 0.143 −0.040

X12 0.262 −0.192 −0.073 0.092

X13 0.234 −0.281 −0.031 0.031

X14 0.229 0.015 0.003 −0.009

X15 0.242 0.001 −0.160 −0.103

X16 0.244 −0.135 0.055 0.204

X17 0.248 −0.195 0.095 −0.097

X18 0.260 −0.031 −0.029 0.072

X19 0.061 0.446 0.009 0.832

A Comparative Analysis of Wages Level of Private Enterprises … 85



indicating that there is a certain correlation between the level of wages in the
private sector and the level of economic development, and further research can
be conducted on the basis of this article.

Table 5 Principal component scores and comprehensive scores of each region

Provinces Y1 Y2 Y3 Y4 Y Rank

Beijing 10.585 0.183 1.815 0.553 7.148 1

Tianjin 5.673 1.982 −1.048 0.707 3.908 2

Zhejiang 4.353 −1.004 0.110 −1.353 2.737 3

Jiangsu 4.145 −0.843 −0.682 −1.043 2.583 4

Chongqing 3.479 1.077 0.817 0.447 2.466 5

Guangdong 4.101 −2.504 −0.850 −0.713 2.409 6

Fujian 3.229 0.320 −1.239 0.236 2.108 7

Shandong 2.504 1.172 −0.325 0.817 1.782 8

Inner mongolia 1.872 2.059 −0.521 0.435 1.416 9

Shanghai 2.233 −4.674 0.689 1.235 1.148 10

Anhui 0.298 0.841 −1.038 0.762 0.249 11

Xinjiang 0.311 1.425 −0.529 −2.316 0.202 12

Sichuan −0.143 −0.046 0.072 −1.040 −0.141 13

Liaoning −0.320 0.354 −0.403 0.762 −0.168 14

Hebei −1.024 0.609 −0.609 1.285 −0.600 15

Guangxi −1.463 −0.363 −0.395 −1.035 −1.069 16

Hunan −1.708 0.481 0.108 0.012 −1.080 17

Henan −1.759 0.011 −0.378 −0.035 −1.186 18

Hubei −2.046 −0.378 1.476 0.938 −1.265 19

Shanxi −1.902 −0.234 −0.096 0.058 −1.283 20

Guizhou −2.484 1.188 3.808 −0.014 −1.326 21

Ningxia −2.221 0.923 −0.038 −0.172 −1.396 22

Jiangxi −2.181 −0.318 0.601 −0.891 −1.478 23

Jilin −2.459 −1.264 −0.016 −0.651 −1.772 24

Qinghai −3.028 −0.617 −0.648 −0.692 −2.127 25

Shanxi −3.481 0.739 0.894 −1.431 −2.251 26

Henan −3.645 −0.332 −0.032 0.666 −2.415 27

Heilongjiang −3.693 −0.068 0.037 0.597 −2.422 28

Gansu −4.411 −0.507 −0.425 0.872 −2.951 29

Yunnan −4.814 −0.213 −1.152 1.009 −3.225 30
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6 Conclusion

Through the analysis of 19 statistical indicators of wage levels in different industries
in 30 provincial administrative regions, the development level of private enterprises
in different provincial administrative regions in China is studied. A region with a
score greater than 0 indicates that the wage level of the private sector has developed
fairly well, and a region with a combined score of less than 0 indicates that the wage
level of the private sector is developing poorly. Among them, the private enterprise
in Beijing has the highest comprehensive score of wages, which is much higher
than other provincial-level administrative regions. There is a certain degree of
similarity between the level of wages of private enterprises in various regions and
their level of economic development.
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Study on the Improvement Strategy
of Urban Traffic Congestion
in Shandong Province Based on Internet
of Things

Xiaoli Li, Haifeng Wang and Lijing Yu

Abstract The acceleration of urbanization raise higher challenges to traffic flu-
ency. The contradiction between public travel demand and transportation carrying
capacity has become increasingly prominent, and the traffic congestion problem is
showing an upward trend. Under the background, the paper combines the current
situation of urban traffic in Shandong Province, and integrates related technologies
of the Internet of Things, proposes the traffic congestion improvement strategies
with the characteristics of information sharing, forecasting intelligence and regu-
latory integration, provides real-time comprehensive and authoritative information
for the traffic, provides theoretical support for optimizing the current status of urban
traffic in Shandong Province.

Keywords Internet of Things � Intelligent transportation � Congestion

1 Introduction

Accompanied by the accelerating pace of urban development, urban traffic faces
increasing pressure. As one of the provinces with the highest population scale and
economic strength, actively using intelligent means to optimize urban traffic and
laying track for the overall development of the national economy become extremely
urgent for Shandong Province.

From the data presented in Table 1, we can easily see the total population and
private car ownership in Shandong Province have shown an upward trend in recent
years, especially the increase in the private car ownership; Although traffic mileage
and railway mileage have also shown an increasing trend, per capita urban road area
has stagnated or even declined. A series of data indicates that the traffic situation in
Shandong Province is facing severe challenges in the new era.
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For traffic conditions, different studies give different classifications. According to
the relevant regulations of “Urban Traffic Operations Evaluation Standards”, urban
road traffic conditions are basically divided into: smooth, basic, mild, moderate, and
severe congestion [4]. According to investigations by relevant departments, Jinan
ranked 1st in the “China Block City Ranking” published in January 2018, 18 in
Yantai, and 20 in Tai’an. In the investigation of traffic congestion in 294
prefecture-level cities in China, Shandong Province occupies 3 seats in the top 20
provinces. It also shows that the urban traffic in Shandong Province is facing a
severe test, and it is urgently needed to scientifically plan and rationally allocate it
based on the existing conditions. Under the “Internet +” environment, we will
actively play our network advantage and rely on the Internet of Things technology
to fully integrate “Intelligent” resources and reduce congestion.

This paper is based on the Reality of urban traffic in Shandong, using the Internet
of Things technology, building an intelligent platform and proposes improved
strategies for improving the urban traffic congestion in Shandong Province.

2 Internet of Things Technology in Intelligent
Transportation

The Internet of Things is widely used in modern intelligent transportation for traffic
congestion management and grooming, traffic incident management, regional road
network traffic flow organization, road network control and guidance, extraction of
traffic flow features, and traffic status discrimination and forecasting. For urban
transport, the main application scenarios include the following.

Table 1 Statistics of some indicators of Shandong traffic over the years

Compare items Years

2014 2015 2016

Total population (Ten thousand) 9789.43 9847.16 9949.64

Urban population density (People/km2) 1426 1452 1502

Private car ownership (unit) 12443277 13911321 15791483

Highway mileage (km) 259514 263447 265720

Railway traffic mileage (km) 4546 4863 4882

Inland navigation mileage (km) 1150 1150 1150

Per capita urban road area (m2) 25.8 25.8 24.7

Note The data comes from 《Shandong Statistical Yearbook》 (2014, 2015, 2016) [1–3]

90 X. Li et al.



2.1 Intelligent Electronic License Plate

The intelligent electronic license plate refers to the high-precision identification,
high-accuracy acquisition, and high-sensitivity technical features of the integrated
radio frequency identification technology. An electronic license plate label is
installed on the basis of an ordinary license plate, and an RFID electronic license
plate is used as a vehicle information carrier. When passing through a section
equipped with an authorized RFID reader, data on smart vehicle license plates of
each motor vehicle is collected or written. The emergence of intelligent electronic
license plates allows vehicles to have an “Identity Card” that uniquely identifies
information. This played a role in reducing the number of violations such as
decking, counterfeit cards, and license plate alterations.

With intelligent devices and wireless networks, information reading of intelli-
gent electronic license plates can be achieved. At the same time, dynamic infor-
mation such as vehicle speed and positioning can be obtained. By integrating the
reading of other Internet of Things technologies, we can accurately achieve
real-time traffic flow statistics. This will provide a basis for traffic forecasting and
also provide information support for the work of the relevant law enforcement or
management department.

2.2 Electronic Police

The setting up of the electronic police is mainly for the service of the public security
organs. The intelligent monitoring system for the transportation industry adopts the
most advanced video detection technologies and algorithms to implement video
surveillance systems, Red light electronic police system, speeding electronic police
systems, security subsystems and other subsystems. Through the system platform
which integrated the powerful management functions and information processing
functions can integrate various functional subsystems such as illegal processing,
information management, media scheduling, central storage, information release,
comprehensive inquiry, and emergency command, thus forming a complete intel-
ligent transportation system.

2.3 Intelligent Parking System

The realization principle of the intelligent parking system is based on wireless
network communication technology, GPS positioning technology, GIS positioning
technology and related mobile terminals and other technologies that are applied to
the collection, query, management and prompt information push of the city parking
space information, so that the parking information is updated in time, push in time,
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and strive to achieve the maximum utilization of parking lot resources, the opti-
mization of parking facilities for car owners and the maximization of car park profits.

2.4 Intelligent Bus

The principle of intelligent public transportation is based on on-board GPS devices,
cameras and various sensors installed on buses. The intelligent public transportation
system can be used for real-time positioning and automatic tracking of vehicles,
real-time display and statistics of operational information, history (track) record
query playback, image monitoring and operations. Line settings, over speed,
cross-border and cross-line alarm, vehicle rollover and collision alarm, illegal door
opening alarm function, information notification function and scheduling informa-
tion display, driving recorder and remote wireless collection, full speed, trajectory
curve analysis, vehicle history speed Curves and reports, vehicle comprehensive
information query, station management and automatic reporting station functions.

3 The Improvement Strategy of Urban Traffic Congestion
in Shandong Province Based on Internet of Things

3.1 Perfect Shandong Traffic Information Sharing Platform

The main body of traffic consists of people, cars and roads. Loss of information
from any party will affect the comprehensiveness of real-time traffic information
prediction. Under the “Internet +” context, it is particularly important to integrate
the Internet of Things technology to obtain full-fledged information and improve
Shandong’s traffic information sharing platform.

The content of the information sharing platform is actually a complex of multiple
data sources. At present, information about people, vehicles, and roads exists in
different databases. The data sharing platform achieves the purpose of sharing by
realizing the interconnection, conversion, and sharing of these homogeneous or
heterogeneous data. The data stored in the information sharing platform can be
divided into dynamic data, static data, and historical data from the type. The
dynamic data is obtained through intelligent traffic monitoring systems, such as
traffic flow, environmental status information, real-time vehicle information, traffic
management information, and road maintenance information. Static information
data includes road network basic information, traffic facility distribution informa-
tion, and the like. Dynamic information and static information become history
information after being extracted, transformed, loaded, and refreshed. Because the
data formats adopted by these data are not the same, they must also undergo data
conversion, reorganization and normalization, and then be stored in the database to
form a unified format of data.
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3.2 Promotion of Regional Intelligent Parking System
Applications

The convenience of parking also has a direct or indirect effect on traffic congestion
to a certain extent. With the acceleration of urbanization and the increase of urban
population, urban land use is more precious. The reality is a lot more intense
residential area parking, public parking spaces are slightly lacking. Especially in
public places close to the main arterial line, if the parking is difficult, it will have a
direct impact on traffic congestion on the road section.

With the support of Internet of Things technology, the setting of the intelligent
parking system can improve the problem of parking difficulties to a certain extent.
Each parking space in the intelligent parking lot shall be equipped with a parking
space detector to obtain the real-time status information of the parking space and
pass it to the data processing terminal through the relevant information transmission
system. The terminal system integrated intelligent traffic integrated management
system and intelligent electronic license plate information to push free parking
space information to the vehicles in the vicinity of the path, and at the same time,
the parking space status information is displayed at the entrance of the parking lot
and in a conspicuous position. This can reduce the driver’s time for finding a
parking space and guides the driver to a smooth stop. This has an indirect mitigation
effect on the amount of traffic congestion, especially on the critical road sections of
the city.

3.3 Improve the Intelligence of Traffic Induction
and Guidance System

The induction is a prerequisite in the improvement strategy of urban traffic jams,
and the grooming strategy is the key. The phenomenon of urban traffic congestion is
an unavoidable event at present, and the occurrence of congestion requires the
support of appropriate evacuation strategies to ease traffic. The paper deduces the
application of intelligent grooming system with the support of Internet of Things
technology.

The intelligence of traffic induction system refers to the convergence of IoT
technologies, big data, and GPS positioning technology. It enables data acquisition
and timely analysis of vehicles and roads, and provides drivers with real-time
information such as traffic safety, weather, and road availability. The implemen-
tation of the traffic induction and guidance system mainly combines with the
intelligent traffic integrated monitoring system in the intelligent traffic integrated
management system, and calculates the traffic flow in real time through wireless
sensor technology, electronic license plate information and video data. The results
of the calculations are fed back to the road operating status map in a timely manner.
At the same time, information is displayed on key road sections such as traffic
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displays, the Internet, and navigation devices. In this way, traffic participants can
obtain road information in time and change routes in time to avoid congestion.

The intelligent principle of the traffic grooming system is: Analyze the abnormal
data in the induced intelligent system against the system evaluation model, analyze
the cause of traffic jams, and independently adjust the congestion line signal time
for signal sections, and extend the congestion direction time; For the absence of
traffic light segments, GPS vehicle positioning data acquisition, analysis of the
cause of congested road segments, forecast congestion market, push information to
the vehicles about to enter the road section, to achieve the purpose of intelligent
grooming.

3.4 Building Intelligent Traffic Integrated Management
System in Shandong Province

The improvement of urban traffic congestion needs the support of full information.
The integration of Internet of Things technology and big data technology collects
and analyzes traffic information in real time, and provides behavioral decision
support or data reference for traffic participants or managers. The main components
and operating mechanism of the system are shown in Fig. 1.

The system is mainly composed of an intelligent traffic comprehensive moni-
toring system, an intelligent traffic comprehensive analysis system, an intelligent
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Fig. 1 The operational mechanism of intelligent transportation integrated management system in
Shandong Province
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traffic signal control system, an intelligent traffic warning remote control system,
and a traffic information database. The operating mechanism of the system is based
on the “Monitor-Analysis-Adjustment-Implementation” mechanism. Its operation
object is the main body of traffic.

The intelligent traffic comprehensive monitoring system is a prerequisite for the
successful operation of the intelligent traffic integrated management system. The
subsystem automatically monitors event data and traffic flow data according to
different road conditions under the support of video surveillance data and micro-
wave wireless technology and provides data support for the intelligent traffic
comprehensive analysis system.

The main responsibility of the intelligent transportation comprehensive analysis
system is to perform cluster analysis on the data pushed in the previous stage and
obtain the current road operation status. For normal flow data storage, alarms need
to be issued for abnormal data; congested road sections need traffic signal control to
push information to intelligent traffic signal control system; for accidents, illegal
road sections information must be pushed to intelligent traffic police remote control
system to implement decision making.

The premise of the implementation of the intelligent traffic signal control system
is to achieve full coverage of the traffic signal control point, from the original
regional traffic signal point to the provincial traffic signal control surface. Traffic on
all surfaces must be under the centralized control of the traffic control center, and
the abnormal data of the analysis results can be combined with the intelligent traffic
grooming system to regulate and control work.

The main purpose of the intelligent traffic control remote control system is to
promote the remote control of the traffic police. With advanced technology, it helps
in the smart regulations of traffic accidents and the timely handling of traffic
accidents. Relying on the Internet platform, it can quickly handle traffic accidents
and prevent traffic accidents from escaping. Make the traffic police want to be
smart, fast and accurate.

4 Conclusion

The promotion of smart cities provides hardware and technical support for solving
the current status of urban traffic congestion. With the support of Internet of Things
technology, it improves the traffic information sharing platform, promotes the
application scope of regional intelligent parking systems, and improves the intel-
ligence of traffic grooming systems and the intelligent traffic integrated management
system. The promotion can relieve the current situation of urban traffic congestion.
To a certain extent, it can improve the overall control and information service level
of urban traffic in Shandong Province. It will provide strong technical support for
intelligent analysis of traffic information and changes in traffic management models.
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Inventory Lot-Sizing Optimization
with Supplier Selection Under Uncertain
Environment

Wenlong Li

Abstract This paper considers inventory lot-sizing optimization with supplier
selection (LS-SS) problem under uncertain environment where the demand of
products, the supplier-dependent transportation costs and the quality level of
products are all known but not exactly. These uncertain quantities are modeled by
using uncertainty theory which has been proved to be more suitable to model
uncertain quantities than probability theory and fuzzy theory in some situations. An
uncertain integer linear programming model is presented and then converted to
equivalent crisp model and is solved with a genetic algorithm. Finally, a numerical
example is show to illustrate the effectiveness of the proposed algorithm.

Keywords Inventory � Lot-sizing � Supplier selection � Uncertainty theory �
Genetic algorithm

1 Introduction

Inventory lot-sizing optimization with supplier selection (LS-SS) problem is a
decision-making optimization problem that has attracted much attention in the field
of logistics and supply chain management in recent years [1]. The goal of this
problem is to decide what products to order in what quantities with which suppliers
in which periods.

This problem consists of two subproblems: inventory lot-sizing problem and
supplier selection problem. The problem of inventory lot-sizing is to determine the
optimal production quantity or purchasing quantity of the product in each period in
a multi-period situation. The problem of supplier selection is to determine the best
supplier of the product in a multi-supplier situation. With the increasing importance
of supply chain management, few papers [2–5] take a combined look at the above
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two problems and proposed a LS-SS model. The enterprise decision-making in real
life is always contained with multi-product, multi-period and multi-supplier.
Therefore, the LS-SS model has strong practical significance and high research
value.

Few researchers [1, 6, 7] noticed the stochastic and recognitive uncertainties in
this model and developed the LS-SS model under uncertain demand and costs.
Purohit et al. [1] proposed an integer linear programming model under non-
stationary stochastic demand. Rezaei and Davoodi [6] considered demand and
inventory costs as fuzzy numbers and formulated the LS-SS problem as a fuzzy
mixed integer programming. However, the requirement of large sample size and
strong subject knowledge to build suitable distribution function or fuzzy membership
function restrict the applicability of probability theory and fuzzy theory in LS-SS
problem. In fact, neither probability theory or fuzzy theory is suitable for uncertain
quantities when the sample size is too small (even no-sample) [8]. Therefore, it is
necessary to seek a more applicable mathematical theory to model uncertainty.

In order to model uncertainty, the uncertainty theory was founded by Liu [9] in
2007 and refined by Liu [10] in 2010. In recent years, it has been widely used in the
field of science and engineering [11–14]. It has not been found that the uncertainty
theory is used in LS-SS problem. For this reason, an uncertain integer linear pro-
gramming model is proposed in this paper.

The remainder of this paper is organized as follows. In Sect. 2, some basic
concepts and results of uncertainty theory are introduced. In Sect. 3, a LS-SS model
based on uncertainty theory is presented and converted to equivalent crisp model. In
Sect. 4, a genetic algorithm is presented to solve this model. In Sect. 5, a numerical
example is shown to illustrate the effectiveness of the proposed algorithm. Finally,
in Sect. 6, conclusions and suggestions for future research are provided.

2 Uncertainty Theory

As mentioned before, uncertainty theory was founded by Liu in 2007 and refined by
Liu in 2010. There are three fundamental concepts in this theory: uncertain mea-
sure, uncertain variable and uncertain distribution. Interested readers may refer to
papers [8–10] for more details. Some useful definitions and theorems of uncertainty
theory are outlined as follows:

Definition 1 (Liu [9]) Let C be a nonempty set, and let A be a r-algebra over C.
Each element of Ais called an event. A set functionM is called an uncertain measure
if and only if it satisfies the following four axioms:

Axiom 1 (Normality) MfCg ¼ 1;

Axiom 2 (Monotonicity) MfAg�MfBg whenever A�B;
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Axiom 3 (Self-Duality) MfAgþMfAcg ¼ 1 for any event A;

Axiom 4 (Countable Subadditivity) Mf½UiAig�
P1

1 MfAig for any countable
sequence of events fAig.
Definition 2 (Liu [9]) Let C be a nonempty set, and let A be a r-algebra over it. If
M is an uncertain measure, then the triplet ðC;A;MÞ is called an uncertainty space.

Definition 3 (Liu [9]) Uncertain variable n is defined as a measurable function
from an uncertainty space ðC;A;MÞ to the set of real numbers R. That is, for any
Borel set B, we have: fc 2 CjnðcÞ 2 Bg 2 A.

Definition 4 (Liu [9]) Let n be an uncertain variable. Then the expected value of
n is defined as below provided that at least one of the two integrals is finite:

E½n� ¼
Z 1

0
Mfn� xgdx�

Z 0

�1
Mfn� xgdx ð1Þ

Theorem 1 (Liu [9]) Let n be an uncertain variable with regular uncertainty
distribution U and inverse uncertainty distribution U�1. Then the expected value of
the uncertain variable n with regular uncertainty distribution U is:

E[n�¼
Z 1

0
U�1ðaÞda ð2Þ

Theorem 2 (Liu [9]) Let n; g be uncertain variables with regular uncertainty
distribution U1;U2; respectively. Then for any real numbers a and b, we have:

E½anþ bg� ¼ aE½n� þ bE½g� ð3Þ

Theorem 3 (Liu [9]) Assume f ðx; n1; n2; . . .; nnÞ is strictly increasing with respect
to n1; n2; . . .; nm and strictly decreasing with respect to nmþ 1; nmþ 2; . . .; nn, and
gjðx; n1; n2; . . .; nnÞ are strictly increasing with respect to n1; n2; . . .; nk and strictly
decreasing with respect to nkþ 1; nkþ 2; . . .; nn for j ¼ 1; 2; . . .; p. If n1; n2; . . .; nn are
independent uncertain variables with regular uncertainty distributions
U1;U2; . . .;Un, respectively, then the uncertain programming

min E[f(x; n1; n2; . . .; nnÞ�
s:t:
Mfgjðx; n1; n2; . . .; nnÞ� 0g� aj; j ¼ 1; 2; . . .; p:

8<
: ð4Þ

is equivalent to the crisp mathematical programming:
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min
R 1
0 f x;U�1

1 ðaÞ; . . .;U�1
m ðaÞ;U�1

mþ 1ð1� aÞ; . . .;U�1
n ð1� aÞ� �

da
s:t:
gj x;U�1

1 ðajÞ; . . .;U�1
k ðajÞ;U�1

kþ 1ð1� ajÞ; . . .;U�1
n ð1� ajÞ

� �� 0; j ¼ 1; 2; . . .; p:

8<
:

ð5Þ

Theorem 4 (Liu [9]) Let n be a normal uncertain variable Nðe; rÞ with regular
uncertainty distribution U and inverse uncertainty distribution U�1. The inverse
uncertainty distribution of normal uncertain variable n is:

U�1ðaÞ ¼ eþ r
ffiffiffi
3

p

p
ln

a
1� a

ð6Þ

3 Mathematical Modeling

Based on the existing research results and uncertainty theory, an uncertain integer
linear programming model is presented and then converted to equivalent crisp
model in this section. The objective function of this model is the total costs
(TC) which is formulated as the sum of net purchase costs, ordering costs, holding
costs and transportation costs in all periods. The constraints of this model are
formulated as demand constraint, storage capacity constraint, quality level con-
straint, supplier capacity constraint and transportation ability constraint. The
uncertain demand, uncertain transportation cost and uncertain quality level are all
represented as uncertain variables. The following notations are used to formulate
this model.

3.1 Notations

Indices:

i index of products ði ¼ 1. . .IÞ
j index of suppliers ðj ¼ 1. . .JÞ
t index of periods ðt ¼ 1. . .TÞ
Parameters:

pij net purchase cost of product i from supplier j

oj ordering cost for supplier j

hi holding cost of product i per period

cij capacity of supplier j in production of product i per period

mi minimum acceptable quality level of product i

vj vehicle capacity of supplier j
(continued)
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(continued)

wi occupied space by product i in warehouse or vehicle

W total storage capacity

dit uncertain demand of product i in period t

gj uncertain transportation cost for supplier j per vehicle

fij uncertain quality level of product i offered by supplier j

Uit uncertainty distribution of uncertain variable dit
Gj uncertainty distribution of uncertain variable gj
Fij uncertainty distribution of uncertain variable fij
a1 confidence level that the demand constraint is satisfied

a2 confidence level that the storage capacity constraint is satisfied

a3 confidence level that the quality level constraint is satisfied

Decision variables:

xijt number of product i ordered from supplier j in period t

yjt binary integer: 1, if the order is given to supplier j in period t, 0, otherwise

zjt number of vehicles required by supplier j in period t

3.2 Objective Function

Net purchase costs:

X
i

X
j

X
t

pijxijt ð7Þ

Ordering costs:

X
j

X
t

ojyjt ð8Þ

Holding costs:

X
i

X
t

hi
Xt
k¼1

X
j

xijk �
Xt
k¼1

dik

 !
ð9Þ

Transportation costs:

X
j

X
t

gjzjt ð10Þ
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Therefore the objective function of this model is formulated as follow:

min E
X
i

X
j

X
t

pijxijt þ
X
j

X
t

ojyjt þ
X
i

X
t

hi
Xt
k¼1

X
j

xijk �
Xt
k¼1

dik

 !
þ
X
j

X
t

gjzjt

" #

ð11Þ

3.3 Constraints

Demand constraint:

M
Xt
k¼1

dik �
X
j

xijk

 !
� 0

( )
� a1 8i; t ð12Þ

Storage capacity constraint:

M
X
i

wi

Xt
k¼1

X
j

xijk �
Xt
k¼1

dik

 !
�W

( )
� a2 8t ð13Þ

Quality level constraint:

M
Xt
k¼1

X
j

ðmi � fijÞxijk � 0

( )
� a3 8i; t ð14Þ

Supplier capacity constraint:

xijt � cijyjt 8i; j; t ð15Þ

Transportation ability constraint:

X
i

wixijt � vjzjt 8j; t ð16Þ

Binary and non-negativity constraints:

yjt ¼ 0 or 1 8j; t ð17Þ

xijt � 0 8j; t ð18Þ
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3.4 Uncertain Programming Model

The resulting uncertain integer linear programming model looks as follows:

min E
P
i

P
j

P
t
pijxijt þ

P
j

P
t
ojyjt þ

P
i

P
t
hi

Pt
k¼1

P
j
xijk �

Pt
k¼1

dik

 !
þ P

j

P
t
gjzjt

" #
s:t:

M Pt
k¼1

dik �
P
j
xijk

 !
� 0

( )
� a1 8i; t

M P
i
wi

Pt
k¼1

P
j
xijk �

Pt
k¼1

dik

 !
�W

( )
� a2 8t

M Pt
k¼1

P
j
ðmi � fijÞxijk � 0

( )
� a3 8i; t

0� xijt � cijyjt 8i; j; t;
yjt ¼ 0 or 1 8j; tP
i
wixijt � vjzjt 8j; t

8>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>:

ð19Þ

3.5 Equivalent Crisp Model

Taking advantage of Theorems 1–3, Eq. 11 is equivalent to Eq. 20.

min
X
i

X
j

X
t

pijxijt þ
X
j

X
t

ojyjt

þ
X
i

X
t

hi
Xt
k¼1

X
j

xijk �
Xt
k¼1

Z 1

0
U�1

ik ð1� aÞda
 !

þ
X
j

X
t

zjt

Z 1

0
G�1

j ðaÞda

ð20Þ

Similarly, Eqs. 12–14 is equivalent to Eqs. 21–23.

Xt
k¼1

U�1
ik ða1Þ �

X
j

xijk

 !
� 0 8i; t ð21Þ

X
i

wi

Xt
k¼1

X
j

xijk �
Xt
k¼1

U�1
ik ð1� a2Þ

 !
�W 8t ð22Þ
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Xt
k¼1

X
j

mi � F�1
ij ð1� a3Þ

� �
xijk � 0 8i; t ð23Þ

Finally, the mathematical model 19 can be transformed into its equivalent crisp
model as shown in 24.

min
P
i

P
j

P
t
pijxijt þ

P
j

P
t
ojyjt

þ P
i

P
t
hi

Pt
k¼1

P
j
xijk �

Pt
k¼1

R 1
0 U

�1
ik ð1� aÞda

 !

þ P
j

P
t
zjt
R 1
0 G

�1
j ðaÞda

s:t:Pt
k¼1

U�1
ik ða1Þ �

P
j
xijk

 !
� 0 8i; t;

P
i
wi

Pt
k¼1

P
j
xijk �

Pt
k¼1

U�1
ik ð1� a2Þ

 !
�W 8t;

Pt
k¼1

P
j

mi � F�1
ij ð1� a3Þ

� �
xijk � 0 8i; t;

0� xijt � cijyjt; 8i; j; t;
yjt ¼ 0 or 1; 8j; t;P
i
wixijt � vjzjt; 8j; t:

8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

ð24Þ

In this paper, the dit is assumed to be a normal uncertain variable Nðedit; sditÞ, the
gj is assumed to be a normal uncertain variable Nðegj ; sgj Þ, and the fij is assumed to

be a normal uncertain variable Nðe fij ; s fijÞ, then according to Theorem 4, the sign of
integration and the inverse distribution functions in model 24 can be transformed
into flows:

Z 1

0
U�1

ik ð1� aÞda ¼ edik ð25Þ

Z 1

0
G�1

j ðaÞda ¼ egj ð26Þ

U�1
ik ða1Þ ¼ edik þ

ffiffiffi
3

p
sdik
p

ln
a1

1� a1
ð27Þ

U�1
ik ð1� a2Þ ¼ edik þ

ffiffiffi
3

p
sdik
p

ln
1� a2
a2

ð28Þ
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F�1
ij ð1� a3Þ ¼ e fij þ

ffiffiffi
3

p
s fij

p
ln
1� a3
a3

ð29Þ

4 Genetic Algorithm

Genetic algorithm (GA) is a random search and optimization algorithm based on
biological natural selection and genetic mechanism. The algorithm provides a
general framework for solving complex system optimization problems. With strong
robustness, GA is independent of the type and optimization function of the prob-
lem. In recent years, it has been widely used in function optimization, combinatorial
optimization, production scheduling and supply chain management. For the first
time, Rezaei and Davoodi applied this algorithm to the LS-SS problem and
obtained good results.

Unlike traditional search algorithms, the idea of GA is to start with a random set
of initial solutions, each feasible solution of the problem is represented as an
chromosome, called individual, and a set of individual are called population. The
population iteratively evolve through three operators: selection, crossover and
mutation. The selection operator selects a certain number of individuals as the
parent of next generation from the current population according to individual fit-
ness. The crossover and mutation operators are responsible for generating new
individuals. The fitness of a individual is measured by fitness function, which
depends on the value of objective function. After several generations, the algorithm
converges to the best individual, which is probably the optimal solution or sub-
optimal solution of the problem.

Based on the above analysis, this paper choose GA to solve the above mathe-
matical model. The Solving steps and details of GA are given below.

4.1 Solving Steps

Step 0: Parameter setting. Set the length of chromosome (L), the size of population
(N), the maximum generation number (G), the crossover probability ðPcÞ and the
mutation probability ðPmÞ. Also, set the current generation counter t ¼ 0.

Step 1: Randomly generate N feasible solutions. These N feasible solutions are
encoded as N chromosomes, and form the initial population Pt.

Step 2: Calculate the fitness of each individual in Pt according to the value of
objective function. Rank all individuals in Pt from large to small according to
fitness.
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Step 3: Select N individuals by using selection operator from Pt to form the
parent population Qt of next generation Ptþ 1.

Step 4: Generate Ptþ 1 by using crossover operator with probability Pc and
mutation operator with probability Pm.

Step 5: Calculate the fitness of each individual in Ptþ 1 according to the value of
objective function. The smaller the value of the individual’s objective function, the
higher the individual’s fitness. Rank all individuals in Ptþ 1 from low to high
according to fitness. Set t ¼ tþ 1.

Step 6: Repeat the step 3 to step 5 until t ¼ G.
Step 7: Return the best individual in Pt, which is the optimal solution of this

model.

4.2 Encoding

The encoding operation represents the feasible solution of the problem as a vector,
called chromosome. There are two common used encoding methods including
binary encoding and real-number encoding. The former is suitable for smaller
solution space and the latter is suitable for larger solution space. The solution space
of this model is I�J � T , which is a large space. In this reason, this paper take each
chromosome as a integer vector by length I�J � T , which contains the value of
each xijt (see Fig. 1).

4.3 Selection Operator

The selection operator selects N individuals from Pt to form the parent of next
generation. The detailed steps for this operator are as follows.

Step 1: Set Qt ¼ £, and current individual index c ¼ 1:
Step 2: Randomly generate two numbers r1; r2 between 1 and N. If r1 \r2, then

add the individual r1 to Qt. If r2 \r1, then add the individual r2 to Qt. Set
c ¼ cþ 1.

Step 3: Repeat the step 2 until c ¼ N.
Step 4: Return Qt.

Fig. 1 Chromosome encoding
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4.4 Crossover Operator

The crossover exchanges two partial chromosomes with each other in a certain way
to form two new individuals. This operation is an important feature of GA that
distinguishes it from other evolutionary algorithms. It is the main method of gen-
erating new individuals and therefore plays a key role in GA. The detailed steps for
this operator are as follows.

Step 1: Set the current individual indexes s1 ¼ 1, s2 ¼ N.
Step 2: Randomly generate a number r between 1 and N. If r \Pc, then go to

the next step. Otherwise, skip to step 5.
Step 3: Assume that the chromosome of individual S1 in Qt is C1 and the

chromosome of individual s2 in Qt is C2. Create two chromosomes D1, D2.
Randomly generate a number r between 0 and 1. Set k = 1. Do:

D1½k� ¼ r � C1½k� þ ð1� rÞ � C2½k�
D2½k� ¼ ð1� rÞ � C1½k� þ r � C2½k�

k ¼ kþ 1

while k\L.
Step 4: If D1 satisfies the constraints, save D1 as individual s1. If D2 satisfies the

constraints, save D2 as individual s2.
Step 5: Set s1 ¼ s1 þ 1 and s2 ¼ s2 � 1.
Step 6: Repeat the step 2 to step 5 until s1� s2.
Step 7: Return Qt.

4.5 Mutation Operator

The mutation operator replaces certain gene values in the chromosome with other
gene values to form a new individual. This operator is an auxiliary method to
generate new individuals. But it is an essential operator which determines the local
search ability of the genetic algorithm. The crossover operator and mutation
operator cooperate to complete the global search and local search for the search
space. The detailed steps for this operator are as follows.

Step 1: Set the current chromosome index s ¼ 1.
Step 2: Randomly generate a number r between 1 and N. If r\Pm, then go to the

next step. Otherwise, skip to step 5.
Step 3: Assume that the chromosome of individual s in Qt is C. Randomly

change the value of C½k� for each k between 1 and L.
Step 4: If C satisfies the constraints, save C as individual s.
Step 5: Set s ¼ sþ 1.
Step 6: Repeat the step 2 to step 5 until s ¼ N.
Step 7: Return Qt as next generation Ptþ 1.
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5 Numerical Example

In this section, a simple case example and a Real Parameter Genetic Algorithm are
used to illustrate procedure of the proposed model. This paper considers a scenario
with three products ðI ¼ 3Þ, four periods ðT ¼ 4Þ and five suppliers ðJ ¼ 5Þ. The
program was written in C and run on Windows 7 with a total run time of 931.18 s.
The data and results of this example are shown below. The uncertain demand of
each product in each period are shown in Table 1. The holding cost, occupied space
and minimum acceptable quality level of each product are show in Table 2. The
ordering cost, vehicle capacity and uncertain transportation cost for each supplier
are show in Table 3. Other parameters are show in Table 4. The decision of this
example are show in Table 5, 6 which indicate what products to order in what
quantities with which suppliers in which periods. The results of model by GA,
including the length of chromosome (L), the population size (N), the maximum
generation number (G), the rate of mutation operation (P1) and the rate of crossover
operation (P2) are show in Table 7.

Table 1 dit

dit t =1 t = 2 t = 3 t = 4

i = 1 N(15.09, 18.93) N(27.41, 13.44) N(23.97, 16.08) N(14.14, 10.35)

i= 2 N(36.59, 17.02) N(28.30, 17.75) N(10.68, 13.72) N(32.77, 11.82)

i = 3 N(25.12, 12.49) N(25.29, 14.36) N(23.26, 17.10) N(16.95, 11.07)

Table 2 hi, wi and mi hi wi mi

i =1 2.17 3.51 0.73

i = 2 8.72 1.74 0.76

i = 3 7.78 4.29 0.71

Table 3 oj, vj and gj oj vj gj
j = 1 155.76 6.85 N (58.56, 28.55)

j = 2 190.54 8.50 N (45.35, 13.43)

j = 3 125.89 9.02 N (57.51, 29.31)

j = 4 167.49 8.91 N (57.30, 29.16)

j = 5 122.97 8.14 N (51.21, 29.79)
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Table 4 Other parameters

i j

1 2 3 4 5

pij 1 18.66 14.84 18.07 10.55 19.57

2 17.86 16.55 13.99 18.77 16.20

3 12.56 13.28 10.45 13.36 17.69

cij 1 9 19 7 14 6

2 19 17 17 15 6

3 8 10 16 9 12

fij l N(0.89, 0.07) N(0.88, 0.08) N(0.71, 0.02) N(0.72, 0.02) N(0.81, 0.08)

2 N(0.76, 0.05) N(0.80, 0.06) N(0.85, 0.05) N(0.82, 0.05) N(0.84, 0.06)

3 N(0.83, 0.07) N(0.81, 0.07) N(0.76, 0.03) N(0.79, 0.07) N(0.71, 0.07)

W = 246.94

a1 = 0.60. a2 = 0.82, a3 = 0.74

Table 5 xijt x111 3 x141 13 x221 9 x251 4 x331 8

x112 0 x142 0 x222 13 x252 3 x332 15

x113 0 x143 8 x223 16 x253 4 x333 12

x114 8 x144 0 x224 0 x254 2 x334 12

x121 17 x151 2 x231 10 x311 0 x341 5

x122 11 x152 1 x232 14 x312 0 x342 0

x123 16 x153 4 x233 1 x313 0 x343 3

x124 0 x154 5 x234 11 x313 4 x344 0

x131 0 x211 8 x241 12 x321 8 x351 8

x132 3 x212 0 x242 0 x322 5 x352 9

x133 0 x213 0 x243 2 x323 4 x353 8

x134 3 x214 13 x244 0 x324 0 x354 2

TC = 14,141.58

Table 6 yjt and zjt j t

1 2 3 4

yjt 1 1 0 0 1

2 1 1 1 0

3 1 1 1 1

4 1 0 1 0

5 1 1 1 1

zit 1 4 0 0 10

2 13 10 12 0

3 6 11 6 9

4 10 0 5 0

5 6 6 7 4
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6 Conclusion

In this paper a inventory lot-sizing optimization with supplier selection problem
under uncertain environment is solved with uncertainty theory and a genetic
algorithm. The proposed model does not require large sample size or strong subject
knowledge. Therefore, it has strong operability and guiding significance. The
results of numerical example in this paper show that the proposed algorithm is
effective.

As this study is the first one that formulate LS-SS problem using uncertainty
theory, the proposed model can be extended with some modifications to the
complicated inventory and supply chain models, i.e. models with discount, back-
ordering costs, service level, etc. Besides, with the popularity of intelligence
algorithms, such as simulated annealing algorithm, neural network and tabu search,
another future direction is to find more suitable intelligent algorithms for this
problem.
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Maximizing Profit in Word-of-Mouth
Promotion with Incremental Chance
Model in a Social Network

Xiaojie Sun and Zuxiong Tan

Abstract WOM promotion can be an effective marketing strategy in social net-
works. Initiating from a set of influential seed customers, many other individuals
can be activated to purchase the product due to WOM effects. In this paper, we
study the problem of finding optimal nodes in a social network that could maximize
the profit in such a viral marketing campaign. We adopt the incremental chance
model to characterize the information diffusion process, which considers the
complete influence. To solve this model, we design a framework of greedy algo-
rithms that achieves a trade-off between optimality and complexity. Finally,
numerical experiments are performed to demonstrate the effectiveness and effi-
ciency of our algorithms.

Keywords Social networks � Viral marketing � Influence diffusion �
Incremental chance model � Greedy algorithm

1 Introduction

The social network of interactions among a group of individuals plays an important
role in the spread of ideas, information and influence. Such phenomena can often be
observed in real life, when a product or an opinion wins sudden widespread pop-
ularity through word-of-mouth effects. For instance, ridesharing products such as
Uber, DiDi, and the shared bicycle ofo, have achieved widespread usage largely
through referrals, rather than direct advertising. By giving some free or discounted
privileges to the selected group of influential individuals, the product or service will
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be widely accepted. For companies, this viral marketing method is an effective
strategy to help them save promotion costs [1–3].

The problem of profit maximization can be traced back to the research of
influence maximization (IM), which focuses on selecting a set of seed individuals in
a social network to make a piece of information spread as wide as possible, in hope
of activating the remaining individuals. Domingos and Richardson [4, 5] are the
first to study influence maximization as an algorithmic problem, but their models
are probabilistic, not describing diffusion influence. Afterwards, Kempe et al. [6]
design two stochastic models, namely the independent cascade model and the linear
threshold model, to characterize the information propagation process, then apply
greedy algorithms to solve the problem. After that, the IM problem arouses great
attention and the two models became the classical diffusion models that many
further studies are based on [7, 8]. However, several other studies try to explore
more accurate diffusion models. Even-Dar et al. [9] believe that at each time step,
each person changes his opinion by choosing one of his neighbors randomly and
adopting their opinion, thus propose the probabilistic voter model. Zhu et al. [10]
propose the CTMC-ICM, which introduces the theory of Continuous-Time Markov
Chain (CTMC) into the Independent Cascade Model (ICM). Recently, Qin et al.
[11] experimentally demonstrate that IC cannot model accurately for the structure
of information diffusion and thus propose the Three Steps Cascade Model. Yang
et al. [12] point out in order to better capture the characteristics of real-world
networks, the influence maximization-cost minimization model (IM-CM) should be
adopted. Besides, Ni et al. [13] assume all nodes in the network will be ultimately
influenced, so they propose the incremental chance model to characterize the
complete influence.

In real life, the situation described in incremental chance model can be more
often observed than before. Due to the emergency of more practical product or more
efficient service, everyone in social networks may be affected. For example, people
who went shopping in traditional stores ago first choose to shop online today,
making the brick-and-mortar shopping style obsolete. Moreover, in the digital age,
the WOM effect of purchase behaviors tend to achieve complete influence, making
the commodity market greatly revolutionize. Thus, when considering the WOM
effect in viral marketing, we adopt Ni’s [13] model. Nevertheless, the model still
has its restriction. When it represents the chance of product adoption, it only
considers social effect, but not price. However, in a viral marketing, there is pos-
sibility that an individual who gets influenced by social acquaintances may not
necessarily adopt a product for monetary concerns. For example, iPhone seems to
create bigger buzz than any other smartphones, but its global market share fall
behind Huawei and Samsung these years. It’s partly due to the fact that iPhone’s
price is much higher than its counterparts. On the contrary, many online products
account for a small market share in the beginning, but they are quickly sold out
when the price is substantially dropped. Thus, price should also be considered in
WOM promotion. Inspired from the reality, we introduce the factor price in the
incremental chance model.
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The problem of optimizing influence diffusion in social networks can be studied
from various aspects. In recent decades, related literature has been growing. Qin
et al. [11] and Chen et al. [14] maximize the number of ultimately influenced nodes
by seeding a certain number of nodes. Long et al. [15] minimize the number of
seeded nodes to achieve expected influence. Ni et al. [13, 16] minimize the com-
plete influence time. Furthermore, some researchers consider the problem of
achieving the maximum influence with the minimum cost [12, 17]. However, for a
company, profit should be most emphasized in a real viral marketing, rather than
influence diffusion. If a company intends to put influence maximization as its
priority, it can set price as zero, or lower than cost. Obviously, it is not a wise
strategy. This strategy cannot generate any profit for the company though it
achieves great influence. Therefore, to be more rational, we should invert our effort
to study how to maximize the profit.

However, the literature on profit maximization in social networks is far less than
that on IM problem. In existing works, many researchers still use IC or LT model
[7, 8]. Lu et al. [7] extend LT model to incorporate both prices and valuations, then
employ hill-climbing heuristics to solve it. Tang et al. [8] adopt the IC model and
combine the benefit of influence spread with the cost of seed selection to achieve
maximum profit. Moreover, some studies also apply different methods in this field.
Hartline et al. [18] formulate profit maximization as a NP-hard problem, but the
models they propose satisfy probability distribution, not characterizing the influ-
ence diffusion. Chen et al. [19] assume agents follow the Bayesian Nash equilib-
rium and calculate maximum revenue in analytical methods. Besides, Xu et al. [20]
conduct an empirical research to identify valuable customers for maximum profit,
which includes collecting related data from SNS and mining influential users. Of all
current studies, Zhou’s [21] work is most similar to us. He proposes a novel model
to characterize the diffusion process and designs a heuristic algorithm to seed
appropriate customers. However, his model doesn’t consider the price, which is
rather an important factor in WOM promotion. Also, he doesn’t make a pricing
strategy, only think of seeding. In our work, we sensibly incorporate both price and
social effects in our model, and strategically consider pricing and seeding.

In this paper, we focus on the problem how to make optimal seeding and pricing
strategies in WOM promotion so that the profit is maximized. We employ the
incremental chance model in [13] in the belief that the product or service will be
ultimately adopted by all individuals in a social network. To be closer to reality, we
extend the model by introducing the monetary factor. To reduce the expensive
computing cost for the exhaustive search, we propose three heuristic methods and a
balance parameter in greedy algorithms. Further, numerical experiments are per-
formed to show that our modified greedy algorithms are able to trade off between
computational complexity and solution performance. Finally, we investigate how
price, target size and diffusion time affect profit.

To sum up, the main differences between our work and previous studies can be
listed as follows: (1) We apply the incremental chance model to characterize
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influence diffusion in WOM promotion. The classical model proposed several years
ago cannot accurately characterize diffusion influence in real life nowadays. The
increasingly connected society we live in constantly brings about revolution to
commodity markets, so complete influence is more often observed in WOM pro-
motion. In this sense, the incremental chance model is preferable. Besides, to be
more applicable in viral marketing, we incorporate monetary concerns in our
model. (2) We make both seeding and pricing strategies. In order to spread
information more efficiently, it is necessary to seed appropriate users, especially
when the budget is limited. However, decision makers also have pricing power
which is directly related to profit, so they should also consider how to make the
optimal pricing strategy. (3) Our object is to achieve profit maximization, rather
than influence maximization. Researches on IM problem are rather mature and
systematic. Comparatively, literatures on profit maximization are still few, but bring
more practical advice to viral marketing. Therefore, we focus on how to get the
maximum profit through optimal seeding and pricing strategies.

The remainder of this paper is organized as follows. Section 2 briefly introduces
some preliminaries of social networks and the modified incremental chance model.
In Sect. 3, we describe the profit maximization problem in detail. Section 4
describes a framework of greedy algorithms for solving the problem. Next,
numerical experiments are performed in Sect. 5 to show the performance of our
proposed algorithms. Finally, conclusions are drawn in Sect. 6.

2 Social Network and Incremental Chance Model

A social network can be modelled as a graph that represents a group of individuals
and their relationships. In our paper, we denote it as an indirected graph G-(N, E,
W), where N is a set of nodes representing individuals, E is a set of edges meaning
the connection between pairs of people, and W is the weight function to quantify
their relationships. Since G is an indirected graph, for any pairs of node i and node
j, edge (i, j) and edge (j, i) are the same. We can call node j a neighbor of i if edge (i,
j) exists, and the set of i’s neighbors is denoted as N(i).

The incremental chance model was especially proposed to characterize the
diffusion of complete influence [13]. In this model, all nodes have two states: active
and inactive. The nodes in active state means she has been influenced, vice versa.
Obviously, the influencing process is progressive, that is, inactive nodes can turn
active but the opposite will never happen. At each time step, the influenced degree
of node j satisfies probability distribution:

Pj
t ¼

P

i2Na
t jð Þ W i; jð Þ

P

i2N jð Þ W i; jð Þ ð1Þ
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where Na
t jð Þ is the set of j’s active neighbors at time t, then

P

i2Na
t jð Þ W i; jð Þ

quantifies the influence of active neighbors on j, while
P

i2Na
t jð Þ W i; jð Þ represents

the influence of all neighbors on j. For an active node j at time t, the influence
chance of p j

t is defined as 1. At first, several nodes are targeted and set to be active,
namely seeding process. After the influence diffusion triggered by these seeds, all
nodes in the social network will ultimately turn active with probability 1.

However, the original incremental chance model only considers the social effect,
ignoring the price, which is an important factor in the marketing campaign. On one
hand, price affects people’s purchase decision. On the other hand, it is directly
related to profit. Thus, we need to do some modifications. Considered the fact that
price plays a negative effect when people make their purchase decision, we propose
our improved model as follows:

Pj
t ¼ max 0;

P

i2Na
t jð Þ W i; jð Þ

P

i2N jð Þ W i; jð Þ � p

( )

; p 2 0; 1½ � ð2Þ

where p denotes the influence of price on node j and we set its value between 0 and
1. In a WOM promotion, an active node represents an individual who purchases the

product. Note that

P

i2Nat jð Þ W i;jð Þ
P

i2N jð Þ W i;jð Þ is nondecreasing, as long as time is long enough, the

state of all nodes will be active. That is, everyone in the social network will
ultimately adopt the product, namely the complete influence is achieved.

3 Profit Maximization Problem in a Word-of-Mouth
Marketing

WOM marketing has been increasing popular these years, especially when social
media gets more widely use. It aims to promote the brand in limited time, attracting
as many people as possible to purchase their products. Enlightened from real life,
influence maximization (IM) problem has gained much attention. Since then, these
IM studies have inspired WOM marketing a lot, such as: select individuals who
have frequent interactions with a lot of people [13, 20], seed target nodes
sequentially [22], or they provide optimal strategies when facing with incomplete
information [16, 19]. However, the ultimate aim of WOM marketing campaigns is
getting profit, not pursuing influence. In this sense, we should divert our attention
from IM problem to profit maximization.

In our paper, we focus on the following problem. For a given social network,
how to select target influential nodes and how to set price for products to obtain the
maximum profits. Notably, profit here is not only referred to the final profit when
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achieving complete influence, it also points to the profit before that state. The
reason why we pursue maximum profit at all times is, floating capital is rather
crucial to company operations. Once coming across capital shortage, the company
will have difficulty carrying on their businesses, leaving the so-called optimal profit
turn into an illusion. That is also why so many startups end up with failures. They
have innovative ideas and a bright prospect, but they are also plagued by capital
deficiency during operation, which directly results in their misfortune. Therefore, it
is essential to investigate the whole process of complete influence and seek the
maximum profit all the time.

In order to investigate the maximum profit at time t, we should figure out how
many people purchase the product. Considered that the diffusion process needs to
take a certain time, although node j has the probability of being influenced when
Pj
t [ 0, it may not adopt the product within a limit of time.
Obviously, the number of active nodes is related to the influence time. Also, it is

affected by the target size and product price. Thus, we can mathematically use
i T ; S; pð Þ to denote the total number of purchasers at time t. Finally, we can derive
our optimization objective:

max
S;p

E R½ � ¼ max
S;p

E i T; S; pð Þ � p½ � ð3Þ

4 Framework of Greedy Algorithms

Unfortunately, it is difficult to get the optimal solution of a profit maximization
problem. One reason is that, the analytic representation of profit function is too
difficult to obtain. So here, we employ the stochastic simulation method and esti-
mate the expected profit. Another reason is that usually a real social network
contains huge numbers of individuals, which takes lots of time to find the optimal
solution. To solve such a NP-hard problem, Kempe et al. [6] first employed greedy
algorithms, which is an efficient approach to avoid the brute-force search [23]. In
the greedy algorithm, nodes are selected one by one until constraints are destroyed.
To target these nodes efficiently, they also set a criterion, that is, only if a node out
of the target set brings the most improvement in the value of the objective function,
can it be put as a seeded member. And once the node is added to the target set, it
will never be driven out. Note that although the greedy algorithm provides a fea-
sible approach, for large-scale social networks, however, its computational cost is
still very high.

To further reduce the computational cost, many methods are proposed to
improve the greedy algorithm, like Degree Discount algorithms [14], SCG algo-
rithms [24], K-means algorithms [25], etc. In our paper, we introduce a parameter r
to modify the traditional greedy algorithm. In detail, first we determine r nodes at
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once, and then compute the change of the value of objective function for adding
such r nodes for every search. Compared with the traditional greedy algorithm,
which selects the node one by one, our modified algorithm achieves a trade-off
between solution performance and computational complexity [13].

The framework of our modified greedy algorithm is presented in Table 1. For a
given social network G, we just need to input the target size k, a parameter r and the
heuristic function h, then the algorithm will return S as the target set.

The heuristic function here, denoted as h (S, i), is the value of any combination
of a set of nodes S and a node i out of S. It is used to measure the improvement in
the value of objective functions when adding a node. For example, for any pair of
nodes i and j, the inequality h (S, i) > h (S, j) means, adding node i into the target
set can bring more increase in profit than node j.

Because heuristic functions are defined on the basis of a distance network, we
first define the graph of it. A distance network contains exactly the same set of
nodes with the original social network. The only difference is, distance network is a
direct graph. For each pair of nodes that is directly connected in the original social
network, there are two directed edges with opposite directions. The weight on each

Table 1 The modified greedy algorithm framework

Input: G, k, r, h;

Output: S，p; 

S=∅;

T=0;

while t < k

R=∅;

c=0; 

while c < r= arg  \( )ℎ( , );R = R ∪ { };

c= c + 1;= arg  ( [ ] ( ));S = S ∪ { };

t = t+1;

return S, p; 
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edge (i, j) shows the degree of unfamiliarity between node i and j. Here, we present
three definitions of weight function in the distance network:

(1) Wr i; jð Þ ¼ 1
W i;jð Þ;

(2) W� i; jð Þ ¼
P

l2N jð Þ W l;jð Þ
W i;jð Þ ;

(3) Wo i; jð Þ ¼ max i0;j0ð Þ2EW i0; j0ð Þ �W i; jð Þ.
Here,Wr i; jð Þ is defined as the reciprocal of the weight in the original social net-
work, W� i; jð Þ is the variation of Wr i; jð Þ, which is multiplied by a weight
P

l2N jð Þ W l; jð Þ, and Wo i; jð Þ is defined as the sum of a large positive number and
the opposite of the weight in the original social network. Note that all these weight
functions are ensured non-negative.

Next, we present our definition of the heuristic function. Before defining it, we
should consider two key principles. First, the heuristic function should indicate the
potential to increase profits after seeding each node. Second, it should be computed
efficiently. In this paper, we adopt the heuristic functions named “Maximin Path
Length Reduction (MPLR)” and “Shortest Path Forest Weight Reduction
(SPFWR)”. They are presented as follows:

(1) Maximin Path Length Reduction (MPLR)

hMPLR S; ið Þ ¼ max
j2N0

SP S[ if g; jð Þ �max
j2N

SP S; jð Þ ð4Þ

(2) Shortest Path Forest Weight Reduction (SPFWR)

hSPFWR S; ið Þ ¼
X

l;jð Þ2Edge FSP S[ if gð Þð Þ
W� l; jð Þ �

X

l;jð Þ2Edge FSP Sð Þð Þ
W� l; jð Þ ð5Þ

where FSP Sð Þ is defined as the spanning forest with set of roots S, where each node
in the forest is connected to the closest root by a shortest path.

In the strategy “MPLR”, given the target set S, we evaluate each pair (S, i) on the
basis of the reduction in the maximin path length. For “SPFWR” strategy, it follows
the intuition that if adding node i can largely reduce the sum of weights in the
shortest path forest, then we seed it.

5 Numerical Experiments

In this section, a number of experiments are performed to show how the modified
greedy algorithm trades off between solution performance and computational
complexity and how it outperforms the traditional heuristic algorithm. In all fol-
lowing experiments, the total number of nodes is N = 1000, and the diffusion
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process is simulated for M = 500 times. All experiments are performed on a Core 2
2.90 GHz PC.

We assume our social network as a random graph [26]. To generate such a
graph, firstly we set a predetermined connection probability p, which represents the
probability that each pair of nodes are connected. When p is close to 1, each node is
connected to almost other nodes; while p is small, each of them is connected to only
a few others. In this sense, the parameter p also characterizes the density of a graph.
Next, we generate a random number h 2 [0, 1] for each pair of nodes i and j. If
h < p, node i and node j turns directly connected, then a new edge (i, j) is added to
the set of edges E. After generating the network, we add as few edges as possible to
ensure its connectivity. Without loss of generality, we assign to each edge an
integer weight between 1 and 5.

In the first experiment, we investigate how the modified greedy algorithm trades
off between computational complexity and solution performance. Without loss of
generality, we let p = 0.002 to generate the social network. The influence time T is
set to 20 and the seeding number k is set to 8. As is shown in Fig. 1 and Fig. 2, we
change the trade-off parameter r from 1 to |N| − t, then record profit and runtime
respectively. At the same time, we consider different greedy algorithms and dif-
ferent weight functions. From the figures, we can note two extremes of r. One is
when r = 1, algorithms run fast but do not bring good results. The other is when
r = |N| − t, the algorithms perform well but that’s at the cost of time consumption.
Further, it’s not difficult to find, in general, greater r brings more profit. The only

Fig. 1 Profit of the modified
greedy algorithm
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exception is “SPFWR”, when r = 100, the profit is a bit less than that when r = 50.
That’s because the numerical experiment exist a certain of randomness. Anyway,
for other cases, profit increases with r. What’s more, when combined Fig. 1 with
Fig. 2, we can find larger r takes more runtime, but at the same time, it generates a
better solution. Overall, the two figures justify the role of parameter r to trade off
between optimality and complexity.

In the next experiment, we show the effectiveness of our proposed algorithm.
The performance of our proposed algorithms is compared with that of three trivial
heuristic methods, named “highly-degree heuristic”, “highly-weight heuristic” and
“randomly choosing nodes”. In this part, we set r = 50, p = 0.002. Then we have
two points to consider. One is, since time period and target size would affect the
number of influenced people, we should investigate the relations between profit and
T, k, respectfully. Another is, one of our goal is to determine the optimal price, so
we should also study how price changes with T and k. For the two reasons above,
we get our results as shown in Figs. 3a, b and 4a, b. When we study the influence of
T on profit and price, we set k = 8. When we study the influence of k on profit and
price, we set T = 50. Intuitively, all these figures show our greedy algorithms
generate better solutions than trivial methods. In Figs. 3a and 5a, which focus on
the maximum profit, we find profit increases with time T and target size k, which is
consistent with our cognition. From Figs. 3b and 5b, we can see the optimal price
increases just a little bit, which can be seen as almost steady, that means T and k
doesn’t affect pricing decision a lot.

Fig. 2 Runtime of the
modified greedy algorithm
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The last experiment is performed to study the maximum profit and optimal price
under different network structures. We investigate how they change with k under a
certain T. In this part, we choose the method “MPLR + W�” and set T = 50. The
results are shown in Fig. 5a, b. By analysing the results, we still find the maximum
profit increases with k, no matter what the network structure is. Besides, at the same
k, the profit increases with p generally. Except for when p is large enough, the law

(a) The influence of T on expected maximum profit

(b) The influence of T on optimal price

Fig. 3 Comparison of greedy
algorithms with trivial
heuristic methods for different
time
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is not so obvious, it may for the reason that the influenced diffusion has achieved a
saturation state. As for the optimal price, we can see that it still keep steady under
each network structure. But when p decreases, it can be higher. That enlightens us
when we promote products in niche markets, the price can be set higher; while in a
mass market, the price should be low enough and get the scale return.

(a) The influence of k on expected maximum profit

(b) The influence of k on optimal price

Fig. 4 Comparison of greedy
algorithms with trivial
heuristic methods for
different k
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6 Conclusion

In this paper, we studied a problem on how to optimize profit in a social network.
Specially, we focus on the situation where complete influence can be achieved, so
we adopt the incremental chance model to characterize influence diffusion process.
Due to the limitation of the original incremental chance model, we add the factor

(a) The influence of k on expected maximum profit
 under different network structures

(b) The influence of k on optimal price
 under different network structures

Fig. 5 Comparison of
network structures for
different k
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price in the model for better applicable to WOM promotion. In order to trade off
between optimality and complexity when solving the problem, we introduce a
parameter r and modify the traditional greedy algorithms. Finally, a series of
numerical experiments are performed to show the effectiveness of our modified
greedy algorithms.

Actually, this paper provides several directions for future works. First, in a real
marketing campaign, many uncertain factors exist, such as product quality, personal
preference, advertising costs, etc. All these uncertainties can be considered in the
influence diffusion process. Second, our research just experiments on random
network, but there are many other types of social networks, whose experimental
results may be different. In real life, for example, a well-adopted opinion in a friend
network may not be quickly spread in a stranger network. Therefore, it’s worth-
while to study different social networks in a WOM promotion further.
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China’s Energy Demand Forecast Based
on Combination Model

Jing Cao and Xinpeng Zhou

Abstract This paper presents a combination of GRNN neural network and fuzzy
neural network prediction model, based on the energy-related data from 1997 to
2016 to establish a model, and use it for practical applications. The actual forecast
predicts that the combined forecast model in the actual forecast Effectiveness. And
predict energy demand in the next three years. The results show that the combined
forecasting model is superior to the single forecasting model in general, and the
combined forecasting model has high forecasting accuracy and strong practicality.

Keywords Energy demand forecasting � GRNN neural network � Fuzzy neural
network � Combined forecasting model

1 Introduction

Energy is an indispensable and important material foundation for human survival,
economic development, social progress and social civilization. The use, replace-
ment, and development of energy have all contributed to economic growth, social
progress, and improvement in people’s living standards. This is the material
guarantee for the survival and development of the world. Doing a good analysis of
energy demand in the future, doing a good job in forecasting energy demand, and
providing a scientific basis for the formulation of energy planning and policies will
have important theoretical and practical significance for maintaining the sustainable
development of China’s national economy [1].

The energy demand forecast starts from studying the history and current status of
energy consumption in a country, region or specific range. According to its con-
sumption behavior, it summarizes the various factors that affect energy consump-
tion and seeks the relationship between consumption and these factors. According
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to these relationships, the future energy Needs development trends to make an
assessment [2]. Therefore, modeling and forecasting energy demand is one of the
foundations for formulating development strategies and planning and deployment.

Many experts at home and abroad have conducted a lot of researches on the
factors influencing energy demand and energy prediction from the two perspectives
of economic theory and engineering technology theory. Representative prediction
methods include: LEAP model [3], MARKAL model [4], TIMES model [5],
input-output model [6], system dynamics model [7], etc. These research methods
are basically solved. The problem of real-time changes in energy trends can better
reflect the openness, complexity, and nonlinearity of energy systems. However,
these models still have the disadvantages of large variables, complex relationships,
and poorly defined parameters. Xing Xiaojun and others used the principal com-
ponent analysis method to assist the cointegration and error correction model to
establish a prediction model of China’s energy demand [8]. Li Bo et al. used the
three kinds of extrapolation prediction methods such as gray system theory, con-
sumption elasticity coefficient method, and unit GDP energy consumption predic-
tion method to predict the energy demand in Sichuan Province [9]. Song Chunmei
divided the total energy demand in China into two parts: the energy demand of the
three industry sectors and the energy demand of the residents’ lives, and finally
used the scenario analysis method to predict [10]. Li Jinlu established a long-term
cointegration equation and a generalized differential regression model between
energy consumption and the national economy, and made specific predictions on
China’s future energy demand [11].

Neural network is an emerging mathematical modeling and analysis method in
recent years. It has been widely used in signal processing, data compression, fault
diagnosis and many other fields. Due to its good function approximation capability,
neural networks can be used to predict the relevant data. Wang Xi and Bao Qin
established an energy demand model based on wavelet neural network, and its
prediction accuracy is higher than the multiple regression model [12]. Fu Jiafeng
et al. combined grey forecasting with artificial neural networks to establish a
combined energy consumption-forecasting model [13]. Lu Bin et al. used artificial
neural networks to predict power loads [14]. Liu Ying et al. used the time
series-neural network model to establish the Fujian province energy
consumption-forecasting model, and used this model to predict energy consumption
in Fujian province over the next 15 years [15]. Zhou Yang and others established
the optimized combination model of BP neural network and grey GM, and realized
the principle of “minimum combined prediction error in the past period of time” of
the optimized combination model [16]. Fu Juan et al. established a clean energy
Logistic medium and long-term prediction model based on genetic algorithms.
They used this model to predict clean energy demand in 2020 that is consistent with
China’s energy planning goals [17]. Zong Woo Geem predicted the energy demand
of South Korea based on the artificial neural network, and pointed out that the
neural network model is superior to the linear regression model and the exponential
model [18]. Sun Han et al. conducted a useful exploration on energy demand
estimation methods. The energy demand forecasting model based on the support
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vector regression machine established by China has shown high prediction accuracy
for energy demand in China [19].

The above literature also confirms that artificial intelligence algorithms are
effective in solving energy system nonlinearity and high dimensional pattern
recognition problems. In view of the limited application of intelligent algorithms in
the field of domestic energy demand forecasting, this paper introduces the gener-
alized radial basis network algorithm (GRNN) and wavelet neural network algo-
rithm to perform combined model prediction, which overcomes the disadvantages
of single model prediction with large errors and can be effective.

2 Factors Affecting China’s Energy Demand

Our country is in the process of industrialization, marketization, and internation-
alization. The economy and society are developing rapidly. In the long run, energy
demand is mainly determined by factors such as economic level, energy con-
sumption structure, energy production, industrial structure, population growth,
urbanization process, living standards of residents, and technological progress.

2.1 Economic Development Level

The energy industry is a long-term, high-input industry, and its level of develop-
ment is directly constrained by the level of economic development. Therefore, the
level of economic development is a very important factor affecting energy demand.
Production requires energy as a support, and economic development will improve
living standards, which in turn will affect energy consumption. Energy development
promotes economic development. Economic development provides material con-
ditions and economic basis for energy development. Economic growth not only
generates energy demand, but also provides a way to meet this demand. This
relationship between economic development and energy demand has not disap-
peared due to the reality of the energy shortage in the world today, but become
more compact. Zhang and Ge [20] adopt the co-integration test and error correction
model for China’s economic growth and energy. The dynamic analysis of the
internal compliance of consumption shows that between 1987 and 2010, economic
growth was the Granger cause of energy consumption in the long and short term.

2.2 Energy Consumption Structure

The energy consumption structure reflects the proportion of various energy sources
in the total energy consumption. China is a country that has with rich coal
resources. Coal has always been China’s main energy source, which has led to a
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low energy efficiency and high-energy consumption index in China. Therefore,
optimizing energy structure and developing high-efficiency energy can reduce
China’s coal consumption, which depends on it to reduce energy demand.

2.3 Energy Production

The current global energy consumption is mainly non-renewable energy such as
petroleum, coal, and natural gas. This determines that the supply of oil, coal, natural
gas and other energy sources within a certain period of time is limited. Energy
production and supply have an important material basis for the country’s economic
development and national political and economic security. China is currently in a
period of time with high-speed economic development. The rapid increase in
energy demand and the limited energy supply at home and abroad have caused the
energy market to be in short supply. In a sense, energy supply determines energy
consumption. In the absence of energy supply, energy demanders will also
endeavor to search for energy alternatives in order to reduce dependence on energy
or improve technology to improve energy efficiency. This will also reduce energy
demand to some extent.

2.4 Industrial Structure

With the economic development, the industrial structure is undergoing constant
changes. The energy consumption of different industries varies greatly. Changes in
the industrial structure will inevitably affect the energy demand. The energy con-
sumption levels of the three industries are not the same, and the energy con-
sumption of the secondary industry is relatively high. Compared with Western
developed countries, the rate of second industry in China is still at a relatively high
level. China is reducing energy demand by optimizing its industrial structure. As
China’s secondary industry is the main industry for energy consumption and
accounts for about 70% of total energy consumption, the change in the proportion
of the secondary industry is the main factor leading to changes in energy demand.
Li [21] obtained qualitative analysis and quantitative analysis of data from 1979 to
2009 that the adjustment of the industrial structure can indeed affect energy
demand, and the secondary and tertiary industries can have a certain effect on the
energy consumption. The primary industry is energy. The demand has no effect.
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2.5 Population Growth

Population is the most basic factor in the social system. Energy is the basis for
human living. The total population directly affects the total energy consumption,
and it also directly affects the per capita possession of energy resources and their
utilization. The increase in population directly increases the demand for fuel and
energy by-products, which indirectly increases the demand for energy. From the
point of view of the industrial structure of energy consumption, the energy con-
sumption that most closely related to people is life consumption. In 2011, the
proportion of living energy consumption in total energy consumption was as high
as 10.64%. Therefore, changes in the population will have a major impact on
energy consumption.

2.6 The Process of Urbanization

Urbanization in China drives the transfer of rural population to the urban popula-
tion. It also promotes the development of high-energy-consuming industries such as
urban construction, housing, and automobiles. The energy consumption of the
urban population is much higher than that of the rural population, directly affecting
the per capita occupancy and utilization of energy resources. The urbanization
process has promoted the construction of large-scale urban infrastructure such as
roads, water conservancy, heating, hospitals, and greening, as well as the con-
struction of residential buildings and office buildings, which have greatly increased
the overall level of energy demand. According to relevant estimates, the energy
demand of the urban population is about 3.5–4 times than that of the rural popu-
lation. Therefore, the process of urbanization is also one of the factors affecting
energy demand.

2.7 Living Standard of Residents

Since the Reform and Opening, China’s residents have greatly improved their
living standards. The economic development brought about by the improvement of
people’s living standards and attitudes has brought about changes in people’s
spending power. This has stimulated the tertiary industries such as transportation,
accommodation, catering, and postal services as well as automobiles, electricity,
water, and real estate. With the accelerated development of electronic products and
medical services, the per capita energy consumption has gradually increased, which
in turn has affected the energy consumption demand.
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2.8 Technological Progress

Science and technology are primary productive forces. The impact of scientific and
technological progress on energy demand is mainly reflected in the following three
aspects: First, with the advancement of science and technology, the further devel-
opment of energy-saving technologies has enabled the energy-saving rate to be
greatly increased, thereby saving energy consumption, and secondly, technological
progress can improve energy efficiency. The rate of exploitation reduces the con-
sumption in the production and transportation process, and thus yields the same
amount of output with lower input. Third, the progress in science and technology
makes it possible to develop and use new energy, which leads to a fundamental
change in the structure of energy consumption. Fundamentally change the devel-
opment trend of energy demand. Therefore, the progress in science and technology
is also another important factor affecting energy demand.

3 Algorithm Introduction

3.1 Generalized Regression Neural Network Algorithm
(GRNN)

The Generalized Regression Neural Network (GRNN) was proposed by American
scholar Specht in 1991 [22]. GRNN has a strong non-linear mapping capability and
flexible network structure, as well as a high degree of fault tolerance and robustness,
and is suitable for solving nonlinear problems. GRNN has stronger advantages over
RBF networks in terms of ability and speed of learning. The network eventually
converges to an optimized regression surface with a large sample size accumula-
tion, and when the sample data is small, the prediction effect is also good.
Therefore, GRNN has been widely used in various fields such as signal process,
structural analysis, education industry, energy, food science, control decision sys-
tem, drug design, finance, and bioengineering.

The number of input layer neurons is equal to the dimension of the input vector
in the learning sample. The number of model layer neurons equals the number of
learning samples n. Each neuron corresponds to a different sample. The mode layer
neuron transfer function is:

pi ¼ exp � X�Xið ÞT X�Xið Þ
2r2

h i
ð1Þ

The output of element i is the exponential form of the Euclidean distance
function between the input variable and its corresponding sample X. Its function is
to calculate the distance between the network input and the weight of the pattern
layer, where ri determines the position of the i-th pattern layer. The shape of the
basis function, the larger ri, the smoother the basis function, so called the smooth
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factor. The transfer function of the mode layer node responds locally to the input
signal. When the input signal is closer to the center of the transfer function, the
mode layer node generates a larger output, so the network has the ability to locally
approach.

The summation layer performs a weighted sum on the neurons of all the model
layers. The connection weight between the i-th neuron in the model layer and the
j-th molecule summation neuron in the summation layer is the i-th output sample Yi
The j-th element of the transfer function is:

SNj ¼
Pn
i¼1

yijpi j ¼ 1; 2; . . .; k ð2Þ

The number of neurons in the output layer is equal to the dimension k of the
output vector in the learning sample. Each neuron divides the output of the sum-
mation layer. The output of neuron j corresponds to the j-th element of the esti-
mation result Y  (X).

yj ¼ SNj
SD

j ¼ 1; 2; . . .; k ð3Þ

3.2 Fuzzy Neural Network Algorithm

The TS fuzzy model is a nonlinear fuzzy inference model proposed by Takagi and
Sugeno. Because each rule formed by it adopts a linear equation as a conclusion,
the global output of the model has a good mathematical expression, and can be used
when dealing with a multivariable system. Effectively reducing the number of fuzzy
rules has great advantages [23]. The T-S fuzzy system is defined by the following
“if - then” rule form. In the case of the rule Ri, the fuzzy inference is as follows:

Ri : If x1 is Ai
1; x2 is A

i
2; . . .; xk is A

i
k then yi ¼ pi0 þ pi1x1 þ pi2x2 þ � � � þ pikxk ð4Þ

Among them, Ai
j is the fuzzy set of the fuzzy system; pij j ¼ 1; 2; . . .; kð Þ is the

fuzzy system parameter; yi is the output according to the fuzzy rule, and the input
part (i.e., the if part) is fuzzy. The output part (i.e., the then part) is definite, and the
fuzzy inference means that the output is a linear combination of inputs.

Suppose that for the input x = [x1, x2,…, xk], the membership of each input
variable xj is first calculated according to the fuzzy rules:

uAi
j
¼ exp � xj�cijð Þ2

bij

� �
j ¼ 1; 2; . . .; k; i ¼ 1; 2; . . .; n ð5Þ

In the formula, cij; b
i
j are the center and width of the membership function

respectively; k is the input parameter number; n is the fuzzy subset number.
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Each membership degree is calculated in a fuzzy manner and a fuzzy operator is
used as a concatenation operator:

xi ¼ lA1
j
x1ð Þ � lA2

j
x2ð Þ � . . . � lAk

j
xkð Þ i ¼ 1; 2; . . .; n ð6Þ

Calculate fuzzy model output value yi based on fuzzy calculation results:

yi ¼
Pn

i¼1
xi pi0 þ pi1x1 þ pi2x2 þ ��� þ pikxkð ÞPn

i¼1
xi

ð7Þ

T-S fuzzy neural network is divided into four layers: input layer, fuzzy layer,
fuzzy rule calculation layer and output layer. The input layer is connected to the
input vector xi, and the number of nodes is the same as the input vector. The fuzzy
layer uses a membership function to fuzzify the input value to obtain a fuzzy
membership value l. The fuzzy rule calculation layer uses a fuzzy continuous
formula to calculate x. The output layer uses a formula to calculate the output of the
fuzzy neural network.

The fuzzy neural network learning algorithm is as follows:

(1) Error calculation

e ¼ 1
2 yd � ycð Þ2 ð8Þ

In the formula, yd is the expected output of the network, yc is the actual output of
the network, and e is the error between the expected output and the actual output.

(2) Correction of coefficients

pij kð Þ ¼ pij k � 1ð Þ � a @e
@pij

ð9Þ

@e
@pij

¼ yd�ycð ÞxiPn

i�1
xi�xj ð10Þ

In the formula, pij is the neural network coefficient; a is the network learning rate; xj
is the network input parameter;xj is the input parameter membership degree product.

(3) Parameter Correction

cij kð Þ ¼ cij k � 1ð Þ � b @e
@cij

ð11Þ

bij kð Þ ¼ bij k � 1ð Þ � b @e
@bij

ð12Þ

In the formula, cij, b
i
j are the center and width of the membership function,

respectively.
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4 GRNN and Fuzzy Neural Network Combined
Forecasting Model

4.1 Combination Forecasting Model Introduction

In general, the error rate of a single prediction model will be larger than that of a
combined prediction model in practical applications. Therefore, this paper uses
GRNN and fuzzy neural network to perform combined forecasting to reduce the
prediction error as much as possible and achieve better prediction results. The
common form of the combined model is the weighted average of each individual
forecasting model. Therefore, the focus of the combined forecasting model lies on
the determination of the weighting factor.

4.2 Data Source and Description

In this paper, the combined model is applied to practical applications. At the same
time, the effectiveness of the combined forecasting model is tested. The sequence of
China’s total energy consumption from 1997 to 2016 is selected as a data sample,
and the data comes from the website of the National Bureau of Statistics. As can be
seen from the data, China’s total energy consumption shows a rapid upward trend,
especially in 2002–2010, the rate of increase is rapid, and during 2012–2016, the
rate of increase has slowed down. Based on the above analysis of the factors
affecting the total energy consumption, this paper looks up the data from the
National Bureau of Statistics for the period of 1997–2016, and summarizes the data
as shown in Tables 1 and 2.

4.3 GRNN Model Prediction

Taking the 19-year historical data of China from 1997 to 2015 as the training
sample of network training, the historical data of 2016 was selected as the test
sample of network training to construct a GRNN neural network. Since there are
few training data, this article adopts cross-validation method training. The GRNN
neural network uses the loop to find the best SPREAD. First, because there are few
test samples, this paper simulates the test sample 20 times. According to the con-
structed GRNN neural network, 20 simulation results are obtained, as shown in
Fig. 1. Calculate 20 prediction errors, as shown in Fig. 2.

Relying on the constructed neural network model, 20 years of data are input into
the neural network, and the results of the 20-year prediction are shown in Table 3.
Compared with the actual energy usage, the prediction model can be seen in Fig. 3.
The fitting effect is very good.
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4.4 Fuzzy Neural Network Model Prediction

The fuzzy neural network takes 19 years of historical data from 1997 to 2015 in
China as a training sample for network training. The historical data of 2016 is
selected as a test sample for network training. According to the training sample
input and output dimensions to determine the number of network input and output
nodes. Since the input data dimension is 9 and the output data dimension is 1, the
number of input nodes in the network is determined to be 9 and the number of
output nodes is 1. According to the number of network input and output nodes, the
number of artificially determined membership functions is 18, and the center, width,
and coefficient of the fuzzy membership function are randomly initialized.

According to the fuzzy neural network model, the predicted data are shown in
Table 4, and the trends of the fuzzy neural network and actual values are shown in
Fig. 4. According to the forecast results, the calculation error range is within a
reasonable range. From the test sample data, the prediction result is 44,0031 (ten
thousand tons of standard coal), and the prediction error is 0.92%. It can be seen
that the prediction effect is very good. This model can predict energy demand.

Table 1 Influencing factors sample data 1

Particular
year

GDP
(billion)

Urbanization
(%)

Total population
at the end of the
year (ten thousand
people)

Second
industry
contribution
rate (%)

Per capita
disposable
income of urban
residents (Yuan)

1997 79715 31.9 123626 59.1 5160.3

1998 85195.5 33.4 124761 59.7 5425.1

1999 90564.4 34.8 125786 56.9 5854

2000 100280.1 36.2 126743 59.6 6280

2001 110863.1 37.7 127627 46.4 6859.6

2002 121717.4 39.1 128453 49.4 7702.8

2003 137422 40.5 129227 57.9 8472.2

2004 161840.2 41.8 129988 51.8 9421.6

2005 187318.9 43.0 130756 50.5 10493

2006 219438.5 44.3 131448 49.7 11759.5

2007 270232.3 45.9 132129 50.1 13785.8

2008 319515.5 47.0 132802 48.6 15780.8

2009 349081.4 48.3 133450 52.3 17174.7

2010 413030.3 49.9 134091 57.4 19109.4

2011 489300.6 51.3 134735 52 21809.8

2012 540367.4 52.6 135404 49.9 24564.7

2013 595244.4 53.7 136072 48.5 26467

2014 643974 54.8 136782 47.8 28844

2015 689052.1 56.1 137462 42.4 31195

2016 743585.5 57.3 138271 38.2 33616
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Table 2 Influencing factors sample data 2

Particular
year

Total energy
production
(10,000 tons of
standard coal)

Energy
processing
conversion
efficiency
(%)

Research and
experimental
development (R&D)
expenditure (100
million Yuan)

Coal’s share
of energy
consumption
(%)

1997 132410 69.2 509.16 71.7

1998 124250 69.4 551.12 69.6

1999 125935 69.2 678.91 69.1

2000 138569.7 69.4 896 68.5

2001 147424.99 69.7 1042.49 68

2002 156277.01 69 1287.64 68.5

2003 178298.78 69.4 1539.63 70.2

2004 206107.73 70.6 1966.33 70.2

2005 229036.72 71.1 2449.97 72.4

2006 244762.87 70.9 3003.1 72.4

2007 264172.55 71.2 3710.24 72.5

2008 277419.41 71.5 4616.02 71.5

2009 286092.22 72.4 5802.11 71.6

2010 312124.75 72.5 7063 69.2

2011 340177.51 72.2 8687 70.2

2012 351040.75 72.7 10298.41 68.5

2013 358783.76 73 11846.6 67.4

2014 361866 73.5 13015.63 65.6

2015 361476 73.7 14169.88 63.7

2016 346000 74 15676.75 62.0

Fig. 1 Trend of test sample forecast results
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Trend of error in test samples 

Fig. 2 Trend of error in test samples

Table 3 Prediction result of GRNN neural network

Particular
year

Actual value (10,000 tons of
standard coal)

Predicted value (10,000 tons of
standard coal)

Relative
error (%)

1997 137798 140555.62 2.00

1998 132214 141610.26 7.11

1999 133831 146542.32 9.50

2000 146964 148450.16 1.01

2001 155547 164092.67 5.49

2002 169577 168306.67 −0.75

2003 197083 179518.36 −8.91

2004 230281 237435.32 3.11

2005 261369 281716.31 7.78

2006 286467 291391.62 1.72

2007 311442 302507.19 −2.87

2008 320611 311918.82 −2.71

2009 336126 326342.49 −2.91

2010 360648 355215.77 −1.51

2011 387043 371590.98 −3.99

2012 402138 401662.61 −0.12

2013 416913 415046.65 −0.45

2014 425806 420934.50 −1.14

2015 429905.1 423467.14 −1.50

2016 436000 424551.98 −2.63
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Fig. 3 Trends of predicted and actual values of GRNN neural networks

Table 4 Prediction results of fuzzy neural network

Particular
year

Actual value (10,000 tons of
standard coal)

Predicted value (10,000 tons of
standard coal)

Relative
error (%)

1997 137798 127477.56 −7.49

1998 132214 132746.34 0.40

1999 133831 138310.07 3.35

2000 146964 153347.05 4.34

2001 155547 155492.15 −0.04

2002 169577 170695.06 0.66

2003 197083 196300.23 −0.40

2004 230281 230186.28 −0.04

2005 261369 263565.74 0.84

2006 286467 284475.17 −0.70

2007 311442 305780.09 −1.82

2008 320611 320274.35 −0.11

2009 336126 337258.02 0.34

2010 360648 366309.28 1.57

2011 387043 388034.72 0.26

2012 402138 399485.23 −0.66

2013 416913 411417.15 −1.32

2014 425806 433136.40 1.72

2015 429905.1 429194.93 −0.17

2016 436000 440031 0.92
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4.5 Combination of GRNN Neural Network and Fuzzy
Neural Network Model Prediction

Comparing the prediction results of the GRNN neural network model and the fuzzy
neural network model, we can see that there are certain differences between the two
methods in the prediction of China’s energy demand, and each has its own
advantages in accuracy. In order to effectively integrate the advantages of these two
methods in forecasting, this paper proposes a method to determine the dynamic
weights, according to the prediction data of GRNN neural network model and the
fuzzy neural network model to predict the data, starting from the weight of 0 to
increase, to 0.001 steps The length is incremented to 1, and the data combination
values of the two prediction models under different weights are respectively cal-
culated, and then the actual data values are compared with the absolute values, and
the difference of each weight is added to obtain the minimum value of the absolute
value difference. The weights of the GRNN neural network model and the confused
neural network model were determined to be 0.013 and 0.987, respectively.

According to the weights of the combined model, the predicted results of the
combined model are obtained and the relative errors of the combined model are
calculated. The results are shown in Table 5.

Comparing the prediction error of GRNN neural network prediction model,
fuzzy neural network prediction model and combined model, we can see that the
prediction results of fuzzy neural network forecasting model and combined

Fig. 4 Trends in the prediction and actual values of fuzzy neural networks
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forecasting model are similar, although the predicted result of fuzzy neural network
is better in some years. The combined model predicts the effect, but overall the
combined model performs better on the stability of error variation. From this we can
see that the forecasting result of the combined forecasting model is effective, and its
forecasting accuracy is better than that of the single forecasting model in general.

5 Energy Demand Forecast Based on Combination Model

According to the Statistical Communique of the National Economic and Social
Development of the National Bureau of Statistics of China in recent years,
according to the “Five in One” overall layout and coordination of national policies
to promote the “four comprehensive” strategic layout, combining the major insti-
tutions at home and abroad for the future of our country For the prediction of
indicators, this article sets the economic growth rate for the next three years to 7%,
the urbanization process in China is basically increasing at an annual rate of 1.1%,
and the growth rate of the population in China is stable at about 0.5%. The con-
tribution rate of the secondary industry is basically the same. 40.5%, urban residents

Table 5 Forecast results of combination forecast model

Particular
year

Actual value (10,000 tons of
standard coal)

Predicted value (10,000 tons of
standard coal)

Relative
error (%)

1997 137798 127647.58 −7.366

1998 132214 132861.57 0.490

1999 133831 138417.09 3.427

2000 146964 153283.39 4.300

2001 155547 155603.95 0.037

2002 169577 170664.02 0.641

2003 197083 196082.07 −0.508

2004 230281 230280.51 0.000

2005 261369 263801.70 0.931

2006 286467 284565.08 −0.664

2007 311442 305737.55 −1.832

2008 320611 320165.73 −0.139

2009 336126 337116.12 0.295

2010 360648 366165.06 1.530

2011 387043 387820.95 0.201

2012 402138 399513.54 −0.653

2013 416913 411464.34 −1.307

2014 425806 432977.77 1.684

2015 429905.1 429120.47 −0.183

2016 436000 439829.77 0.878
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per capita disposable income growth rate is 6.5%, total energy production growth
rate is around 3.6%, energy processing and conversion rate increases at an annual
rate of 0.3%, R&D expenditure growth. The rate is about 11.5%, and the proportion
of coal in energy consumption is decreasing at an annual rate of 1.5%. In summary,
this article uses 2016 as a benchmark to obtain the energy demand results for 2017–
2019 based on the prediction model constructed above, as shown in Table 6.
According to the forecast results, China’s energy demand in the next few years will
continue to increase substantially. The increase in energy demand is still a severe
challenge for China.

6 Conclusion

Based on generalized regression neural network algorithm and fuzzy neural net-
work algorithm, the paper combines the advantages and disadvantages of the two to
build a combined forecasting model. Due to the limitations of the conditions of the
individual forecasting models, when the data series is predicted, the error degree
may be too large. The combination of the individual forecasting models by
dynamically determining their respective weights can make the combined fore-
casting model more accurate.

Because China’s energy system is highly complex, non-linear, small sample, and
other characteristics, energy demand forecasting is constrained by many factors, not
a method or model can accurately predict. For the practical application of the
combinatorial model in this paper, it can more accurately predict the energy
demand, and has certain reference to the future energy research in China.

Acknowledgements This work is supported by Ministry of Education Humanities and Social
Science Planning Fund Project (16YJA630002), Heilongjiang Social Science Fund Project
(15GLB05) and Fundamental Research Funds for Central Universities (HEUCF180911). This
paper is funded by the International Exchange Program of Harbin Engineering University for
Innovation-oriented Talents Cultivation.

Table 6 Energy demand forecast (2017–2019)

Particular year Combination forecast (10,000 tons of standard coal)

2017 447418.71

2018 474024.61

2019 510200.11
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Establishment of Distribution Center
Location Problem Model

Jian Yu

Abstract Historically, the problem of site selection has been accompanied by the
life of the people, with the development and progress of The Times, now the
logistics industry development by leaps and bounds, in the fierce competitive
environment, how to choose the site set up distribution centers, in order to better
complete the task distribution, is a problem for the logistics companies, this article
through to the existing classic location problems, such as P-center problems,
covering problems such as model, finally combining the development of the
enterprise now, maximize profit model and change model can be in a given number
of distribution center construction situation, choose the optimal construction of
distribution center address. It also provides a way of thinking for logistics enter-
prises to choose their location under the condition of sustainable development.

Keywords Site selection � Maximum profit � Demand � Sustainability

1 Introduction

The problem of site selection has been accompanied by the people’s life, such as in
order to survive, people will choose to compare a safe place for residence, people at
the same time in order to obtain more resources, make life better, will choose to
abundant supplies of live. From the historical level, many of the ancient and
modern, Chinese and foreign disputes and to plunder rational region, it also shows
the location is a problem along with the development of people, from the com-
petition for resources of land, to the present location for service or the market, the
location has been considered one of the problems.

Location problems involving in the presence of special widely, such as the city’s
location problem, merchant location of store location problem, the airport site
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selection problem, the new company set up location problem, and the establishment
of branch company involved in the location selection problem, and then into the
chain’s location problem today, factory warehouse site selection, logistics distri-
bution center location problem, etc. In ancient times, people used to select sites
based on previous experience or superstitious ideas. With the development of the
society and the deepening of scientific theory, people now research on site selection
problem has built up a set of more scientific research methods, involving in
operational research, topology, management and so on. At the same time due to the
location of the problem involves not just address itself, also involves the location of
the specific situation itself, site selection, for the sake of what, what is the location
of the main body, the location after what is the purpose of the need to achieve. At
the same time, the site selection is also influenced by the natural environment
factors, such as the location selection within the urban circle or around the city, the
topography of the site selection area, people’s living habits and so on.

Enterprises, government and individuals in the location of consideration, is made
up of a simple to the complex process, take the logistics distribution center location
problem, the first target may be through the scientific location makes me in the
process of the whole logistics cost minimum, then with the progress of the society,
and the improvement of people’s needs, the logistics distribution center have to take
the additional goals, such as service efficiency and the aging problem, lowest cost
cannot be the sole aim of most, and the need for various combination of site
selection such as how to improve user satisfaction, loyalty, etc. How can we
optimize our site selection so that we can adapt to the development of the society in
the future, such as solving the problem of the last kilometer nowadays? It is
officially based on the development of the society and the constant changes of
people’s demands, and under the competitive pressure of the new era, the logistics
distribution center needs to continuously improve its business capability. In this
paper, we will study the location of logistics distribution center in the current
environment.

This article from the development of the location selection problem and now the
main theoretical research of problem of site selection, analysis of the logistics
distribution center’s location now purpose and the method of choice, finalized now
logistics distribution center location models, and provide certain algorithm to
determine the final location.

2 Theoretical Research on Site Selection

Location problem of the beginning of the theory study begins with research of
Weber. Weber [1] study on the plane to determine a warehouse to make its position
with multiple customers the sum of the distance between the shortest problem.
Contemporary [1], there are other scholars studied the location selection problem,
but most studies are biased towards the actual application, such as product distri-
bution location of sales outlets, the locations of the depot and so on. Then some
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scholars put forward in the P-value and P-center problems [2], after that, the
location problem of the research field become more wide, such as transport hub
siting, between multiple warehouse location problem, and so on. With the devel-
opment of the society and the study of site selection, the problem of site selection
has gradually changed from a static and fixed model to a random one [3].

At present, there are many kinds of siting problems involved in the development
of siting. For example, the problem of siting can be divided into continuous siting,
network siting and discrete siting according to the position allowed to be selected
when siting. At the same time, it can be divided according to the number of site
selection targets, such as single target selection and multiple target selection.
According to the different purposes of site selection, the problem of site selection
can be divided into different models, such as p-median location selection, covering
location selection, p-center location selection and so on.

In the study of the location problem, comprehensive reference of other disci-
plines such as operations research, computer knowledge to solve the model, the
current in the distribution center location, the main use of algorithm can be divided
into two broad categories: accurate algorithm, heuristic algorithm [4]. Precision of
the algorithm can get optimal solution algorithm, branch definition method of
operational research, network flow algorithm, dynamic programming, etc., while
using the results of this kind of algorithm can accurately, but as the problem size is
bigger, the complexity of the algorithm into exponential growth, therefore in order
to better solve the problem. People by observing the experience and laws, this paper
puts forward a heuristic algorithm to solve this kind of problem, heuristic algorithm
can usually get a good solution, through continuous iterative comparison, finally
achieve a better solution. Because of the heuristic algorithm is likely to get the local
optimal solution, and then falling into the trap of low while its complexity, solving
speed, but the final result is not necessarily the global optimal solution. Now more
commonly used algorithm with simulated annealing algorithm [5], neural network
[6], genetic algorithm [7], ant colony algorithm [8] and so on.

In view of the above scholars research, this article from the modern technology
situation faced by the logistics distribution center and multiple factors such as
consumer demand to consider the distribution center location problem, not only to
the cost of logistics company requirements, and the future development needs, and
to meet the demand of consumers for new logistics under the new era.

3 Model Building

Starring this article studies the logistics distribution center location problem, is a
typical discrete location model, depending on the logistics center of the target, can
be installed in multiple models, such as in the process of site selection, making all
PeiSongDian to the average distance of the distribution center is the shortest, the
problem can be transformed to the value problem, here we use ReVelle and Swain
the integer programming model [9].
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In real life, often consumers hope logistics company able to cover all have lived,
and solve the problem of last kilometer, China at that time the site selection problem
can become cover problem, which is divided into full coverage and maximum
coverage problems. The total coverage problem can be summarized as the mini-
mum cost of building a distribution center to meet all the needs of consumers. We
assume that the construction cost of each distribution center is the same, then it is
converted to the minimum number of distribution centers.

This model does not consider the actual situation of different locations in the
requirements, therefore no matter demand size need to be resolved, although solved
the problem of the last mile, but may not the final result of the economy. If the
demand is very small in some remote areas, the cost of building a distribution center
there is high but the output is low. Therefore, in the practical application process,
some scholars proposed to study the maximum coverage problem.

When the organization’s resources is not enough, we need to give priority to
meet can bring more revenue to organize points to the construction of distribution
center, at this time due to the construction of a given the resources, therefore can
only build a limited number of distribution center, the location of the problem into,
under the specific scope of services, to maximize meet the needs of demand point.

As in the actual application, although limited by the service organization
resources, but also needs to meet all the requirements, otherwise it will according to
the loss of customers, thus to tissue damage in the interests of, so in the actual
application, and problems for a class of site selection, called P-central question, this
model, given the number of distribution centers, and at the same time required to
solve to meet the needs of all, to ask any requirement to the smallest maximum
distance of its recent distribution center.

In this paper, the model based on the contemporary enterprise not only consider
the current funding problems of the construction of the distribution center (cost),
should also consider the company in the future development of the situation,
consumer demand, a variety of factors such as the organization’s profitability a
multi-objective model is set up, make enterprise long-term profit maximization.

In order to build a mathematical model, the following assumptions are made:
first, the construction cost in each distribution is the same; second, when the dis-
tribution center is running, the greater the demand coverage of the distribution point
is, the higher its operating income is. Third, the greater the coverage of the dis-
tribution center, the greater the cost of delivery. Fourth, the larger the distribution
range, the lower the efficiency and customer satisfaction under the same distribution
resources, which will lead to the loss of customers, thus reducing the operating
revenue. Fifth, the distribution range of each distribution center is equal. Sixth, the
delivery capacity of each distribution center is the same. Considering the actual
construction process, because of the capital, land, the limitation of personnel
resources, in this article, we assume that the distribution center of revenue and
customer satisfaction and distribution centre distance as the inverse of the demand
point, this model can be expressed as follows:
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Letter i is the sequence number of requirement points; Letter j is the serial
number of the selected point of the facility, Ni represents the collection of the
distribution center covering demand point i, and ri represents the demand of
demand point i. When the demand point i is satisfied by the distribution center j, yij
is 1, otherwise it is 0. Dij is the distance between demand point I and facility point j.
Cj for distribution center construction costs, Xj whether to build distribution center
in j point, if the j point to build distribution center, Xj is 1, otherwise 0, type (3) for
any demand point I with recent facilities j (distribution), the biggest distance type
(4) limit the maximum number of the construction of distribution center. Coefficient
of a as profit coefficient of the distribution center, this article assumes that the same
demand and service range of profit coefficient is the same, so use (a/D) said the
actual profit, which is inversely proportional to the distance. b for distribution
range, can be equivalent to each service radius of distribution center.

In the model ri, dij, cj, coefficient of a is to measure the size of the known data,
can according to these data, we need objective function and ultimately determine
the optimal Xj, as can be seen from the model belongs to nonlinear model, through
the classic algorithm for solving nonlinear model. In practice, the difficulty of the
whole model is large, so we can use the heuristic algorithm commonly used today
to solve the optimal solution, and get a satisfactory solution more efficiently.

4 Conclusion and Prospect

By establishing the above model, we can use the scientific method to make logistics
companies in the planning of the distribution center, choose to have the profit
maximization strategy, in this model, some simplified processing parameters, such
as profit coefficient, assumption is in the same conditions (demand, scale) its
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profitability is the same, but the actual cases, the scale of demand the same con-
ditions, its profit level is different, because in practice there will be other com-
petitors, when consumer is choosing have their own preference, so in the further
study, we also can consider more deeply, to join in different parts of the com-
petitors, A variety of factors, such as consumer preferences, are used to modify the
model.

Due to the constant change of the social environment at the same time, the
business is to pursue the maximization of profit for a long time, and is no longer a
single current profit maximization, so consider in the next step of research is to set
up distribution centers in relation to the operating cycle, make the whole logistics
system is as the change of time and the unceasing development, finally achieve the
optimal strategy of long-term development.
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Research on the Construction
of Regional Intelligent Tourism Service
Platform—Take Zaozhuang
for Example

Xiujun Bai, Ping Li and Jinhua Duan

Abstract This paper, taking Zaozhuang as the research object, expounds the
construction achievements and problems of the existing Zaozhuang intelligent
tourism service platform, and puts forward a service platform for the construction of
large data of intelligent tourism. Based on the large data of tourism, the model
builds a data center around three aspects of the management, marketing and service
of intelligent tourism, and builds the six brigades. The application service platform
is used to build a large data application subsystem of different functions. Each
thematic application subsystem relies heavily on big data to fulfill the great data, to
realize large data collection, storage, analysis and application of intelligent tourism.
At the end of the article, from the perspective of managers, some suggestions are
put forward for the implementation of Zaozhuang intelligent tourism service plat-
form. The transformation and upgrading of tourism in Zaozhuang will enable the
transformation of new and old tourism momentum.

Keywords Zaozhuang city � Big data technical platform � Intelligent tourism
service system

1 Introduction

In recent years, Zaozhuang tourism has entered a period of rapid development.
According to statistics from the Zaozhuang City Travel Service Committee, in
2017, the number of Zaozhuang tourist trips exceeded 22.59 million, and the total
consumption exceeded RMB 19.9 billion, an increase of 10.55% and 14.91% over
2016 respectively. There are 50 A-plus tourist attractions (including one 5A scenic
spot), 18 star hotels, 64 travel agencies and 286 rural tourist spots in the city. Every
year, the New Year’s meeting, Lufeng canal summit, Lufeng canal food festival and
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other activities are held to attract a large number of tourists to Zaozhuang, making
Zaozhuang tourism develop by leaps and bounds. On this basis, Zaozhuang city
focuses on building a tourism intelligent service platform to meet various new
needs of tourists at different levels. In 2017, the Zaozhuang municipal party
committee and municipal government took the lead in formulating “Zaozhuang
City Smart City Work Essentials for 2017”, which clearly required the integration
of the city’s scenic spots, transportation, catering, accommodation, business,
entertainment and other related tourism resources to build a intelligent tourism big
data service platform(In other words, tourism clouds), innovate tourism service
methods and marketing models, further promote tourism intelligence, provide
tourists with integrated tourism services, enhance the level of Zaozhuang tourism
service intelligence, and promote all-round development of the tourism industry.
The construction of the intelligent tourism big data service platform will provide
tourists with richer tourism data services and provide more realistic tourism
experience items, which is of great significance in promoting the transformation,
upgrading and sustainable development of the tourism industry.

2 Format of Manuscript

2.1 Zaozhuang Intelligent Tourism Service Platform
Construction Results

Zaozhuang Tourism Service Commission attaches great importance to the con-
struction of a intelligent tourism service platform, and basically implements the
“Internet+” new tourism industry development model. Taking the Internet, Internet
of Things, big data and other new technologies as carriers, it aims to cultivate new
business models. In order to drive the development of tourist consumption and the
innovative development of tourism enterprises, the city has made every effort to
promote the development of the tourism industry in the direction of informatization,
intelligence, and humanization, and initially formed a intelligent tourism pattern
with wisdom management, smart marketing, and wisdom services as the core. The
following achievements have been achieved in the construction of tourism service
platforms:

2.1.1 Zaozhuang Travel Network

Zaozhuang tourism network is the main channel for Zaozhuang tourism information
release, realizing the separation of the tourism administration network and infor-
mation network, and integrating and using a website www.tour.gov.cn, together
known as Zaozhuang tourism network. Furthermore, the website page was rede-
signed to further optimize service functions. This tourism network has also
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developed the key corporate monitoring systems, key project construction and
dispatching systems, guide information databases and other networked office
platforms, and built a number of OA office automation projects featuring online
direct reporting, digital storage, and intelligent management. It has realized intel-
ligent management of online management, online scheduling, and online supervi-
sion, and improved office efficiency.

2.1.2 The Phone APP

Zaozhuang travel APP can realize the guiding and navigation functions of mobile
phones, provide all-round tourism information service and location navigation
service, and realize the function of “visiting Zaozhuang with one mobile phone”. In
order to cooperate with the construction of the tourism toilet revolution project, a
travel toilet APP was developed. On the basis of perfecting the city’s tourist toilet
information, automatic positioning and voice navigation were automatically per-
formed to find the closest function of the nearby toilets, providing more practical
information services for visitors.

2.1.3 Industrial Monitoring and Video Monitoring and Scheduling
Platform

Zaozhuang City Industrial Monitoring and Video Surveillance and Dispatching
Platform has covered the city’s 4A-level or more key scenic spots. It can provide
24-hour uninterrupted video surveillance for the densely populated spots of various
scenic spots. It is of great positive significance for the competent authorities to keep
abreast of the real-time operation of the scenic spot and prevent the occurrence of
major safety accidents. Through the upgrade of software and hardware, it can
connect with the provincial tourism commissions monitoring and dispatching
platform, and at the same time realize the existing monitoring platform for all 4A
level or above scenic spots and upload it to the Provincial Tourism Commission.
Among them, the 5A-level scenic spot surveillance video has been directly con-
nected with the National Tourism Administration through the platform, and video
data sharing has been realized.

2.1.4 Zaozhuang Travel Service Official Weibo, WeChat Public
Platform

The number of official Weibo fans of the Zaozhuang Travel Service Committee
exceeded 630,000. The WeChat public service platform realizes service number,
subscription number double number operation, and daily push service information.
On the basis of the original functions of the WeChat platform, visitors’ interactive
games were added, further expanding the influence of the WeChat public platform.
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2.2 The Existing Problems of Zaozhuang Intelligent
Tourism Service Platform

Though the construction of Zaozhuang intelligent tourism service platform has a
certain basis, it also plays an outstanding role in the tourism development process in
Zaozhuang City. However, there are still some deficiencies. Some problems restrict
the development of Zaozhuang intelligent tourism, mainly in the following aspect.

2.2.1 Insufficient Data Collection, Analysis and Application

The Zaozhuang intelligent tourism service platform cannot collect and store data on
tourism at present. It is unable to analyze and apply data, and cannot achieve data
docking and sharing. At the same time, the construction of the city’s intelligent
tourism service platform has not yet achieved three levels of interconnection among
cities, districts and enterprises (Table 1).

2.2.2 Insufficient Capital and Manpower Input

The construction of Zaozhuang intelligent tourism service platform often requires a
lot of funds and manpower investment, such as the construction of the platform, the
development of the system, and the promotion and maintenance of the later stage.
Upgrading requires adequate technical support and substantial capital investment.
However, in the process of building and implementing a specific intelligent tourism
service platform, there are problems of shortage of funds and lack of talent in
implementation of a number of intelligent tourism projects in Zaozhuang City. At
the same time, the lack of manpower, material resources and financial resources
after the completion of the platform often results in the ordinary operation diffi-
culties of the platform.

Table 1 Data service function statistics of intelligent tourism service platform

Intelligent travel
service platform

Release data
(whether or not)

Collect data
(whether or not)

Analysis and application
(whether or not)

Tourism
administration
network

Yes Yes No

Travel information
network

Yes Yes No

Mobile APP platform Yes No No

New media platform Yes No No

Video monitoring
platform

No No No
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2.2.3 Lacking of Publicity and Promotion

The publicity and promotion of the intelligent tourism service platform is very
important in the later period. The publicity and promotion of the intelligent tourism
service platform is not in place. Visitors do not understand the function of the
intelligent tourism service platform, and it is easy to cause the actual utilization rate
of the intelligent travel service platform to be low, even idle.

2.2.4 Low Wireless WIFI Coverage

The wireless network coverage rate of Grade A or above in Zaozhuang City is still
relatively low, and it has not been fully covered. Visitors get all kinds of infor-
mation, using mobile phone guides, navigation, navigation and other intelligent
services all need to install and download data on smart phone terminals, or access to
the designated web site. And these will be constrained by the network speed. The
wireless WIFI coverage is low, which will greatly affect the use and promotion of
the intelligent tourism service platform (Table 2).

2.3 Zaozhuang Intelligent Tourism Big Data Service
Platform Model Construction

In order to further optimize the functions of the Zaozhuang intelligent tourism
service platform and solve the current problems in the Zaozhuang intelligent travel
service platform, based on integrating the functions of the original intelligent travel
service platform, in general, overall use the cloud computing architecture to realize
the “poly”, “pass” and “use” data construction ideas. Propose to construct a
framework of Zaozhuang intelligent travel big data service platform with the core
content of “a big data center, six service platforms, multiple application
subsystems”.

Table 2 Zaozhuang tourism wireless WIFI coverage statistics

District/city A level scenic spot
(%)

Characteristic rural
tourism (%)

Hotel
(%)

Visitor center
(%)

Tengzhou 17.6 100 100 100

Xuecheng 10 100 50 100

Shanting 20 70 51 100

Shizhong 100 100 60 100

Yicheng 50 100 0 100

Taierzhuang 25 100 12.5 100
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2.3.1 Tourism Big Data Center

The tourism big data center mainly realizes the convergence of tourism data and the
integration of platforms. Through collecting, combing and summarizing all aspects
of tourism data resources, setting data-related standards, clarifying data indicators,
establishing data index system, collecting, cleaning, classifying, cataloging, and
storing tourism data, realizing data management, docking, sharing, and querying to
achieve unified data collection, unified management, real-time sharing, and ensure
data security (Fig. 1).

The data sources are mainly divided into four major categories. First, data from
internet includes search engine data such as Baidu, online travel website data, social
media data, and UGC data; second, data from departments includes traffic, public
security, environmental protection, and weather Such as data; The third is from the
tourism industry data, including the business system data and reporting data of
various levels of tourism bureaus, scenic areas, travel agencies, hotels and other
tourism state data; The fourth data is from operators’ data including communication
operators such as mobile, China Unicom, and telecommunications, as well as data
from mobile internet service providers and Tencent.

The data collection methods mainly include data capture, data purchase, data
docking, data filling, and data exchange. Data crawling is the crawling of web sites
such as e-commerce sites and social media through technologies such as web
crawlers; The data purchase is mainly the data of the three major mobile operators;
the purchase of Internet operator data, and the purchased data are also the data after
desensitization; Data reporting is data that the system docks or enters into the
intelligent tourism big data platform for manual reporting; valuable data involving
travel companies and departments can also be shared through exchanges.

Data 

Data capture

Data cleaning

Classification 
of storage

Data catalog
Data query

Data analysis

Data sharing

Data 
management

Tourism
Big Data
Center

Fig. 1 Function diagram of tourism big data center
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The data storage adopts the cloud storage service mode. According to the type of
big data, different databases are set to classify and store data, such as structured
databases, non-structured databases, and distributed file databases. The use of cloud
storage can not be limited by the storage space, and the automatic expansion of
storage space can be realized. At the same time, the adoption of cloud storage is
also conducive to data security and unified data management [1].

2.3.2 Intelligent Tourism Big Data Service Platform

The intelligent travel big data platform is mainly an exploratory application of the
data center’s data around smart management, smart marketing, and smart services.

Intelligent Tourism Big Data Statistics Platform

Traditional tourism statistics are conducted in accordance with the requirements of
the National Tourism Administration and the National Bureau of Statistics, and they
are conducted through traditional methods such as data reporting, sample surveys,
and layered reporting. The statistical project indicators are mainly based on num-
bers and income [2].

Through data access methods such as docking and data import, around the
elements of the tourism industry chain, the intelligent travel statistics system carries
out comprehensive and integrated integration and integration of the tourism
industry base and operational data, and can obtain tourist location information data,
thereby obtaining statistical project indicators.

For example, the number of visitors received through satellite positioning, cell
phone base stations, travel APP, WeChat, vocal data boxes, OTA data, etc. Receive
credits through SMS, UnionPay data and OTA online payment data. The average
value of consumption allowance multiplied by the number of tourists can obtain
more accurate total consumption, and its objectivity and credibility are much higher
than sample surveys and questionnaires.

Intelligent Tourism Big Data Precision Marketing Platform

Traditional tourism marketing is carried out through mass media such as newspa-
pers, television, radio, and broadcasting. At the same time, it cooperates with travel
agencies at all levels to launch tourism promotion activities so as to achieve brand
promotion and product sales. This kind of one-way transmission method has defects
such as blindness and arbitrariness, and the marketing effect is difficult to evaluate
[3].

The intelligent tourism precision marketing platform can use web crawler
technology to capture various web search data, analyze the attention of tourists, and
identify valuable tourism consumer groups, and use big data technology to analyze
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the consumer data after market segmentation, combined with the characteristics of
their own business, choose the target market for the company; Through collating,
summarizing and analyzing the data obtained from the Internet search, it outlines
the attributes of tourist consumers, predicts the preferences of tourists, and rec-
ommends special customized travel products or services for tourists to achieve
accurate marketing.

Take the accurate marketing of the Taierzhuang Ancient City Scenic Area as an
example, through the web crawler technology, with “Tai’erzhuang” as the seed,
conduct statistics and analysis of the network search data of the Tai’erzhuang
Ancient City Scenic Spot in Zaozhuang during a certain period of time, we can get
high search index in Linyi, Zaozhuang, Xuzhou, Beijing, Shanghai, Jinan and other
places. During the holidays of May 1st, Spring Festival and other holidays, tourists
from Linyi, Xuzhou and other places are the highest. Therefore, the scenic spot can
offer some preferential policies for Linyi, Xuzhou, Jining and other tourists. This
will not only achieve diversion of tourists, avoid Linfen, Xuzhou tourists get
together to visit the ancient city on holiday, and can also attract a large number of
tourists to visit the ancient city of Taierzhuang in order to achieve accurate
marketing.

Intelligent Tourism Big Data Management Platform

(1) Tourism public opinion monitoring system

The public opinion monitoring system can collect data sources such as websites,
WeChat, Weibo, blogs, forums, news websites, and post bars. Through analysis and
processing of data, it is possible to implement functions such as public opinion
early warning, positive and negative sentiment analysis, sound volume trend
analysis, data source analysis, lyrics hot word analysis, etc. It can obtain real-time
analysis of public opinion hot-spot propagation process, permeate different stages
of topics such as fermentation, diffusion, peak and attenuation, and conduct
in-depth observation of the event mechanism, diffusion path, and impact effects,
and conduct appropriate guidance in an official or unofficial manner according to
progress, avoiding the occurrence of Zaozhuang tourism network public opinion
events [4].

(2) Passenger flow monitoring system of tourist attractions

The relevant data is captured by installing acoustical data boxes or mobile operator
data at the entrance of the scenic area to obtain tourist flow data of tourist attrac-
tions. The tourist flow data of tourist attractions can be divided into real-time data,
monthly data, and annual data. A large LED screen can be set at the entrance of the
scenic spot, which can display the number of passengers in the scenic spot in real
time. By analyzing the tourist flow data of tourist attractions, it is possible to
effectively avoid overloading tourists in scenic spots and avoid unexpected events.
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At the same time, it is also possible to predict the passenger flow and traffic flow of
the scenic spot in the near future and help the scenic spot to prepare for the
operation and reception in advance so as to improve the tourism service level.

(3) Travel agency team monitoring system

Collect real-time information of the city’s travel team on the basis of the functions
of the industry monitoring and video monitoring and dispatching platform. Monitor
and control the entire operation process of the tourism team, and use the Beidou
positioning data to manage the team. Realize the panoramic display of the city’s
team data and forecast the number of teams, and achieve the effective concatenation
of travel industry chains and service providers such as travel agencies, scenic spots,
hotels, and transportation. Form a complete supervision and management process
for tourism services, and solve the problems of the current management team and
tour guides in Zaozhuang City, and eliminate the blind spots in tourism
administration.

Intelligent Tourism Big Data Service Platform

(1) Regional passenger flow trend analysis and prediction system

Use big data technology to analyze and predict passenger flow trends, formulate
and implement tourist flow control plans, and use the SMS push platform and new
media platform to publish passenger flow warnings and related data suggestions for
tourists entering the area when necessary.SMS content is embedded in the travel big
data WeChat applet, visitors can click to enter the mobile version of the Zaozhuang
intelligent travel service platform, can understand information such as weather
conditions, traffic conditions, scenic passenger flow, surrounding parking lots and
toilets and other data, these data can provide a very important reference for tourists
to make reasonable arrangements for the next travel itinerary.

(2) Passenger flow analysis and prediction system of holiday scenic spots

The system is capable of collecting and organizing holiday history and real-time
data from multiple data sources, such as travel networking data, mobile operator
data, and travel system own data, and predicts vacation holiday passenger flow. The
Ministry of Tourism can publish the information on the analysis and prediction of
tourists in holiday resorts through various channels such as SMS, WeChat, web-
page, television, and radio. In addition to tourism promotion, it can provide more
authoritative reference for tourists to travel, so as to promote the orderly, healthy,
and stable development of the tourism industry.

(3) “Donkey” information system

The system can collect tourist demand information so that all visitors to Zaozhuang
can travel together at the same time. The mutual understanding between the don-
keys can enrich travel and make the journey more enjoyable. For example, after
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collecting tourist information, tourists from Zaozhuang can be invited to enter the
group “Love Friend” at the same time. Release public service information and
preferential information related to Zaozhuang Tourism in the group. Visitors can
communicate with the “alien” before playing, and prepare well for travel. The play
process can remind each other, help each other, make new friends, and share with
each other after the game is over.

(4) Intelligent virtual tourism system

Establish a virtual tourism video database to integrate video data of the city’s tourist
attractions through the collection of VR, video monitoring platform and other travel
data. Visitors can directly watch the live video of the scenic spot through the
“telescope” function of the Zaozhuang intelligent tourism service platform. They
can also download and obtain video data, and enjoy the real-time beauty of
Zaozhuang city’s major scenic spots in advance, thus creating a tourism vision [5].

Intelligent Tourism Big Data Credit Platform

Travel Credit Big Data is divided into four systems: destination credit big data,
scenic credit big data, hotel credit big data, travel agency credit big data. Collect,
collate and analyze collectively through the data on the Internet public opinion data,
the tourism administrative department punishment notification data, 12301, the
satisfaction of tourists, etc. Establish a list of “red and black” tourism integrity, and
improve the data construction of the integrity of travel companies and tour guides.
The entire credit chain of tourism tourism industry in Zaozhuang is displayed in a
panoramic way, which facilitates the screening selection of tourism audiences. It is
convenient for the government and competent authorities to conduct unified gov-
ernance and comprehensive control from a higher perspective, and promote the
rapid and efficient development of the entire tourism industry [6].

Intelligent Tourism Big Data Enterprise Price Monitoring Platform

The existence of price uncertainty pricing in current tourism is an infringement on
the actual rights and interests of tourists, and price monitoring is conducive to the
timely availability of relevant authorities. According to the analysis results, it
predicts and proposes the reasonable selling price of the scenic products in the short
term, monitors the price changes of the scenic spots in real time, analyzes the price
change curve of the scenic spots by category and area, comprehensively predicts the
change trend of the scenic ticket prices, and provides the dynamic pricing for the
scenic spots. The price of online sales tickets is monitored at different prices and
traced back to the source.
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3 Suggestions on the Construction and Implementation
of Zaozhuang Intelligent Tourism Service Platform

In order to ensure the smooth implementation of zaozhuang intelligent tourism
service platform and better play the function of intelligent tourism service platform,
the following Suggestions are proposed.

3.1 Improve Model Design and Enhance Service Function

Perfect intelligent tourism service platform model design of zaozhuang, platform
framework should be used more than three layer architecture, has the characteristics
such as easy to install, easy to use, improve the reliability of system, stability,
compatibility and extensibility platform, improve the storage of database and the
data processing ability, fully considering the platform after the completion of
maintenance requirements, at the same time to dig deeper into big data applications
in tourism, strengthen the zaozhuang intelligent travel service platform. Improve the
model design of the Zaozhuang intelligent tourism service platform. The framework
of the platform should adopt a three-tier or higher architecture and be easy to install
and use. Improve the reliability, stability, platform compatibility and scalability of
the system and improve the storage and data processing capabilities of the database.
Fully consider the requirements such as ease of maintenance after the completion of
the platform, and further tap into the application of big data in tourism, and
strengthen the Zaozhuang intelligent tourism service platform.

3.2 Change the Data Concept and Cultivate the Awareness
of Application

Big data is not only a technical change, but also more important is the transfor-
mation of thinking modes and consciousness concepts, including concepts such as
cross-border, integration, opening, and sharing. It uses the concept of big data to
carry out Zaozhuang tourism; attaches importance to data and respects data. The
data is used in the promotion and service process of tourism, highlighting the
convenience brought by big data in management applications, and continuously
improving the efficiency and quality of tourism management.
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3.3 Pay Attention to Personnel Training and Enhance
the Ability of Application

The key to whether or not the Zaozhuang intelligent travel service platform can play
a better role lies in the introduction and training of talents, mainly those who can
actively collect and analyze data with strong capabilities. These talents need to have
a certain computer background, and are familiar with the development of the
tourism industry. They can integrate computer technology into the development of
intelligent tourism. In addition, it is necessary to introduce experts who have
experience in the application of tourism big data to the intelligent tourism team. In
order to promote the refinement and modernization of the tourism industry, we must
actively create conditions to cultivate high-end tourism complex talents.

3.4 Increase Capital Investment to Ensure Late Operation
and Maintenance

The intelligent tourism service platform more embodies the tourism public welfare
service. Therefore, the Zaozhuang City Travel Service Committee should strive to
establish a special fund for intelligent tourism in Zaozhuang City, establish a
sustainable development investment mechanism for the intelligent tourism service
platform, and at the same time, through market-oriented means, mobilized
tourism-related companies to raise funds in various aspects and carry out cooper-
ation platform construction for intelligent tourism. On the one hand, it further
perfects and expands the functions of the Zaozhuang intelligent travel service
platform. On the other hand, it can entrust professional companies to operate and
maintain the platform. For example, the collection of data, especially the analysis
and application of data, requires professional personnel and corresponding capital
investment. The platform is not only a construction, more importantly, the operation
and maintenance of the platform in the later period.

3.5 Enhance Authority and Security and Ensure Credibility

Information security is the biggest obstacle to data sharing and full use. It is also the
biggest obstacle to the application of big data in intelligent tourism. Tourism
government agencies should further improve the system of data security related to
the intelligent tourism service platform, and classify tourism big data. Data
involving confidentiality should be well-encrypted, prevent data leakage, and avoid
the occurrence of travel information security [7]. In addition, experts and professors
of tourism colleges and universities may be invited to further review the data and at
the same time review the information published by the intelligent tourism service
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platform to Guarantee the authenticity and effectiveness of information and to
improve the authority and credibility of the Zaozhuang intelligent tourism service
platform.

3.6 Improve Wireless Wifi Coverage and Increase Publicity

Further improve wireless WIFI coverage in high-speed railway stations, railway
stations, hotels, scenic spots, bus platforms and tourist service centers. Foreign
tourists entering Zaozhuang City can use the form of a push welcome message to
carry out the program link of the platform and conduct targeted promotion of the
intelligent travel service platform according to the tourist data. Through the tourism
website, Zaozhuang Smart Travel Service website is embedded for tourists to
download free of charge. Information on promotions can be embedded in public
service facilities such as various signage boards, public bicycles, and gas stations so
that visitors can sweep into the Zaozhuang intelligent travel service platform. In
short, the platform must not only ensure fast access, but also ensure full coverage of
wireless networks, and at the same time ensure that multiple channels are promoted.
This will enable Zaozhuang City’s intelligent travel service platform to maximize
its functions and provide tourists with intelligent services for tourism.

4 Conclusion

At present, the application of tourism big data in the intelligent tourism in
Zaozhuang is at the stage of exploration and program improvement. This article
explores and tries to apply tourism big data to intelligent tourism based on the
actual situation of tourism in Zaozhuang only for the current recognition of the
tourism industry. Hope that in the follow-up study, there can be more tourism big
data can be applied to Zaozhuang intelligent tourism, the construction of
Zaozhuang intelligent tourism service platform for continuous improvement and
improvement, and constantly improve the level of intelligence Zaozhuang tourism.
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Research on Horizontal Competition
Between Dual-channel Retailer
and Traditional Retailer in the Circular
Market Under the Congestion Negative
Effect of Physical Channel

Bing Xu, Huifang Li and Ping Wang

Abstract Combining with the Salop model, the horizontal competition between
one dual-channel retailer and N − 1 traditional retailers is studied in a circular
market where all the retailers are uniformly located. The dual-channel retailer set
different pricing strategies and unified pricing strategy for products selling online
and offline respectively when physical channel has congestion negative effect. This
paper studies the impact of congestion negative effects on the physical channel and
the effect of the number of firms on channel pricing strategies in the circular market
and to illustrate the results by using numerical experiments. The results show that:
(i) traditional retailers should speed up the transformation from entities to
dual-channel retailers and improve their service level; (ii) the dual-channel retailer
should make different pricing for products which selling online and offline; (iii) and
the newly entered traditional retailers will compete for the online market share, but
has no effect on offline channel.

Keywords Horizontal competition � Salop model � Dual-channel retail �
Congestion negative effect

1 Introduction

According to the latest “Statistics Report of the 41st China Internet Development”
conducted by China Internet Network Information Center (CNNIC), on December
2017, the number of Chinese Internet users reached 772 million, online shopping
users accounted for 69.1% of the total number of Internet users. Meanwhile, online
retail transactions accounted for 19.59% of retail sales of social consumer goods,
which is approximately RMB 7175.1 billion. Online shopping has become a
habitual shopping way. However, with the rapid development of e-commerce and
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the impact of financial crisis, more and more enterprises begin to sell products
through the Internet. Such as, RAINBOW, RT-Mart, etc. On the one hand, E-Shop
is easing the pressure of physical stores in a way. On the other hand, it brings
challenges to the physical channel. Furthermore, a consumer’s shopping experience
will be affected by store size, decoration style and other factors partly. In the
holidays, especially, stores are so crowded that many consumers even give up
shopping. Therefore, under the congestion negative effect of physical channel,
whether the traditional retailer needs to transform into a dual-channel retailer? What
pricing strategy should be chosen after the transformation?

Hotelling first constructs a linear city model to study horizontal production
differentiation problem, and finds that two enterprises should locate in the market
center, which is “Minimum differentiation principle” [1]. Many scholars expanded
this model. Krina and Nikolaos study the price competition under the network
effect, while the duopoly products are different in horizontal and vertical directions.
The results show when expectations are not affected by prices, the market may be
equally shared. Otherwise, high-quality companies tend to occupy a larger market
share [2]. Yi and Yang investigate the influence mechanism between retailer’s
marketing strategic and wholesale price in a market with network externality, find
that the strength of network externality is inversely proportional to the wholesale
price [3]. Liu et al. study the game between one retailer and one supplier when
retailer sells information products with two versions in a market with network
externality; the best sales channel strategy is to distribute high-quality version
through direct channels and sell low-quality version through retail channels [4].
Based on Hotelling model, Suleymanova and Wey analyze the impact of consumer
expectations on prices with strong, medium, and weak network externalities
respectively, and find that consumer expectations are negatively correlated with
market competition intensity [5]. Ahlin et al. study the Hotelling model with
congestion negative effects, and proved that the “Minimum differentiation princi-
ple” of Hotelling model was right under congestion negative effects [6]. Assume
that consumers are evenly distributed, and enterprises are equally distributed in the
circle market, Salop constructs the two-stage game that in the first stage, potential
enterprises decide whether to enter the market simultaneously; in the second stage,
the enterprises compete against each other on price [7]. Wu et al. study the com-
petition between dual-channel retailers and online retailers, and find that the relative
size of the online market and the physical market determines whether the
dual-channel retailer has a competitive advantage [8]. Heikkinen introduces positive
and negative network externalities into the circular market competition model, and
found that the negative network externalities caused the equilibrium price of market
competition to decline [9]. Jiang studies the location and pricing of dual channel
retailers based on the Hotelling model [10]. Xu et al. relaxed the assumption that
enterprises only compete with two adjacent enterprises, analyze the location and
price competition of enterprises in one circular market [11].

There are lots of studies about horizontal product differentiation, but the research
of congestion negative effect in horizontal product differentiation mainly focused on
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the two entity retailers in linear city model. Furthermore, few of the studies are
about the dual-channel retailer, most of them are only related to the dual-channel
manufacturer. Therefore, this article focuses on the congestion negative effects of
physical channel, and studies the price competition among one dual-channel retailer
and N − 1 traditional retailers in one circular market.

2 Model Description and Hypothesis

There is a circular market whose length is 1, N retailers who sell same products are
uniformly located at the circular market. One retailer, denoted by retailer 1, is
dual-channel retailer who sells products in both offline channel and online channel,
and provides free delivery service to customers who are shopping online. The
others, denoted by retailer c (c = 2, 3, …, N), are undifferentiated entity retail
enterprise. Consumers are evenly distributed in the market, and each of them only
have unit need. According to the assumption of Salop [7], the entity retailers only
compete with the adjacent stores on both sides, in other words, though there are
various channels in the market, but one consumer will only go shopping from 3
channels that one is dual-channel retailer’s online channel, and the other two
channels are two entity stores adjacent to him. Since the other (N − 1) traditional
retailers are exactly the same, so denote the total of them as: C. The consumer not
only needs to bear the traffic cost, but also the congestion negative effect cost of
physical channel, so the utility of consumer is:

uiðxÞ ¼
u0 � ps � txs � kqs ði ¼ sÞ
hu0 � pe ði ¼ eÞ
u0 � pc � txc � kqc ði ¼ cÞ

8<
: ð1Þ

where e, s and c represent the dual-channel retailer’s online channel, offline channel
and one traditional retailer’s channel, respectively; pi and qi are the corresponding
product prices and quantities; u0 [ 0 is the intrinsic utility of product; t[ 0 rep-
resents the unit traffic cost; 0\h� 1 denotes consumers preference for online
channel; k[ 0 is the unit congestion cost which describes the influence of unit
congestion on consumers’ utility; x is the distance between the consumer and the
entity store. Assume that the unit cost of sales in all entity stores is the same cs and
the unit cost of sales through the online channel is ce; denote Dc ¼ cs � ce [ 0.
Assume that u0 [max½ce=h; cs þðkþ tÞ� is big enough and each consumer will buy
one product. Consumers choose shopping channels based on the principle of utility
maximization.

Lemma 1 When ps � pe þð1� hÞu0, pe � 1
2 ½ðps þ pcÞþ ðkþ tÞ� � ð1� hÞu0 and

pc � pe þð1� hÞu0, all three channels will have demand.
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Proof When ps [ pe þð1� hÞu0, we have ueðxÞ[ usðxÞ ð8x 2 ð0; 1ÞÞ, no one will
visit the offline store of dual-channel retailer. When pe [ 1

2 ½ðps þ pcÞþ
ðkþ tÞ� � ð1� hÞu0, we have ueðxÞ\min½usðxÞ; ucðxÞ�ð8x 2 ½0; 1�Þ, the online
channel of dual-channel retailer’s will have to be closed because of no shoppers. So,
the prices of dual-channel retailer’s products should commit to: ps � pe þð1� hÞu0
and pe � 1

2 ½ðps þ pcÞþ ðkþ tÞ� � ð1� hÞu0. As the same,when pc [ pe þð1� hÞu0,
we have ueðxÞ[ ucðxÞð8x 2 ½0; 1�Þ, traditional retailers will exit the market. So, the
conclusion is hold.

According to Lemma 1, the prices of products can’t be too high; otherwise the
channel will be eliminated. The floor price is unit cost when there has competition.
Then parameters should commit to Dc�ð1� hÞu0 �ðkþ tÞ=2þDc.

There has a point where all consumers who locate at will get the same utility,
which is called indifferent point. So the indifferent point between dual-channel
retailer’s online and offline stores is xs, the dual-channel retailer’s online store and
one of the N − 1 traditional retailers’ store have an indifferent point xc,

xs ¼ 1
t ½ðpe � psÞþ ð1� hÞu0 � kqs�

xc ¼ 1
t ½ðpe � pcÞþ ð1� hÞu0 � kqc�

�
ð2Þ

The consumers will only choose the right or the left entity store or dual-channel
retailer’s online store to shopping. According to Eq. (2), the demand functions are:
qs ¼ 2xs, qc ¼ 2xc, qe ¼ 1� qs � ðN� 1Þqc. Solve these equations, we have:

qs ¼ 2
2kþ t ½ðpe � psÞþ ð1� hÞu0�

qc ¼ 2
2kþ t ½ðpe � pcÞþ ð1� hÞu0�

qe ¼ 1� 2
2kþ t ½ðN � 1Þðpe � pcÞþ ðpe � psÞ � Nð1� hÞu0Þ�

q1 ¼ qs þ qe
qC ¼ 2ðN�1Þ

2kþ t ½ðpe � pcÞþ ð1� hÞu0�

8>>>>><
>>>>>:

ð3Þ

The profit functions of all channels and N retailers are:

ps ¼ ðps � csÞqsðps; peÞ
pe ¼ ðpe � ceÞqeðps; pe; pcÞ
p1 ¼ psðps; peÞþ peðps; pe; pcÞ
pc ¼ ðpc � csÞqcðpc; peÞ

8>><
>>: ð4Þ
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2.1 Dual-channel Retailer Sets Different Channel Selling
Prices

Assume that dual-channel retailer sets prices online and offline respectively, the
model can be formulated as:

p1ðp�s ; p�e ; p�cÞ� p1ðps; pe; p�cÞ; 8ps � cs; 8pe � ce
pcðp�c ; p�eÞ� pcðpc; p�eÞ; 8pc � cs; c ¼ 2; . . .;N

�
ð5Þ

Since: @
2p1
@p2s

¼ � 4
2kþ t\0, @

2p1
@p2s

@2p1
@p2e

� @2p1
@ps@pe

@2p1
@pe@ps

¼ 16ðN�1Þ
ð2kþ tÞ2 [ 0, the Hessen matrix is

a negative definite matrix, and the profit function is joint strictly differentiable
concave function. Solve the equilibrium functions of first-order conditions, the
optimal prices of each channel can be obtained. Furthermore, every consumer
should get positive utility so that every consumer will buy unit product, the fol-
lowing conditions must be met:

pi � ciði ¼ e; s; cÞ
qi � 0ði ¼ e; s; cÞ
uiðxÞ� 0ði ¼ e; s; cÞ

8<
: :

So the following Eq. (6) should be hold

ðN � 1Þ ð1� hÞu0 � Dc½ � � 2kþ t�ðN � 1Þ ð1þ 2hÞu0 � cs � 2ce½ � ð6Þ

The optimal prices of three channels are respectively expressed as:

p�s ¼ cs þ 1
6 ½4kþ 2t

N�1 þð1� hÞu0 � Dc�
p�e ¼ ce þ 1

3 ½2kþ t
N�1 � ð1� hÞu0 þDc�

p�c ¼ cs þ 1
6 ½2kþ t

N�1 þ 2ð1� hÞu0 � 2DcÞ�

0
@ ð7Þ

Equation (7) shows that in the circular market, when dual-channel retailer sets
different channel selling prices, all the retailers determine price based on the
channel cost by cost-plus method. The plus depends on the difference between
channel cost and utility, the unit traffic cost, the unit congestion negative effect cost
and the number of retailers in the circular market.

The optimal market share and profit of every channel and retailer can be
expressed as:
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q�s ¼ 1
2kþ t ½ð1� hÞu0 � Dc�

q�e ¼ 1
3ð2kþ tÞ ½4kþ 2t � ð2Nþ 1Þ ð1� hÞu0 � Dcð Þ�

q1 ¼ 2
3ð2kþ tÞ ½2kþ t � ðN � 1Þ ð1� hÞu0 � Dcð Þ�

q�c ¼ 1
3ð2kþ tÞ ½2kþ t

N�1 þ 2 ð1� hÞu0 � Dcð Þ�
q�C ¼ 1

3ð2kþ tÞ ½2kþ tþ 2ðN � 1Þ ð1� hÞu0 � Dcð Þ�

8>>>>>><
>>>>>>:

ð8Þ

p�s ¼ 1
6ð2kþ tÞ ½4kþ 2t

N�1 þð1� hÞu0 � Dc�½ð1� hÞu0 � Dc�
p�e ¼ 1

9ð2kþ tÞðN�1Þ �2k � tþðN � 1Þðð1� hÞu0 � DcÞ½ � �4k � 2tþð2Nþ 1Þðð1� hÞu0 � DcÞ½ �
p�1 ¼ p�s þ p�e
p�c ¼ 1

18ðN�1Þ2ð2kþ tÞ 2ðN � 1Þð1� hÞu0 � 2ðN � 1ÞDcþ 2kþ t½ �2

p�C ¼ 1
18ðN�1Þð2kþ tÞ 2ðN � 1Þð1� hÞu0 � 2ðN � 1ÞDcþ 2kþ t½ �2

8>>>>>><
>>>>>>:

ð9Þ

2.2 Dual-channel Retailer Sets Unique Channel Selling
Price

Assume that the dual-channel retailer takes unified pricing strategy, denote
ps ¼ pe ¼ p1. Now the model is as follows:

�p1ðp�1; p�cÞ� �p1ðp1; p�cÞ; 8p1 �min½cs; ce�
�pcðp�c ; p�1Þ� �pcðpc; p�1Þ; 8pc � cs; c ¼ 2; . . .;N

�
ð10Þ

Because d2�p1
d�p21

¼ � 4ðN�1Þ
2kþ 4 \0, d2�pc

d�p2c
¼ � 4

2kþ t\0, �pi are the strictly differentiable

concave function of pi. Solve the first-order conditions functions, we have Eq. (12).

And
pi � csði ¼ e; s; cÞ
qi � 0ði ¼ e; s; cÞ
uiðxÞ� 0ði ¼ e; s; cÞ

8<
: should be hold, we have:

ðN � 1Þ ð1� hÞu0 þ 2Dc½ � � 2kþ t�ðN � 1Þ ð1þ 2hÞu0 � cs � 2ce½ � ð11Þ

�p�1 ¼ ce þ 1
3

2kþ t
N�1 � ð1� hÞu0 þDc

� �
�p�c ¼ cs þ 1

6
2kþ t
N�1 þ 2ð1� hÞu0 � 2Dc

� ��
ð12Þ
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Equation (12) shows that in the circular market, dual-channel retailer determines
price based on the online channel cost, (N − 1) traditional retailers decide price
based on the physical channel cost by cost-plus method. The plus depends on the
cost difference between online and offline channels, the unit traffic cost, the unit
congestion negative effect cost and the number of retailers in the circular market.

The optimal market share and profit of each channel and retailer can be
expressed as:

�q�s ¼ 2
2kþ t ð1� hÞu0

�q�e ¼ 2
3ð2kþ tÞ 2kþ t � ðNþ 2Þð1� hÞu0 þðN � 1ÞDc½ �

�q�1 ¼ 2
3ð2kþ tÞ 2kþ t � ðN � 1Þ ð1� hÞu0 � Dcð Þ½ �

�q�c ¼ 1
3ð2kþ tÞ

2kþ t
N�1 þ 2 ð1� hÞu0 � Dcð Þ� �

�q�C ¼ 1
3ð2kþ tÞ 2kþ tþ 2ðN � 1Þ ð1� hÞu0 � Dcð Þ½ �

8>>>>>><
>>>>>>:

ð13Þ

�p�s ¼ 2
3ð2kþ tÞ

1
N�1 ð2kþ tÞ � ð1� hÞu0 � 2Dc
� �ð1� hÞu0

�p�e ¼ 2 �2k�tþðN�1Þðð1�hÞu0�DcÞ½ � �2k�tþðNþ 2Þð1�hÞu0�ðN�1ÞDc½ �
9ðN�1Þð2kþ tÞ

�p�1 ¼ �p�s þ �p�e
�p�c ¼ 1

18ðN�1Þ2ð2kþ tÞ 2kþ tþ 2ðN � 1Þð1� hÞu0 � 2ðN � 1ÞDc½ �2

�p�C ¼ 1
18ðN�1Þð2kþ tÞ 2kþ tþ 2ðN � 1Þð1� hÞu0 � 2ðN � 1ÞDc½ �2

p ¼ �p�1 þ �p�C

8>>>>>>>><
>>>>>>>>:

ð14Þ

According to Eqs. (8), (9), (13) and (14), the market share and profit of
dual-channel retailer are higher than traditional retailers.

Conclusion 1 The horizontal competition of dual-channel retailer and N � 1ð Þ
traditional retailers in circular market, regardless the pricing strategies, dual-channel
retailer will gain higher market share and profit by opening online channel. That is,
considering the negative effect of congestion, the traditional retailer will gain new
competitive advantages when change to dual-channel retailer.

Conclusion 2 When N retailers compete horizontally in the circular market, the
market share of dual-channel retailer’s online channel decreases in the number of
retailers in the market, its offline channel’s market share is unchanged. The market
share of one traditional retailer is decreasing, while the total market share of all
traditional retailers is increasing.

According to derived function, we have:

Research on Horizontal Competition Between Dual-channel … 173



@q�s
@N

¼ 0;
@q�e
@N

¼ 2 Dc� ð1� hÞu0½ �
3 2kþ tð Þ \0;

@q�1
@N

¼ 2 Dc� ð1� hÞu0½ �
3 2kþ tð Þ \0;

@q�c
@N

¼ � 1

3 N � 1ð Þ2 \0;

@½q�C�
@N

¼ 2 ð1� hÞu0 � Mc½ �
3 2kþ tð Þ [ 0;

@qs
@N

¼ 0;
@qe
@N

¼ � 2ð1� hÞu0
3 2kþ tð Þ \0;

@q1
@N

¼ � 2N
3 2kþ tð Þ\0;

@qc
@N

¼ � 1

3 N � 1ð Þ2 \0;
@qC
@N

¼ 2ð1� hÞu0
3 2kþ tð Þ [ 0:

So Conclusion 2 is hold.

Conclusion 3 When the dual-channel retailer and traditional retailers compete in
the circular market, the price of dual-channel retailer with unified pricing strategy is
equal to the price of online channel with pricing separately. Within two pricing
strategies, the (N − 1) traditional retailers’ prices are the same, the market share of
dual-channel retailer and the (N − 1) traditional retailers have not changed, but the
profit of the dual-channel retailer is lower when the dual-channel retailer chooses
unified pricing strategy.

Compare Eq. (7) with Eq. (12), Eq. (8) with Eq. (13), Eq. (9) with Eq. (14), we
have:

�p�1 ¼ p�e\p�s ; �p
�
c ¼ p�c ; �q

�
s [ q�s ; �q

�
e\q�e ; �q

�
1 ¼ q�1; �q

�
c ¼ q�c ;

�p�s [ p�s ; �p
�
e\p�e ; �p

�
1\p�1; �p

�
c ¼ p�c ; p

� [ p�:

So Conclusion 3 is hold.

Proposition 1 In circular market, under the two pricing strategies, the congestion
of physical channel will weaken the market competition, prices and profits of all
channels will be higher than non-congestion.

Proof According to derived function, we have:

@p�s
@k

¼ @p�e
@k

¼ @�p�1
@k

¼ 2
3ðN � 1Þ [ 0;

@p�c
@k

¼ @�p�c
@k

¼ 1
3ðN � 1Þ [ 0;

@p�s
@k

¼ � ½ð1� hÞu0 � Mc�2
6ð2kþ tÞ2 \0;

@p�e
@k

¼ 4ð2kþ tÞ2 � 2 N2þN � 1ð Þ½ð1� hÞu0 � Mc�2
9ð2kþ tÞ2 [ 0;

@p�1
@k

¼ @p�s
@k

þ @p�e
@k

[ 0;

@p�c
@k

¼ 4 N � 1ð Þ2½ð1� hÞu0 � Mc�2 � ð2kþ tÞ2
3ð2kþ tÞ2 [ 0;
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@�p�e
@k

¼ 4½½ N � 1ð Þ½ð1� hÞu0 � Mc�� � 2k � t�½ðNþ 2Þð1� hÞu0 � ðN þ 1ÞMc� 2k � t�
9ðN � 1Þð2kþ tÞ2 [ 0;

@�p�s
@k

¼ 4½ð1� hÞu0 þ 2Mc�ð1� hÞu0
3ð2kþ tÞ2 [ 0;

@�p�1
@k

¼ @�p�s
@k

þ @�p�e
@k

[ 0:

@�p�c
@k

¼ ð2kþ tÞ2 � 4ð1� NÞ2½ð1� hÞu0 � Mc�2
9ðN � 1Þ2ð2kþ tÞ2 [ 0:

Proposition 2 Congestion negative effect makes the market share of offline
channels decline, while online demand increases, but the total market share of
dual-channel retailer increases.

@q�s
@k

¼ � ½ð1� hÞu0 � Mc�
ð2kþ tÞ2 \0;

@q�e
@k

¼ ð2Nþ 1Þ½ð1� hÞu0 � Mc�
6ð2kþ tÞ2 [ 0;

@q�1
@k

¼ 2ðN � 1Þ½ð1� hÞu0 � Mc�
3ð2kþ tÞ2 [ 0;

@q�c
@k

¼ � 2½ð1� hÞu0 � Mc�
3ð2kþ tÞ2 \0;

@�q�s
@k

¼ � 2ð1� hÞu0
ð2kþ tÞ2 \0;

@�q�e
@k

¼ 2ðNþ 2Þ½ð1� hÞu0 � ðN � 1ÞMc�
3ð2kþ tÞ2 [ 0;

@�q�c
@k

¼ � 2ðN � 1Þ½ð1� hÞu0 � Mc�
3ð2kþ tÞ2 \0:

3 Numerical Analysis

In order to more intuitively express the above conclusions, analyze the above
conclusions by numerical analysis. The parameters are as: u0 ¼ 300, h ¼ 0:85,
cs ¼ 95, ce ¼ 75, k ¼ 80, t ¼ 75, N ¼ 3. Solve the equilibrium functions by using
Matlab software, we have:

Table 1 shows that the product prices, market share and profits of the traditional
retailers are the same when dual-channel retailer implement two different strategies.
Meanwhile compared with implementing uniform pricing, the dual channel retai-
ler’s offline price is higher, but the market share and profit of offline channel are
smaller under the differential pricing. The dual-channel retailer’s online price
remains unchanged, with a bigger market share and higher profits.

4 Discussion and Conclusions

Salop model is extended to investigate the pricing strategies of the dual-channel
retailer under the congestion negative effect of physical channel. We build one
competition model among a dual-channel retailer and (N − 1) traditional retailers in
the circular market; analyze the impact of congestion and number of enterprises on
the competition equilibrium. The results show that on the one hand, traditional
retailers should switch to dual-channel retailers and improve their service level; on
the other hand, the dual-channel retailers should implement differentiated pricing
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strategies in their online and offline channels. At the same time, the newly entered
traditional retailers will compete for the online market share, but has no effect on
offline channel.

There are implications for managers based on our proposed model. We find that
congestion has weakened the market competition so that the profits of all retailers
are improving. However, too high intensity of congestion will lead to higher
transportation costs for consumers, so that consumers’ product utility is negative.
There is no doubt that consumers will buy nothing at this time. Therefore, to a
certain extent, retailers should focus on the shopping experience of consumers,
manage congestion, and provide consumers with a more comfortable shopping
environment and additional services. In addition, the traditional retailer should
actively establish the sales product of the network channel to adapt to the devel-
opment demand of the market. In order to realize the coexistence, retailers should
consider the dual channel coexistence. Retailers should also consider factors
affecting consumption such as congestion, transportation costs, and acceptance of
online channels when making pricing strategy.
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Power Option Pricing Problem Based
on Uncertain Mean-Reverting Stock
Model with Floating Interest Rate

Can Huang and Xiangfeng Yang

Abstract Power option is a financial contract that depends its payoff on the price
of the underlying assert raised to a power. In this paper, the valuation of power
option is investigated under the assumption that both the stock price and interest
rate follow the uncertain mean-reverting differential equations. Furthermore, a
numerical algorithm is designed to calculate the price based on the pricing formulas
and some examples are given.

Keywords Power option � Option pricing � Uncertain mean-reverting model �
Floating interest rate

1 Introduction

Financial derivative is such a contract that derives its value from the performance of
an underlying entity. As one kind of financial derivatives, option gives the buyer the
right to buy or sell a certain amount of the underlying entity, but not the obligation.
Power option is one kind of exotic options and depends its payoff on the underlying
asset price raised to some power. This non-linear characteristic offers much more
leverage, brings greater flexibility and therefore can meet the demand of investors
with different risk preference.

In 1973, Black and Scholes [1] constricted the famous Black-Scholes formula
for determining the European option price. Metron [2] furthered the research and
derived several extensions. Heynen and Kat [3] studied the pricing and hedging of
power option assuming the stock price follows a geometric Brownian motion.
Macovschi and Quittard-Pinon [4] derived the closed-form pricing formula of
power option. Xiang et al. [5] priced power option with stochastic interest rate
under fractional jump-diffusion model. Previous studies are mainly based on the
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theory of Black-Scholes and Merton, assuming the underlying asset price process
follows a stochastic differential equation.

However, some scholars argued that using stochastic differential equation to
describe the stock price process may not be appropriate. Liu [6] gave some para-
doxes about stochastic finance and suggested using uncertain differential equation
to model stock price. Liu [7] built an uncertain stock model (called Liu’s model)
and derived its European option pricing formula. Afterwards, Chen investigated the
American option pricing problems in 2011 [8] and proposed a model with divi-
dends in two years later [9]. Zhang and Liu [10] investigated a pricing method for
geometric average Asian option. A year later, Sun and Chen [11] derived the
arithmetic average Asian option pricing formulas for uncertain financial market.
Zhang et al. [12] studied the pricing problem of power option. Gao et al. [13]
worked on the lookback option and derived its pricing formulas.

Considering that Liu’s model describes the stock prices in the short term and that
the prices fluctuate around some average value in the long-run, Peng and Yao [14]
proposed an uncertain mean-reverting stock model, and Yao [15] verified the
no-arbitrage determinant theorems. Zhang et al. [16] investigated the valuation of
convertible bond, and Shi et al. [17] derived the pricing formulas of stock loans
under uncertain mean-reverting stock model. Sun and Su [18] made an extension
research and provided an uncertain mean-reverting stock model with floating
interest rate. Afterwards, Sun et al. [19] studied the Asian option pricing problem of
uncertain mean-reverting stock model.

In this paper, the pricing problem of power option in the uncertain financial
market based on the mean-reverting stock model with floating interest rate is dis-
cussed. The rest of the paper is organized as follows. In Sect. 2, the uncertain
mean-reverting stock model with floating interest rate is given. In Sects. 3 and 4,
the pricing formulas of the power call option and power put option with floating
interest rate are derived, respectively, along with numerical examples. Finally, a
brief conclusion is made in Sect. 5

2 Uncertain Mean-Reverting Stock Model with Floating
Interest Rate

The uncertain differential equations are commonly used in financial markets. In
2017, Sun and Su [18] assumed that both the interest rate rt and the stock price Xt

fluctuate around some fixed values in the long term, and presented an uncertain
mean-reverting stock model with floating interest rate as below,

drt ¼ m1 � a1rtð Þdtþ r1dC1t

dXt ¼ m2 � a2Xtð Þdtþ r2dC2t

�
; ð1Þ
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where m1; m2; a1; a2; r1; r2 are some positive real numbers with a1; a2 6¼ 0, a1
and r1 are the log-drift and log-diffusion of the interest, respectively, a2 and r2 are
the log-drift and log-diffusion of the stock price, respectively, and C1t and C2t are
two independent Liu processes. By solving the uncertain differential equations, we
have

rt ¼ m1
a1
þ exp �a1tð Þ r0 � m1

a1

� �
þ r1

Rt
0
exp a1s� a1tð ÞdC1s

Xt ¼ m2
a2
þ exp �a2tð Þ X0 � m2

a2

� �
þ r2

Rt
0
exp a2s� a2tð ÞdC2s:

8>><
>>:

According to Definition 7, the a-paths of rt and Xt are

rat ¼ r0 � exp �a1tð Þþ m1

a1
þ r1

a1
�
ffiffiffi
3
p

p
ln

a
1� a

� �
1� exp �a1tð Þð Þ; ð2Þ

Xa
t ¼ X0 � exp �a2tð Þþ m2

a2
þ r2

a2
�
ffiffiffi
3
p

p
ln

a
1� a

� �
1� exp �a2tð Þð Þ: ð3Þ

3 Power Call Option Pricing Formulas

As for a power option with a power of order m, a strike price K and an expiration
time T, the payoff of the call power option is given by ½Xm

T � Km� þ : Let fc represent
the price of the power call option. Then the time-zero net return of the option holder
is

�fcþ exp �
ZT
0

rsds

0
@

1
A Xm

T � Km
� 	þ

:

And the time-zero net return of the option issuer is

fc � exp �
ZT
0

rsds

0
@

1
A Xm

T � Km
� 	þ

:

The fair price of the option should make the holder and the issuer have exactly
the identical expected return, so
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E �fcþ exp �
ZT
0

rsds

0
@

1
A Xm

T � Km
� 	þ2

4
3
5

¼ E fc � exp �
ZT
0

rsds

0
@

1
A Xm

T � Km
� 	þ2

4
3
5:

Therefore, the power call option price is

fc ¼ E exp �
ZT
0

rsds

0
@

1
A Xm

T � Km
� 	þ2

4
3
5:

Theorem 1 Assume a power option with a power of order m, a strike price K and
an expiration time T. Then the price of the call option for the stock model (1) is

fc ¼ Z1

0

exp �
ZT
0

r1�as ds

0
@

1
A Xa

T


 �m�Km
� 	þ

da;

where

r1�as ¼ r0 � exp �a1sð Þþ m1

a1
þ r1

a1
�
ffiffiffi
3
p

p
ln
1� a
a

� �
1� exp �a1sð Þð Þ;

Xa
T ¼ X0 � exp �a2Tð Þþ m2

a2
þ r2

a2
�
ffiffiffi
3
p

p
ln

a
1� a

� �
1� exp �a2Tð Þð Þ:

Proof Since rt and Xt are independent uncertain processes with a-paths represented
by Eqs. (2) and (3), it follows from Theorem 5 that the a-paths of

ZT
0

rsds; X
m
T � Km

are

ZT
0

ras ds; ðXa
TÞm � Km

respectively. Furthermore, the a-path of the discount rate

182 C. Huang and X. Yang



exp �
ZT
0

rsds

0
@

1
A

is

exp �
ZT
0

r1�as ds

0
@

1
A:

Therefore, the present value of the option

exp �
ZT
0

rsds

0
@

1
A Xm

T � Km
� 	þ

has an a-path

exp �
ZT
0

r1�as ds

0
@

1
A Xa

T


 �m�Km
� 	þ

according to Theorem 6. As a result, we have

fc ¼
Z1
0

exp �
ZT
0

r1�as ds

0
@

1
A Xa

T


 �m�Km
� 	þ

da

according to Theorems 4 and 5. The theorem is proved.
The price calculating algorithm of the power call option based on uncertain

mean-reverting stock model with floating interest rate is designed as below.

Step 0: Choose two large numbers N and M according to the desired precision
degree. Set ai ¼ i=N and tj ¼ j � T=M, i ¼ 1; 2; . . .;N � 1
j ¼ 1; 2; . . .;M.

Step 1: Set i = 0.
Step 2: Set i iþ 1.
Step 3: Set j = 0.
Step 4: Set j jþ 1.
Step 5: Calculate the floating interest rate
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r1�aitj ¼ r0 � exp �a1tj

 �þ m1

a1
þ r1

a1
�
ffiffiffi
3
p

p
ln
1� ai
ai

� �
1� exp �a1tj


 �
 �
:

If j < M, then return to Step 4.
Step 6: Calculate the discount rate

exp �
ZT
0

r1�ais ds

0
@

1
A exp � T

M

XM
j¼1

r1�aitj

 !
:

Step 7: Calculate the stock price

Xai
T ¼ X0 � exp �a2Tð Þþ m2

a2
þ r2

a2
�
ffiffiffi
3
p

p
ln

ai
1� ai

� �
1� exp �a2Tð Þð Þ:

Step 8: Calculate the positive deviation between the stock price of the period
T and the striking price K

Xai
Tð Þm�Km½ �þ¼ max 0; Xai

Tð Þm�Kmð Þ:

Step 9: Calculate

exp �
ZT
0

r1�ais ds

0
@

1
A Xai

Tð Þm�Km½ �þ :

If i\N � 1, then return to Step 2.
Step 10: Calculate the price of the power call option

fc  1
N � 1

XN�1
i¼1

exp �
ZT
0

r1�ais ds

0
@

1
A Xai

Tð Þm�Km½ �þ :

Example 1 Assume the parameters of the interest rate are r0 ¼ 0:05; m1 ¼
0:1; a1 ¼ 0:06; r1 ¼ 0:04 and the parameters of the stock price are
X0 ¼ 8; m2 ¼ 10; a2 ¼ 2; r2 ¼ 4. Then the price of a power call option with a
power m = 3, a striking price K = 9 and an expiration time T = 1 is fc ¼ 5:38

As Fig. 1 shows, the price fc is an increasing function with respect to the
expiration time T when the other parameters remain unchanged. That is, the power
call option will appreciate in value if the expiration time T is extended; and the
power call option will devaluate if the expiration time T is shortened.
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As Fig. 2 shows, the price fc is a decreasing function with respect to the striking
price K when the other parameters remain unchanged. That is, the power call option
will devaluate if the striking price K is raised; and the power call option will
appreciate in value if the striking price K is reduced.

Note that when the power m = 1, a power call option is simply a European call
option. With other parameters remain the same in Example 1, the price of such a
power call option is fc ¼ 0:02.

4 Power Put Option Pricing Formulas

As for a power option with a power of order m, a strike price K and an expiration time

T, the payoff of the put power option is given by Km � Xm
T

� 	þ
. Let fp represent the

price of the power put option. Then the time-zero net return of the option holder is

Fig. 1 Power call option price fc with respect to expiration time T in Example 1

Fig. 2 Power call option price fc with respect to striking price K in Example 1
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�fpþ exp �
ZT
0

rsds

0
@

1
A Km � Xm

T

� 	þ
:

And the time-zero net return of the option issuer is

fp � exp �
ZT
0

rsds

0
@

1
A Km � Xm

T

� 	þ
:

The fair price of the option should make the holder and the issuer have exactly
the identical expected return, so

E �fpþ exp �
ZT
0

rsds

0
@

1
A Km � Xm

T

� 	þ2
4

3
5

¼ E fp � exp �
ZT
0

rsds

0
@

1
A Km � Xm

T

� 	þ2
4

3
5:

Therefore, the power put option price is

fp ¼ E exp �
ZT
0

rsds

0
@

1
A Km � Xm

T

� 	þ2
4

3
5:

Theorem 2 Assume a power option with a power of order m, a strike price K and
an expiration time T. Then the price of the put option for the stock model (1) is

fp ¼ Z1

0

exp �
ZT
0

r1�as ds

0
@

1
A Km � ðX1�a

T Þm� 	þ
da;

where

r1�as ¼ r0 � exp �a1sð Þþ m1

a1
þ r1

a1
�
ffiffiffi
3
p

p
ln
1� a
a

� �
1� exp �a1sð Þð Þ;

X1�a
T ¼ X0 � exp �a2Tð Þþ m2

a2
þ r2

a2
�
ffiffiffi
3
p

p
ln
1� a
a

� �
1� exp �a2Tð Þð Þ:

Proof Since rt and Xt are independent uncertain processes with a-paths represented
by Eqs. (2) and (3), it follows from Theorem 5 that the a-paths of
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ZT
0

rsds; K
m � Xm

T

are

ZT
0

ras ds; K
m � ðX1�a

T Þm

respectively. Furthermore, the a-path of the discount rate

exp �
ZT
0

rsds

0
@

1
A

is

exp �
ZT
0

r1�as ds

0
@

1
A:

Therefore, the present value of the option

exp �
ZT
0

rsds

0
@

1
A Km � Xm

T

� 	þ

has an a-path

exp �
ZT
0

r1�as ds

0
@

1
A Km � X1�a

T


 �m� 	þ

according to Theorem 6. As a result, we have

fp ¼ Z1

0

exp � ZT

0

r1�as ds

 !
Km � X1�a

T


 �m� 	þ
da

according to Theorems 4 and 5. The theorem is proved.
As for the calculating algorithm of the power put option based on uncertain

mean-reverting stock model with floating interest rate, the first six steps are the
same with that of power call option, and the rest steps are below.
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Step 7’: Calculate the stock price

X1�ai
T ¼X0 � exp �a2Tð Þþ

m2

a2
þ r2

a2
�
ffiffiffi
3
p

p
ln
1� ai
ai

� �
1� exp �a2Tð Þð Þ:

Step 8’: Calculate the positive deviation between the stock price of the period
T and the striking price K

Km � ðX1�ai
T Þm� 	þ¼ max 0; Km � ðX1�ai

T Þm
 �
:

Step 9’: Calculate

exp � ZT

0

r1�ais ds

 !
Km � X1�ai

T


 �mh iþ
:

If i\N � 1, then return to Step 2.
Step 10’: Calculate the price of the power put option

fp  1
N � 1

XN�1
i¼1

exp � ZT

0

r1�ais ds

 !
Km � X1�ai

T


 �mh iþ
:

Example 2 Assume the parameters of the interest rate are r0 ¼ 0:05; m1 ¼
0:1; a1 ¼ 0:06; r1 ¼ 0:04 and the parameters of the stock price are
X0 ¼ 8; m2 ¼ 10; a2 ¼ 2; r2 ¼ 4. Then the price of a power call option with a
power m = 3, a striking price K = 9 and an expiration time T = 1 is fp ¼ 482:73.

As Fig. 3 shows, the price fp is a decreasing function with respect to the expi-
ration time T when the other parameters remain unchanged. That is, the power put
option will devaluate in value if the expiration time T is extended; and the power
put option will appreciate if the expiration time T is shortened.

Fig. 3 Power put option price fp with respect to expiration time T in Example 2
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As Fig. 4 shows, the price fp is an increasing function with respect to the striking
price K when the other parameters remain unchanged. That is, the power put option
will appreciate if the striking price K is raised; and the power put option will
devaluate in value if the striking price K is reduced.

Note that when the power m ¼ 1, a power put option is simply a European put
option. With other parameters remain the same in Example 2, the price of such a
power put option is fp ¼ 3:31.

5 Conclusions

This paper investigated the power option pricing problems within the framework of
uncertainty theory. We first introduced the uncertain mean-reverting model with
floating interest rate, and then derived the power option pricing formulas based on
the assumption that both the interest rate and the stock price follow uncertain
mean-reverting differential equations. Afterwards, some numerical examples were
given to illustrate the pricing formulas, after which we discussed the relationship
between the prices and some key parameters.
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Appendix

In this section, some basic knowledge in uncertainty theory is introduced as fol-
lows. These definitions and theorems will help to understand this paper better.

Fig. 4 Power put option price fp with respect to striking price K in Example 2
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Uncertain Variable

Definition 1 (Liu [20]) Let L be a r-algebra on a non-empty set C. A set function
M : L ! 0; 1½ � is called an uncertain measure if it satisfies the following axioms,

Axiom 1: (Normality Axiom)M Cf g ¼ 1 for the universal set C.
Axiom 2: (Duality Axiom)M Kf gþM Kcf g ¼ 1 for any event K.
Axiom 3: (Subadditivity Axiom) For every countable sequence of events

K1;K2; . . .; we have

M
[1
i¼1

Ki

( )
�
X1
i¼1
M Kif g:

The triplet C;L;Mð Þ is called an uncertainty space. In addition, Liu [7] defined
a product uncertain measure as the following axiom in order to describe the set
functionM on the product r-algebra L.
Axiom 4: (Product Axiom) Let (Ck;Lk;Mk) be uncertainty spaces for k ¼ 1; 2; . . .
The product uncertain measureM is an uncertain measure satisfying

M
Y1
k¼1

Kk

( )
¼
1̂

k¼1
Mk Kkf g

where Kk are arbitrarily chosen events from Lk for k ¼ 1; 2; . . .; respectively.

Liu [20] defined the uncertain variable n as a measurable function from an
uncertainty space C;L;Mð Þ to the set of real numbers such that n 2 Bf g is an
event for any Borel set B of real numbers. The uncertainty distribution U of an
uncertain variable n follows as

U xð Þ ¼ M n� xf g

for any real number x.
For an uncertain variable, if its uncertainty distribution U xð Þ is a continuous and

strictly increasing function with respect to x at which 0\U xð Þ\1, and

lim
x!�1U xð Þ ¼ 0; lim

x!þ1UðxÞ ¼ 1;

then U xð Þ is said to be a regular distribution, and the inverse function U�1 að Þ is
called the inverse uncertainty distribution of n.

Definition 2 (Liu [21]) Let n be an uncertain variable. Then the expected value of n
is defined by
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E n½ � ¼ Zþ1

0

M n� rf gdr � Z0

�1
M n� rf gdr

provided that at least one of the two integrals is finite.

Theorem 3 (Liu [20]) Let n be an uncertain variable with uncertainty distribution
U. If the expected value exists, then

E n½ � ¼ Zþ1

0

1� U xð Þð Þdx� Z0

�1
U xð Þdx:

Theorem 4 (Liu [21]) Let n be an uncertain variable with regular uncertainty
distribution U. Then

E n½ � ¼ Z1

0

U�1 að Þda:

Definition 3 (Liu [7]) The uncertain variables n1; n2; . . .; nn are said to be inde-
pendent if

M
\n
i¼1

ni 2 Bi

( )
¼

n̂

i¼1
M ni 2 Bif g

for any Borel sets B1;B2; . . .;Bn of real numbers.

Uncertain Differential Equation
An uncertain process is a sequence of uncertain variables indexed by a totally

ordered set T. A formal definition is given below.

Definition 4 (Liu [22]) Let ðC;L;MÞ be an uncertainty space and let T be a totally
ordered set (e.g., time). An uncertain process is a function Xt cð Þ from T �
ðC;L;MÞ to the set of real numbers such that Xt 2 Bf g is an event for any Borel
set B at each time t.

Definition 5 (Liu [7]) An uncertain process Ct is said to be a Liu process if

(i) C0 = 0 and almost all sample paths are Lipschitz continuous;
(ii) Ct has stationary and independent increments;
(iii) every increment Csþ t � Ct is a normal uncertain N 0; tð Þ variable with

inverse uncertainty distribution

U�1t að Þ ¼ t
ffiffiffi
3
p

p
ln

a
1� a

:
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Definition 6 (Liu [22]) Suppose Ct is a Liu process, and f and g are two functions.
Then

dXt ¼ f t;Xtð Þdtþ g t;Xtð ÞdCt

is called an uncertain differential equation.

Definition 7 (Yao and Chen [23]) Let a be a number with 0\a\1. An uncertain
differential equation

dXt ¼ f t;Xtð Þdtþ g t;Xtð ÞdCt

is said to have an a-paths Xa
t if it solves the corresponding ordinary differential

equation

dXa
t ¼ f t;Xa

t


 �
dtþ g t;Xa

t


 ��� ��U�1 að Þdt

where U�1 að Þ is the inverse standard normal uncertainty distribution, i.e.,

U�1 að Þ ¼
ffiffiffi
3
p

p
ln

a
1� a

:

Theorem 5 (Yao and Chen [23]) Let Xt and Xa
t be the solution and a-path of the

uncertain differential equation

dXt ¼ f t;Xtð Þdtþ g t;Xtð ÞdCt;

respectively. Then, the solution Xt has an inverse uncertainty distribution

W�1 að Þ ¼ Xa
t :

And for any time s > 0 and strictly increasing function J(x), the time integral

Zs

0

J Xtð Þdt

has an inverse uncertainty distribution

W�1 að Þ ¼ Zs

0

J Xa
t


 �
dt:

Liu [24] proposed that the uncertain processes X1t;X2t; . . .;Xnt are independent if
for any positive integer k and any times t1; t2; . . .; tk , the uncertain vectors
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ni ¼ Xit1 ;Xit2 ; . . .;Xitkð Þ; i ¼ 1; 2; . . .; n

are independent, that is, for any Borel sets B1;B2; . . .;Bn of k-dimensional real
vectors, we have

M
\n
i¼1

ni 2 Bi

( )
¼

n̂

i¼1
M ni 2 Bif g:

Theorem 6 (Yao [25]) Assume that X1t;X2t; . . .;Xnt are some independent
uncertain processes derived from the solutions of some uncertain differential
equations. If the function f x1; x2; . . .; xnð Þ is strictly increasing with respect to
x1; x2; . . .; xm and strictly decreasing with respect to xmþ 1; xmþ 2; . . .; xn, then the
uncertain process

Xt ¼ f X1t;X2t; . . .;Xntð Þ

has an a-path

Xa
t ¼ f Xa

1t; . . .;X
a
mt;X

1�a
mþ 1;t; . . .;X

1�a
nt

� �
:
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Uncertain UAV Mission Planning
Problem Considering Value
and Survivability

Jian Wang, Jiansheng Guo, Jicheng Cheng and Tengjiao Wang

Abstract Unmanned aerial vehicle (UAV) mission planning generally suffers from
the influence of the uncertainty in the battlefield environment. This paper considers
two practical objectives for mission planning, mission value and survivability.
Firstly, the effects of Information loss, enemy weapon deployment and environment
factor are regarded as independent uncertain variables. Secondly, an uncertain
multiobjective UAV mission planning model is established based on uncertainty
theory. Then, it becomes tractable by combining the weighted sum method with
expected value principle. Finally, the bat algorithm is modified for discrete opti-
mization situation in the paper. The results indicate that the proposed model and
algorithm have excellent efficiency in solving the uncertain UAV mission planning
problem.

Keywords Uncertainty theory �Mission planning �Multiobjective programming �
Bat algorithm

1 Introduction

Unmanned aerial vehicle (UAV) has been widely used for intelligence, surveil-
lance, and investigation in battlefield, because of its advantages in boring and
dangerous military missions [1]. Mission planning is an important process that tasks
are assigned according to certain principles. Until now the studies almost focus on
establishing the UAV mission planning model with certain parameters. As a matter
of fact, parameter uncertainty is worthy of serious treatment, because a tiny per-
turbation of a parameter may result in a large violation [2]. During the execution of
the mission, the mission planning faces the challenges of some factors, such as
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Information loss, enemy weapon deployment and environment. Existing of
uncertainty may lead to the results unfeasible or suboptimal.

For the past few years, mission planning considering indeterminacy has become
the focus researches. Some scholars model this kind of indeterminacy as a serial of
random variables with known independent distributions. Evers et al. supposed that
travel and recording times are uncertain, and established an online stochastic UAV
mission planning model [3]. Shang et al. considered a situation that surveillance
benefits are uncertain, which are modeled as random variables in some special
intervals, and proposed an algorithm based on multiple scenario approach [4]. Most
of researches are based on probability theory.

How, it is worth noting that the premise of applying probability theory is based
on a fact that the cumulative frequency is close enough to the true probability.
When making mission planning for UAV, decision makers are scarce of data
required. Therefore, some experts have to be invited to evaluate the unknown
factors. Liu [5] indicated that dealing with expert belief degree by probability
theory may cause something counterintuitive. In other words, belief degree is
essentially different from probability. Liu [6, 7] proposed a mathematic axiomatic
foundation called uncertainty theory for belief degree. Due to the advantages in
analyzing and evaluating the uncertainty, Wang and Guo et al. first researched the
UAV ISR mission planning problems based on uncertainty theory [8, 9]. Wang
et al. focused on the uncertain multiobjective orienteering problem and applied it to
UAV reconnaissance mission planning [10, 11]. This paper aims to investigate
UAV mission planning problem with correlated uncertain objective functions,
which include the mission value and the UAV survivability.

This paper is organized as follows. Section 2 presents a brief introduction to
uncertainty theory. An uncertain UAV mission planning model is established based
on uncertainty theory in Sect. 3. A classical bat algorithm is modified to solve the
discrete mixed integer optimization problem. In the Sect. 4, a case study validates
the model and algorithm proposed in this paper.

2 Preliminaries

In this paper, we aim to research the uncertain UAV mission plan based on
uncertainty theory, therefore, some definitions and theorems such as uncertain
measure, uncertainty space, uncertain variable, and uncertainty distribution are
presented in the section.

Definition 1 Let C be a nonempty set, and L a r-algebra over C. Each element K
in L is called an event. The set function M from L to [0, 1] is uncertain measure if
it satisfies the following axioms [6]:

Axiom 1 M Cf g ¼ 1 for the universal set C.

Axiom 2 M Kf gþM Kcf g ¼ 1 for any event K.
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Axiom 3 For every countable sequence of events K1;K2; . . ., we have

M
[1
i¼1

Ki

( )
�

X1
i¼1

M Kif g:

The triplet C;L;Mð Þ is called an uncertainty space. Furthermore, defined a product
uncertain measure by the fourth axiom [7].

Axiom 4 Let Ck;Lk;Mkð Þ be uncertainty space for k ¼ 1; 2; . . .. The product
following uncertain measure is an uncertain measure satisfying

M
Y1
k¼1

Kk

( )
¼ ^1

k¼1M Kkf g:

where Kk are arbitrarily chosen events from Ck;Lk;Mkð Þ for k ¼ 1; 2; . . .,
respectively.

Definition 2 (Liu [6]) An uncertain variable is a function n from an uncertainty
space C;L;Mð Þ to the set of real numbers such that n 2 Bf g is an event for any
Borel set B of real numbers.

Definition 3 (Liu [6]) The uncertainty distribution U of an uncertain variable n is
defined by U xð Þ ¼ M n\xð Þ for any real number x.

Definition 4 (Liu [12]) The uncertain variables n1; n2; . . .; nn are said to be inde-
pendent if

M
\n
i¼1

ni 2 Bið Þ
( )

¼ ^n
i¼1M ni 2 Bif g

for any Borel sets B1;B2; . . .;Bn of real numbers.

Theorem 1 (Liu [7]) Let n be an uncertain variable with regular uncertainty
distribution U. Then

E n½ � ¼
Z 1

0
U�1 að Þda

3 Model of Uncertain UAV Mission Planning

In this section, we introduce uncertainty in the objective functions of the UAV
mission planning problem. A model is established for researching the correlated
effect of information loss, enemy weapon deployment and environment factor
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during mission. Then, transformation is preformed based on the expected value
principle.

3.1 Problem Description

UAV mission planning aims to gather as much information as possible within the
flight constraints. Traditional mission planning does usually not provide the
appropriate solutions due to the existing of uncertainty. A way to analysis and
model this uncertainty is required. Consider a generic situation of the uncertain
UAV mission planning. There is a tactical UAV available for reconnaissance
mission on a recovery base. A certain number of targets are to be visited during the
mission. Since the UAV has a capacity limit, not all the targets can be visited in the
path, and each target must be visited no more than once. Besides, the targets own
their mission values and survivability, which are affected by the uncertainty, such as
information loss, enemy weapon deployment and environment factor. The problem
is to maximize the total value and survivability of the mission.

3.2 Mathematical Formulation

In order to convenient for notation, we denote set of targets by N. Then, Nj j is
number of targets, and 0 62 Nð Þ denotes base location. The point set can be denoted
by N þ ¼ N [ 0f g. For any target i 2 N, we denote pi for target value. Probability
pi is that the UAV is intercepted at target i. The problem is defined on a complete
graph G ¼ N þ ;Að Þ with arc i; jð Þ 2 A. The cij represents the cost between target
i and j. Here, uncertain vector n ¼ n1; n2; n3ð Þ is used to model the uncertainty,
including information loss n1, enemy weapon deployment n2, and environment
factor n3.

The normalized uncertain mission value and survivability can be denoted as
follows,

V x; nð Þ ¼ n1
n1 þ ln n2

P
i2N pi

P
j2N þ n if g xijP

i2N pi
; and

S x; nð Þ ¼ n1 þ n2
n1 þ n2 þ n3

Y
i;jð Þ2A

1� mij
� �xij :

Then, the uncertain mission planning problem can be model as
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max
x

V x; nð Þ; S x; nð Þð Þ
s:t: P

i;jð Þ2A
dijxij �R;

P
i2N

x0i ¼
P
i2N

xi0 ¼ 1;
P

i2N þ n jf g
xij ¼

P
i2N þ n jf g

xji � 1; 8j 2 N;

ui � uj þ 1� 1� xij
� �

Nj j; 8i; j 2 N;
1� ui � Nj j; 8i 2 N;
xij 2 0; 1f g; 8 i; jð Þ 2 A; ui 2 N�; 8i 2 N

8>>>>>>>>>>><
>>>>>>>>>>>:

ð1Þ

In model (1), the feasible solution satisfying all the constraints can by denoted by
x 2 D. Therefore, the model is simplified to the model maxx2D V x; nð Þ; S x; nð Þð Þ.
Since the objective functions contain uncertain vector, it is intractable to deal with.
We try to transform it into a certain form.

3.3 Transformation of the Uncertain Multiobjective Model

In order to deal with uncertain multiobjective optimization problem, Liu and Chen
[13] proposed a compromise model. According the first compromise model, we can
transform model as follows,

max
x2D

k1E V x; nð Þ½ � þ k2E S x; nð Þ½ � ð2Þ

where the weights k1; k2 are all nonnegative numbers with k1 þ k2 ¼ 1. The
expected values of the objective functions can be obtained by the following
equations,

E V x; nð Þ½ � ¼
R 1
0 U

�1
1 að ÞdaR 1

0 U
�1
1 að Þdaþ ln

R 1
0 U

�1
2 1� að Þda

P
i2N pi

P
j2N þ n if g xijP

i2N pi
ð3Þ

and

E S x; nð Þ½ � ¼
R 1
0 U

�1
1 að Þdaþ R 1

0 U
�1
2 að ÞdaR 1

0 U
�1
1 að Þdaþ R 1

0 U
�1
2 að Þdaþ R 1

0 U
�1
3 1� að Þda

Y
i;jð Þ2A

1� mij
� �xij :

ð4Þ

Through the above deduction, the model (1) can be transformed into a single
objective integral programming problem.
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4 A Modified Bat Algorithm for UAV Mission Planning

In Sect. 3, an integral programming with a single objective is obtained. Since it is
proved to be NP-hard, a discrete heuristic algorithm is necessary. In this section, a
newly-developed bio-inspired algorithm, proposed by Yang [14], will be improved
propitious to the above problem. Some general steps of the modified bat algorithm
are presented in Fig. 1.

The modified bat algorithm is a single objective version of the algorithm pro-
posed in [10]. The process of coding, initialization, and updating are similar,
however, a general reduce variable neighborhood search serves as the process of
local search, which aims to improve the quality of the solution.

Start

Initialize the bat population
(flight route) and parameters

Return the Gbest

Update new positions ,
velocities, and frequency

Rand > ri

Rank the bats and update 
Gbest

Local search and evaluate the 
new solution

Generate a new solution by
flying randomly

N

Y

Rand < Ai &
f(xi)<f(Gbest)

Accept the new solutions , and
update ri and Ai

Y

N

t < Max_iteration

N

Y

Fig. 1 General steps of the
modified bat algorithm
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5 Case Study

In this section, we will introduce a case to illustrate the use of the uncertain UAV
mission planning model and the proposed algorithm. A tactical UAV is available
for the reconnaissance mission, and its maximal range is 300 km. The coordinates
and Parameters of the base and targets are presented in the Table 1. The value and
survivability of the mission planning are considered, which are influenced by
information loss, enemy weapon deployment, and environment factor. These
influences are assumed to be uncertain variables on uncertainty space C;L;Mð Þ.
The uncertainty distributions are assumed as follows, n1 �L 0:8; 1:2ð Þ,
n1 �Z 0:8; 0:9; 1:0ð Þ, and n3 �N 0:95; 0:2ð Þ respectively. The modified bat algo-
rithm is used to solve the integral programming problem. The number of artificial
bats is 20, and maximal iterative times is 50.

We choose three scenarios for the weighting coefficients, 0:2; 0:8ð Þ, 0:4; 0:6ð Þ,
and 0:7; 0:3ð Þ respectively. Then the computational results are summarized in
Table 2.

By the above table, we can find that decision maker can choose the weighting
coefficients according to their preference. Different weighting coefficients lead to
diverse decision schemes. No absolute optimal routes exist. The results indicate that
the model and algorithm can provide a Pareto efficient plan for a UAV, and the
works provide a new way for decision-makers in UAV mission, especially for a
multiple attribute and uncertain situation.

Table 1 The coordinates and parameters of targets in the mission

Targets X (km) Y (km) Value Probability
(%)

Targets X (km) Y (km) Value Probability
(%)

0 (Base) 74.51 8.92 0 0 7 90.31 57.99 20 6

1 79.79 72.91 20 7 8 60.00 30.00 20 1

2 36.22 32.16 20 10 9 46.82 23.00 20 2

3 88.82 29.39 30 1 10 15.75 66.8 15 10

4 20.68 18.10 15 3 11 45.00 58.00 10 8

5 5.74 34.11 15 9 12 82.00 55.00 10 6

6 59.75 47.57 10 5 13 25.00 45.00 10 6
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Study on Location Selection and Pricing
Competition of Two Supply Chains
Under Consumption Incentives

Bing Xu, Bin Shu and Bin Zhang

Abstract Based on the Hotelling model with quadratic transport cost in “linear
market”, this paper studies the location and pricing competition of two supply
chains under the assumption that the consumers purchase the same product with
discount-price for the second time. The competitive equilibrium models are
established respectively when two SCs are decentralized SCs (DD mode), one
decentralized SC and one centralized SC (DI mode), or two centralized SCs (II
mode). The existence conditions of equilibrium and the equilibrium solution are
obtained. It shows that the price discount strategy can affect the pricing of product,
but can’t affect location of SCs and the profit of SCs.

Keywords Consumer incentives � Hotelling model � Supply chain competition �
Multi-level programming

1 Introduction

In the real scene, some shopping malls, such as Outlets, Sam’s Clubs and so on,
tend to locate at the edge of the city rather than in commercial centers, and offer
discount-price to attract consumers. Taking into account the geographical location
of shopping malls and price discounting strategies, consumers will make
smaller-batch and multi-batch purchases in order to increase their utilities. Since
Amazon came up with “Amazon Go”, some famous domestic enterprises are also
working hard on retailing, even taking the lead in commercialization around the
world. The application of new retail mode, such as Tmall unmanned supermarket
and Suning store, makes the concept of “retail” wisdom arise at the historic
moment. Nevertheless, intelligent retailers face some problems, for example,
responding quickly to consumer needs, choosing the right number of SKU in
limited space, reducing the impact of bullwhip effect. To solve these problems,
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manufacturers and retailers form a supply chain to meet the changing market
demand and strengthen the competitiveness of supply chain enterprises. Enterprises
need to not only consider product pricing, but also decide the spatial location or
product orientation. The existing literature mainly studies the competition in
inventory, price and quality of two supply chains. The location decisions and
horizontal competition of two SCs are not involved.

Hotelling model is an important theoretical model to study horizontal compe-
tition. Therefore, this paper will study the location and pricing competition of two
SCs. Each SC has one manufacturer and one retailer. The remainder of this paper is
organized as follows. In Sect. 2, the relevant literature is reviewed. Section 3 makes
some assumptions about the model. Section 4 formulates a location and price
competition of two supply chains model under consumption incentives. We analyze
static equilibrium analysis in Sect. 5. Finally, conclusions are presented in Sect. 6.

2 Literature Review

The research literature about this paper could be divided into two streams as supply
chain competition and Hotelling model.

2.1 Supply Chain Competition

Boyaci and Gallego [1] study the inventory satisfaction rate competition between
two SCs under the condition of same product price [1]. After that, the competition
between supply chains has attracted the attention of many scholars. For one is a
vertically integrated supply chain and another is a manufacturer’s main subordinate
supply chain, Wu [2] assumes that the demand is similar to the general distribution
of the newsboy model, and analyzes the influence of repurchase policy on retail
price, wholesale price and order quantity [2]. Khan et al. [3] assume that there are
defects in the products and the buyer has established inspection procedures to
separate the defective products, subsequently, they analyze the optimal batch size
and the supplier’s shipment quantity per batch in the supply chain of single supplier
and single buyer [3]. Esmaeili et al. [4] show that information sharing is more
beneficial to the warehouse rather than the retailer under a two-echelon supply
chain that includes one warehouse and one retailer with stochastic demand and an
up-to-level policy [4].

Anderson and Bao [5] solve the price competition equilibrium problem under the
both supply chains are centralized or decentralized and linear demand function,
meanwhile, they analyze the influence of price competition on the profit of supply
chain [5]. Amin-Naseri and Khojasteh [6] adopt Stackelberg model to analyze the
price competition of two SCs composed of risk-neutral manufacturers and
risk-averse retailers in the case of uncertain demand [6]. Jena and Jog [7] prove that
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most of the tourism supply chain market demand is only affected by tourism price in
competition environment [7]. Ali et al. [8] consider both a centralized and a
decentralized supply chain structure to examine the effect of potential market
demand disruptions on price and service level for competing retailers [8].

Xu and Zhou [9] assume that the two competing supply chains provide substitute
products and the market demand is flexible, and construct EPEC, MPEC and Nash
equilibrium models to analyze the quality and price competitive equilibrium of the
supply chain [9]. Li and Chen [10] develop game-theoretic models to study a
supply chain in which two manufacturers supply a product in quality-differentiated
brands to a common retailer [10]. These literatures focused on the inventory, price
and quality competition of supply chain. The location is one important factor in
supply chain competition. Further study is needed in this problem.

2.2 Hotelling Model

Since Harold Hotelling published a famous spatial competition model on Economic
Journal in 1929, many scholars have expanded and enriched the model [11].
D’Aspremont et al. [12] find that the price reduction will occur and no pure strategy
Nash equilibrium exists, when two retailers locate at the center of linear market with
linear transport cost function; two retailers will locate at two ends of market to
maximize the differentiation under quadratic transport cost function [12].
Gabszewicz and Thisse [13] find that there was no pure strategy equilibrium after
discussing the linear-quadratic transport cost [13]. Cao [14] assumes that the
duopoly enterprises has selected the positions at both ends of the market and
introduced the consumer demand density function, then, he analyzes the equilib-
rium of the price competition of the duopoly [14]. Xu and Sun [15, 16] study the
competition balance between order quantity and shelf display quantity of two
supply chains under random demand in DD, II, and DI modes, and the demand
depends on shelf display quantity [15, 16]. Gao et al. [17] assume that there exists a
remanufacturing supply chain consisting of OEM and IR, and analyze the impact of
quality decision on competitive remanufacturing supply chain under the price and
quantity game model [17]. Pinto et al. [18] develop a theoretical framework to
study the location-price competition in a Hotelling-type network game [18]. These
literatures enrich the theory of location and pricing competition between two
retailers in linear market.

This paper will further study the location and pricing competition of two SCs
under the price discount strategy, and try to explore the internal factors influencing
the decision-making of location and pricing.
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3 Model Assumption

Assume that consumers obedience to the uniform distribution of (0, 1) on the
“linear market” with a length of 1, and there exist two supply chains each consisting
of one manufacturer Mi and one retailer Ri i ¼ 1; 2ð Þ respectively, two retailers offer
price discount to repeated purchasers. The products are homogenous, and two SCs
play one three-phase game with full information. Firstly, two retailers make loca-
tion decisions at the same time. Secondly, both manufacturers decide wholesale
prices. Thirdly, both retailers make pricing decisions. Assume that the distance
from R1 to the left side of the market is a, and the distance from R2 to the right side
of the market is b, satisfying 0� a� 1� b� 1: Assume pi �wi þ cRi , wi � cMi ,
where cMi is the unit production cost of the manufacturer Mi, cRi is the unit sales
cost of retailer Ri, pi is the sell price. The supply chain iði ¼ 1; 2Þ implements the
discount price with a discount factor of ki 0� ki � 1ð Þ, i.e., kipi to the consumers
who buy products in second time. Assuming that the product’s utility U0 is large
enough that all consumers will buy products, but each only buy unit good in one
time. Let Umn denote the utility of consumers who buy products two times, where
m, n represent the retailers from whom the consumers buy good in the first and
second time. With the secondary transportation cost, the utility of the consumer at
position x is:

Umn ¼

2U0 � 1þ k1ð Þp1 � 2t x� að Þ2 m ¼ 1; n ¼ 1

2U0 � p1 � p2 � t x� að Þ2 þ 1� b� xð Þ2
h i

m ¼ 1; n ¼ 2

2U0 � p1 � p2 � t x� að Þ2 þ 1� b� xð Þ2
h i

m ¼ 2; n ¼ 1

2U0 � 1þ k2ð Þp2 � 2t 1� b� xð Þ2 m ¼ 2; n ¼ 2

8>>>><
>>>>:

where t is the unit cost of transportation.
Assume that Uii [Uið3�iÞ (i = 1, 2), solve U11 ¼ U22, we have

x� ¼ 1þ a� b
2

þ 1þ k2ð Þp2 � 1þ k1ð Þp1
4t 1� a� bð Þ

The market share of retailer Ri is: q1 ¼ x�; q2 ¼ 1� q1. Considering that
consumers have secondary purchase behavior, the total demand is the double of qi.

Denote ci ¼ cMi þ cRi , �ci ¼ wi þ cRi , Dw ¼ w2 � w1, DcM ¼ cM2 � cM1 , DcR ¼
cR2 � cR1 ; D�c ¼ DwþDcR; Dc ¼ DcM þDcR: With full information, the retailer’s
order quantity to the manufacturer is equal to total demand including the repeated
purchases by consumers, the profit functions of manufacturer Mi, retailers Ri and
supply chains are as follows.
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pMi wið Þ ¼ 2 wi � cMið Þqi ð1Þ

pRi pi; xið Þ ¼ 1þ kið Þpi � 2�ci½ �qi p1; p2; a; bð Þ ð2Þ

pi p1; p2; a; bð Þ ¼ 1þ kið Þpi � 2ci½ �qi p1; p2; a; bð Þ ð3Þ

4 Location and Pricing Competition Equilibrium of Two
SCs

4.1 Competition Equilibrium Model in DD Mode

Assume that both supply chains are decentralized SCs, so retailer Ri and manu-
facturer Mi aim to maximize their own profits. In DD mode, the competition
equilibrium is one three-level programming model. The first-level is two retailers’
competition equilibrium of location, the second-level is two manufacturers’ com-
petition equilibrium of wholesale price, and the third-level is two retailers’ com-
petition equilibrium of pricing. The model is as follows.

pR1 aDD; bDDð Þ� pR1 a; bDDð Þ 8 0� a� 1� b

pR2 aDD; bDDð Þ� pR2 aDD; bð Þ 8 0� b� 1� a

�

s:t:
pM1 wDD

1 ;wDD
2

� �� pM1 w1;wDD
2

� � 8 w1 � cM1

pM2 wDD
1 ;wDD

2

� �� pM2 wDD
1 ;w2

� � 8 w2 � cM2

(

s:t:
pR1 pDD1 ; pDD2

� �� pR1 p1; pDD2
� � 8 p1 �w1 þ cR1

pR2 pDD1 ; pDD2
� �� pR2 pDD1 ; p2

� � 8 p2 �w2 þ cR2

( ð4Þ

The back induction method is used to solve the three-level programming model.

Proposition 1 Under the condition that the secondary purchase has a price dis-
count coefficient, the equilibrium price pDD1 ; pDD2

� �
of the two supply chains in DD

mode satisfies:

pDD1 ¼ 2�c1
1þ k1

þ 2
3ð1þ k1Þ 1� a� bð Þ 3þ a� bð ÞtþD�c½ �

pDD2 ¼ 2�c2
1þ k2

þ 2
3ð1þ k2Þ 1� a� bð Þ 3� aþ bð Þt � D�c½ �

(
ð5Þ

Conclusion 1 The retailer’s product pricing is negatively correlated with the pro-
duct price discount coefficient in DD model. Based on the retailer’s total cost
(including the purchase cost and the sales cost), the price plus markup depend not
only on the retailer’s location and the difference in cost also depends on the dis-
count factor.
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In real-life scenarios, some malls usually take promotion measures during hol-
idays, such as buy one then get one free. The price of the product is higher than
usual in promotion case, which also confirms the conclusion.

Proposition 2 The manufacturer’s equilibrium wholesale price wDD
1 ;wDD

2

� �
and

the retailer’s product equilibrium price pDD1 ; pDD2
� �

are as follows.

wDD
1 ¼ cM1 þ 1

3 1� a� bð Þ 9þ a� bð ÞtþDc½ �
wDD
2 ¼ cM2 þ 1

3 1� a� bð Þ 9� aþ bð Þt � Dc½ �
�

ð6Þ

pDD1 ¼ 2c1
1þ k1

þ 8
9ð1þ k1Þ 1� a� bð Þ 9þ a� bð ÞtþDc½ �

pDD2 ¼ 2c2
1þ k2

þ 8
9ð1þ k2Þ 1� a� bð Þ 9� aþ bð Þt � Dc½ �

(
ð7Þ

Proof Substituting Eq. (5) into the profit function of manufacturer Mi, we have

pM1 ¼ w1�cM1
3t 1�a�bð Þ 1� a� bð Þ 3þ a� bð ÞtþD�c½ �

pM2 ¼ w2�cM2
3t 1�a�bð Þ 1� a� bð Þ 3� aþ bð Þt � D�c½ �

(
ð8Þ

pMi is a second-order differentiable concave function for wi since @2pMi
@w2

i
¼

�2
3tð1�a�bÞ\0, a first-order set of conditional equations is solved:

@pM1
@w1

¼ 1� a� bð Þ 3þ a� bð Þtþw2 � 2w1 þ cM1 þDcR ¼ 0
@pM2
@w2

¼ 1� a� bð Þ 3� aþ bð Þt � 2w2 þw1 þ cM2 � DcR ¼ 0

(

The formula (6) can be obtained and substituted into the formula (5) to obtain the
formula (7).

At this time, the profit function of the retailer Ri is:

pR1
¼ 1�a�bð Þ 9þ a�bð ÞtþDc½ �2

81t 1�a�bð Þ
pR2

¼ 1�a�bð Þ 9�aþ bð Þt�Dc½ �2
81t 1�a�bð Þ

8<
: ð9Þ

Now, we have:

@pR1

@a
¼ �1

81t 1� a� bð Þ2 1� a� bð Þ 7þ 3aþ bð ÞtþDc½ � 1� a� bð Þ 9þ a� bð ÞtþDc½ �\0

@pR2

@b
¼ �1

81t 1� a� bð Þ2 1� a� bð Þ 7þ aþ 3bð ÞtþDc½ � 1� a� bð Þ 9� aþ bð Þt � Dc½ �\0

It shows that the two retailers will move towards the ends of the market in order
to obtain the maximum profits, which is inconsistent with the D’Aspremont’s
conclusion.
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Conclusion 2 The wholesale price decision of producer Mi and the profit of supply
chain are independent of the discount coefficient of secondary purchase stage.
Retailer Ri will locate at the end of market, that is, aDD ¼ bDD ¼ 0 and we have

wDD
1 ¼ cM1 þ 9tþDcð Þ

3

wDD
2 ¼ cM2 þ 1

3 9t � Dcð Þ

(
;

pDD1 ¼ 2c1
1þ k1

þ 8
9ð1þ k1Þ 9tþDcð Þ

pDD2 ¼ 2c2
1þ k2

þ 8
9ð1þ k2Þ 9t � Dcð Þ

(
;

pDDR1
¼ 9tþDcð Þ2

81t

pDDR2
¼ 9t�Dcð Þ2

81t

(
:

4.2 Competition Equilibrium Model in DI Mode

Assume that supply chain 1 is decentralized SC and supply chain 2 is centralized
SC, both retailer R1 and manufacturerM1 aim to maximum their own profits, supply
chain 2 aims to maximize the profit of SC. Two supply chains’ competition
equilibrium in DI mode can be characterized as the following three-level pro-
gramming model:

pR1 aD; bI
� �� pR1 a; bI

� �
; 8 0� a� 1� b

p2 aD; bI
� �� p2 aD; b

� �
; 8 0� b� 1� a

(

s:t max
w1 � cM1

pM1 w1; pD1 ; p
I
2

� �

s:t:
pR1 pD1 ; p

I
2

� �� pR1 p1; p
I
2

� �
; 8 p1 �w1 þ cR1

p2 pD1 ; p
I
2

� �� p2 pD1 ; p2
� �

; 8 p2 � cM2 þ cR2

( ð10Þ

The first-level is the competition of location between retailer R1 and supply chain
2, the second-level is the maximizing-profit of manufacturer M1, and the third-level
is the competition equilibrium of price between retailer R1 and supply chain 2.

Proposition 2 The consumer’s second purchase has a discount, and the manu-
facturer’s optimal wholesale price and equilibrium price pD1 ; p

I
2

� �
in DI mode are

as following.

wD
1 ¼ cM1 þ

1
2

1� a� bð Þ 3þ a� bð ÞtþDc½ � ð11Þ

pD1 ¼ 2c1
1þ k1

þ 4
3 1þ k1ð Þ 1� a� bð Þ 3þ a� bð ÞtþDc½ �

pI2 ¼
2c2

1þ k2
þ 1

3ð1þ k2Þ 1� a� bð Þ 9� aþ bð Þt � Dc½ �

8>><
>>: ð12Þ

Proof Since @2pr1
@p21

¼ � 1þ k1ð Þ2
2t 1�a�bð Þ\0; @

2p2
@p22

¼ � 1þ k2ð Þ2
2t 1�a�bð Þ\0, the profit functions of retailer

R1 and SC 2 are differentiable concave functions of price, solves the first-order
system of equations:
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@pr1
@p1

¼ 1þ a� b
2

þ 1þ k2ð Þp2 � 2 1þ k1ð Þp1 þ 2�c1
4t 1� a� bð Þ ¼ 0

@p2
@p2

¼ 1� aþ b
2

� 2 1þ k2ð Þp2 � 1þ k1ð Þp1 � 2c2
4t 1� a� bð Þ ¼ 0

8>><
>>:

We have:

pD1 ¼ 2
3 1þ k1ð Þ 1� a� bð Þ 3þ a� bð Þtþ 4�c1 þ 2c2½ �

pI2 ¼
2

3 1þ k2ð Þ 1� a� bð Þ 3� aþ bð Þtþ 2�c1 þ 4c2½ �

8>><
>>: ð13Þ

Substituting Eq. (13) into the profit function of manufacturer M1, we have
@2pm1
@w2

1
¼ � 2

3t 1�a�bð Þ\0, so the maximum profit of manufacturer M1 is obtained by

solving its first-order equation @pm1
@w1

¼ 0, i.e., Eq. (11). Substitutes Eq. (11) into
Eq. (13), we have Eq. (12).

At this time, the profit functions of retailer R1 and supply chain 2 are:

pR1
¼ 1� a� bð Þ 3þ a� bð ÞtþDc½ �2

36t 1� a� bð Þ

p2 ¼
1� a� bð Þ 9� aþ bð Þt � Dc½ �2

36t 1� a� bð Þ

8>>><
>>>:

ð14Þ

Now, we have: @pr1
@a \0; @p2@b \0, indicating that retailer R1 and supply chain 2

will move to the ends of “linear market” in order to obtain the maximum profits.

Conclusion 3 Considering that consumers have secondary purchase behavior, the
equilibrium prices of the two supply chains in DI model are negatively correlated
with their respective discount coefficients, the product pricing pi decreases as
ki 0� ki � 1ð Þ increases, and two supply chains will use the price strategy of
cost-plus based on the total cost of SC. The size of cost-plus depends on the
difference between the cost of two SCs and the discount coefficient; the equilibrium
of location is: aD ¼ bI ¼ 0, and we have:

wD
1 ¼ cM1 þ 1

2 3tþDcð Þ; pD1 ¼ 2c1
1þ k1

þ 4 3tþDcð Þ
3 1þ k1ð Þ ; p

I
2 ¼ 2c2

1þ k2
þ 1

3ð1þ k2Þ 9t � Dcð Þ;
pDR1

¼ 3tþDcð Þ2
36t ; pI2 ¼ 9t�Dcð Þ2

36t :
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4.3 Competition Equilibrium Model in II Mode

Assume that both supply chains are centralized SCs, so both SCs aim to maximize
the profits of their own SC. The competition equilibrium of t two SCs in II mode is
the following two-level programming model.

p1 aII ; bIIð Þ� p1 aII ; bð Þ; 8 0� a� 1� b

p2 aII ; bIIð Þ� p2 aII ; bð Þ; 8 0� b� 1� a

�

s:t:
p1 pII1 ; p

II
2

� �� p1 p1; pII2
� �

; 8 p1 � c1
p2 pII1 ; p

II
2

� �� p2 pII1 ; p2
� �

; 8 p2 � c1

( ð15Þ

The upper layer is two SCs’ competition equilibrium of location, and the lower
layer is two SCs’ equilibrium of price.

Proposition 3 Under the discount of the consumer’s secondary purchase, the
equilibrium price pII1 ; p

II
2

� �
in II mode is:

pII1 ¼ 2c1
1þ k1

þ 2
3 1þ k1ð Þ 1� a� bð Þ 3þ a� bð ÞtþDc½ �

pII2 ¼ 2c2
1þ k2

þ 2
3ð1þ k2Þ 1� a� bð Þ 3� aþ bð Þt � Dc½ �

8>><
>>: ð16Þ

Proof Since @2pi
@p2i

¼ � 1þ kið Þ2
2t 1�a�bð Þ\0, pi is the diffractive function of pi, solving

first-order conditional equations:

@p1
@p1

¼ 1þ a� b
2

þ 1þ k2ð Þp2 � 2 1þ k1ð Þp1 þ 2c1
4t 1� a� bð Þ ¼ 0

@p2
@p2

¼ 1� aþ b
2

� 2 1þ k2ð Þp2 � 1þ k1ð Þp1 � 2c2
4t 1� a� bð Þ ¼ 0

8>><
>>:

We have Eq. (16). Substituted it into formula (3) to obtain the profit function of
the two supply chains:

p1 ¼
1� a� bð Þ 3þ a� bð ÞtþDc½ �2

9t 1� a� bð Þ

p2 ¼
1� a� bð Þ 3� aþ bð Þt � Dc½ �2

9t 1� a� bð Þ

8>>><
>>>:

ð17Þ

Now, we have: @p1@a \0; @p2@b \0, so two SCs will move to the end of the market to
maximize the profit of SC, i.e., aII ¼ bII ¼ 0.

Conclusion 4 Considering that consumers have secondary purchase behavior and
have the same product with a price discount for the second time, the product pricing
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pi in II model decreases with the increase of its own ki 0� ki � 1ð Þ. The equilibrium
of location is: aII ¼ bII ¼ 0, and we have:

pII1 ¼ 2c1
1þ k1

þ 2 3tþDcð Þ
3 1þ k1ð Þ ; pII2 ¼ 2c2

1þ k2
þ 2 3t � Dcð Þ

3 1þ k2ð Þ ;

pII1 ¼ 3tþDcð Þ2
9t

; pII2 ¼ 3t � Dcð Þ2
9t

:

5 Static Equilibrium Analysis and Managerial
Implications

Analyze the equilibrium price in three modes (DD, DI, II), we have:

pDD1 � pD1 ¼ 4 9t � Dcð Þ
9 1þ k1ð Þ [ 0; pD1 � pII1 ¼ 2 3tþDcð Þ

3 1þ k1ð Þ [ 0;

pDD2 � pI2 ¼
5 9t � Dcð Þ
9 1þ k2ð Þ [ 0; pI2 � pII2 ¼ 3tþDc

3 1þ k2ð Þ [ 0:

And the profit functions of SC are as following.

pDD1 ¼ 4 9tþDcð Þ2
81t

;

pDD2 ¼ 4 9t � Dcð Þ2
81t

;

8>>><
>>>:

pD1 ¼ 3tþDcð Þ2
9t

;

pI2 ¼
9t � Dcð Þ2

36t
;

8>>><
>>>:

pII1 ¼ 3tþDcð Þ2
9t

;

pII2 ¼ 3t � Dcð Þ2
9t

;

8>>><
>>>:

pDD1 � pD1 ¼ 9t � Dcð Þ 27tþ 5Dcð Þ
81t

[ 0; pD1 ¼ pII1

pDD2 � pI2 ¼
7 9t � Dcð Þ2

324t
[ 0; pI2 � pII2 ¼ 5t � Dcð Þ 3t � Dcð Þ

12t
[ 0

Conclusion 5 Considering consumers’ secondary purchase behavior and retailer Ri

offer the discount for secondary purchase behavior. Two SCs’ competition equi-
librium price is relevant with the discount coefficient in the mode of DD, DI, II, but
the profits of two supply chains are not connected with discount ki. At the point,
both the price and profit in mode DD are higher than those in modes of DI and II,
since

pDD1 [ pD1 [ pII1 ; p
DD
2 [ pI2 [ pII2 ; p

DD
1 [ pD1 ¼ pII1 ; p

DD
2 [ pI2 [ pII2 :
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It means that centralized decision-making is not the dominant strategy of SC
under the competition of location and pricing of two SCs. Then, by the derivative
analysis method, we have:

dpi
dki

\0;
dpi
dt

[ 0;
dp1
dDc

[ 0;
dp2
dDc

\0:

Conclusion 6 The price will reduce with the increase of discount coefficient ki. The
profit of supply chain will increase with the increase of products’ horizontal dif-
ferentiation t. The cost difference between two SCs increases, the profit of SC with
higher cost will decline, and the profit of SC with lower cost will increase.

According to conclusions 2–4, the market share of supply chain i in modes of
DD, DI, II are as following.

qDD1 ¼ 9tþDc
18t

;

qDD2 ¼ 9t � Dc
18t

;

8><
>:

qD1 ¼ 3tþDc
12t

;

qI2 ¼
9t � Dc
12t

;

8><
>:

qII1 ¼ 3tþDc
6t

;

qII2 ¼ 3t � Dc
6t

;

8><
>:

qDD1 � qD1 ¼ 9t � Dc
36t

[ 0; qII1 � qD1 ¼ 3tþDc
12t

[ 0; qII1 � qDD1 ¼ Dc
9t

qDD2 � qI2 ¼ � 9t � Dc
36t

\0; qII2 � qI2 ¼ � 3tþDc
12t

\0; qII2 � qDD2 ¼ �Dc
9t

Conclusion 7 Market share is not influenced by price discount ki in modes of DD,
DI, and II. Considering consumers’ secondary purchasing behavior and retailer’
price discount to consumers who purchase second time. The market share of
decentralized SC in DD mode will increase if he turns to centralized SC, but the
market share of another one will decrease since qI2 [ qDD2 , qD1\qDD1 . The market
share of decentralized SC in DI mode will increase if he turns to centralized SC, but
the market share of another SC will decrease, that is qII1 [ qD1 ; q

II
2\qI2.

Conclusion 7 shows that centralized control would be the dominant strategy for
SC to maximize market share. However, according to conclusion 5, centralized
control is not dominant strategy for SC to maximize SC profit.

Several managerial implications are generated from the analysis of static equi-
librium analysis. First, centralized control strategy is SC’s dominant strategy for
market share maximization. When profit maximization as the goal, decentralized
control would be better. Second, in order to increase profit by increasing demand,
supply chain managers should offer price discount to consumers which would
encourage consumers’ repeat purchasing behavior. Third, supply chain managers
could expand horizontal differentiation to make consumers pay higher price, and to
obtain more profits. Fourth, lower operation cost is one advantageous factor for SC
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to compete against each other. Reasonable consumers’ transport cost would expand
market share when supply chain enterprises locate on the market endpoint.

6 Summary

Considering the repeated purchase behavior of consumers and the price discount
strategy of the retailers, we analyze the location and pricing of two competitive
supply chains. We find that the price pi of the product decreases with the increase of
ki 0� ki � 1ð Þ, that is the larger the discount coefficient, the corresponding product
price will be lower. It also explains the phenomenon why the price of the product is
higher than the usual after the discount. However, the two supply chain profits have
nothing to do with the price discount ki, and two retailers will be located at the end
of the market, indicating that the location of SC is not related to the price discount.

This paper assumes that consumer distribution is the same as Hotelling model.
However, consumer distribution is affected by many factors in reality such as
geographical environment, economy and politics, and so on. Future research could
combine with consumers’ non-uniform, non-linear transportation costs, consumers’
brand preference, which will be more theoretical and practical significance.
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Game Analysis on Urban Traffic
Congestion Charging

Haifeng Wang, Xiaoli Li, Lijing Yu and Yongqiang Jiang

Abstract The paper constructs the game model of the main stakeholders of urban
traffic congestion charging by using the related theories and methods about relevant
stakeholders and game theory. Through the equilibrium analysis of the game model,
several possible pure strategy Nash equilibrium results and their realization con-
ditions are obtained. An analysis of the mixed strategy Nash equilibrium shows that
the government can use part of the cost of traffic congestion to subsidize the traveler
through direct or indirect methods, thus inducing the traveler to choose public
transport. The government makes a reasonable traffic congestion rate and the fees
are used for public transport subsidies and urban road construction. It can induce
travelers to choose public transport. Especially in the early period of traffic con-
gestion charging, providing certain compensation for the public transports will be
conducive to development and sustainable development.

Keywords Traffic congestion charging � Stakeholders � Game analysis � Nash
equilibrium � Mixed strategy

1 Introduction

According to statistics from the National Bureau of Statistics, from the 5 years of
2016, the number of private cars in China rose rapidly from 88.838 million vehicles
to 163.3022 million vehicles, an increase of 84.76% points; In the same period, the
urban population density rose from 2307 to 2408 persons/km2, and the per capita
urban road area only increased from 14.39 m2 to 15.8 m2, an increase of 4.38 and
9.8% points respectively. The scale of urban population and the size of private cars
in China are continuously expanding, and the traffic demand is also increasing
rapidly. Although China’s cities continue to increase the investment in trans-
portation facilities, their growth rate seems to never keep up with the growth of
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transportation demand. In most cities, the traffic demand has exceeded the capacity
of transport supply. No matter whether in time or in space, the transportation supply
has lost its balance, and the congestion situation has become increasingly severe,
which seriously restricts the development of urban social economy. According to
foreign practical experience, it is not feasible to simply rely on increasing the
supply of traffic to resolve traffic congestion. It is easy to fall into a vicious cycle of
“traffic congestion—road expansion—increased demand for private transport—
declining demand for public transport—further demand for private transport—
traffic congestion again [1]”. China has a large population. Due to the limited area
of the city, we should seek a traffic congestion solution that meets the actual
situation in China. Traffic congestion charges are considered to be one of the most
direct and effective measures to alleviate traffic congestion. From the perspective of
game theory, this paper builds a traffic congestion game model drawing on existing
research results, analyzes the conditions and results of the game equilibrium, and
provides theoretical basis and decision support for government decision-making.
The game process discussed is very meaningful. It has important theoretical and
practical significance.

2 Basic Principle of Congestion Charging

Road congestion charges come from the fact that the roads are crowded: The road
construction and its capacity are limited, while the traffic demand growth is
expanding. Congestion charges refer to the implementation of charges for vehicles
of peers in specific time periods and road sections to adjust the traffic demand of
congested road sections, thereby reducing the traffic load during busy hours and
busy road sections and improving the road capacity. At the same time, travelers are
encouraged to turn to public transport to achieve traffic control measures to ease
traffic congestion [2].

The root cause of traffic congestion is the externality of “quasi-public goods” on
urban roads. Urban roads belong to “quasi-public products” and have the dual
features of exclusivity and non-competition. When the traffic volume of a particular
section is small, the use of a bicycle on a road does not affect the use of the same
road by other vehicles. However, once the traffic density exceeds the blocking
density, traffic congestion will occur, and the performance of the exclusion will be
quite prominent.

Traffic traveler costs include private costs and external costs. Private costs
include personal costs such as vehicle maintenance fees, fuel costs, and time value.
External costs refer to the extra costs incurred by others due to traffic jams caused
by private transport traffic, as well as the cost of the loss of time, shared by the
entire society. The social cost of congested roads is much greater than the private
costs of the traffic travelers. When the congested roads are not charged, the travelers
only pay attention to private costs, which leads to excessive use of roads and road
congestion. By charging users who drive vehicles on congested roads, they rely on

220 H. Wang et al.



economic means-price mechanisms to guide and regulate real-time traffic flow. The
real-time traffic flow is guided and adjusted by charging a user who drives a vehicle
on a congested road-depending on economic means, a price mechanism. As a result,
external effects due to road congestion are internalized in the form of traffic con-
gestion fees, and congestion problems caused by excessive use of traffic roads are
corrected. Congestion charges can also effectively encourage travelers whose time
value is lower than the congestion rate to travel to the public transport, so as to
alleviate the traffic congestion in the city and improve the operational efficiency of
the entire urban transport system [3].

The concept of traffic congestion charging is actually that the traveler with a
higher time value has the right to pass through a certain amount of expenses,
occupying the scarce resources such as peak hours and peak sections. Make travel
time and route available to travelers who can use no specific road section, thus
reducing traffic demand and alleviating road congestion. The traffic congestion
charge is the use of the price principle in economics to limit the traffic demand and
make the urban traffic system in an optimal state. Make full use of urban road space
resources, internalize external costs of road use, and maximize social benefits.

3 Game Analysis of Congestion Charging

As a rational traveler, while maximizing its own utility, it loses the maximization of
collective welfare and ultimately leads to the loss of its own utility. To solve this
problem, it is difficult to solve the problem simply by relying on market measures. It
is necessary to run government administrative measures to solve this problem. This
article selects the traffic traveler and the government (actually the traffic manager to
represent the government) as the decision-making body involved in the congestion
charging game. The user selects the transportation mode on the basis of the game,
and the government analyzes the congestion charging decision based on the game.

The public habitually believes that the urban road network is a public facility
built using taxation, and the public’s support for the congestion charge is related to
the orientation of government policies [4]. Therefore, in order to facilitate the
analysis, it is assumed that the model which builds referencing existing research
includes two main stakeholders: government and traffic traveler. The government
also includes relevant transportation organizations and associations; at the same
time, it is assumed that governments and traffic travelers participating in the game
are all rational economic people, that is, they aim at maximizing their own eco-
nomic interests. In addition, it is assumed that both sides of the game know each
other’s strategic space and corresponding benefits. In the short-term equilibrium, a
complete information static game can be dealt with and a Nash equilibrium solution
can be obtained.

For the government, it is the representative of the overall interests of the society.
Therefore, the basis for its decision should be the maximization of social benefits
and utilities. The government supports and guides travelers to choose public
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transport by providing subsidies for public transport, policy advocacy, and eco-
logical monitoring to achieve the purpose of relieving traffic congestion. The
government has two strategies: The first is to “charging” and to use directly or
indirectly the traffic congestion fees that it receives to subsidize public transport and
investment road resource construction, publicity, and environmental monitoring.
The second is “free”, that is, the government does not take any charging measures
to influence and interfere with the current traffic situation.

For travelers, the choice of whether to continue to choose private or public
transport depends on the relative time value of the traveler when congestion charges
are collected. People with high relative value in time will choose to continue driving
and people with low relative value will choose to travel by public transport.
Therefore, there are two strategies for traffic travelers to choose from: to accept
traffic congestion charges and not to accept traffic congestion charges. When a
traveler receives traffic congestion charges, he or she can enjoy certain direct or
indirect subsidies from the government.

Based on this, this paper makes the following assumptions for traffic managers
and traffic travelers’ income and costs under different strategies.

Assumption 1: For the government, unit income is I1, unit cost is C1 when
choosing congestion pricing (investment of previous equipment and normal oper-
ating expenses, etc.); when no fee is selected, both its revenue and cost are 0;
Represents the public interest, so we must bear the environmental and social
negative impact caused by the traffic congestion, and use L to represent the social
welfare loss paid for the unit. When the government chooses free, the fees and costs
are zero. Because the government representatives represent the public interest, they
must bear the environmental and social negative impacts caused by the traffic
congestion and use L to indicate the unit’s social welfare losses paid for.

Assumption 2: For traffic travelers, utility is achieved by satisfying the need to
enjoy private or public transport traveling. Set the unit utility of the travelers when
they choose public transport as I21, and the unit cost is C21. Set the unit utility
obtained by the travelers when they select a private transport for travel to I22, and
the unit cost is C22; The unit subsidy provided is when the government charges for
congestion; when the government conducts a congestion charge, the traveler
chooses a private transport to travel and needs to pay the congestion charge he
receives each time.

Obviously, the result is C21 \C22 and I1 ¼ T .

4 Model Construction

Based on the above assumptions, this paper establishes a game model for both
traffic managers and traffic travelers. The payoff matrix is shown in Table 1.
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5 The Analysis of Game Equilibrium

5.1 The Analysis of Pure Strategy Nash Equilibrium

Through the equilibrium analysis of the game model shown in Table 1, we can
know that there are three pure Nash equilibrium results when certain conditions are
met, as shown in Table 2.

The combination of strategies (Free, The travel by public transport) should be
the best combination of strategies. The conditions for its establishment are:
I21 � C21 [ I22 � C22. This shows that the government does not charge for con-
gested traffic and therefore does not need to pay the corresponding costs and social
welfare losses. Travelers who enjoy the benefits of using public transport to meet
their own needs and get the benefits they need are not less than the utility of private
transports and make the choice of public transport more effective than private
transports. Travelers are fully aware of the root causes of traffic congestion and are
willing to take social responsibility for solving traffic congestion. At the time, the
private costs and the external costs (social costs) of traffic travelers tend to be the
same. In the long run, this should be the result of the game between the two sides.
However, this condition is too ideal and harsh. It should be difficult to achieve in
the early stages of urban traffic congestion management. In the early days, most of
the public believed that urban roads were public facilities built by taxpayers for
taxpayers’ investments. They would ignore or be unwilling to bear external costs
(social costs).

In addition, we can conclude that if we consider from the perspective of pure
economic interests, the government will tend to choose free, so as not to have to pay
for propaganda and other costs. Therefore, the combination of strategy (Charging,
The travel by private transport), (Charging, The travel by public transport) will not
naturally become a purely strategic equilibrium.

Table 1 Payoff matrix

Government Traffic traveler

The travel by private transport The travel by public transport

Charging I1 � C1 � L �C1 � S

I22 � C22 � T Sþ I21 � C21

Free �L 0

I22 � C22 I21 � C21

Table 2 The results and conditions of pure strategy Nash equilibrium

No. Condition Pure strategy combination

1 I1 � C1 � L[ � C1 � S (Charging, The travel by private transport)

2 I1 � C1 � L\� C1 � S (Charging, The travel by public transport)

3 I22 � C22\I21 � C21 (Free, The travel by public transport)
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When all the conditions in Table 1 are not established, there is no unique stable
Nash equilibrium solution. The government, tourism companies, and tourists will
choose a mixed strategy.

5.2 The Analysis of Mixed Strategy Nash Equilibrium

Under the condition that there is no pure strategy Nash equilibrium, the government
and traffic travelers will adopt a hybrid strategy and adopt their pure strategy with a
certain probability. Assuming that the government selects the strategy G1

(Charging) with the probability of x and the strategy G2 (Free) with the probability
of (1 − x); the traveler selects the strategy Y1 (The travel by private transport) with
the probability of y, taking (1 − y) Probability selection strategy Y2 (The travel by
public transport), among them, x; y � 0; 1½ �:

The revenue function of the government’s selection strategy G1 (Charging) is:

EG1 x; yð Þ ¼ y I1 � C1 � Lð Þþ 1� yð Þ �C1 � Sð Þ ð1Þ

The revenue function of the government’s selection strategy G2 (Free) is:

EG2 x; yð Þ ¼ y �Lð Þþ 1� yð Þ 0ð Þ ð2Þ

The income function of traveler selection strategy Y1 (The travel by private
transport) is:

EY1 yð Þ ¼ x I22 � C22 � Tð Þþ 1� xð Þ I22 � C22ð Þ ð3Þ

The income function of traveler selection strategy Y2 (The travel by public
transport) is:

EY2 yð Þ ¼ x Sþ I21 � C21ð Þþ 1� xð Þ I21 � C21ð Þ ð4Þ

For the government and the traveler, when the expected returns from different
strategies are equal, the game will reach a stable equilibrium, from which x and y
can be determined.

Let EG1 ¼ EG2 ; then y ¼ C1 þ S
I1 þ S

¼ C1 þ S
T þ S

ð5Þ

Let EY1 ¼ EY2 ; then x ¼ I22 � C22 � I21 � C21ð Þ
Sþ T

ð6Þ

If the probability of charging is less than I22�C22� I21�C21ð Þ
SþT , the best choice for the

traveler is the travel by private transport; if the probability of government charges is
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greater than I22�C22� I21�C21ð Þ
Sþ T , the best choice for travelers is the travel by transport

travel.
Therefore, the hybrid strategy Nash equilibrium is:

x� ¼ I22�C22� I21�C21ð Þ
SþT ,y� ¼ C1 þ S

T þ S .

(1) The analysis of influencing factors x

According to formula (6), it can be concluded that x� is a decreasing function of S,
T and I21 � C21, and I22 � C22 is an increasing function.

When S increases, the government’s willingness to choose charging will be less
because it will reduce the expenditure on transportation subsidies.

When T increases, the total cost of traffic congestion will increase first and then
decrease. When T increases to a certain extent, the total traffic congestion will
gradually decrease, and the government’s willingness to select fees will be smaller.

When I22 � C22 increases, that is, the income of the traveler who chooses a
private transport to travel increases, it indicates that the congestion density increases
and the traffic congestion level increases. At this time, the willingness of govern-
ment charges will be even greater.

When I21 � C21 increases, the net income of the traveler who chooses private
transport travel increases, it indicates that the congestion density decreases and the
degree of traffic congestion decreases. At this time, the government’s willingness to
charge will decrease.

Therefore, the possibility of government traffic charges x will increase with the
increase in traffic congestion in any of the above cases. In fact, it can be seen from
the previous game profit matrix that the government is more inclined to not support
from the perspective of rational economic man. Considering that the government
can’t completely choose the strategy from the perspective of a rational economic
man in the process of congested traffic, it can take some measures and measures to
relieve traffic congestion.

(2) The analysis of influencing factors y

According to formula (5) it can be concluded that y� is a decreasing function of the
congestion charging rate T .

When T increases, that is, the higher the government charges for traffic con-
gestion, the probability that the traffic traveler chooses a private transport to travel
will decrease. This means that the probability that the traveler will choose public
transport to travel will be greater, and the degree of traffic congestion will gradually
decrease as the congestion charging rate increases.

When S increases and T [C1, the probability that the traveler chooses to travel
by private transport will increase, and the probability of choosing public transport to
travel will decrease.

When S increases and T\C1, the probability that the traveler selects a private
transport to travel will decrease, and the probability of choosing a public transport
to travel will increase.

Game Analysis on Urban Traffic Congestion Charging 225



6 Conclusion

By using game theory and method, this paper deeply analyzes the game relationship
between the government and the traveler involved in traffic congestion charging.
The research shows that: (1) In the complete information static game model, there
may be three pure strategy Nash equilibriums, and only the equilibrium results
(Free, Travel by public transport) can achieve the goal of healthy development of
urban traffic order. The requirements for sustainable development, due to the initial
practice of urban traffic congestion, implementation condition I21 � C21 [ I22 �
C22 is difficult to achieve. (2) The analysis of mixed strategy Nash equilibrium
shows that by charging the government can effectively reduce the number of
traveler by private transports, increase the number of traveler by public transports,
effectively alleviate the traffic congestion, and improve social welfare. The gov-
ernment can control the ratio of private travel to public travel by affecting y�. If the
rate (or price) of congestion charging imposed on private transports are higher, the
smaller the y�, the smaller the proportion of private transport traveling. The gov-
ernment can give public transport more subsidies to improve public transport ser-
vices and increase the attractiveness of public transport so as to increase the
efficiency of road-use. The government does not simply decide whether to charge or
not, the rate will determine the blocking density of the road network. If the rate is
reasonable, the traffic congestion status will be greatly improved, and the rate will
be set too high, resulting in y� being too small, and the traffic volume will not be
optimal. In a saturated state, road resources are wasted, and if the rate is too low, it
will be difficult to ease traffic congestion. The Nash equilibrium solution of the
mixed strategy is a fixed point. Both private utility and social utility reach the
optimal level. No party will actively change its behavior. Therefore, we can use this
Nash equilibrium solution to guide our decision-making.

This paper has also gained some useful inspiration: (1) From the perspective of
long-term development, the solution to the urban traffic congestion in China is to
firstly play the role of the government in macro-economic regulation. The gov-
ernment can actively guide and publicize the traffic congestion charging decree and
the social responsibility and obligations of traffic-transporters, create external
conditions for the congestion charging, reduce the income (or utility) of private
travelers, and increase the cost; increase the public transport traveler’s income (or
utility), reduce the cost, and gradually induce the traveler to consciously turn to
public transport to increase social welfare. (2) The rate of traffic congestion
charging should be reasonable, and if it is too low, it will be difficult to achieve the
expected aims. Too high will cause waste of road resources.
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Study on the Mechanism of Energy
Structure Optimization to Low-Carbon
Economy

Jing Cao and Mei Huan

Abstract This paper starts with a low-carbon economy and energy structure, and
uses qualitative and quantitative research methods to analyze the mechanism of
energy structure optimization for low-carbon economy, and screens and measures
the influence factors of energy structure from the perspective of 3E, using
Cointegration Test and Granger causality analysis to determine the impact of var-
ious indicators on the energy structure and degree of impact.

Keywords Low-carbon economy � Energy � Structural optimization � Influencing
factors

1 Introduction

Energy is an important material basis for human survival and development, and also
an important strategic resource for the country’s economic lifeline and national
security. The realization of a low-carbon economy cannot be separated from the
adjustment of the energy system [1, 2]. Optimizing energy structure is an important
way to reduce carbon emissions [3, 4]. China’s economy is in the stage of “shift-
ing,” the concept of the new normal and the Fifth Plenary Session of the 18th CPC
Central Committee proposed that “green development” be considered as one of the
five major concepts that have a bearing on the overall development of China, which
requires China to enter the green low-carbon cycle mode as soon as possible.
Low-carbon economy has gradually been accepted by people. Low-carbon life and
building a low-carbon society have gradually become a global consensus.

Scholars at home and abroad have made many studies on the interaction between
energy structure and low-carbon economy. Schipper et al. conducted a LMDI
model decomposition of the factors affecting the CO2 emissions of a number of

J. Cao (&) � M. Huan
Department of Economic and Management, Harbin Engineering
University, Harbin 150001, China
e-mail: 1161443766@qq.com

© Springer Nature Singapore Pte Ltd. 2020
X. Li and X. Xu (eds.), Proceedings of the Sixth International Forum
on Decision Sciences, Uncertainty and Operations Research,
https://doi.org/10.1007/978-981-13-8229-1_20

229

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-8229-1_20&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-8229-1_20&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-8229-1_20&amp;domain=pdf
mailto:1161443766@qq.com
https://doi.org/10.1007/978-981-13-8229-1_20


International Energy Coalition member states, suggesting that the change in CO2

emission levels in most countries is due to changes in energy output and total
energy demand [5, 6]. Su et al. analysis urban energy structure optimization at the
sector scale, it concludes that the multi-objective optimization model integrating
environmental impact is useful for reasonable allocation of energy resources across
the urban sectors [7]. Feng Xu study the optimization of energy structure under the
background of energy conservation and emission reduction in Guangdong province
through the Computable General Equilibrium (CGE) Model. The result shows that,
under the premise of maintaining steady growth, Guangdong can effectively
improve the energy structure, reduce the consumption of fossil fuels and improve
the proportion of low carbon energy [8]. Wang Shaohua and Yu Weiyang discussed
the mechanism models of the two, and used carbon path analysis to measure the
interaction between the two [9]. Zhang Yunhe and others qualitatively analyzed the
adjustment direction of China’s energy structure optimization in the light of the
low-carbon background. Research shows that China’s future adjustment direction
should be replayed to promote the diversified development of energy composition
[10]. Fan Chendi used qualitative methods to analyze the relationship between the
two, and believed that the low-carbon model has a significant effect in promoting
diversification of energy structure and improving energy efficiency [11]. Fan
Decheng and Wang Shaohua have made clear that the energy bottleneck in China is
the structural contradiction of energy, and divides the three economic benefits
dimensions of social economy, energy planning, and environment, and uses rough
set theory to establish a rationalized evaluation system for the degree of energy
allocation [12, 13].

In summary, this paper analyzes the correlation mechanism between energy
structure optimization and low-carbon economy based on a low-carbon economy; it
analyzes various factors affecting energy structure optimization through quantitative
methods, it can provide reference for the formulation of energy development plans
and fulfillment of emission reduction commitments, and is of great significance for
optimizing the energy structure.

2 The Concept and Relationship Analysis of Low-Carbon
Economy and Energy Structure

2.1 The Concept of Low-Carbon Economy and Energy
Structure

(1) The concept of low-carbon economy. Low-carbon economy has increasingly
become a political and economic problem. Therefore, the connotation of a
low-carbon economy is also continuously expanding, and it is difficult to form
an accurate definition [14, 15]. Considering that this article focuses on the
optimization of energy structure under low-carbon economy, the concept of
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low-carbon economy proposed by the CCICED report is more comprehensive,
that is, “low-carbon economy is not only a basic economic model for promoting
energy conservation and emission reduction, maintaining energy development,
but also It is an economic form that adapts to the gradual deepening of the
industrialization process [16].”

(2) The concept of energy structure. The energy structure refers to the composition
and ratio of various primary energy sources and secondary energy sources in
total energy [17]. Energy structure is usually composed of two parts: supply
structure and consumption structure. The energy supply structure represents the
share of all types of energy production in total energy supply. The energy
consumption structure can be divided again according to the consumption
category or the industrial part that consumes energy. According to its different
consumption entities, it can be divided into a primary energy consumption
structure and a terminal energy consumption structure.

2.2 Impact of Energy Structure Optimization on Economic
Development

The effective optimization of energy structure is the inevitable choice to achieve the
goal of low-carbon economy. The analysis of China’s current energy structure
shows that the current contradiction between China’s energy structure and eco-
nomic development has intensified. On the one hand, with the demand for eco-
nomic development as a guide, large-scale development of infrastructure requires a
large amount of fossil energy as a support. However, high-energy-consuming
industries cannot avoid the thorny issue of high-carbon emission status. The low
consumption efficiency and high environmental pollution are facing the dual con-
straints of energy and the environment. Therefore, it is necessary to optimize the
existing energy structure to form a relatively stable, low-carbon and economical
energy development system to deal with the bottleneck of economic development
due to the high carbonization of energy.

Optimizing the energy structure is the main prerequisite for the smooth progress
of the low-carbon economy. In China’s existing energy structure, coal is still the
dominant factor. Compared with the supply structure of oil and gas as an important
energy source, the energy efficiency of the former is about 8–9% lower. On the one
hand, when coal is used as a fuel to provide energy, the energy conversion effi-
ciency of its intermediate conversion device is lower than that of liquid or gaseous
fuel and it is difficult to increase. On the other hand, because 40% of China’s coal
consumption has been burned as a terminal energy supply, a large amount of soot
and waste, mainly CO2 and SO2, has been generated. Therefore, the existing energy
structure needs to be optimized to reduce its carbon intensity in response to climate
change.
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Optimizing the energy structure is the main path for promoting low-carbon
economy. Extensive mining of various types of resources has caused problems such
as the collapse of the goaf, land subsidence and other geological disasters,
destruction of biological resources, and atmospheric pollution, which have greatly
damaged the sustainable development of the economy. If all kinds of energy
minerals are unsustainable, the main industries will rapidly decline, resulting in
economic sluggishness and social unrest. Therefore, only by optimizing the energy
structure can we develop a peaceful and stable low-carbon economy and promote
the stable development of the regional economy.

2.3 Impact of Energy Structure Optimization on Carbon
Emissions

According to the preparation method of IPCC’s GHG inventory and related experts’
research, carbon emissions are mainly generated in the five major areas such as
energy activities and industrial development. Due to differences in oxygen supply
rate, combustion efficiency, combustion conditions, and calorific value, the carbon
emission factors of various energy sources are different, and the unit of coal has the
largest amount of carbon emissions, followed by oil and natural gas.

As shown in Table 1, for the sake of comparison, assuming 100 million tons of
standard energy consumption, if the proportion of primary energy consumption
reaches the world average, the ratio is about 3:3:3, and the world will produce 89
million tons of carbon. And if the proportion of consumption reaches the average
level of China, the ratio is about 7:2:1, CO2 emissions will increase by 54 million
tons of carbon; this shows that the energy allocation of multiple coals and less gas
will inevitably lead to the same consumption. The production of more CO2 and
pollutants has a negative effect on the development of a low-carbon economy.

Table 1 A comparison of
total carbon emissions in
2015

Area The proportion of primary
energy consumption
structure (%)

Total carbon
emissions
(Billion tons)

Coal Oil Natural
gas

Global 32.6 23.7 30 0.89

China 68.1 19.6 6.2 1.43
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3 Empirical Analysis

3.1 Variable Selection

In 2005, an energy index system was defined by the IAEA, focusing on the impact
of low-carbon economy on energy and published in the “Guidelines and
Methodology for Energy Indicators for Sustainable Development” report [17].
Measured indicators come from three major areas: social, economic, and environ-
mental, with top-down structures. The 3E system is a multi-element and multi-level
complex system that contains these three major areas. Various factors in the system
influence each other to achieve the purpose of energy structure optimization in a
low-carbon economy environment (Fig. 1).

(1) Economic system

GDP represents the overall level of development of a region within a fixed period of
time. In general, the higher the level of GDP, the overall energy consumption will
show the same trend, the structural configuration will also be more biased toward
clean and efficient; energy intensity, that is, energy consumption per unit of GDP,
intuitively reflects the economic value of energy consumption. Specifically
expressed as the energy required for the growth of the gross value of production per
unit of time within the time node. The per capita GDP represents the relationship
between the total population of the region and the total GDP. The increase in per
capita GDP represents the input of more energy while maintaining the existing
energy structure, and will increase the total amount of carbon emissions. Therefore,
GDP, per capita GDP, energy intensity, and energy consumption are closely related.
It is a very important factor affecting the energy structure that is economic growth.

(2) Energy system

The energy system is mainly composed of depleted energy and renewable energy.
The production and consumption of energy forms the tidal effect of the energy
system, making the energy system from disorder to order [18]. Coal, oil, and natural
gas are exhaustible energy sources and they are the main body of the current energy

Funds

Energy

Total energy consumption

 Low-carbon economy

GDP/ GDP per capita

Unit GDP energy 
consumption

 Environment

Population factors
Urbanization rate

Industrial structure

Environmental status
CO2 emissions

Over-exploitation and increased energy burden

Limit economic development

 Environmental carrying capacity limits economic development

The proportion of various 
types of energy

Motion

 Production waste, increase carbon emissions

 Low carbon constraints change the existing energy structure

Fig. 1 Low carbon 3E system mechanism of action
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system. Total energy consumption directly expresses future demand, and its
structure reflects the proportion of various fossil fuels. Due to the large differences
in different calorific values and carbon emissions, changes in energy consumption
configuration directly affect the development of low-carbon economies. Based on
previous studies, this paper selected the total energy consumption and the pro-
portion of fossil energy consumption as indicators for optimizing the energy
structure.

(3) Environmental system

The environmental system includes various factors in the environment and their
interactions with each other. It is not limited to the natural environment, but it also
needs to consider the influence factors in the social environment. The total popu-
lation is the fundamental element of the environmental system, and the total pop-
ulation and total consumption will show the same trend growth. Therefore, the total
population needs to be used as an indicator of energy demand; the urbanization rate
represents the rate of urban development, the rapid development of the city and the
expansion will inevitably increase regional carbon emissions and lead to a shift in
the energy structure toward higher carbon. Therefore, the role of urbanization rate
in the energy structure is taken into consideration, and the energy structure is
negatively related to the urbanization rate; many scholars have studied it. It is found
that the industrial structure has different resource utilization characteristics.
Adjustment of the industrial structure will directly affect the total demand and
configuration. Therefore, we must use the industrial structure as an index of
influence.

3.2 Measurement of Energy Structure by Influencing
Factors

According to the effects of various system representative factors on the energy
structure in the 3E system, the corresponding influencing factors are selected. At the
same time, as a key link in the realization of a low-carbon economy, the theoretical
support for the selection of energy structure optimization system indicators mainly
includes systematic, hierarchical, and feasibility principles; method selection
combines qualitative methods and quantitative methods, and fully combines
dynamic and static methods. Finally, an energy structure optimization index system
is formed, as shown in Table 2. Existing indicators can be divided into
profit-oriented indicators, cost-based indicators, and moderate indicators based on
their influence on variables.

Entropy weight method as a complex objective weighting method, the principle
is based on the actual sample data observation index information size to determine
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the index weight, the impact of the measure. It can to a certain extent avoid
subjective errors such as the Delphi method. In this paper, the entropy method is
used to calculate the impact of factors on the energy structure measurement. The
specific steps are as follows:

(1) Establish the decision matrix of the original data: Xij denotes the original
sample data value of the object set relative to the indicator set, that is, the actual
measured value of the i indicator in the j year, where i = 1, 2,…, m, j = 1, 2,…,
n. The decision matrix is:

X ¼
X1;1 X1;2 . . . X1;n

X2;1 X2;2 X2;n

. . . . . . . . . . . .
Xm;1 Xm;2 . . . Xm;n

2
664

3
775 ð1Þ

(2) Standardization decision matrix: First, the evaluation values are preprocessed,
and each index value is non-dimensionalized, so as to eliminate the difference
between attribute dimensions.

Table 2 Energy structure optimization index system

Affiliation system Index name Index Indicator
properties

Economic system GDP x1 Benefit index

Energy intensity x2 Cost index

Per capita GDP x3 Benefit index

Energy system Total energy demand x4 Moderation
index

The proportion of coal consumption x5 Moderation
index

The proportion of oil consumption x6 Moderation
index

The proportion of natural gas
consumption

x7 Moderation
index

The proportion of one power
consumption

x8 Moderation
index

Environmental
system

Total population x9 Moderation
index

Urbanization rate x10 Moderation
index

Industrial structure x11 Moderation
index

Study on the Mechanism of Energy Structure Optimization … 235



Benefit index: Y þ
ij ¼ ðXij � Xmin

j Þ
ðXmax

j � Xmin
j Þ ; i ¼ I1 ð2Þ

Cost index: Y�
ij ¼ ðXmax

j � XijÞ
ðXmax

j � Xmin
j Þ ; i ¼ I2 ð3Þ

Moderate index: Yij ¼ 1�
Xmax
j � Xij

�����
Xmax
j

; i ¼ I3 ð4Þ

(3) Calculate the weighting value under the i index item, and set the proportion
under the i index as:

qij ¼
YijPm
i¼1 Yij

ð5Þ

(4) Calculate the entropy of index i:

Ej ¼ � 1
lnðmÞ

Xm
i¼1

qij lnðqijÞ ð6Þ

In the formula, when qij ¼ 1 or qij ¼ 0, qij ln qij
� � ¼ 0, and the size of the

entropy is inversely related to the magnitude of the information.

(5) Calculate the difference coefficient hj of the j index, hj ¼ 1� Ej, The difference
between the size of indicators and the meaning of entropy is the opposite.
Therefore, this paper calculates the data of entropy weights as the coefficient of
difference between indexes.

(6) Let wi denote the weight of indicator i in the indicator system:

wi ¼ hiPm
i¼1 hi

; i ¼ 1; 2; . . .;m ð7Þ

According to the calculation procedure of the entropy method, the initial indi-
cator impact measurement system was established using the data of each index for
the decade from 2006 to 2015 as the initial data, and the initial indicator impact
measurement result was calculated as shown in Table 3.

This paper is based on the study of energy structure optimization under the
low-carbon economic environment. It selects the representatives of GDP, coal
consumption and urbanization as influencing factors.
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3.3 Stationarity Test

This article selects the comprehensive evaluation index of urbanization rate, coal
energy ratio, economic growth and total energy demand for statistical analysis, and
obtains the trend chart as shown in the Figs. 2, 3 and 4.

As shown in Figs. 2, 3 and 4, the total demand, GDP, urbanization rate, and coal
consumption share almost simultaneous increases and decreases, i.e., the same
trend. This article will use cointegration analysis to prove the long-term stable
relationship between the four. According to the four dimensions of the
non-dimensionalized values in the entropy weight calculation, Eviews8 can be used
for cointegration analysis.

First, the stability test of the sequence is performed: according to the evaluation
index of the total energy demand (enr), GDP (gdp), coal consumption, and
urbanization rate (city), the line graph can be drawn. It can be seen that the above
four Item indicators are not stable. Therefore, this paper successively takes its
first-order and second-order differentials to do ADF test to verify the stability of
each indicator time series. Eviews8.0 yields the Table 4.

Table 3 Energy structure impact index measurement system

Influencing factors Index name Index Impact
measure

Economic system GDP x1 0.3396

Energy intensity x2 0.2897

GDP per capita x3 0.3396

Energy system Total energy demand x4 0.0085

The proportion of coal consumption x5 0.0040

The proportion of oil consumption x6 0.0036

The proportion of natural gas
consumption

x7 0.0036

The proportion of one power
consumption

x8 0.0035

Environmental
system

Total population x9 0.0001

Urbanization rate x10 0.0005

Industrial structure x11 0.0004

Fig. 2 The trend of total energy demand and GDP
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According to the Eviews calculation results, the ADF values of the second-order
differences of the above indicators are less than their 1% critical values, so the
second-order differentials are all stationary sequences and can be tested in the next
step.

Fig. 3 The trend of total energy demand and coal consumption

Fig. 4 The trend of total energy demand and urbanization rate

Table 4 Enr, gdp, coal, city ADF analysis test results

Sequence ADF value 1% critical
value

5% critical
value

10% critical
value

Conclusion

enr −0.876866 −5.521860 −4.107833 −3.515047 Unstable

△ −2.320302 −6.292057 −4.450425 −3.701534 Unstable

△2 −3.263838 −2.937216 −2.006292 −1.598068 Stable

gdp 3.141875 −2.847250 −1.988198 −1.600140 Unstable

△ −1.629789 −5.835286 −4.246503 −3.590496 Unstable

△2 −6.237074 −6.006336 −4.773194 −3.877714 Stable

coal −0.081889 −2.847250 −1.988198 −1.600140 Unstable

△ −4.654019 −6.292057 −4.450425 −3.701534 Unstable

△2 −12.27721 −7.006336 −4.773194 −3.877714 Stable

city 4.124592 −2.847250 −1.988198 −1.600140 Unstable

△ −7.455488 −6.292057 −4.450425 −3.701537 Stable
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3.4 Cointegration Test and Granger Causal Analysis

Next, a data cointegration test is performed: There is a smooth sequence of the same
order among the above indexes. According to the cointegration theory, there is a
certain probability of cointegration between them. According to the OLS method in
Eviews, the regression equations between each sequence are obtained respectively.
In order to prevent the pseudo regression phenomenon of each regression equation,
ADF test is performed on the residuals of this equation. The regression equations
and residual ADF test results are as follows (Tables 5, 6 and 7).

ð1Þ enr ¼ �2:2228þ 3:2344 city

ð3Þ enr = 1:9302� 1:1443 coal

ð4Þ enr ¼ 0:5449þ 0:4348 gdp

The above results indicate that there is a long-term stable co-integration rela-
tionship between the total energy demand (enr), GDP (gdp), coal consumption, and
urbanization indicators.

Granger (1969) described the causality as a connotation of time: “To determine
the causal effect of Y on X, examine the extent to which the past value of Y
explains the current value, and then examine whether the lag value of adding X can
improve. Interpretation degree. If the lag value of X changes the interpretation of Y,
then X is considered to be the Granger cause of Y [19].” It was determined that
co-integration tests were used among various elements, and Granger causality was

Table 5 Residual unit root
test

Residual unit root test results −4.243015

1% critical value −2.937216

5% critical value −2.006292

10% critical value −1.598068

Table 6 Residual unit root
test

Residual unit root test results −3.760289

1% critical value −3.007406

5% critical value −2.021193

10% critical value −1.597291

Table 7 Residual unit root
test

Residual unit root test results −3.095807

1% critical value −3.007406

5% critical value −2.021193

10% critical value −1.597291
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used to test whether there was a causal relationship between total energy demand,
GDP, coal consumption, and urbanization rate. The results are shown in Table 8.

The practical results show that the urbanization rate is the one-way causal
relationship between the total energy demand; GDP is the two-way causal rela-
tionship between the total energy demand; total energy demand is a one-way causal
relationship between coal consumption.

4 Conclusion

Based on the current status of energy and the development of low-carbon economy,
this paper studies the mechanism of energy structure optimization and low-carbon
economy. Based on the low-carbon 3E system, the index that determines the energy
structure is determined, and the entropy weight method is used to measure the
influencing factors. These factors are cointegrated and Granger causal analysis. The
conclusions obtained in this paper are as follows:

(1) This paper studies the relationship between energy structure and low-carbon
economy based on the 3E system, and uses the entropy method to measure the
impact factor. According to the measurement result, GDP can be used as the
core indicator of national economic accounting. The impact measure is 0.3396
and can represent Low-carbon economic systems; total energy demand and
coal consumption as a proxy for energy systems, and urban systems are
represented by urbanization rates.

(2) This article analyzes the trends of indicators that represent the energy system,
economic system, and environmental system. Based on the trend of line charts,
it is found that they have synergistic trends. Firstly, the degree of smoothness
of each index was determined by ADF method, and then cointegration anal-
ysis was performed to confirm that there was a cointegration relationship
between the three. Granger causality analysis of various indicators found that
urbanization rate is a one-way causal relationship between total energy
demand; GDP is a two-way causal relationship between total energy demand;
total energy demand is a one-way causal relationship between coal con-
sumption. This is also more in line with the actual situation, that is, the higher

Table 8 Granger causality test

Granger causality Lag order F statistics P value Causal relationship

city is not a causality of enr 2 0.16418 0.08557 Refuse

enr is not a causality of city 0.05476 0.9476 Accept

gdp is not a causality of enr 0.60656 0.6009 Refuse

enr is not a causality of gdp 0.67259 0.5737 Refuse

coal is not a causality of enr 0.30339 0.7586 Refuse

enr is not a causality of coal 1.35933 0.3800 Accept
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urbanization rate, the greater the gap in energy demand, so it needs a rea-
sonable energy structure; the higher the GDP, the greater the energy demand,
but only the increase in energy demand, but the energy structure is not further
Optimization has made the rate of GDP growth constrained; energy demand
has a direct causal relationship to the proportion of coal consumption.
Reducing the coal share ratio can make energy demand move toward a more
low-carbon and economic structure.
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Construction of Interdisciplinary
Logistics Education System
for Intelligent Logistics

Fei Liang

Abstract The logistics industry has undergone a range of significant changes over
the past decade, and emerging technologies such as the Internet of Things and big
data mining are changing the focus of logistics education and increasing the
importance of interdisciplinary education with computer science. An interdisci-
plinary logistics education system bridges the gap between current intelligent
logistics practice and higher education. The interdisciplinary logistics education
focuses on integrated course design and laboratory setup by making full utilization
of various resources from industry, research centers and educational institutions.

Keywords Intelligent logistics � Interdisciplinary logistics education � Course
design � Laboratory construction

1 Introduction

Logistics plays an important role in various fields of economic activities and events.
With the development of information technology and social economic, emerging
technologies and innovations such as cloud computing, the Internet of Things (IoT),
Beidou satellite navigation system and big data have brought great challenges to
logistics industry and logistics education. Competence job or position requirements
for university graduates have significantly risen along with the emergence of new
logistics business models and types. Therefore it is necessary to focus sufficient
attention on the reform of the ideas and models of logistics education regarding
interdisciplinary talent training and reconstruct a systematic logistics “Science-
Production-Education” model in order to meet the new professional ability
requirements.
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Regarding logistics technology, Hou makes a comprehensive introduction on the
evolution of logistics and supply chain management and demonstrates that infor-
mation technologies including GPS, GIS, crowd computing, big data analysis and
perceptive technology have profound influences on logistics industry [1]. Kaina and
Verma completed an overview on current logistics issues emphasizing the tech-
nology integration and function combination promote the efficiency and effective-
ness of logistics [2]. As for higher education of logistics, Uckelmann indicates that
the logistics labs should play a vital role in logistics education because it connects
the current needs and future needs by applying new developed information tech-
nology [3]. Klumpp discusses the competence requirements of logistics in a
dynamic environment, while university graduates and traditional blue-collar
occupations in logistics are facing challenging brought by the emerging logistics
information technology [4]. Hofmann concludes that logistics education should
include IT emulation and virtual commissioning [5]. Angolia and Pagliari intro-
duces using the live commercial-software application SAP ERP in the simulation of
logistics and supply chain management for higher education has become an
advantage for students during collegiate recruiting [6].

2 IoT Technology of Intelligent Logistics in China

IOT technology is currently applied in four main areas: intelligent traceability
system, visual intelligent logistics management system, intelligent distribution and
delivery system, and intelligent supply chain management system. The perceptive
technologies such as barcode, RFID and Beidou satellite navigation system are used
in positioning, process tracing, data collecting and sorting. The network and
communication technologies such as the Internet, LAN technology, and WLAN
technology support the communication among logistics links and networks.
Meanwhile, the intelligent management technologies such as data mining, auto-
matic dispatching, information sharing and optimization facilitate fully automated
and intelligent logistics operations. Therefore, logistics includes not only basic
logistics skills but also the information systems application, logistics network
design, supply chain design, etc.

3 Construction of an Interdisciplinary Logistics Education
System

3.1 Talent Training Goal of Logistics Education

The cross-boundary development of multi-industry integration has become a new
trend and an important approach of innovation. It is critical to align the goals of
logistics education with the updated requirements from industry in this changing
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world. The goal of logistic education and training for individual student is not only
obtaining the knowledge of logistics, but also raising competency levels by
improving their professional skills such as analytical skills, communication skills
and computer skills. For instance, the government personnel in charge of industrial
planning and regional infrastructure planning use logistics information technology
to assist in logistics channel planning, node design and information platform
construction; employees involved in the development of strategic planning, busi-
ness system planning and design, and supply chain project management also need
to be prepared with relevant computer decision skills. With the cross-boundary
diversification of logistics industry and the massive use of IoT technology, students
should be equipped with the knowledge of information technology, modern com-
munication technology, information processing, computing technology and systems
engineering closely related to intelligent logistics.

3.2 Interdisciplinary Logistics Course Design

A comprehensive series of logistics courses must consist of the integration of
various courses from logistics management, logistics engineering, computer science
and technology, marketing, e-commerce, international trade, etc. Therefore a con-
cept of “Big Logistics” should be established during the interdisciplinary course
design process to facilitate and students’ cross-border learning. Under the concept
of “Big Logistics”, educational institutions should provide a platform for the
exchange and sharing of the course resources of different subjects, such as
instructors from variant background, training equipment and laboratory devices.

With the aim of improving students’ knowledge structure, most of the computer
science-related courses, for instance, data analysis, information management and
system design should be arranged after the basic courses set in the early stage of
learning. In order to advance students’ competency level in the era of intelligent
logistics, educational institutions should evaluate the current logistics course design
and ensure the selected computer science-related courses to be added. As shown in
Fig. 1, logistics management and logistics engineering should also involve courses
such as information management, information service, data analysis, and logistics
system design.

Giving the higher standard and requirement brought by intelligent logistics,
educational institutions should modify the course program targeting at improving
the understanding of basic theory and fundamental knowledge, logistics system
analysis and design skills, logistics operation skills. First, as for logistics man-
agement skills, courses should focus on helping students understand the basic
management principles and appropriately apply them in logistics activities,
including coordinating and optimizing the links of logistics chain. Second,
regarding the logistics system analysis and design, courses should help students
obtain a systematic view to support them to analyze and solve logistics problems
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independently. Third, professional skills such as the operation of logistics equip-
ment and facilities and on-site operation should be addressed as well.

To students majoring in logistics, some professional computer courses like
software programming, network framework construction would not be a necessary
for logistics course design. However, modern sensor theory, the IoT-related
high-frequency microwave technology, wired and wireless network communica-
tion, information processing, system engineering should be taken into account.

3.3 Design and Establishment of Interdisciplinary Logistics
Laboratory

Interdisciplinary logistics laboratory can display the interconnection between IoT
technology and intelligent logistics, as shown in Fig. 2. It provides practical
training for students during the teaching session of logistics information technol-
ogy, IoT technology and distribution center operation, etc. From the perspective of
professional skill building, the laboratory focuses on logistics activities and covers
the fields of smart e-commerce, marketing, strategic planning, supply chain
resources planning. Students can have an in-depth learning on the real-time
information acquisition in all links of intelligent logistics by adopting IoT tech-
nology, as well as the real-time information sharing and tracking to eliminate
the information asymmetry in transmission links and improve the efficiency and
accuracy of intelligent logistics.

Combining the current popular IoT technology and applications urgently needed
by logistics supply chain management, providing a simulated environment that is

Fig. 1 Intersection of logistics management, logistics engineering and computer science
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close to reality, the laboratory can not only be used in experimental teaching of
basic theory of IoT technology, but also in practical teaching of integrated logistics
system wiring and software secondary development. Students can experience actual
logistics procedure during the laboratory practice: order processing, product
labeling, commodity sales and outgoing, commodity distribution, inventory man-
agement, vehicle positioning, in-transit commodity monitoring, smart shelf man-
agement and automatic settlement design, etc.

4 Application of Interdisciplinary Logistics Education

4.1 The Application of Teaching Scenarios and Cases

Comprehensive teaching scenarios and cases should be designed according to the
teaching objective and students’ cognitive level. Unlike the traditional case method
in a simple application level, intelligent logistics courses need massive amount of
dynamic case study as a teaching support. The case design should focus attention
on the features of interdisciplinary logistics education, and a good case demon-
strates the interconnection of relevant subjects such as logistics, marketing, finan-
cial, e-commerce and computer science. A well-designed case can be applied in
different subjects. Hence, it is important to build a dynamic case method database to
collect valuable cases from enterprises’ practice and logistics projects. Through the
dynamic case method, students should not only understand the theoretical part but
also be problem-solvers by delivering specific solutions for real-time issues
occurred in separate scenarios.

Fig. 2 Functions of intelligent logistics laboratory
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4.2 The Adoption of Various Teaching Methods

Compared with traditional teaching method, teachers and students have more
flexible and diversified methods to choose, for example, flipped classroom,
micro-teaching, Massive Open Online Courses (MOOC). Take flipped classroom as
an example, teaching video, case material, project information, handout and test
paper can be uploaded onto a computerized and internet connected platform.
During the learning session, students can log on the platform and download the
material, conduct an online group discussion, and ask question. The intelligent
laboratory is equipped with devices enabling functions as speech recognition,
gesture input, visual tracking, and sensory feedback. Therefore, students’ perfor-
mance can be tracked and recorded for evaluation. Besides, analyzing tool with
data visualization function also help teacher adjust teaching method by presenting
an accurate learning result.

4.3 The Integration of Teaching Resources

To build an integrated “Science-Production-Education” model, resources across
industries and subjects should be re-allocated for intelligent logistics education.
Educational institution should work with enterprises from various fields and
research institutions in order to conduct the interdisciplinary course design, case
design, learning project design, etc. Employing enterprises’ experts of e-commerce,
logistics management, IoT application design to train teachers would also be a
solution for teaching resources integration.

5 Conclusion

The paper presents the impact of intelligent logistics on current logistics education,
and the necessity of establishing an interdisciplinary logistics education system.
The key issues are interdisciplinary logistics course design and laboratory design.
With the application of IoT equipment and devices, teachers and students can
achieve an up-to-date logistics learning experience.
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Non-radial Fuzzy Network DEA Model
Based on Directional Distance Function
and Application in Supply Chain
Efficiency Evaluation

Liqin Wang and Chuntao Yao

Abstract In this paper, we combine the non-radial directional distance function
with the network DEA model to analyze the effect of the efficiency of the internal
links of the supply chain on system efficiency with taking into account the eco-
nomic and environmental factors. In addition, we introduce the triangular fuzzy
numbers into this paper because the qualitative evaluation language was not precise
to measure the production efficiency of supply chain. Finally, the model is used to
evaluate the efficiency of the 10 supply chains and compared with the efficiency of
the traditional DEA model to reflect the advantages of the non-radial directional
distance function. Then we provide managers with suggestions on the optimization
of the efficiency of the supply chain.

Keywords Directional distance function � Network DEA � Fuzzy DEA

1 Introduction

With the increasingly fierce market competition, competition among companies has
gradually developed into competition among supply chains. The increasing of the
efficiency of supply chains can reduce business costs and increase the economic
efficiency of companions. In the past, the supply chain efficiency research mainly
analyzed from the economic aspect. Although the operation efficiency of the supply
chain has been improved and the company has achieved rapid development,
environmental indicators have not been considered that the harm caused to the
environment has been neglected. For example, in the production of a company,
harmful pollutants such as sewage, waste, etc., as well as carbon dioxide emitted by
the company during transportation, which cause great harm to the environment. In
particular, as the “greenhouse effect” has become more and more serious in the
environment, the climate gradually becomes bad. Protecting the environment has
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become the responsibility of the company’s economic development. Therefore, the
impact of environmental factors must be considered in the supply chain efficiency
evaluation process.

Because the traditional DEA model does not make assumptions about the
internal structure of the DMU. In contrast, the DEA model treats each DMU as a
“black box”, considering only the initial inputs and final outputs of the DMU. This
view applies only to simple production processes. For the complex structure of the
supply chain, this method ignores the links between the internal bodies of the
supply chain. Therefore, it cannot accurately measure the efficiency of the supply
chain. In order to effectively measure the efficiency of a complex network system,
some scholars began to consider the internal structure of the DEA model. These
models are called “Network DEA” in the DEA literature. They treat undesired
output as input processing in the next stage, but in the supply chain, the supplier
produces undesired output which are bound to affect the efficiency of the manu-
facturer stage. Therefore, this paper adopts a three-stage supply chain structure, and
the undesired output in the adjacent stage is not considered as the input in the next
stage.

The existing directional distance function only considers the exact data, but there
may be some qualitative indicators in the input and output of the decision unit,
which cannot be represented by specific data, such as the retailer’s service level and
customer satisfaction. The common treatment method in the literature is to intro-
duce the concept of fuzzy mathematics, treat the qualitative indicators as fuzzy
numbers and process them into interval numbers for analysis. Therefore, this paper
will use non-radial directional distance function combined with fuzzy network DEA
model to deal with the problem of supply chain efficiency evaluation with undesired
output.

2 Literature Review

Supply chain management refers to the planning, implementation and control of all
relevant business processes related to the transportation of goods and information
transfer from the raw material stage to the end user [1, 2]. Stock and Boyer defined
SCM as the management of a network of relationships between internal and
interdependent organizations and business units [3]. These organizations and
business units consist of raw material suppliers, manufacturing manufacturers,
logistics providers, and related systems. The main objective of supply chain
management is to maximize overall output while minimizing total costs, while
producing and distributing goods at the right time and at the right place, bringing
value to customers and other stakeholders [4, 5]. Performance measurement can be
defined as the process of quantitatively or qualitatively evaluating the effectiveness
and efficiency of a business process. Assessing performance can assess and control
business progress, highlight achievements, improve understanding of key
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processes, identify potential issues, and provide insights about possible future
improvement actions [6, 7].

Research methods for the supply chain efficiency evaluation, including the
measurement conceptual framework [7], investigations to determine the main
evaluation indicators [8], case study methods [9] and support quantitative model of
the performance evaluation process [10]. For the efficiency evaluation of the supply
chain considering environmental factors, scholars study the evaluation indicators
and evaluation methods. Linton et al. assess the sustainability of the supply chain
through a combination of environmental [11] and social factors. Genovese and
others used the principal component analysis method to analyze the index system of
environmental performance from the viewpoint of supply chain sustainability and
removed redundant indicators [12].

The directional distance function is often used in energy efficiency and envi-
ronmental performance evaluation. The directional distance function was originally
proposed by Chambers et al. [13] and has been widely used for efficiency and
productivity analysis in the presence of undesired outputs. Fare and Chung et al.
used the directional distance function to consider the situation of undesired output
and constructed new production techniques [14]. However, when there is a
non-zero slack variable, the directional distance function with input and output
using the same proportional change is no longer applicable because the efficiency of
the decision unit may be higher [15]. In order to solve this problem, Fare and
Grosskopf have developed a generalized form of inefficient directional distance
function [16], which was further extended by Fukuyama et al. [17] and Barros et al.
[18]. There are few research literatures that apply the non-radial directional distance
function to the supply chain efficiency evaluation of the network structure. The
theoretical research in this area has yet to be extended.

While the traditional DEA model has no assumptions about the internal structure
of the DMU, only major inputs and final outputs are considered in the analysis. At
the time of assessment, the internal activities of many decision-making units such as
hospitals, factories, or production lines are also important. Then, Fare and
Grosskopf developed a network DEA model with intermediate connection variables
[19], linking via intermediate variables and performing product exchange within
subunits. Toneab further extended the network DEA model that introduced a net-
work DEA model based on weighted slack variables to evaluate the efficiency of the
division [20].

Traditional DEA models require accurate measurements of inputs and outputs.
However, the input and output data observed in real-world problems are sometimes
inaccurate. Inaccurate values may result in inaccurate evaluation results. Bellman
and Zadeh first proposed how to use fuzzy sets to model objective functions and
constraints to process fuzzy data [21]. Kao and Liu convert uncertain data to
interval values based on alpha cuts [22]. Similarly, Liu and Chuang introduce
guaranteed areas by extending the a set in a fuzzy DEA environment [23], while
Wang et al. rely on fuzzy algorithms to handle fuzzy inputs and outputs [24].
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3 Proposed Model

3.1 Production Technology Possible Set

First, we introduce some necessary variables in the model, as shown in Table 1.
Considering that there are n supply chains, and each supply chain is divided into

three stages: supplier, manufacturer, and retailer, as shown in Fig. 1. Each stage has
an input vector x 2 Rþ

m , an output vector y 2 Rþ
s , and an intermediate connection

Table 1 Definition of variables

Variables Definition

j ¼ 1; 2; . . .; n The number of supply chains

i ¼ 1; 2; . . .;m Type of input

r ¼ 1; 2; . . .; s The type of desired output

f ¼ 1; 2; . . .;F Types of undesirable outputs

f ¼ 1; 2; . . .;F Intermediate connection variable Link type set

k ¼ 1; 2; 3 The number of internal stages of the supply chain

A, B, C Supplier stage, manufacturer stage, retailer stage

xkij The jth input of the jth supply chain in the k stage

ykrj The rth desired output of the jth supply chain in the k stage

bkfj The jth supply chain in the k-stage of the f th undesirable output

Zk
lj The jth supply chain generates the first intermediate connection

product in k stage and consumed by adjacent k + 1 stages
~D Að Þ x; y;Z; b;~gð Þ Directional distance function value

~D Að Þ
non-radial x; y;Z; b;~gð Þ Non-radial directional distance function value

b Proportion of change in each input and output in the directional
distance function

bxij ; byrj ; bZlj ;bbfj The coefficient of elasticity of each input, expected output,
intermediate product, and unintended output in supply chain j,
i.e. the largest proportion of each expansion or contraction

~g ¼ gx; gy; gZ ; gb
� �

Input, expected output, intermediate product, and direction of
undesired output

g ¼ �xi0; yr0;Zl0;�bf 0
� �

Current evaluation of supply chain input, expected output,
intermediate products, and direction of unintended output

wxj ;wyj ;wZj ;wbj The weight of each input, expected output, intermediate
product, and undesired output in supply chain j

k1j; k2j; k3j Decision unit parameters for suppliers, manufacturers, and
retailers

~ykrj The rth fuzzy expected output of the jth supply chain in the k
stage (without intermediate products)

E Að Þ;E Bð Þ;E Cð Þ;E;CCR� E Supply chain j efficiency at the supplier, manufacturer, retailer
stage, overall efficiency, and efficiency of the CCR model
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product vector Z 2 Rþ
L . In actual production, in addition to good output, bad output

will also be obtained.
Refer to Fare and Grosskopf [25] for dealing with “environmental technology”

that contain undesired outputs. Since no loss function is defined, the loss function of
the undesired output to the environment is not considered. The possible production
set of supply chain j may be defined as:

T xð Þ ¼

x; y; bð Þ :Pn
j¼1

kjxij � xi0

Pn
j¼1

kjyrj � yr0

Pn
j¼1

kjZlj � Zl0

Pn
j¼1

kjbfj ¼ bf 0

kj � 0; j ¼ 1; . . .; n;
i ¼ 1; . . .;m; r ¼ 1; . . .; s;
f ¼ 1; . . .;F; l ¼ 1; . . .; L

8>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>:

ð1Þ

3.2 Model Construction

In the directional distance function, the value of the distance function represents the
distance from input or output to the optimal production frontier or the level of
production inefficiency. In the supplier stage, the desired output does not include
intermediate connection variables. The direction distance function is expressed as
follows:

~D Að Þ x Að Þ; y Að Þ; b Að Þ;~g Að Þ
� �

¼ sup b Að Þ
j : x Að Þ; y Að Þ; b Að Þ

� �
þ b Að Þ

j �~g Að Þ
� �

2 T xð Þ
n o

ð2Þ

Fig. 1 Three-stage supply chain structure
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In order to maximize corporate efficiency, we hope that the supply chain has as
little investment as possible, as much output as possible, and undesired output will
reduce the effective returns of the company. Therefore, we hope that the
non-expected output will also be as small as possible. The direction vector is shown
as follow:

~g Að Þ ¼ gx Að Þ ; gy Að Þ ; gb Að Þ
� � ¼ �x Að Þ; y Að Þ;�b Að Þ

� �

which defines the direction of input, expected output, and undesired output to the
optimal production frontier, can be transformed into the following DEA type model
solution:

~D
Að Þ

x Að Þ; y Að Þ; Z Að Þ; b Að Þ;~g Að Þ
� �

¼ maxb Að Þ
j

s:t:

Pn
j¼1

k1jx
Að Þ
ij � x Að Þ

i0 1� b Að Þ
j

� �
Pn
j¼1

k1jy
Að Þ
rj � y Að Þ

r0 1þ b Að Þ
j

� �
Pn
j¼1

k1jZ
Að Þ

lj � Z Að Þ
l0

Pn
j¼1

k1jb
Að Þ
fj ¼ b Að Þ

j0 1� b Að Þ
j

� �
k1j � 0; b Að Þ

j
� 0; j ¼ 1; . . .; n

i ¼ 1; . . .;m; r ¼ 1; . . .; s;

f ¼ 1; . . .;F; l ¼ 1; . . .; L

8>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>:

ð3Þ

k1j is the decision variable, k1j � 0 means that the scale of production can be
changed.

The definition of variables in the model is shown in Table 1. In the model (3),
the lower 0 indicates the decision making unit being evaluated. The model (3) can
still be regarded as radial because of the same adjustment rate of b. Since the
non-radial direction distance function (non-radial DDF) can identify all the relax-
ation variables in the input and output, and flexibly satisfy the efficiency of different
production situations, we will use it to evaluate the efficiency of the supply chain j.
In the supplier stage, the non-radial direction distance function is expressed as:

D Að Þ
!

x Að Þ; y Að Þ;Z Að Þ; b Að Þ;~g Að Þ
� �

¼ max w
0
b Að Þ : x Að Þ; y Að Þ; Z Að Þ; b Að Þ

� �
þ~g Að Þ � diag bð Þ

� �
2 T xð Þ

h i
ð4Þ

Then we have the following model:
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~D Að Þ
non-radial x Að Þ; y Að Þ;Z Að Þ; b Að Þ;~g Að Þ

� �

¼ max
Xm
i¼1

w
x Að Þ
j
b
x Að Þ
ij
þ
Xs
r¼1

w
y Að Þ
j
b
y Að Þ
rj
þ
XF
f¼1

w
b Að Þ
j
b
b Að Þ
fj

 !

s:t:

Pn
j¼1

k1jx
Að Þ
ij � x Að Þ

i0 þ bx Að Þ
i0

� gx Að Þ
i0Pn

j¼1
k1jy

Að Þ
rj � y Að Þ

r0 þ b
y Að Þ
r0

� g
y Að Þ
r0Pn

j¼1
k1jZ

Að Þ
lj � Z Að Þ

l0

Pn
j¼1

k1jb
Að Þ
fj ¼ b Að Þ

j0 þ b
b Að Þ
j0

� g
b Að Þ
j0

k1j � 0; j ¼ 1; . . .; n

b
x Að Þ
ij
; b

y Að Þ
rj
; b

b Að Þ
f j
� 0

i ¼ 1; . . .;m; r ¼ 1; . . .; s;

f ¼ 1; . . .;F; l ¼ 1; . . .; L

8>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>:

ð5Þ

In model (5), wT ¼ wxj ;wyj ;wbj

� �T
represents the weights of inputs, expected

outputs and undesirable outputs are expressed. The model (5) is a non-radial DEA
model and a directional vector. If the direction vector is set as

~g Að Þ ¼ �x Að Þ
i0

; y Að Þ
r0

;�b Að Þ
f0

� �
, the model (5) is consistent with the model (3), but the

model (3) allows the input and output to be adjusted at different proportions.
Therefore, in the supplier stage, the DEA model based on the non-radial

directional distance function is:
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~D Að Þ
non-radial x Að Þ; y Að Þ;Z Að Þ; b Að Þ;~g Að Þ

� �

¼ max
Xm
i¼1

w
x Að Þ
j
b
x Að Þ
ij
þ
Xs
r¼1

w
y Að Þ
j
b
y Að Þ
rj
þ
XF
f¼1

w
b Að Þ
j
b
b Að Þ
fj

 !

s:t:

Pn
j¼1

k1jx
Að Þ
ij � x Að Þ

i0 1� b
x Að Þ
i0

� �
Pn
j¼1

k1jy
Að Þ
rj � y Að Þ

r0 1þ by Að Þ
r0

� �
Pn
j¼1

k1jZ
Að Þ

lj � Z Að Þ
l0

Pn
j¼1

k1jb
Að Þ
fj ¼ b Að Þ

f 0 1� b
b Að Þ
f 0

� �
k1j � 0; j ¼ 1; . . .; n

bx Að Þ
i0
; by Að Þ

r0
; bb Að Þ

j0
� 0

i ¼ 1; . . .;m; r ¼ 1; . . .; s;

f ¼ 1; . . .;F; l ¼ 1; . . .; L

8>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>:

ð6Þ

In the definition of the technical efficiency of the directional distance function,
the efficiency E is expressed as an exponent between 0 and 1, so the efficiency of
the supply chain j at the supplier stage is:

E Að Þ ¼ 1þD Að Þ
!

x Að Þ; y Að Þ; b Að Þ; g Að Þ
!� �� ��1

ð7Þ

In the manufacturer stage, the intermediate connection products at the supplier
stage also serve as inputs for the manufacturer stage. As input, we hope that the
fewer the better. Similarly, the non-radial DEA model at the manufacturer stage can
be obtained:
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~D Bð Þ
non-radial x Bð Þ; Z Að Þ; y Bð Þ; b Bð Þ;~g Bð Þ

� �

¼ max
Xm
i¼1

w
x Bð Þ
j
b
x Bð Þ
ij
þ
Xs
r¼1

w
y Bð Þ
j
b
y Bð Þ
rj
þ
XL
l¼1

w
Z Að Þ
j
b
Z Að Þ
lj

þ
XF
f¼1

w
b Bð Þ
j
b
b Bð Þ
fj

 !

s:t:

Pn
j¼1

k2jx
Bð Þ
ij � x Bð Þ

i0 1� bx Bð Þ
i0

� �
Pn
j¼1

k2jZ
Að Þ

lj � Z Að Þ
l0 1� bZ Að Þ

l0

� �
Pn
j¼1

k1jy
Bð Þ
rj � y Bð Þ

r0 1þ b
y Bð Þ
r0

� �
Pn
j¼1

k2jZ
Bð Þ
lj � Z Bð Þ

l0

Pn
j¼1

k2jb
Bð Þ
fj ¼ b Bð Þ

f 0 1� b
b Bð Þ
f 0

� �
k2j � 0; j ¼ 1; . . .; n

b
x Bð Þ
i0
; b

Z Að Þ
l0
; by Bð Þ

r0
; b

b Bð Þ
j0
� 0

i ¼ 1; . . .;m; r ¼ 1; . . .; s;

f ¼ 1; . . .;F; l ¼ 1; . . .; L

8>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

ð8Þ

The efficiency at the manufacturer stage is:

E Bð Þ ¼ 1

1þ~D Bð Þ x Bð Þ; Z Að Þ; y Bð Þ; b Bð Þ;~g Bð Þ
� � ð9Þ

In the three-stage supply chain structure study, the expected output of the retailer
stage is the final output, and there is no longer any intermediate output. The
intermediate connection products at the manufacturer stage also serve as inputs for
the retailer stage. As inputs, we hope that the fewer the better.
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~D Cð Þ
non-radial x Cð Þ; Z Bð Þ; y Cð Þ; Z Cð Þ; b Cð Þ;~g Cð Þ

� �

¼ max
Xm
i¼1

w
x Cð Þ
j
b
x Cð Þ
ij

þ
Xs
r¼1

w
y Cð Þ
j
b
y Cð Þ
rj

þ
XL
l¼1

w
Z Bð Þ
j
b
Z Bð Þ
lj
þ
XF
f¼1

w
b Cð Þ
j
b
b Cð Þ
fj

 !

s:t:

Xn
j¼1

k3jx
Cð Þ
ij � x Cð Þ

i0 1� bx Cð Þ
i0

� �
Xn
j¼1

k3jy
Bð Þ
rj � y Bð Þ

r0 1þ by Bð Þ
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b
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� 0

i ¼ 1; . . .;m; r ¼ 1; . . .; s;

f ¼ 1; . . .;F; l ¼ 1; . . .; L

8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

ð10Þ

The efficiency at the retailer stage is:

E Cð Þ ¼ 1

1þ~D Cð Þ x Cð Þ; Z Bð Þ; y Cð Þ; b Cð Þ;~g Cð Þ
� � ð11Þ

In order to evaluate the system efficiency of the supply chain, the three stages of
the supply chain should be considered as a whole. According to Fare’s principle of
establishing a network direction distance function [19], a non-radial network DEA
model based on a directional distance function can be established:
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If b�
x Að Þ ; b

�
Z Að Þ ;b

�
y Að Þ ; b

�
b Að Þ ; b

�
x Bð Þ ; b

�
Z Bð Þ ; b

�
y Bð Þ ; b

�
b Bð Þ ; b

�
x Cð Þ ; b

�
y Cð Þ ; b

�
b Cð Þ is the optimal solu-

tion of the model (13), the system efficiency of the three-stage supply chain is
defined as the geometric mean of the sum of the three-stage efficiency.

E0 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E Að Þ � E Bð Þ � E Cð Þ

p
ð13Þ

3.3 Non-radial Fuzzy Network DEA Model Based
on Directional Distance Function

Currently, most DEA models use defined input and output data. However, in the
actual evaluation, it is generally necessary to consider many non-deterministic input
and output indicators, such as the evaluation of the supplier’s reputation, it is
difficult to use a definite value to represent, can only use {very good, good, average,
poor, very poor} Equivalent to fuzzy language to describe. In the problems studied
in this paper, the expected output contains individual fuzzy indicators. For example,
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the retailer’s service level can only be expressed as {excellent, good, medium,
poor}.

3.3.1 Triangular Fuzzy Number

In this paper, the triangular fuzzy number is applied to express the fuzzy
information.

Suppose that the output of the jth supply chain is a fuzzy indicator

~yrj r ¼ 1; 2; . . .sð Þ, That is, ~yj ¼ ~y1j; ~y2j; . . .; ~ysj
� �

from yj ¼ y1j; y2j; . . .; ysj
� �

,

where ~yrj ¼ ~yrj
� �L

; ~yrj
� �U� �

, therefore, the model (13) can be organized as:

D
!

x Að Þ;~y Að Þ; b Að Þ
� �

; x Bð Þ;~y Bð Þ; Z Að Þ; b Bð Þ
� �

; x Cð Þ; Z Bð Þ;~y Cð Þ; b Cð Þ
� �

;~g Að Þ;~g Bð Þ;~g Cð Þ
h i
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� �
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� �
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8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
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ð14Þ

The solution of the model (13) is a fuzzy number form, and the efficiency value of
the supply chain j is also a fuzzy number form.
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~E0 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
~E Að Þ � ~E Bð Þ � ~E Cð Þ

p
ð15Þ

3.3.2 Solution of the Model

In this paper, the simplest triangular fuzzy number is used to express the evaluation
language of qualitative indicators. Using the method of a cut set, the fuzzy numbers
are converted into interval numbers, and then the model is solved (13). Because the
input indicator is the interval number, the final efficiency value is also the interval
number.

For a given level of confidence a 2 0; 1½ �, there are ~cð Þa¼ xjlc xð Þ� af g.
Therefore, the fuzzy output index ~yrj can be transformed into a cuts at different
levels:

~yrj 2 yrj
� �L

þ a yrj
� �M

� yrj
� �L� �

; yrj
� �U

�a yrj
� �U

� yrj
� �M� �	 


where a is the confidence given in advance, the closer a is to 1, the closer the
indicator is to a certain value. The closer a is to 0, the stronger the ambiguity of the
indicator is, and the larger the interval value of the cut set is. Substituting the

minimum value ~yrj of the fuzzy output yrj
� �L

þ a yrj
� �M

� yrj
� �L� �

into the model

(14) yields and finds the maximum value ~D
� �U

a of the distance function value of the
supply chain j for the model (16).
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ð16Þ

Substituting the solution of model (16) into model (15) yields the minimum
efficiency of supply chain j.

Substituting the minimum value ~yrj of the fuzzy output yrj
� �U

�

a yrj
� �U

� yrj
� �M� �

into the model (14) yields and finds the minimum value ~D
� �L

a

of the distance function value of the supply chain j for the model (17).
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8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
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ð17Þ

Substituting the solution of model (17) into model (15) yields the maximum
efficiency value of supply chain j.

4 Case Study

4.1 Evaluation Indicators

This article selected 10 agricultural product supply chains, the data is from the study
of Wei [26]. Each supply chain consists of suppliers, manufacturers, and retailers.
The fuzzy indicator selects the supplier’s comprehensive ability (1–100), the
manufacturer’s brand reputation (1–100), and the retailer’s service level. The input
and output indicators at each stage are shown in Table 2.

4.2 Data Processing

For the fuzzification of the qualitative evaluation indicators in the output (supplier’s
comprehensive ability, manufacturer’s credit level, retailer’s service level), refer to

Non-radial Fuzzy Network DEA Model Based on Directional … 265



the method of Li [27]. The fuzzy evaluation language chosen this time is {very
good, good, average, poor, very poor}, with quantified values of {90, 70, 50, 30,
10}. Then there are the triangular fuzzy numbers of the evaluation language for
each indicator {very good, good, average, poor, very poor} = {(80, 90, 100), (70,
80, 90), (50, 60, 70), (30, 40, 50), (10, 20, 30)}. The indicators obtained after
processing are shown in Table 3.

4.3 Efficiency and Overall Efficiency Values at Each Stage
and Their Contrastive Analysis

Because the three stages of the supply chain are connected by intermediate prod-
ucts, they are connected with each other. Every stage is equally important.
Therefore, the weights of suppliers, manufacturers, and retailers are all 1/3. We

Table 2 Input and output indicators

Stage Indicator Variable Definition

Supplier Input x Að Þ
1j

Raw material purchase cost (ten thousand yuan)

x Að Þ
2j

Fixed assets repair costs (ten thousand yuan)

x Að Þ
3j

Transportation costs (ten thousand yuan)

Output y 1ð Þ
1j

Profit (million yuan)

~y 1ð Þ
2j

Comprehensive capacity of suppliers (1–100)

b Að Þ
1j

Environmental pollution emission control costs (ten
thousand yuan)

Link Z Að Þ
1j

Supplier-to-manufacturer production (tons)

Manufacturer x Bð Þ
1j

Transportation costs (ten thousand yuan)

x Bð Þ
2j

Manufacturing cost (ten thousand yuan)

Output y Bð Þ
1j

Profit (million yuan)

~y Bð Þ
2j

Brand reputation (1–100)

b Bð Þ
1j

Fixed assets maintenance costs (ten thousand yuan)

b Bð Þ
2j

Environmental pollution emission control costs (ten
thousand yuan)

Link Z 2ð Þ
1j

Producer-to-retailer production (tons)

Retailer Input x 3ð Þ
1j

Transportation costs (ten thousand yuan)

x 3ð Þ
2j

Storage costs (ten thousand yuan)

Output y 3ð Þ
1j

Profit (million yuan)

~y 3ð Þ
2j

Service level (1–100)
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believe that the inputs of each stage, expected output, unintended output, and
intermediate connection variables are equally important, and the weights in the
model are set as:

wx 1ð Þ ;wy 1ð Þ ;wb 1ð Þ ;wx 2ð Þ ;wZ 1ð Þ ;wy 2ð Þ ;wb 2ð Þ ;wx 2ð Þ ;wZ 2ð Þ ;wy 3ð Þ ;wb 3ð Þ
� �

¼ 1
6
;
1
12

;
1
12

;
1
12

;
1
12

;
1
12

;
1
12

;
1
12

;
1
12

;
1
12

;
1
12

� �

According to the data in Table 3, using the models (17), we can obtain the interval
value of the distance function value of the supply chain. Using Lingo software,
shows the interval values for efficiency obtained during the various stages of the
relative efficiency interval and the overall efficiency interval of the supply chain are
shown in Table 4.

Taking the CCR model as the traditional DEA model, the sum of all inputs in the
three stages is regarded as the total input of the supply chain. The sum of the
expected output is taken as the total output of the supply chain, and the unintended
output is not taken into consideration. Fuzzy index takes the maximum interval
(Non-Archimedean infinite parameter e ¼ 10�6).

From the above table, we can see that from the overall efficiency point of view,
in the measured overall efficiency range of the supply chain, the company 9 is fuzzy

Table 4 Comparison of
non-radial fuzzy network
model based on directional
distance function and
traditional DEA model
efficiency

DMU E Að Þ E Bð Þ E Cð Þ E CCR-E

1 L 0.124 1.000 1.000 0.352 0.984

U 0.138 1.000 1.000 0.371

2 L 1.000 0.710 0.852 0.778 1.000

U 1.000 0.712 0.863 0.784

3 L 0.445 0.682 0.180 0.234 0.883

U 0.487 0.682 0.375 0.353

4 L 1.000 1.000 0.681 0.825 1.000

U 1.000 1.000 0.732 0.856

5 L 1.000 0.771 1.000 0.878 1.000

U 1.000 0.798 1.000 0.893

6 L 1.000 1.000 0.832 0.912 0.485

U 1.000 1.000 0.844 0.919

7 L 0.417 1.000 1.000 0.646 0.956

U 0.419 1.000 1.000 0.647

8 L 0.000 0.876 1.000 0.000 1.000

U 0.000 1.000 1.000 0.000

9 L 1.000 1.000 1.000 1.000 1.000

U 1.000 1.000 1.000 1.000

10 L 0.501 1.000 0.817 0.640 0.994

U 0.508 1.000 0.862 0.662
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DEA effective at the a ¼ 0:3 level. The rest of the companies are invalid. Of the 10
selected supply chains, except for company 1, company 3, and company 8, the
efficiency values of other companies are relatively high. The overall efficiency
range of company 1 and company 3 is less than 0.4, and the efficiency of company
8 is the lowest. From the aspect of stage efficiency, it is obvious that the overall
efficiency is 0 because the efficiency at the supplier stage is zero.

From a vertical perspective, in the supplier stage, companies 2, 4, 4, 5, 6, and 9
are fuzzy DEA and other companies are ineffective. Among them, company 1 and
company 8 have the lowest efficiency interval, and company 8 has the lowest
efficiency, which is 0. The maximum efficiency range of Company 3, Company 7
and Company 10 is around 0.4; at the manufacturer stage, Company 1, Company 4,
Company 6, Company 7, Company 9 and Company 10 are effective, and the
maximum efficiency of Company 8 is also Effective. The remaining companies,
although ineffective, are all around 0.7; at the retailer stage, Company 1, Company
5, Company 7, Company 8 and Company 9 are effective, and the rest of the
companions are invalid, except that the efficiency interval of Company 3 is less than
0.38. In addition, the minimum value of the efficiency range of other companies
was greater than 0.68.

4.3.1 Comparison of the Efficiency of Non-radial Network DEA Model
Based on Directional Distance Function and Two-Stage DEA
Model Based on Directional Distance Function

In order to more clearly highlight the advantages of the model we have established,
this section compares the two-stage DEA model efficiency values based on the
directional distance function. In the two-stage DEA model based on the directional
distance function, the supply chain is divided into two main bodies: supplier and
manufacturer. The input and output change in the same proportion, and the
undesired output from the supplier stage is regarded as the manufacturer. The input
of the stage is calculated, and the fuzzy index is taken as the maximum value. The
Lingo software is used to solve the problem. The obtained efficiency results are
shown in Table 5.

As shown in the table, the efficiency of the company 5 with the efficiency closest
to 1 needs to be improved at the supplier stage and effective at the manufacturer
stage. However, in the non-radial network DEA model based on the directional
distance function, the company 5 is effective at the supplier stage, and the efficiency
at the manufacturer stage still needs to be improved. There is a clear feature in the
radial two-stage DEA model efficiency results that in the manufacturer stage, 10
companies are valid, but in the non-radial network DEA model, companies 2, 3, and
5 still need to be improved. It shows that the efficiency of the non-radial network
DEA model based on the directional distance function is more accurate than that of
the radial two-stage DEA model, and the requirement for validity is higher.

The efficiency of most radial two-stage DEA models is higher than that of
non-radial network DEA models. In the radial model, both input and output are in
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the same direction and are scaled down or expanded in a proportion, however, in
real life, the output is not necessary expand in line with the reduction of the input
while the undesired output is considered as adjacent. The next stage of investment
will also affect the efficiency of the next stage, which proves the flaw of the radial
model. The non-radial network DEA model based on the directional distance
function eliminates the estimation error of the radial measurement model, makes the
measurement result is more accurate, and more evaluation information can be
reflected from the perspective of input and expected output and unintended output.

The non-radial network DEA model based on the directional distance function
combines the advantages of the non-radial directional distance function and the
network DEA method. It not only improves the accuracy of the efficiency, but also
provides evaluation information from various aspects, opens the “black box”
structure of the supply chain, and analyzes the reasons for inefficiency internally.

4.3.2 Analysis Based on Environmental Factors

This section analyzes the impact of environmental factors on the supply chain
efficiency evaluation. The environmental indicators are reflected in the undesired
output of this paper as environmental pollution emission control costs. We will
remove the environmental indicators and then perform the efficiency measurement.
The fuzzy indicators take the maximum value. Table 6 shows the efficiency value
before removing the indicator is denoted by E, and the efficiency after removal is
denoted by e. Because the retailer stage of this article does not consider environ-
mental governance costs, the efficiency value does not change.

From the comparative analysis of Table 6, we can see that from the perspective
of the overall efficiency of the company, the overall efficiency value of company 1,
company 3, company 7 and company 10 after removing environmental factors is
greater than the overall efficiency before removing environmental factors. E is low,
which shows that these companies pay attention to the protection of the environ-
ment. The overall efficiency value of the company 7 has fallen the most, from the

Table 5 Comparison of
efficiency

DMU E Að Þ
radial E Bð Þ

radial
Eradial Enon-radial

1 0.605 1.000 0.778 0.371

2 1.000 1.000 1.000 0.784

3 0.622 1.000 0.788 0.353

4 1.000 1.000 1.000 0.856

5 1.000 1.000 0.995 0.893

6 1.000 1.000 1.000 0.919

7 0.860 1.000 0.927 0.647

8 0.504 1.000 0.710 0.000

9 1.000 1.000 1.000 1.000

10 0.605 1.000 0.778 0.662
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original 0.647 to 0.261. This shows that the company 7 pays great attention to
environmental governance during the production and transportation of the entire
supply chain, minimizes the damage to the environment, and minimizes
Environmental pollutant emissions. The overall efficiency E of company 2 and 5
after removing environmental factors is higher than the overall efficiency E before
removing environmental factors. This shows that the two companies do not pay
attention to environmental governance during the entire supply chain process, and
the environmental pollution is very serious. The overall efficiency value of the
company 9 has not changed, which shows that the environment pollution of the
company 9 in the supply chain process is not very serious, there is pollution, but the
proportion of governance costs is not large.

From the aspect of stage efficiency, in the supplier stage, the overall efficiency
value e of the 10 companies after the removal of environmental factors is lower than
the overall efficiency E before the removal of environmental factors, indicating that
10 companies pay attention to environmental governance in the supplier stage and
reduce pollution emissions. In the manufacturer stage, the efficiency of the 10
companies has basically increased, indicating that the treatment costs of the envi-
ronmental pollution emissions from the 10 companies mainly occur in the manu-
facturing process, and the environmental protection should be emphasized in the
manufacturer stage.

5 Summary

In the current market, business competition is fierce. Effective management and
evaluation of the supply chain is the main channel for gaining competitive
advantage. In this paper, we propose a new network DEA model. There are three
subsystems in each supply chain: supplier systems, manufacturer systems, and

Table 6 Efficiency after removing environmental factors

DMU Staged efficiency Overall efficiency

E(A) e E(B) e E(C) E e

1 0.138 0.031 1.000 1.000 1.000 0.371 0.176

2 1.000 1.000 0.712 0.756 0.863 0.784 0.808

3 0.487 0.340 0.682 0.722 0.180 0.353 0.210

4 1.000 1.000 1.000 1.000 0.732 0.856 0.856

5 1.000 1.000 0.798 0.805 1.000 0.893 0.897

6 1.000 1.000 1.000 1.000 0.844 0.919 0.919

7 0.419 0.058 0.147 1.000 1.000 0.647 0.241

8 0.000 0.000 1.000 1.000 1.000 0.000 0.000

9 1.000 1.000 1.000 1.000 1.000 1.000 1.000

10 0.508 0.133 1.000 1.000 0.862 0.662 0.339
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retailer systems. In the proposed three-stage DEA model, the first stage is the
supplier’s procurement of raw materials, the second stage is the manufacturer’s
manufacturing stage, and the third stage is the retailer’s sales stage. The fuzzy
network DEA model established in this paper is based on the non-radial directional
distance function and the non-radial model used later facilitates the handling of
inconstant changes in input and output. Inputs, desired outputs, unintended outputs,
and intermediate products can change in their respective proportions, resulting in
inputs, expected outputs, and unexpected outputs. Outlet and intermediate products
reach the production frontier at the same time.

During the evaluation process, some qualitative evaluation indicators cannot be
described with precise numerical values. The traditional DEA model is no longer
applicable. We introduce the concept of fuzzy numbers, after fuzzifying the qual-
itative evaluation language, convert it into interval numbers, and then use the a cut
set to solve the non-radial fuzzy network DEA model based on the directional
distance function to calculate the efficiency of each supply chain. The model pro-
posed by us can analyze the distance between the input and output of each main
body of the supply chain and the best production frontier. It can not only measure
the efficiency of the supply chain in stages, but also measure the overall efficiency
of the supply chain, thus analyzing the impact of the supply chain. The specific
stage of overall efficiency, starting from the weak links, can analyze the specific
factors that cause low efficiency and make recommendations on the adjustment ratio
of input and output.
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Relationship Between b-Efficient
Solution and Minimum Risk Efficient
Solution for Uncertain Multi-objective
Problem

Sheng Mao, Jiansheng Guo and Mingfa Zheng

Abstract The minimum risk efficient solution for uncertain multi-objective prob-
lem is difficult to obtain due to the constraint of uncertain variables, while
b-efficient solution provide a possible alternative. This paper studies the relation-
ship between the minimum risk efficient solution and b-efficient solution, the
internal connections and transformation conditions are explored, and theoretical
proof is presented, which provide theoretical basis for the practical appliance of
minimum risk model in uncertain environment.

Keywords Uncertain programming � Uncertainty theory � Multi-objective pro-
gramming � b-efficient solution � Minimum risk efficient solution

1 Introduction

In recent years, the multi-objective programming (MOP) problem is receiving
increasing attention in the field of optimization theory. Primarily, the most resear-
ches focus on deterministic multi-objective programming [1–4], and extensive
researches have been made including optimality conditions, duality, non-smooth
nonlinear multi-objective programming [5], multi-objective linear fractional pro-
gramming [6–8], convex multi-objective programing [9], etc. The appliance of MOP
achieved great successes in various practical fields, such as automated schematic
map drawing [10], water distribution [11], portfolio selection [12], production
scheduling [13]. However, real world scenarios are often indeterministic, and some
decisions have to be made when included elements are uncertain. Later, the prob-
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ability theory is widely applied to MOP due to the improvement of probability
theory, researches concerning stochastic multiple objective programming is gaining
increasing attention, especially the efficient solution theories and the corresponding
solution approaches.

However, the probability theory is not always suitable for application in practice,
especially when the numbers of samples are limited or the available information is
not complete. In the mentioned scenarios, no reliable probability distribution can be
determined. Therefore, belief degree evaluated by human experts is the only viable
method to provide estimation solution. The indeterminacy introduced in the process
of human evaluation is called uncertainty. According to surveys [14], it was found
that domain experts tend to overestimate unlikely events, and the belief degrees
evaluated by human usually have larger variance. Liu [15] found both probability
theory and fuzzy set theory are inapplicable to this kind of uncertainty due to the
deduced counterintuitive results. To solve this kind of uncertainty, Liu [16] founded
the uncertainty theory, which provides a novel perspective to handle subjective
imprecision instead of objective randomness.

The minimum risk model is applicable to minimum risk programming problem,
which is valuable in practice. However, it can be impossible to obtain mathematical
solution for minimum risk efficient solution due to the uncertain variables and
inequalities in the model, while the b-efficient solution is applicable to various
uncertain environment because they can be conveniently transformed into equiv-
alent expectation model [17]. To obtain minimum risk efficient solution by a viable
approach for uncertain multi-objective problem, the relationship between b-efficient
solution and minimum risk solution for uncertain multi-objective problem is
investigated, the internal connections and transformation conditions are explored
and proved, which lays foundation for practical appliance in uncertain environment
for the minimum risk models.

Remaining contents of this paper is organized as follows: in Sect. 2, some useful
definitions and properties about uncertain theory with application to uncertain MOP
problem are introduced; in Sect. 3, the b-efficient solution and minimum risk
efficient solution for uncertain multi-objective problem are defined, and their
relationship is subsequently explored and proved; finally, this paper is summarized
in Sect. 4, and open opinions for future researches are provided.

2 Preliminaries

Some definitions and theorems such as uncertain measure, uncertainty space,
uncertain variable, and uncertain distribution are presented in this section.

Definition 1 Let C be a nonempty set, and L a r-algebra over C. Each element K
in L is called an event. The set function M from L to 0; 1½ � is uncertain measure if
it satisfies the following axioms [16]:

Axiom 1 M Cf g ¼ 1 for the universal set C.
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Axiom 2 M Kf gþM Kcf g ¼ 1 for any event K.

Axiom 3 For every countable sequence of events K1;K2; . . ., we have

M
[
1

i¼1

Ki

( )

�
X
1

i¼1

M Kif g:

The triplet C;L;Mð Þ is called an uncertainty space. Furthermore, defined a
product uncertain measure by the fourth axiom [16]:

Axiom 4 Let Ck;Lk;Mkð Þ be uncertainty space for k ¼ 1; 2; . . .. The product
uncertain measure M is an uncertain measure satisfying

M
Y
1

k¼1

Kk

( )

¼ ^1
k¼1M Kkf g:

where Kk are arbitrarily chosen events from Ck;Lk;Mkð Þ for k ¼ 1; 2; . . .,
respectively.

Definition 2 (Liu [16]) An uncertain variable is a function n from an uncertainty
space C;L;Mð Þ to the set of real numbers such that n 2 Bf g is an event for any
Borel set B of real numbers.

Definition 3 (Liu [16]) The uncertainty distribution U of an uncertain variable n is
defined by U xð Þ ¼ M n\xð Þ for any real number x.

Definition 4 (Liu [18]) The uncertain variables n1; n2; . . .; nn are said to be inde-
pendent if

M
\
n

i¼1

ni 2 Bið Þ
( )

¼ ^n
i¼1M ni 2 Bif g

For any Borel sets B1;B2; . . .;Bn of real numbers.

Theorem 1 (Liu [19]) Let n be an uncertain variable with regular uncertainty
distribution U. Then

E n½ � ¼
Z 1

0
U�1 að Þda
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3 Investigation of Relationship Between b-Efficient
Solution and Minimum Risk Efficient Solution

Based on the purpose to investigate the relationship between -efficient solution and
minimum risk efficient solution, we firstly provide definitions necessary for theo-
retical proof. Subsequently, the investigated relationship is presented and proved,
the relationship is summarized and expressed in Theorem 2.

3.1 b-Efficient Solution and Minimum Risk Solution
for Uncertain Multi-objective Problem

Definition 1 (efficient solution with minimum risk under risk level l) x� 2 D is
considered as an efficient solution under risk level l1; l2; . . .; lp, if it is a Pareto
efficient solution of the following problem:

max
x2D

ðMff1ðx; n1Þ� l1g;Mff2ðx; n2Þ� l2g; . . .;Mffpðx; npÞ� lpgÞ ðMRðlÞÞ
ð1Þ

where l ¼ ðl1; l2; . . .; lpÞ 2 Rp is a predefined risk level vector. The efficient
solution set under risk level l1; l2; . . .; lp is denoted as EMRðlÞ.

Definition 2 (efficient solution based on belief degree b) x� 2 D is considered as an
efficient solution of an uncertain multi-objective problem based on belief degree b,
if 9l 2 Rs; ðxT ; lTÞT is an efficient solution of the following problem:

min
x;l

ðl1; . . .; lsÞ
s:t: Mffiðx; niÞ5 lig¼bi; i ¼ 1; 2; . . .; s

x 2 E

ðKðbÞÞ
8

<

:

ð2Þ

where b ¼ ðb1; . . .;bsÞT 2 Rs denotes the belief degree vector, and the b-efficient
solution set is denoted by EKðbÞ.

Remark b-efficient solution and minimum risk efficient solution requires vector
level indexes l and b, which makes it necessary for decision makers to obtain rich
practical experience. Different risk level vector and belief degree vector would
generate different efficient solution set, i.e.:

l 6¼ l0 ) El 6¼ El0 ;
b 6¼ b0 ) Eb 6¼ Eb0 :

ð3Þ
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3.2 Relationship of b-Efficient Solution and Minimum Risk
Efficient Solution

Theorem 2 assume uncertain variable fiðx; niÞ is continuous and strictly mono-
tonous increasing, and then ~x is an efficient solution of problem MRðlÞ if an only if
ð~xT ; ~lTÞT is an efficient solution of problem KðbÞ, where l and b satisfy the
following constraint:

M fiðx; niÞ� lif g¼bi; i¼ 1; 2;. . .s ð4Þ
Proof Set ~x as an efficient solution of problem MRðlÞ, i.e. bi ¼ Mffið~x; niÞ
� lig; j ¼ 1; 2; . . .; s, we can easily know that ð~xT ; ~lTÞT is a feasible solution of the
following KðbÞ problem:

min
x;l

ðl1; . . .; lsÞ
s:t: Mffiðx; niÞ5 lig¼bi; i ¼ 1; 2; . . .; s

x 2 E

ðKðbÞÞ
8

<

:

ð5Þ

Proof by contradiction: assume that ð~xT ; ~lTÞT is not an efficient solution of KðbÞ,
thus 9 ð~x0T; ~l0TÞT where

~x0 2 E;Mffið~x0; niÞ5 ~l0ig ¼ bi; ð6Þ

that satisfy:

~l0i 5 ~li; ~l
0
i0\~li0 ; i; i0 2 f1; 2; . . .; sg ð7Þ

Due to the fact that fiðx; niÞ is continuous and strictly monotonous, we can obtain:

Mffið~x0; niÞ5 ~l0ig5Mffið~x0; niÞ5 ~lig; ð8Þ

and 9i0 2 f1; 2; . . .; sg;

Mffi0ð~x0; ni0Þ5 ~l0ig\Mffi0ð~x0; ni0Þ5 ~li0g: ð9Þ

therefore,

Mffið~x; njÞ5 ~lig ¼ bi¼Mffið~x0; niÞ5 ~l0ig5Mffið~x0; niÞ5 ~lig; ð10Þ

and 9i0 2 f1; 2; . . .; sg that satisfy

Mffi0ð~x; niÞ5 ~lig ¼ bi0¼Mffi0ð~x0; niÞ5 ~l0ig\Mffi0ð~x0; niÞ5 ~li0g; ð11Þ

It shows that ~x is not the efficient solution of MRðlÞ, which demonstrates the
contradiction. Thus ð~xT ; ~lTÞT is the efficient solution of KðbÞ.
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Conversely, if ð~xT ; ~lTÞT is an efficient solution of KðbÞ, it is easy to obtain that
~x 2 E.

Proof by contradiction: assume that ~x is not an efficient solution of MRðlÞ,
according to the definition of efficient solution, we can deduce 9~x0 2 D that
satisfies:

bi¼Mffið~x; niÞ5 ~lig5Mffið~x0; niÞ5 ~lig; ð12Þ

and 9i0 2 f1; 2; . . .; sg;

bi0¼Mffi0ð~x; ni0Þ5 ~li0g\Mffi0ð~x0; ni0Þ5 ~li0g: ð13Þ

Due to the fact that fiðx; niÞ is continuous and strictly monotonous, we can obtain
that 9~l01; ~l02; . . .; ~l0s; ~l0i � ~li, and at least 915 i0 5 s; ~l0i0\~li0 that satisfy

bi¼Mffið~x; niÞ5 ~lig¼Mffið~x0; niÞ5 ~l0ig: ð14Þ

and 9i0 2 f1; 2; . . .; sg

bi0¼Mffi0ð~x; ni0Þ5 ~li0g¼Mffi0ð~x0; ni0Þ5 ~l0i0g: ð15Þ

However, it is contradictory to the assumption that ð~xT ; ~lTÞT is set to be an efficient
solution of KðbÞ. Thus ~x is the efficient solution of MRðlÞ.

After transforming the minimum risk efficient solution into the corresponding
b-efficient solution, the initial problem can be mathematically solvable because the
b-efficient solution can be solved by the corresponding expectation model.

4 Conclusion

This paper investigates the relationship between b-efficient solution and minimum
risk efficient solution for uncertain multi-objective problem, which provides a
viable approach to solve minimum risk efficient solution by a transformation
method with experts’ belief information. Future work would focus on the possi-
bility to apply the proposed approach into various practical scenarios.
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An Advanced Simulation
and Optimization for Railway
Transportation of Passengers:
Crowdfunding Train

Jiawei Gui and Qunqi Wu

Abstract Railway transportation is an important mechanical infrastructure around
the globe and is becoming more and more popular with citizens because of relia-
bility and punctuality. However, it is practically challenging and theoretically
important to increase efficiency of railway operations and the utilization efficiency
of the existing infrastructures. Crowdfunding Train is the train based on crowd-
funding method, which caters to the real demand of passengers. Xi’an Railway
Bureau drove two crowdfunding trains between Xi’an and Yulin for the first
attempt in China from Oct. 7th to Oct. 8th in 2017. This article describes this event
and a series of mathematical models is built for the economic simulations of
crowdfunding trains, especially about incomes, costs and profits, and then takes the
crowdfunding train K8188 and K8187 in China as a case analysis to utilize models.

Keywords Passenger � Crowdfunding � Train � Railway � Transportation
Notations

A The ticket rank called Hard seat
B The ticket rank called Hard sleeper
C The ticket rank called Soft berth
CQ The total costs, unit: yuan
CF
Q The total fixed costs, unit: yuan

CV
Q The total variable costs, unit: yuan

CVC
R The variable cost by carriage in the rank R, unit: yuan per

carriage
CVT
R The variable cost by quantity in the rank R, unit: yuan per

ticket
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fi � � �ð Þ The function for the individual decisions of passengers
FB The feed backs for passengers who buy tickets of the

crowdfunding train, unit: yuan
i The through variable with no meaning
IQ The total income of tickets, unit: yuan
Int(number) The function to calculate the maximum integer below the

number
LR The ticket quota of train carriages in the rank R, unit:

ticket(s) per carriage
maxQC

R The maximum train carriage quantity in the rank R, unit:
carriage(s)

maxQT
R The maximum sold ticket quantity in the rank R, unit:

ticket(s)
Mod (number, divisor) The function to calculate the remainder of the number

after it is divided by the divisor, e.g. Mod(3,2) = 1, Mod(–
3,2) = 1

nP The number of passengers who may participate in the
crowdfunding train x

nR The number of ticket ranks
P The total profit of the crowdfunding train, unit: yuan
PR The price of the ticket in the rank R, unit: yuan per ticket
QC

R The quantity of train carriages in the rank R, unit: carriage
(s)

QT
R The quantity of sold tickets in the rank R, unit: ticket(s)

R The rank of tickets that passengers could participate in
s The identification of railway stations
tAEs The arrival point-in-time of the train at the Railway

Station s
tDCs The deadline point-in-time of checking tickets at the

Railway Station s
tDEs The departure point-in-time of the train at the Railway

Station s
tBx The beginning point-in-time of the crowdfunding train x
tCx The current point-in-time of the crowdfunding train x
tDx The deadline point-in-time of the crowdfunding train x
tFx The first point-in-time of the crowdfunding train x when

the target achieved
Wi The individual decisions of passengers whether to

purchasing the ticket in the rank R or not, which equals
to 1 when yes and equals to 0 for when not

x The code of the crowdfunding train
ΔP The changes of the total profit of the crowdfunding train,

unit: yuan
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DQC
R The changes of the quantity of train carriages in the rank

R, unit: carriage(s)
DQT

R The changes of the quantity of sold tickets in the rank R,
unit: ticket(s).

1 Introduction

Railway transportation is an important mechanical infrastructure around the globe.
The total railway mileage all over the world was more than 1 million kilometers by
2016, while the European Union, the United States of America, China and Russia
took the lead positions. Train transportation, especially high-speed rail, is becoming
more and more popular with citizens in China because of its reliability and punc-
tuality, compared with motor vehicles and aircrafts.

However, it is practically challenging and theoretically important to increase
efficiency of railway operations and the utilization efficiency of the existing
infrastructures. For instance, many passengers fail to buy tickets on holidays and
festivals in China, such as the Spring Festival and the National Day, owing to
supply shortages, although railway bureaux have already optimized schedules. For
another example, railway bureaux sometimes fail to sell all the train tickets as
arranged because of supply surplus. As for one of the reasons, it is not accurate
enough to forecast train and pedestrian traffic flows by modelling and simulation
only, because some of them change periodically while the others change
aperiodically.

To solve this problem, it is vital for railway bureaux to ensure that train supply
meets the real demand of passengers. Crowdfunding Train can be regarded as an
option to practice.

1.1 Crowdfunding Method Research

To solve this problem, it is vital for railway bureaux to ensure that train supply
meets the real demand of passengers. Crowdfunding Train can be regarded as an
option to practice.

Crowdfunding is a novel method and has become a valuable alternative source
of funding in recent years [1, 2]. The concept of crowdfunding evolves from
crowdsourcing, which was simply defined by Howe (2006) as “the act of a com-
pany or institution taking a function once performed by employees and outsourcing
it to an undefined and generally large network of people in the form of an open call”
(see the websites “https://www.wired.com/2006/06/crowds/” and “http://crowd
sourcing.typepad.com/cs/2006/06/crowdsourcing_a.html”).
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Crowdfunding, as an advanced and efficient method, has been applied in
numerous research fields, including small business ventures financing [3], philan-
thropy [4], medical expense [5], ecology and evolutionary biology [6] and so forth.

In recent years, quite a few researchers investigated the crowdfunding method.
In Gerber and Hui, three emergent design principles were suggested to inform the
design of effective crowdfunding platforms and support tools [7]. In Belleflamme
et al. current business models in crowdfunding were enumerated and emerging
relevant literature was discussed [8]. In Calic and Mosakowski, it was found that a
sustainability orientation positively affects funding success of crowdfunding pro-
jects, and this relationship is partially mediated by project creativity and endorse-
ments of third parties [9]. In Sheng et al. it was found that online information have
significant positive effects on funder investment decisions of reward-based
crowdfunding, and signals of quality is as important as electronic word of mouth
[10].

Besides, the crowdfunding platform was also concerned by researches.
Crowdfunding platforms are becoming more and more popular and helpful for
fund-raising. According to a comparative study in China and the U.S., online
crowdfunding platforms are important social network communities to raise money
to support projects [11]. And several online crowdfunding platforms around the
world have risen to prominence.

Crowdfunding method is quickly emerging as an alternative to traditional
methods of funding new products. In a crowdfunding campaign, a seller solicits
financial contributions from a crowd, usually in the form of pre-buying an unre-
alized product, and commits to producing the product if the total amount pledged is
above a certain threshold [12].

In brief, crowdfunding method caters to the genuine demand of participants.

1.2 Railway Optimization Research

In recent years, quite a few researchers investigated railway optimization from
several aspects and made great achievements, which are described as follows:

(i) Routing and Scheduling. Relevant literature about train routing and
scheduling solved with the problem that where train runs and when train
moves. In Corman et al. the effectiveness of advanced strategies was
investigated to solve the compound train rerouting and rescheduling problem
[13]. In Meng and Zhou an innovative mathematical programming model
was proposed for simultaneous train rerouting and rescheduling based on
network-wide cumulative flow variables [14]. In Larsen et al. a framework
was proposed for evaluating the robustness of a given solution to the train
scheduling problem with an economical computational cost [15]. In Corman
et al. train scheduling and delay management approaches were integrated
into a microscopic delay management model to control railway traffic in
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real-time with the objective of minimizing passenger travel time by
attempting to fully incorporate the passengers’ point of view into a micro-
scopic train scheduling model [16]. In Xu et al. a new mathematical for-
mulation with a switchable scheduling rule was proposed for increasing the
train operational efficiency on the double-track railway corridor [17].

(ii) Train dispatching. Relevant literature about train dispatching solved with the
problem that whom train transports and which train executes. In Meng and
Zhou a robust single-track train dispatching problem was solved under
stochastic segment running times and capacity loss duration [18]. In Corman
et al. a novel approach was presented to solve the problem of coordinating
the task of multiple dispatchers in presence of disturbances which is for-
mulated as a 2-level program with the objective of minimizing delay prop-
agation [19]. In Wang et al. a multi-time point optimization model is
proposed, with the objective of maximizing the total revenue based on the
time space service network of empty railcar distribution [20].

(iii) Railway Management. Relevant literature about railway management solved
with the problem that what to manage and how to control. In D’Ariano et al.
a branch and bound optimization algorithm was described for the real-time
management of a complex rail network [21]. In Pellegrini et al. instances in
which the infrastructure represented with fine granularity was solved by a
mixed-integer linear programming formulation for the real-time railway
traffic management problem [22]. In Lu et al. the multi-cell coordinated
beamforming design was investigated for high-speed railway communica-
tions, where a high-mobility train went through a multi-user system in urban
areas [23].

There was a phenomenon that very few researches, bridging the gap between
theory and practice, were actually implemented and used in railway operations [24].
It was investigated that only 13% of articles from the two leading policy journals in
the transportation literature, namely Transportation Research Part A and Transport
Policy, met the realities on the ground and considered specific aspects of the policy
cycle [25]. Most of existing research models tend to be dedicated to one issue and
look for global optimality, rather than global feasibility taking into account extra
constraints typical in the railway world [26].

As the technology develops, modern railway optimization is increasingly
dependent on the real demand of passengers. For instance, the generalized journey
time index still has merit within forecasting for the rail demand based on a very
large data set of rail ticket sales [27]. Furthermore, the existing literature is not
applicable absolutely to train operation in new methods. And more importantly,
literature about models considering detailed descriptions of passenger demand is
sparse because of the newness of the field [28]. In brief, ordinary trains do not cater
to the real demand of passengers.
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1.3 Crowdfunding Train Event

During the China’s National Day and Mid-Autumn festival, Xi’an Railway Bureau
drove two crowdfunding trains between Xi’an and Yulin for the first attempt in
China from October 7th to October 8th in 2017, that is the event. In other words, the
crowdfunding method has been applied to railway optimization by Xi’an Railway
Bureau in China.

In brief, Crowdfunding Train is the train based on crowdfunding method, which
caters to the real demand of passengers.

There is a lack of underlying theories and theoretical models in the current
literature of Crowdfunding Train, and this article is one of the first to introduce the
elaboration methods. Crowdfunding trains are different from ordinary trains
because its operation depends largely on passengers, rather than railway bureaux or
railway stations. Thus, it is practically challenging and theoretically important. And
then threes questions arise: “How did this event happen?”, “What did citizens talk
about this event” and “How to analyze this event?”.

2 Event Review

2.1 Event Beginning

Xi’an Railway Bureau released information of the activity “Attending the crowd-
funding and taking the train” from their official SINA Weibo, which is one of the
China’s versions of Twitter, at 12:33:45 PM on Thursday, September 28th, 2017.
The poster for the Crowdfunding Train event is shown in Supplementary Materials.

According to the information, all the participants need to prepare both SINA
Weibo and Alipay account in advance. Main steps are as below.

(i) Entering the activity page by your SINA Weibo and checking in your name,
mobile phone number and corresponding ID card number. The activity page
was designed by Xi’an Railway Bureau and a team from Tsinghua
University.

(ii) Choosing the grade of the tickets you confirm from several options, and pay
the bill by your Alipay account. The ticket prices of Crowdfunding Train
were the same as the normal that 81 yuan for hard seat, at least 144 yuan for
hard sleeper, and at least 222 yuan for soft berth. The crowdfunding activity
would be successful when the participants or the crowdfunding funds were
more than half the target.

(iii) Transferring your railway ticket down by the railway station after you have
received a mobile phone message telling you the success of the activity
called Crowdfunding Train. The railway ticket would be a special pink one
with a special seal for crowdfunding trains. A Ticket for the crowdfunding
train K8188 is shown in Supplementary Materials.
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2.2 Event Procedure

As of 12:00 AM on Friday, October 6th, it raised the end of the activity. However,
there were 122 participants and the crowdfunding funds added up to 14,691 yuan
only, which was no more than 10% of the target. Hence, those participants received
a mobile phone message telling them the failure of the activity and all the
crowdfunding funds would be sent back to their Alipay accounts that evening.

At about that time, many other passengers who were not good at using the
Internet expressed their demands for crowdfunding trains to Xi’an Railway Bureau.
Consequently, Xi’an Railway Bureau made a decision that the activity called
Crowdfunding Train succeeded, and reserved corresponding seats for the passen-
gers above mentioned according to the appointment.

Actually, Xi’an Railway Bureau adjusted the previous plan of Crowdfunding
Train according to the passenger demands in many ways. And specific adjusting
aspects are as below.

(i) According to the original scheduled departure, the crowdfunding train K8188
would leave Xi’an for Yulin at 14:52 PM on Saturday, October 7th.
However, many travelers expressed their dissatisfaction because it would be
at midnight when they arrived in Yulin and there would be no local bus or
taxi by then. Hence, Xi’an Railway Bureau, with the consideration of the
passenger demands, changed the departure time to 23:33 so as to meet
passengers’ conveniences.

(ii) Railway staffs found there were 6 passengers from northern Shaanxi plateau
wanting to buy tickets of lower soft berth. Hence, Xi’an Railway Bureau,
with the consideration of the passenger demands, added a carriage of soft
berth and adjusted the proportion of carriages.

(iii) Due to the large holiday traffic, there were quite a few passengers expressing
their demands for the return trip. Hence, Xi’an Railway Bureau, with the
consideration of the passenger demands, decided to drive the second
crowdfunding train K8187 from Yulin back to Xi’an, except for the
crowdfunding train K8188 driven from Xi’an to Yulin.

(iv) Because the crowdfunding train was an attempt, existing automated ticketing
machine did not adapt to special tickets. Hence, Xi’an Railway Bureau, with
the consideration of the passenger demands, opened the counter No. 10 to 11
in Xi’an Railway Station and the counter No. 1 to 5 in Yulin Railway Station
by human service and special waiting areas for those passengers who bought
the tickets for crowdfunding trains. The counter No. 10 to 11 in Xi’an
Railway Station is shown in Supplementary Materials.
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2.3 Event Result

Xi’an Railway Bureau drove crowdfunding trains twice. The first is the train K8188
from Xi’an to Yulin that departed at 23:33 PM on Saturday, October 7th and arrived
at 6:22 AM on Sunday, October 8th. And the second is the train K8187 from Yulin
back to Xi’an that departed at 9:20 AM on Sunday, October 8th and arrived at
16:39 PM on Sunday, October 8th.

As a result, all the tickets of the first crowdfunding train K8188 with seat
reservation were sold out, including 218 tickets for hard seat, 817 tickets for hard
sleeper, and 22 tickets for soft berth. Moreover, Xi’an Railway Bureau sold some
tickets without seat reservation, but within the upper limit of security. And the
situation of second crowdfunding train K8187 was the same as the first crowd-
funding train K8188 in general. Eventually, both of them were occupied by the
passengers, adding up to 2500 totally. There are the trains K8182 and K8181
following the route of the trains K8188 and K8187 and reserving as ordinary trains
at present.

It can be concluded that the activity “Attending the crowdfunding and taking the
train” organized by Xi’an Railway Bureau achieved success in general. As a reward
for those participants, Xi’an Railway Bureau selected 2% of them randomly and
provided each one 5,000 bonus points which can exchange various prizes in the
online railway mall in return. Prizes include teas, handkerchiefs, slippers and ser-
vices at railway stations.

3 Economic Simulation

3.1 Basic Formula

3.1.1 Profit

Step 1. Calculating incomes. There is always not only one rank of tickets that
passengers can choose, and the income of trains usually comes from selling tickets.
The symbol R represents the rank of tickets that passengers could participate in. The
variable PR represents the price of the ticket in the rank R, unit: yuan per ticket. The
variable QT

R represents the quantity of sold tickets in the rank R, unit: ticket(s). The
variable IQ represents the total income of tickets, unit: yuan. And then IQ can be
computed, as is shown in the Eq. (1).

IQ ¼
XnR
R¼1

PRQ
T
R

� � ð1Þ

Step 2. Calculating costs. Costs include fixed costs and variable costs in practice.
The variable CF

Q represents the total fixed costs, unit: yuan. The variable CV
Q
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represents the total variable costs, unit: yuan. The variable CQ represents the total
costs, unit: yuan. And then CQ can be computed, as is shown in the Eq. (2).

CQ ¼ CF
Q þCV

Q ð2Þ

In the Eq. (2), CV
Q can be broken down into smaller parts. The one is from

carriages, and the other is from tickets. The variable nR represents the number of
ticket ranks. The variable QC

R represents the quantity of train carriages in the rank R,
unit: carriage(s). The variable CVC

R represents the variable cost by carriage in the
rank R, unit: yuan per carriage. The variable CVT

R represents the variable cost by
quantity in the rank R, unit: yuan per ticket. And then CV

Q can be computed in the
Eq. (3).

CV
Q ¼

XnR
R¼1

CVC
R QC

R þCVT
R QT

R

� � ð3Þ

Step 3. Calculating profits. There is another expense of trains except costs above
mentioned, including the discounts, extraordinary expenditures, occasional fees,
etc. The variable FB represents the feed backs for passengers who buy tickets of the
crowdfunding train, unit: yuan. The variable P represents the total profit of the
crowdfunding Train, unit: yuan. And then P can be computed in the Eq. (4).

P ¼ IQ � CQ � FB ð4Þ

Furthermore, P can be computed in a more detailed way, as is shown in the
Eq. (5).

P ¼
XnR
R¼1

PRQ
T
R

� �� CF
Q þ

XnR
R¼1

CVC
R QC

R þCVT
R QT

R

� �þFB

 !
ð5Þ

3.1.2 Passenger

It is not certain that all the passengers in the railway stations will buy tickets, and
only those who are willing to will do. The variable np represents the number of
passengers who may participate in the crowdfunding train x. The variable i repre-
sents the through variable with no meaning. The variable Wi represents the indi-
vidual decisions of passengers whether to purchasing the ticket in the rank R or not,
which equals to 1 when yes and equals to 0 for when not. And then QT

R can be
computed, as is shown in the Eq. (6).
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QT
R ¼

XnP
i¼1

Wi ð6Þ

In the Eq. (6), Wi can be influenced diversely by several factors, including the
prices of tickets, the feed backs, the individual preferences and so on, as is shown in
the Eq. (7).

Wi ¼ fi PR;FB; � � �ð Þ ð7Þ

In the Eq. (7), the symbol fi � � �ð Þ represents the function for the individual
decisions of passengers.

3.1.3 Carriage

One of the disparities between crowdfunding trains and ordinary trains is that the
quantity of train carriages is not fixed, but adjustable, that is to say, the quantity of
carriages of crowdfunding trains depends on the quantity of sold tickets. Therefore,
it is quite necessary to consider the adjustable carriage costs as one of the significant
elements of the total variable costs.

The quantity of sold tickets should be equivalent to the number of passengers
who may participate in the crowdfunding train x. And the quantity of train carriages
depends on the quantity of sold tickets and the ticket quota of train carriages. The
variable LR represents the ticket quota of train carriages in the rank R, unit: ticket(s)
per carriage. And then QC

R can be computed, as is shown in the Eq. (8).

QC
R ¼

Int QT
R

LR

� �
;when Mod QT

R; LR
� � ¼ 0

Int QT
R

LR

� �
þ 1;when Mod QT

R; LR
� � 6¼ 0

8<
: ð8Þ

where Int(number) is the function to calculate the maximum integer below the
number, e.g. Int(8.9) = 8, Int �8:9ð Þ ¼ �9. Mod(number, divisor) is the function to
calculate the remainder of the number after it is divided by the divisor, e.g. Mod
(3,2) = 1, Mod �3; 2ð Þ ¼ 1.

In practice, there are limitations for the quantity of train carriages and he quantity
of sold tickets. The variable maxQC

R represents the maximum train carriage quantity
in the rank R, unit: carriage(s). The variable maxQT

R represents the maximum sold
ticket quantity in the rank R, unit: ticket(s). And then limitations can be expressed,
as is shown in the inequation (9) and (10).

QC
R �maxQC

R ð9Þ

QT
R �maxQT

R ð10Þ
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3.1.4 Time

There is a specific sequence for point-in-times because the activity should be fin-
ished before trains depart from railway stations.

The symbol x represents the code of the crowdfunding train. The symbol
s represents the identification of railway stations. The variable tBx represents the
beginning point-in-time of the crowdfunding train x. The variable tDx represents the
deadline point-in-time of the crowdfunding train x. The variable tDCs represents the
deadline point-in-time of checking tickets at the Railway Station s. The variable tDEs
represents the departure point-in-time of the train at the Railway Station s. And then
the specific sequence can be expressed, as is shown in the in Eq. (11).

tBx\tDx \tDCs \tDEs ð11Þ

The variable tCx represents the current point-in-time of the crowdfunding train x.
And there is a specific range for current point-in-time in actual, as is shown in the in
Eq. (12).

tBx � tCx � tDCs ð12Þ

The variable tFx represents the first point-in-time of the crowdfunding train x
when the target achieved. And then tFx can be computed, as is shown in the Eq. (13).

tFx ¼
tDEs ;when P\0

tCx ;when P� 0 and tFx ¼ tDEs
tFx ;whenP� 0 and tFx 6¼ tDEs

8<
: ð13Þ

Furthermore, different positions of tFx result in different situations of the
crowdfunding train x, which are described as follows:

(i) When tBx � tFx � tDx , it means that the activity of the crowdfunding train x
achieved success during the setting time of the activity.

(ii) When tDx \tFx � tDCs , it means that the setting time of the activity was up, but
had not reach the deadline point-in-time of checking tickets yet. Thus, the
activity would still achieve success once the deadline point-in-time of the
crowdfunding train x could be extended.

(iii) When tCx [ tDCs and tFx ¼ tDEs , it means that the setting time for the crowd-
funding train x to departure from the Railway Station s has been coming
soon, and simultaneously, the crowdfunding train x would not make profits
even though the activity could proceed unless the departure point-in-time of
the train at the Railway Station s could be extended.
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3.2 Multiple Situation About Profit

3.2.1 Profit in Simple Consideration

The symbol A represents the ticket rank called Hard seat. The symbol B represents
the ticket rank called Hard sleeper. The symbol C represents the ticket rank called
Soft berth. And then the detail calculation of profits can be described as follows.

When nR = 1, according to the Eq. (1), IQ can be computed in a more detailed
way, as is shown in the Eq. (14).

IQ ¼ PAQ
T
A ð14Þ

And according to the Eq. (5), P can be computed in more detailed ways, as are
shown in the Eqs. (15) and (16).

P ¼ PAQ
T
A � CF

Q þCVC
A QC

A þCVT
A QT

A þFB
� �

ð15Þ

P ¼ PA � CVT
A

� �
QT

A � CF
Q þCVC

A QC
A þFB

� �
ð16Þ

The detail calculations of profits are similar to the Eqs. (15) and (16) when
nR � 2.

3.2.2 Profit in Sophisticated Consideration

According to the Eq. (8), QC
R depends on QT

R and LR. Thus, there are two further
conditions Con 1 and Con 2 to consider when calculating P in sophisticated
considerations.

Con 1: if Mod QT
R; LR

� � ¼ 0

In the Con 1, it can be deduced that Mod QT
R; LR

� � ¼ 0,8ð Þ
QC

R ¼ Int QT
R

LR

� �
¼ QT

R
LR
..

And then according to the Eq. (5), P can be computed in more detailed ways, as
are shown in the Eq. (17) and (18).

P ¼
XnR
R¼1

PRQ
T
R

� �� CF
Q þ

XnR
R¼1

CVC
R

QT
R

LR
þCVT

R QT
R

� �
þFB

 !
ð17Þ

P ¼
XnR
R¼1

PR � CVC
R

LR
� CVT

R

� �
QT

R

� �
� CF

Q þFB
� �

ð18Þ

Con 2: if Mod QT
R; LR

� � 6¼ 0

In the Con 2, it can be deduced that Mod QT
R; LR

� � 6¼ 0,8ð Þ
QC

R ¼ Int QT
R

LR

� �
þ 1.
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And according to the Eq. (5), P can be computed in a more detailed way, as is
shown in the Eq. (19).

P ¼
XnR
R¼1

PRQ
T
R

� �� CF
Q þ

XnR
R¼1

CVC
R Int

QT
R

LR

� �
þ 1

� �
þCVT

R QT
R

� �
þFB

 !
ð19Þ

3.2.3 Profit Change in Simple Consideration

When QT
R changes, P changes simultaneously. The variable DP represents the

changes of the total profit of the crowdfunding train, unit: yuan. The variable DQT
R:

The changes of the quantity of sold tickets in the rank R, unit: ticket(s). DP depends
on DQT

R and DP can be computed, as is shown in the Eq. (20).

DP ¼ D IQ � CQ � FBð Þ ¼ D IQ � CV
Q

� �
ð20Þ

According to the Eq. (8), QC
R depends on QT

R and LR. Thus, there are two further
conditions Con 3 and Con 4 to consider when calculating P. Simple considerations
in 5.2.3 are based on Con 3 and sophisticated considerations in 5.2.4 are based on
Con 4.

Con 3: if Int QT
R

LR

� �
¼ Int QT

R þDQT
R

LR

� �
In the Con 3, it can be deduced that Int QT

R
LR

� �
¼ Int QT

R þDQT
R

LR

� �
,8ð Þ

DQC
R ¼ 0.

Furthermore, different values of nR result in different calculating formulas of DP,
which are described as follows.

(i) When nR = 1, according to the Eqs. (16) and (20), DP can be computed in a
more detailed way, as is shown in the Eq. (21).

DP ¼ PA � CVT
A

� �
DQT

A ð21Þ

And then it can be deduced that the condition of DQT
A when the inequation

DP� 0 holds, as is shown in the inequation (22).

DP� 0 , DQT
A � 0 ð22Þ

(ii) When nR = 2, according to the Eqs. (16) and (20), DP can be computed in a
more detailed way, as is shown in the Eq. (23).
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DP ¼ PA � CVT
A

� �
DQT

A þ PB � CVT
B

� �
DQT

B ð23Þ

And then it can be deduced that the condition of DQT
A when the inequation

DP� 0 holds, as is shown in the inequation (24).

DP� 0 , DQT
A � � PB � CVT

B

PA � CVT
A

DQT
B ð24Þ

(iii) When nR � 3, according to the Eqs. (16) and (20), DP can be computed in a
more detailed way, as is shown in the Eq. (25).

DP ¼ D
XnR
R¼1

PRQ
T
R � CVT

R QT
R

� � ¼ PA � CVT
A

� �
DQT

A þD
XnR
R¼2

PRQ
T
R � CVT

R QT
R

� �
ð25Þ

And then it can be deduced that the condition of DQT
A when the inequation

DP� 0 holds, as is shown in the inequation (26).

DP� 0 , DQT
A � �

XnR
R¼2

PR � CVT
R

PA � CVT
A

DQT
R

� �
¼ �

PnR
R¼2 PR � CVT

R

� �
DQT

R

� �
PA � CVT

A
ð26Þ

3.2.4 Profit Change in Sophisticated Consideration

According to the Eq. (8), QC
R depends on QT

R and LR, and sophisticated consider-
ations in 5.2.4 are based on Con 4.

Con 4: if Int QT
R

LR

� �
6¼ Int QT

R þDQT
R

LR

� �
In the Con 4, it can be deduced that Int QT

R
LR

� �
6¼ Int QT

R þDQT
R

LR

� �
,8ð Þ

DQC
R 6¼ 0, and

DQC
R can be computed in a direct way, as is shown in the Eq. (27).

DQC
R ¼ Int

QT
R þDQT

R

LR

� �
� Int

QT
R

LR

� �
ð27Þ

Furthermore, different values of nR result in different calculating formulas of DP,
which are described as follows.

(i) When nR = 1, according to the Eqs. (16) and (20), DP can be computed in a
more detailed way, as is shown in the Eq. (28).
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DP ¼ PA � CVT
A

� �
DQT

A � CVC
A DQC

A ð28Þ

According to the Eqs. (27) and (28), it can be deduced that DQC
A ¼

Int QT
A þDQT

A
LA

� �
� Int QT

A
LA

� �
and DP. can be computed in a more detailed way, as is

shown in the Eq. (29).

DP ¼ PA � CVT
A

� �
DQT

A � CVC
A Int

QT
A þDQT

A

LA

� �
� Int

QT
A

LA

� �� �
ð29Þ

And then it can be deduced that the condition of DQT
A when the inequation

DP� 0 holds, as is shown in the inequation (30).

DP� 0 , DQT
A �

CVC
A

PA � CVT
A

Int
QT

A þDQT
A

LA

� �
� Int

QT
A

LA

� �� �
ð30Þ

(ii) When nR = 2, according to the Eqs. (16) and (20), DP can be computed in a
more detailed way, as is shown in the Eqs. (31).

DP ¼ PA � CVT
A

� �
DQT

A � CVC
A DQC

A þ PB � CVT
B

� �
DQT

B � CVC
B DQC

B ð31Þ

According to the Eqs. (27) and (31), it can be deduced that

DQC
A ¼ Int QT

A þDQT
A

LA

� �
� Int QT

A
LA

� �
, DQC

B ¼ Int QT
B þDQT

B
LB

� �
� Int QT

B
LB

� �
, and DP can be

computed in a more detailed way, as is shown in the Eqs. (32).

DP ¼ PA � CVT
A

� �
DQT

A � CVC
A Int

QT
A þDQT

A

LA

� �
� Int

QT
A

LA

� �� �

þ PB � CVT
B

� �
DQT

B � CVC
B Int

QT
B þDQT

B

LB

� �
� Int

QT
B

LB

� �� � ð32Þ

And then it can be deduced that the condition of DQT
A when the inequation

DP� 0 holds, as is shown in the inequation (33).

DP� 0,DQT
A � � PB � CVT

B

PA � CVT
A

DQT
B þ

CVC
A Int QT

A þDQT
A

LA

� �
� Int QT

A
LA

� �� �
þCVC

B Int QT
B þDQT

B
LB

� �
� Int QT

B
LB

� �� �
PA � CVT

A

ð33Þ

(iii) When nR � 3, according to the Eqs. (16) and (20), DP can be computed in
more detailed ways, as are shown in the Eqs. (34) and (35).
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DP ¼ D
XnR
R¼1

PRQ
T
R � CVT

R QT
R � CVC

R QC
R

� � ð34Þ

DP ¼ PA � CVT
A

� �
DQT

A � CVC
A QC

A þ
XnR
R¼2

PRQ
T
R � CVT

R QT
R � CVC

R QC
R

� � ð35Þ

According to the Eq. (35), and the Eq. (27) DQC
R ¼ Int QT

R þDQT
R

LR

� �
� Int QT

R
LR

� �
, DP

can be computed in a more detailed way, as is shown in the Eq. (36).

DP ¼ PA � CVT
A

� �
DQT

A � CVC
A Int

QT
A þDQT

A

LA

� �
� Int

QT
A

LA

� �� �

þ
XnR
R¼2

PR � CVT
R

� �
DQT

R � CVC
R Int

QT
R þDQT

R

LR

� �
� Int

QT
R

LR

� �� �� � ð36Þ

And then it can be deduced that the condition of DQT
A when the inequation

DP� 0 holds, as is shown in the inequations (37) and (38).

DP� 0 , DQT
A

� �
PnR

R¼2 PR � CVT
R

� �
DQT

R

� �þ PnR
R¼2 CVC

R Int QT
R þDQT

R
LR

� �
� Int QT

R
LR

� �� �� �
þCVC

A Int QT
A þDQT

A
LA

� �
� Int QT

A
LA

� �� �
PA � CVT

A

ð37Þ

DP� 0,DQT
A �

�
PnR

R¼2 PR � CVT
R

� �
DQT

R

� �
PA � CVT

A
þ
PnR

R¼1 CVC
R Int QT

R þDQT
R

LR

� �
� Int QT

R
LR

� �� �� �
PA � CVT

A
ð38Þ

3.3 Case Analysis

3.3.1 Basic Information

The case analysis takes the crowdfunding train K8188 above mentioned as an
example.

According to the event beginning in Sect. 2.1 about the crowdfunding train
K8188, there was 3 ticket ranks that passengers could participate in, including hard
seat, hard sleeper, and soft berth. Thus, it can be seen that nR = 3.

According to the price list of the crowdfunding train K8188, it can be
computed that PA ¼ 81þ 81

2 ¼ 81:00 yuan per ticketð Þ, PB ¼ 144þ 148þ 154
3 � 148:67

yuan per ticketð Þ, PC ¼ 222þ 231
2 ¼ 226:50 yuan per ticketð Þ.
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According to the seat amount of the crowdfunding train K8188, it can be seen
that maxQT

A ¼ 230 ticketsð Þ, maxQT
B ¼ 390 ticketsð Þ, maxQT

C ¼ 36 ticketsð Þ. And
then it can be deduced that maxQC

A ¼ 2 carriagesð Þ, maxQC
B ¼ 6 carriagesð Þ, and

maxQC
C ¼ 1 carriageð Þ.

Furthermore, according to the event analyses in Sect. 4.4.3, it can be deduced
that FB � 0, and since the raising target was set at 50%, it was supposed that
CQ � 1

2 IQ, when QT
R ¼ maxQT

R.

3.3.2 Expected Profit

According to the Eq. (8), it can be deduced that QC
R ¼ maxQC

R , when QT
R ¼ maxQT

R.
Meanwhile, it can be also deduced that Mod QT

R; LR
� �jQT

R¼maxQT
R
¼ 0.

According to the Eq. (1), IQ can be computed, as is shown in the Eq. (39).

IQjQT
R¼maxQT

R
¼
XnR
R¼1

PRQ
T
R

� �jQT
R¼maxQT

R
¼ 84; 764:00 yuanð Þ ð39Þ

Coupled with the crowdfunding train K8187, the total ticket income of the round
trip should be doubled, and in other words, 2IQjQT

R¼maxQT
R
¼ 169; 528:00 yuanð Þ.

According to the basic information, when CQ ¼ 1
2 IQ, P can be computed, as is

shown in the Eq. (40).

PjQT
R¼maxQT

R
¼ IQjQT

R¼maxQT
R
� 1
2
IQjQT

R¼maxQT
R
¼ 1

2
IQjQT

R¼maxQT
R
¼ 42; 382:00 yuanð Þ

ð40Þ

3.3.3 Profit in Process

According to the event procedure in Sect. 2.2, when tCx ¼ tDx ,
PnR
R¼1

QT
RjtCx ¼tDx

¼
122 ticketsð Þ and IQjtCx ¼tDx

¼ 14; 691:00 yuanð Þ. And the ratio can be computed, as is
shown in the inequation (41).

IQjtCx ¼tDx

2IQjQT
R¼maxQT

R

¼ 14691
169528

� 8:67%\50% ð41Þ

Whereas, IQjtCx ¼tDx
in the inequation (41) only included the amounts of passengers

who buy tickets online until tCx ¼ tDx , but did not take the other passengers who were
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at railway station or exactly on the way into consideration. And as a matter of fact, it

should be
IQjtCx ¼tDx

2IQjQT
R
¼maxQT

R

� 50%, if all the passengers could be involved in.

3.3.4 Eventual Profit

According to the event results in Sect. 2.3, it can be seen that
QT

AjtCx ¼tDCs
� 218 ticketsð Þ, QT

BjtCx ¼tDCs
� 817 ticketsð Þ, QT

CjtCx ¼tDCs
� 22 ticketsð Þ and

2
PnR
R¼1

QT
RjtCx ¼tDCs

� 2500 ticketsð Þ. And thus IQjtCx ¼tDCs
can be estimated, as is shown in

the inequation (42) and (43).

IQjtCx ¼tDCs
¼
XnR
R¼1

PRQ
T
R

� �jtCx ¼tDCs
� 81� 218þ 148:67� 817þ 226:5� 22 yuanð Þ

ð42Þ

IQjtCx ¼tDCs
� 144; 104:39 yuanð Þ ð43Þ

And the ratio can be computed, as is shown in the inequation (44).

2IQjtCx ¼tDCs

2IQjQT
R¼maxQT

R

� 144104:39
84764

� 170:01%[ 100% ð44Þ

It can be also deduced that QT
BjtCx ¼tFx

[maxQT
BjtCx ¼tDCs

. It means that passengers of
the crowdfunding train K8188 would like the ticket rank called hard sleeper much
better than the ticket rank called hard seat or soft berth because of its advantage in
economy.

Afterwards, according to the inequation (44), it can be deduced that
tDx \tFx � tDCs . And according to the different positions of tFx discussed in Sect. 5.1.3,
it means that the activity would still achieve success once the deadline point-in-time
of the crowdfunding train K8188 could be extended because the setting time of the
activity was up but had not reach the deadline point-in-time of checking tickets yet.
Actually, it can be found in Sect. 2.2 that Xi’an Railway Bureau adjusted the plan
of crowdfunding train according to the passenger demand in many ways, including
extending the deadline point-in-time of the crowdfunding train, and it was the key
to success. There was certainly a better situation if they could realize the strong
requirements of passengers before the deadline and made decisions faster.
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3.4 Profit Simulation Analysis

According to the popularity of the ticket rank called hard sleeper, it is taken as an
example, and Partial data has been simplified to facilitate the calculations. Basic
data is listed as below.

PB ¼ 150 yuan per ticketð Þ; CF
Q ¼ 10; 000 yuanð Þ; CVC

B ¼ 2; 000 yuan per carriageð Þ;
CVT
R ¼ 50 yuan per ticketð Þ; FB ¼ 2; 000 yuanð Þ; LR ¼ 60 tickets per carriageð Þ;

maxQC
R ¼ 6 carriagesð Þ; maxQT

R ¼ 360 ticketsð Þ:

According to the inequation (9) and (10), it can be deduced that QC
R � 6, and

QT
R � 360.
According to the Eq. (5), P can be computed in detailed in the Eqs. (45) and

(46).

P ¼ 150� QT
R � 10000þ 2000� QC

R þ 50� QT
R þ 2000

� � ð45Þ

P ¼ 100� QT
R � 2000� QC

R � 12000 ð46Þ

According to the Eq. (8), P can be computed in more detailed ways in the
Eq. (47).

P ¼

100� QT
R � 14000; 0�QT

R � 60
100� QT

R � 16000; 60\QT
R � 120

100� QT
R � 18000; 120\QT

R � 180
100� QT

R � 20000; 180\QT
R � 240

100� QT
R � 22000; 240\QT

R � 300
100� QT

R � 24000; 300\QT
R � 360

8>>>>>><
>>>>>>:

ð47Þ

A detailed diagram of the profits in the Eq. (47) is shown in Fig. 1.
It can be deduced that QT

R [ 180 when P[ 0. Furthermore, different value of
QT

R result in different values of P, examples are as follows.

(i) When QT
R ¼ 0 ticketð Þ, P ¼ �14; 000 yuanð Þ

(ii) When QT
R ¼ 180 ticketsð Þ, P ¼ 0 yuanð Þ

(iii) When QT
R ¼ 190 ticketsð Þ, P ¼ �1; 000 yuanð Þ

(iv) When QT
R ¼ 200 ticketsð Þ, P ¼ 0 yuanð Þ

(v) When QT
R ¼ 360 ticketsð Þ, P ¼ 12; 000 yuanð Þ

According to the Eq. (47) and Fig. 1, it can be found that the quantity of car-
riages of crowdfunding trains really depends on the quantity of sold tickets. There is
an abnormal phenomenon that the total profit of the crowdfunding train sometimes
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reduces when the quantity of sold tickets increases. Thus, it is extremely consid-
erable in optimizing the process of the crowdfunding train.

4 Conclusion

This article describes Crowdfunding Train and a series of mathematical models is
built for the economic simulations. To summarize, the major findings in this article
are described as follows.

(i) The carriage quantity of crowdfunding trains is uncertain because the quantity
of train carriages depends on the quantity of sold tickets and the ticket quota of
train carriages, and that is one of the significant distinctions between the
profits of crowdfunding trains and ordinary trains.

(ii) The relationship between the total profit and the quantity of sold tickets is not
always monotonically increasing but oscillatory, because the total profit
sometimes reduces when the quantity of train carriages is increased by selling
excessive tickets.

Besides, Crowdfunding Train needs information technology as well as
Bike-sharing [29], and the deficiencies of the crowdfunding train K8188 and K8187
include hysteretic data reaction, internet technology limitation and ineffective feed
backs [30]. Thus, it is necessary to develop information technology for compre-
hensive transportation.

Fig. 1 Detailed diagram of the profits in the case analysis
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