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Abstract: The computer information service industry is closely related to the fourth industrial
revolution and stands at the core of the global value chain. It has become an essential engine for
developing industries in various countries, and its scale is constantly expanding. In the critical
period of global economic transformation and development, the use of mathematical models to
predict its international competitiveness will help scientifically evaluate the development level of the
industry and accelerate the adaptation to the needs of the fourth industrial revolution. In this article,
a prediction model is proposed for the international competitiveness of the computer information
service industry. First, we used the Revealed Comparative Advantage (RCA) index to measure the
international competitiveness of the computer information service industry. Furthermore, based
on the characteristics of the industry and high-quality development theory, we constructed the
evaluation indicator system of influencing factors and used the grey relational analysis method
to screen key indicators. Then, we combined the Grey model and BP neural network algorithm
to construct the GM-BP prediction model. Finally, China is used as an example to predict the
international competitiveness of its computer information service industry, and suggestions are made
for industrial development. The results show that the grey relational analysis method can genuinely
reflect the impact of different aspects on the international competitiveness of China’s computer
information service industry and better determine the key indicators of influencing factors. The
GM-BP model has minor errors and excellent simulation results and can accurately predict the future
status of international competitiveness. The applicability and reliability of the model are reasonable.

Keywords: computer information service industry; international competitiveness; BP neural network;
grey relational degree; high-quality development

1. Introduction

In the era of the service economy, service trade has become the core driving force
to promote global business development. The computer information service industry is
most closely associated with the fourth industrial revolution among all the service trade
industries and stands at the core of the global value chain. It has become the engine
of industrial development, and its scale is expanding rapidly. As shown in Figure 1,
the world’s computer information service exports have been on a growth trend from
2010 to 2019. The export value has risen from 320.97 billion U.S. dollars to 678.22 billion
U.S. dollars, an increase of 1.11 times in 10 years, with an average growth rate of about
8.65% per year, 1.72 times that of world service trade in the same period. The industry is
developing very fast and has attracted more and more scholars’ attention. Therefore, in
the critical period of global economic transformation and development, it is of immense
importance to analyze the factors that affect the computer information service industry’s
international competitiveness and build a prediction model from the perspective of high-
quality development. It helps to adapt to the needs of the global economic servicing and
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the fourth industrial revolution and provides suggestions for accelerating the development
of the industry.
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Figure 1. World export of computer information services (Unit: 100 million U.S. dollars). Source: the
official websites of WTO.

This study aims to further enrich the results of the international competitiveness of
the computer information service industry by constructing an optimization model that
is more in line with the characteristics of the industry, especially the related research on
the prediction of the international competitiveness of the industry. The research includes
the following objectives: (1) To use the grey relational analysis method to determine
the key indicators affecting the international competitiveness of computer information
service industry; (2) To develop an optimization model for predicting the international
competitiveness of computer information service industry. The main contribution of this
paper is to combine Grey theory and BP neural network algorithm to propose a GM-BP
neural network model that can predict the international competitiveness of the computer
information service industry. The model we have proposed has minor errors and excellent
simulation results.

The rest of this article is organized as follows. Section 2 briefly reviews the scholars’
studies on the international competitiveness of the computer information service industry.
Section 3 presents the GM-BP neural network prediction model. Section 4 validates and
predicts the international competitiveness of China’s computer information service industry
based on the proposed method. Finally, there are discussions (Section 5) and conclusions
(Section 6).

2. Literature Review

In the previous study, Balassa [1] and Porter [2] first proposed using the Revealed
Comparative Advantage Index (abbreviated as RCA index) and diamond model to analyze
the international competitiveness of the industry. After that, scholars began to study the
international competitiveness of different industries with the help of various evaluation
indexes and econometric models [3–8]. Scholars’ studies have continuously improved the
theoretical system of international competitiveness. However, there are few results on the
international competitiveness of computer information service industry at present. These
studies mainly include the following two categories.

The first category is to measure the industry’s international competitiveness with the
help of various evaluation indexes. For instance, Grimm [9] used import and export data
to evaluate the trade structure and international competitiveness of computer information
services in the United States and used the model to predict the trade potential of cooper-
ating countries. In addition, Biryukova and Matiukhina [10] analyzed the international
competitiveness of computer information service trade of BRIC (Brazil, Russia, India, and
China) countries with the help of the RCA index and put forward suggestions for internal
cooperation. They suggested that the scientific and technological cooperation of the BRIC
countries in the field of ICT service trade should be included in the national policy priority
list, and the research results should be further commercialized. Further, with the help
of TC, RCA, and NRCA indexes, Wang [11] evaluated the international competitiveness
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of computer information service trade between China and ASEAN countries and put
forward some suggestions from the aspects of strengthening infrastructure construction
and promoting differentiated cooperation.

The second category is to study the factors that affect the industry’s international
competitiveness from qualitative and quantitative perspectives. Liang and Liu [12] fol-
lowed this perspective by using the diamond model to conduct an empirical study on
the factors affecting the international competitiveness of computer information service
trade among China, Japan, and Korea. The result showed that domestic market demand
and trade openness were the two most important factors influencing the three countries.
Besides that, Guo [13] constructed a regression model based on diamond theory to analyze
the influence of different indicators on the international competitiveness of China’s com-
puter information service trade. The analysis result showed that knowledge resources and
demand levels were the main influencing factors, and human resources were additional
factors. Guo recommended increasing investment in R&D and education, accelerating
the training of industrial talents, and learning from other countries’ advanced experience.
Further, Li and Fan [14] used the co-integration equation to make an empirical analysis
of the factors affecting the international competitiveness of China’s ICT industry from
the aspects of competitive strength, competitive potential, and competitive environment.
This analysis revealed that technological innovation factors have the most significant
positive impact on the international competitiveness of the ICT industry, and the num-
ber of companies and foreign direct investment have adverse effects on the international
competitiveness of the ICT industry to varying degrees. In addition, Nath and Liu [15]
empirically analyzed the impact of the development of the computer information service
industry and other service trade industries on their international competitiveness with the
help of panel data from 49 countries. Their study revealed that ICT significantly impacts
financial services, insurance services, other commercial services, royalties and license fees,
transportation, and travel. Wang and Chen [16] qualitatively analyzed the factors affecting
China’s computer information service industry of international competitiveness from gov-
ernment support, enterprise-scale and management level, park construction, and industry
association. The conclusion from this study suggests that the industry’s international
competitiveness should be strengthened from three aspects: government, enterprises, and
industry associations. The government should rationally guide the development of the
industry, enterprises should expand the scale of the industry and improve the level of oper-
ation and management, and industry associations should provide first-hand international
market information.

Some scholars began to shift from status evaluation to trend prediction in recent years
while studying international competitiveness. Based on the influencing factors, Zhang and
Xue [17] predicted the international competitiveness of China’s manufacturing industry by
using an error correction model, generalized impulse response, and prediction variance
decomposition test. Tang et al. [18] used GM (1,1) model to predict China’s manufactur-
ing industry’s development quality and international competitiveness. The prediction
results showed that the international competitiveness of China’s manufacturing industry
presented a relatively apparent “strong-weak-strong” M-shaped slight fluctuation trend,
which was easily affected by the external economic environment. Zhao and Yang [19],
based on the trade data of grass seeds from 2008 to 2019, predicted the export competitive-
ness of Chinese grass seeds by using the H-P filtering method and ARIMA model. Jiang
and Xiong [20] combined neural network and fuzzy system theory to establish a forecasting
model of national export competitiveness. The results showed that the use of the EMNN
model showed a reasonable degree of fit to the export forecast, and the error was far less
than 1%, indicating that the prediction model is reasonable and feasible. Based on the
analysis of factors affecting the international competitiveness of Russian forest products, Li
and Zhang [21] predicted the export volume of Russia’s main forest products before 2030.

Through literature review, we found that the current studies on the international
competitiveness of the computer information service industry have the following problems.
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First, the analysis of the indicator system of influencing factors is not comprehensive
enough, and the combination with the industry characteristics and new development
concept is insufficient. Second, scholars primarily measure and compare the current
situation of international competitiveness based on the index system and lack relevant
research on the prediction of future competitiveness.

3. Construction of GM-BP Prediction Model

GM-BP neural network model is the combination of Grey theory and BP neural
network [22]. Grey theory can predict the system with uncertain factors. Its core content
is to establish grey dynamic models and transform time series into dynamic equations.
This method has been widely used in various prediction fields [23]. BP neural network
is one of the most widely used neural networks at present. It adopts the error back
propagation algorithm and has no hierarchical interconnection structure within the layer
without feedback. It has good dynamic simulation capabilities, self-learning, and self-
organization capabilities and is used in scientific predictions. It has unique advantages
and can better deal with uncertainty, multiple factors, and complex nonlinear mapping in
predicting industrial competitiveness [24]. The GM-BP neural network model constructed
in this paper is expected to the advantages of the two theories. Compared with the
single Grey prediction model or BP neural network, the prediction efficiency is more
guaranteed. Because of this, this article first measures the international competitiveness
of the computer information service industry with the aid of the RCA index. Then, we
combine the characteristics of the industry and the concept of high-quality development to
construct an evaluation indicator system for factors affecting international competitiveness,
and use the grey relational analysis method to screen key indicators. Finally, combining
Grey theory and BP neural network theory, a GM-BP neural network prediction model
is established to predict the international competitiveness of the computer information
service industry.

3.1. Competitiveness Evaluation

When scholars evaluate the international competitiveness of industries, most of them
use trade performance indexes to measure competitiveness. This method mainly uses
import and export trade data for measurement. It is relatively intuitive and can also reflect
the actual level of international competitiveness. Therefore, this paper uses the commonly
used RCA index for comparison. The calculation equation of RCA is as follows:

RCAij =
Mij

Sij
÷

Mwj

Swj
(1)

Here, Mij represents the export of computer information services in country i, Sij rep-
resents the total service exports of country i, Mwj represents the world export of computer
information services, and Swj represents the world’s total exports of services.

3.2. Key Indicators Selection
3.2.1. Analysis Framework

Since many scholars have verified the universal applicability and reasonable explana-
tion of the diamond model [25–29], to determine the analysis framework of influencing
factors of industrial competitiveness, this paper improves the diamond model with the idea
of “retention + supplement”. Among the six elements of the diamond model, corporate
organizational strategy and competition elements are affected by multiple factors such
as industry, time, and space. It is difficult to analyze from the source. The government
behavior elements themselves are difficult to quantify and lack coherence from the perspec-
tive of time series. Therefore, this paper retains the four elements: production, demand,
conditions related to supporting industries, and external opportunities. Combining the
industrial high-quality development concept of “innovation, coordination, green, openness,
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and sharing” and the knowledge-intensive characteristics of the computer information
service industry, these supplement the elements of innovation and technological devel-
opment. Finally, an analysis framework is constructed from five dimensions: innovative
development, coordinated development, green development, open development, and
shared development.

(1) Innovative development

Corresponding to the innovation and technological development elements, mainly from
driving force formation, it examines the driving effect of R&D investment, intellectual prop-
erty rights, technological level, and innovation environment on industrial competitiveness.

(2) Coordinated development

Corresponding to relevant supporting industry elements, mainly from the industrial
association and industrial synergy, tangible and intangible goods are complementary and
supporting industries. The impact of related industries and supporting industries on
industrial competitiveness is examined.

(3) Green development

Corresponding to the production elements, the sustainable development of the industry
is emphasized. Since the computer information service industry is an innovative and low-
carbon industry, it depends less on ecological environment resources. It mainly examines the
impact of human resources, capital, and other resource elements on industrial competitiveness.

(4) Open development

Corresponding to the external opportunities elements, it reflects the impact of a
country’s level of globalization on the international competitiveness of industries. It mainly
starts from participating in global economic governance and examines globalization and
external opportunities on industrial competitiveness.

(5) Shared development

Corresponding to the demand condition elements, it reflects the relationship between
economic development and the industry, mainly from realizing the sharing of develop-
ment results by the people and examining the impact of per capita economic level on
industrial competitiveness.

Based on the above analysis, drawing on the scholars’ selection of indicators when
evaluating the international competitiveness and high-quality development of the indus-
try [30–33], and considering the representativeness and availability of data, 14 indicators are
finally selected to construct the evaluation system of influencing factors of the international
competitiveness of the industry, as shown in Table 1.

Table 1. Evaluation system of influencing factors of international competitiveness.

Level I Level II Unit The Data Source

Innovation development

R&D investment intensity (X1) % China Statistical Yearbook
Number of patent applications in computer

communication industry (X2) 10,000 pieces China Statistical Yearbook

R&D investment in computer communication industry (X3) 10 billion RMB Yuan China Statistical Yearbook
Global Innovation Index (X4) / WIPO official website

Coordinated development
Export of other services (X5) 10 billion U.S. dollars WTO official website

Exports of goods (X6) 10 billion U.S. dollars WTO official website
Proportion of manufacturing value-added to GDP (X7) % China Statistical Yearbook

Green development Proportion of college students in total number (X8) % China Statistical Yearbook
Foreign capital utilized (X9) 10 billion U.S. dollars China Statistical Yearbook

Open development
Globalization index (X10) / KOF official website

Openness to trade in services (X11) % WTO official website
Annual exchange rate of USD to RMB (X12) Yuan China Statistical Yearbook

Shared development GDP per capita (X13) 10,000 RMB Yuan China Statistical Yearbook
Per capita GDP growth rate (X14) % China Statistical Yearbook
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3.2.2. Key Indicators Selection

In order to analyze the degree of influence of various factors, it is necessary to carry
out a quantitative measurement with the aid of a measurement model. At present, the
typical analysis methods include factor analysis, PCA analysis, AHP analysis, VAR model
analysis, and grey correlation analysis [34–37]. This paper measures the correlation degree
between different influencing factors and the RCA index by the grey correlation analysis
method and determines the key indicators based on the correlation degree.

Step 1: Determine the reference sequence, X0 = {X0(1), X0(2), · · · , X0(n)}. This paper
takes the RCA index value of China’s computer information service trade from 2010 to
2019 as the reference series.

Step 2: Select the comparison sequence, Xi = {Xi(1), Xi(2), · · · , Xi(n)}. In this
paper, the data of 2010–2019 of all secondary indicators in Table 1 are taken as the
comparison sequence.

Step 3: Raw data processing. The buffer operator is weakened by geometric average
to eliminate the influence of interference factors.

X(k)d = [xi(k)·xi(k + 1)· · · · ·xi(n)]
1

n−k+1 (2)

Step 4: Use the mean value method to conduct dimensionless data processing to
eliminate the dimensional influence.

X′i(t) = X(k)d/X(k)d (3)

Step 5: Calculate the correlation coefficient.

δ(X′0(t), X′i(t)) =
min

i
min

t

∣∣X′0(t)− X′i(t)
∣∣+ ρ max

i
max

t

∣∣X′0(t)− X′i(t)
∣∣∣∣X′0(t)− X′i(t)

∣∣+ ρ max
i

max
t

∣∣X′0(t)− X′i(t)
∣∣ (4)

Step 6: Calculate the correlation.

γ(X′0(t), X′i(t)) =
1
n

n

∑
i=1

δ(X′0(t), X′i(t)) (5)

Step 7: Key indicators selection.
According to the grey system theory, the larger the indicator correlation degree, the

greater the influence. When ρ = 0.5, if the correlation degree is greater than 0.6, there is a
significant influence. Therefore, we identify indicators with a correlation degree greater
than 0.6 as key indicators.

3.3. Prediction of Key Indicators

By constructing GM (1,1) grey prediction model, the predicted values of key indicators
are calculated. The calculation steps are as follows:

Step 1: Use X(0)(k) to represent the original data sequence of key indicators and set
the original data.

X(0)(k) =
{

X(0)(1), X(0)(2), · · · , X(0)(n)
}

(6)

Step 2: Perform a cumulative generation algorithm for X(0)(k) to generate a first-order
cumulative generated number sequence.

X(1)(k) =
{

X(1)(1), X(1)(2), · · · , X(1)(n)
}

(7)
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Step 3: According to Equation (7), the series Z(1) adjacent to the mean value of X(1)(k)
is calculated. Z(1)(k) =

{
Z(1)(1), Z(1)(2), · · · , Z(1)n

}
. Here:

Z(1)(k) =
1
2

(
X(1)(k) + X(1)(k− 1)

)
, k = 2, 3, · · · , n (8)

Step 4: Construct the differential equation dx(1)/dt + αx(1) = β. Here, the parameters
α and β can be obtained by the following equations:

[α, β]T = (BTB)
−1

BTY, type : Y =


X(0)(2)
X(0)(3)

...
X(0)(n)

, B =


−Z(1)(2) 1
−Z(1)(3) 1

...
...

−Z(1)(n) 1

 (9)

Step 5: Solve the above differential equations to obtain the GM (1,1) model.

X̂(0)
(k + 1) =

[
X(0)(1)− β

α

]
exp (−ak) +

β

α
(k = 0, 1, 2, . . . , n) (10)

Step 6: Calculate the predicted value of X(0)(k).

X̂(0)
(k + 1) = X̂(1)

(k + 1)− X̂1
(k) (k = 0, 1, 2, . . . , n− 1) (11)

3.4. Model Construction

The industry’s prediction model of international competitiveness based on GM-BP neu-
ral network mainly includes the process of quantity sample, the design of network structure,
the training and inspection of the network, and the prediction of competitiveness trend.

Step 1: Data sample processing.
The extreme value method is used to normalize the data to ensure consistency.

Yij =
Xij −min(Xi)

max(Xi)−min(Xi)
(12)

Here, Xij is the original value, Yij is the normalized value, Xi = {X1, X2, . . . , Xj}.
Step 2: Network structure design.
The network structure design mainly includes determining the number of network

layers and setting the network nodes. The topological structure of the BP neural network
model is the input layer, hidden layer, and output layer. Existing studies have proved that
the performance of the three-layer BP neural network model with only one hidden layer
is better than that with multiple hidden layers. When building the model, the three-layer
BP structure with only one hidden layer can be established first. The number of network
nodes in the input and output layers is determined by the variables selected during model
construction and the number of prediction objects. The number of hidden layer nodes is
essential to the neural network’s performance, and the number of hidden layer nodes can
be determined by empirical formulas [38].

L =
√

M + N + a (13)

Here, L represents the number of hidden layer nodes, M is the number of input layer
nodes, N is the number of output layer nodes, and a constant from 1 to 10.

Step 3: Sample training and testing.
This model is simulated and trained by MATLAB, mainly using RPROP and Symmet-

rical Sigmoid functions. Among them, the network training function selects RPROP, and
the transfer function of the hidden layer and the output layer selects Symmetrical Sigmoid.
The RPROP algorithm is one of the most effective training algorithms for supervised feed-
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forward neural networks. Its advantage is that it does not require parameter settings before
use, and there is no need to determine the learning rate, momentum value, or update
constantly. The Symmetrical Sigmoid function is characterized by being anti-symmetric,
zero center, and differentiable. Its flatter shape and slower descending derivation indicate
that it can learn more effectively.

The collected samples are divided into two parts: one part is the training sample, and
the other part is the test sample. All samples are trained and tested. The construction of
the BP neural network is completed through the forward operation output of all samples
and the reverse modification of weights to reduce the error until the accuracy requirements
are met.

Step 4: Competitiveness prediction.
The input layer takes the grey pre-processing value of the RCA index obtained by

the GM (1,1) model as the input data, uses the established BP neural network model to
calculate, and outputs the predicted value of the international competitiveness of China’s
computer information service industry.

4. Predictive Analysis

In 2019, China’s service trade total imports and exports reached 778.618 billion U.S. dollars,
ranking second in the world, but its service trade deficit was as high as 215.316 billion U.S. dollars.
As the industry with the largest surplus and fastest development in China’s service trade,
the computer information service industry occupies an important position. From 2010 to
2019, China’s computer information service imports had an overall increase from 4.103 to
26.861 billion U.S. dollars, while information service exports showed an overall upward
rising from 10.476 to 53.785 billion U.S. dollars in 10 years. It shows that, in 10 years,
information service imports increased 5.55 times with an average annual growth rate of
20.98%, while exports increased 4.13 times with an average annual growth rate of 17.09%
respectively, both much higher than the world level in the same period. Moreover, China’s
computer information service trade has a long-term surplus, and it tends to expand year
by year. It is one of the few surplus industries in the service trade industry, and its de-
velopment trend is promising. Therefore, verifying the model with China’s computer
information service industry as an example has good representativeness and practical
significance. Hence, this article uses the RCA index to measure the international competi-
tiveness of the computer information service industry in nine countries, including China,
India, and Ireland. Then, it combines industrial characteristics and high-quality devel-
opment concepts to construct an evaluation indicator system for the factors affecting the
international competitiveness of the computer information service industry, and then uses
grey correlation analysis to screen key indicators. Finally, combining the grey prediction
model and the BP neural network algorithm, the GM-BP neural network prediction model
is established to predict the international competitiveness of China’s computer information
service industry from 2020 to 2024.

4.1. Comparative Analysis

As shown in Table 2, China’s computer information services total volume and export
volume ranks fourth globally, and its import volume ranks third in the world. In the
beginning, this study chose the top ten countries (refer to Table 2) in the total import and
export volume of computer information service trade in 2019 for comparative analysis.
However, data was found missing for the Netherlands. Therefore, the Netherlands was ex-
cluded and this left only nine countries: China, France, Germany, India, Ireland, Singapore,
Switzerland, the United Kingdom, and the United States.

According to Equation (1), the RCA value of the computer information services trade
in nine countries was calculated. Table 3 shows that, from 2010 to 2019, the RCA value
of China’s computer information services showed a fast-rising trend. By 2019, the RCA
value had reached 1.71, indicating that the industry’s international competitiveness had
become very strong but far behind Ireland and India. From the comparison between
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countries, the RCA value of India and Ireland is over 2.5 all year round, indicating that
the international competitiveness of their industries is extreme. The average RCA value
of Germany and Switzerland is between 0.8 and 1.25, indicating that the international
competitiveness of their industries is strong. The RCA values of France, Singapore, the
United States, and the United Kingdom are almost all less than 0.8, indicating that the
international competitiveness of their industries is weak.

Table 2. World ranking of computer information service trade in 2019 (Unit: 100 million U.S. dollars).

Rank Countries Exports Imports Total Net Exports

1 Ireland 1244.41 57.88 1302.29 1186.53
2 United States 556.57 437.20 993.77 119.37
3 Germany 421.89 418.63 840.52 3.26
4 China 537.85 268.61 806.46 269.24
5 India 649.33 96.21 745.54 553.12
6 Netherlands 280.82 187.76 468.58 93.06
7 United Kingdom 297.25 133.49 430.74 163.76
8 French 191.50 227.85 419.35 36.35
9 Swiss 108.42 152.68 261.10 44.26

10 Singapore 147.90 144.94 292.84 2.96

Table 3. RCA index value of computer information services by country.

Year China French Germany India Ireland Singapore Swiss UK USA

2010 0.72 0.85 1.15 4.22 4.97 0.43 1.07 0.87 0.57
2011 0.82 0.76 1.13 4.01 4.90 0.49 1.01 0.84 0.55
2012 0.94 0.79 1.19 3.92 4.64 0.61 1.10 0.84 0.59
2013 0.94 0.76 1.16 4.11 4.73 0.61 1.11 0.80 0.59
2014 1.01 0.76 1.08 3.81 4.67 0.57 1.29 0.80 0.57
2015 1.22 0.70 1.14 3.65 4.40 0.60 1.28 0.80 0.57
2016 1.29 0.71 1.23 3.37 4.41 0.79 1.21 0.80 0.57
2017 1.24 0.69 1.25 2.98 4.31 0.74 1.12 0.75 0.60
2018 1.66 0.66 1.20 2.72 4.60 0.69 0.98 0.75 0.56
2019 1.71 0.60 1.13 2.72 4.67 0.65 0.81 0.65 0.58
Mean 1.16 0.73 1.17 3.55 4.63 0.62 1.10 0.79 0.58

4.2. Screening Key Indicators
4.2.1. Data Selection

According to the data from the official websites of WTO, WIPO, KOF, and the China
Statistical Yearbook, we have compiled the data of the influencing factors evaluation
indicators in Table 1 from 2010 to 2019. The results are shown in Table 4.

Table 4. Data of influencing factors of international competitiveness of China’s computer information
service industry.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

X1 1.71 1.78 1.91 2.00 2.02 2.06 2.10 2.12 2.14 2.23
X2 4.62 7.19 8.24 8.90 10.35 10.08 11.87 14.53 17.94 20.48
X3 6.86 9.41 10.65 12.53 13.93 16.12 18.11 20.03 22.80 24.48
X4 46.43 45.40 44.66 46.57 47.47 50.57 52.54 53.06 54.82 53.28
X5 16.69 18.64 18.43 18.87 19.79 19.18 18.18 19.86 22.26 22.79
X6 157.78 189.84 204.87 220.90 234.23 227.35 209.76 226.33 248.67 249.95
X7 49.6 45.9 41.9 40.5 36.9 32.6 28.3 30.2 30.3 30.8
X8 1.66 1.71 1.77 1.81 1.86 1.91 1.95 1.98 2.03 2.17
X9 10.88 11.77 11.33 11.87 11.97 12.63 12.60 13.10 13.50 13.81
X10 61.83 62.31 62.55 62.65 63.42 63.88 63.3 63.61 64.27 64.28



Algorithms 2021, 14, 308 10 of 15

Table 4. Cont.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

X11 6.07 5.92 5.64 5.59 6.19 5.88 5.85 5.60 5.69 5.43
X12 6.77 6.46 6.31 6.19 6.14 6.23 6.64 6.75 6.62 6.91
X13 3.08 3.63 3.99 4.37 4.72 5.02 5.41 6.00 6.60 7.09
X14 17.68 17.83 9.84 9.56 7.99 6.50 7.77 10.85 9.98 7.40

4.2.2. Data Calculation

According to Equations (2)–(5), the resolution coefficient was taken ρ = 0.5, the cor-
relation degree between each influencing factor and the RCA value of China’s computer
information service industry was calculated, and sort them. The details are as follows.

As shown in Table 5, the correlation degree between the selected influencing factors
indicators and RCA value is 0.5603–0.9246, indicating that the selected indicators have a
significant correlation with China’s computer information service industry’s international
competitiveness. The constructed model has good applicability and can truly reflect
the impact of different aspects on the international competitiveness of China’s computer
information service industry. According to the selection requirements of key indicators,
10 indicators with a correlation degree greater than 0.6 are finally selected as key indicators.

Table 5. Grey correlation degree between the influencing factors indicators of the international
competitiveness of China’s computer information service industry and its RCA value.

Level I Level II Correlation Sorting

Innovation
development

R&D investment intensity (X1) 0.7398 3
Number of patent applications in computer

communication industry (X2) 0.5982 12

R&D investment in computer communication industry (X3) 0.6518 10
Global Innovation Index (X4) 0.6892 7

Coordinated
development

Export of other services (X5) 0.7380 4
Exports of goods (X6) 0.8179 2

Proportion of manufacturing value-added to GDP (X7) 0.5961 13

Green development Proportion of college students in total number (X8) 0.7194 6
Foreign capital utilized (X9) 0.7219 5

Open development
Globalization index (X10) 0.6801 8

Openness to trade in services (X11) 0.6560 9
Annual exchange rate of USD to RMB (X12) 0.5983 11

Shared development GDP per capita (X13) 0.9246 1
Per capita GDP growth rate (X14) 0.5603 14

4.3. Prediction of Key Indicators

According to Equations (6)–(12), the GM (1,1) model is used to predict the future
values of 10 key indicators in 2020–2024. The results are shown in Table 6.

Table 6. Predictive values of key indicators by GM (1,1) model.

Key Indicators 2020 2021 2022 2023 2024

R&D investment intensity (Y1) 2.2286 2.2795 2.3316 2.3849 2.4394
R&D investment in computer communication

industry (Y2) 28.3083 31.8386 35.8092 40.2749 45.2976

Global Innovation Index (Y3) 56.7702 58.3005 59.8721 61.4860 63.1435
Exports of other services (Y4) 22.3272 22.8853 23.4574 24.0438 24.6448

Exports of goods (Y5) 254.6979 261.5562 268.5992 275.8318 283.2591
Proportion of college students in total number (Y6) 2.1748 2.2331 2.2929 2.3544 2.4175

Foreign capital utilized (Y7) 14.0667 14.4065 14.7545 15.1108 15.4758
Globalization Index (Y8) 64.6077 64.8602 65.1136 65.3681 65.6235

Openness to trade in services (Y9) 5.5838 5.5503 5.5171 5.4840 5.4511
GDP per capita (Y10) 7.6964 8.3629 9.0872 9.8742 10.7293
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4.4. Neural Network Model Prediction

Firstly, the key indicators’ data is normalized by Equation (12). Then, according to
Equation (13), the number of hidden layer nodes is determined to be 5–14. The number of
hidden layer nodes is simulated sequentially from 5 to 14, and it is found that when the
number of hidden layer nodes is set to 11, the absolute percentage error is the smallest.
Therefore, this paper sets the number of nodes in the hidden layer of the GM-BP neural
network to 11, and the constructed network topology is shown in Figure 2.
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GM (1,1) model and the GM-BP neural network model are used to make predictions.
The input training uses the relevant data from 2010 to 2018, and the test uses the relevant
data from 2019. The RCA predictive values and related errors of China’s computer infor-
mation service trade from 2010 to 2019 are obtained (see Table 7). As shown in Table 7, the
mean absolute percentage error of the GM-BP neural network model is only 0.0553%, and
the prediction results in each year are closer to the actual value than the GM (1,1) model.
The results show that the model has high fitting accuracy and has good applicability for
predicting the international competitiveness of industries.

Table 7. The predictive results of RCA value of China’s computer information service industry.

Year Actual Value
GM (1,1) Model GM-BP Model

Predictive
Value

Absolute Percentage
Error (%)

Predictive
Value

Absolute Percentage
Error (%)

2010 0.7170 0.7170 0 0.7178 0.1303
2011 0.8154 0.8021 1.6297 0.8150 0.0390
2012 0.9440 0.8810 6.6789 0.9437 0.0040
2013 0.9440 0.9675 2.4937 0.9441 0.0178
2014 1.0119 1.0626 5.0144 1.0118 0
2015 1.2230 1.1671 4.5717 1.2231 0.0262
2016 1.2879 1.2818 0.4735 1.2880 0.0093
2017 1.2424 1.4078 13.3122 1.2426 0.0298
2018 1.6639 1.5462 7.0759 1.6643 0.0240
2019 1.7079 1.6981 0.5716 1.6833 0.2723

Mean absolute
percentage error (%) 4.6468 0.0553

The GM-BP neural network prediction model is used to predict the international
competitiveness of China’s computer information service industry from 2020 to 2024 in
combination with the predictive values of key indicators calculated in Table 6. The predic-
tive results are shown in Table 8 and Figure 3. According to the chart, the international
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competitiveness of China’s computer information service industry will remain stable in the
future, with a slowdown in growth and increasing competitive pressure.

Table 8. Predictive results of international competitiveness of China’s computer information
service industry.

Year 2020 2021 2022 2023 2024

RCA values 1.7134 1.7204 1.7215 1.7183 1.7117
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Figure 3. Actual and predictive values of international competitiveness of China’s computer information service industry.

5. Discussion

This paper takes China’s computer information service industry as an example for
study. Firstly, the international competitiveness of China’s computer information service
industry is evaluated by the RCA index. It is found that the international competitiveness
is rising year by year, and the industry is developing in a good state. However, compared
with Ireland and India, there is still a large gap. Secondly, the industry international
competitiveness indicator system of influencing factors is conducted from high-quality
development, and the grey correlation degree analysis is carried out. Ten indicators
such as GDP per capita, the export value of goods, R&D investment intensity, and the
export value of other services are significantly correlated to competitiveness. Finally,
combining the Grey theory and BP neural network algorithm, a GM-BP neural network
model for predicting the international competitiveness of the computer information service
industry is established. Through forecasting, it is found that the future growth trend of
the international competitiveness of China’s computer information service industry will
slow down. Through the analysis of the predictive results, the GM-BP prediction model
has higher accuracy than the GM (1,1) model prediction, which verifies the rationality of
the prediction model established in this paper.

Through the analysis of the results, this paper further points out the direction of and
recommendations for the improvement of the international competitiveness of China’s
computer information service industry:

(1) Deepen international cooperation and enhance the comprehensive strength of the
industry. First, deepen cooperation with Ireland, India, and other countries with
the help of government, international organizations, and industry associations, by
introducing their advanced technology and operational management experience,
accelerating the accumulation and optimization of the industry’s high-end elements,
and enhancing the level of the industry in the global value chain [39]. Second, seize
the opportunities of global economic servitization and the fourth industrial revolution,
continuously improve service quality and level following international standards,
deepen relations with existing partners, and stabilize and expand the international
market. At the same time, continue to expand the export of various goods and
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services to drive and promote the competitiveness of the computer information
service industry. Third, encourage powerful companies in the computer information
service industry to go global, seize the opportunity of China’s implementation of free
trade agreements with many countries, establish cooperation channels with emerging
markets, and diversify export risks.

(2) Strengthen investment in innovation and stimulate internal driving forces of the
industry. First, organize industry experts to focus on key technical areas, analyze tech-
nology development trends and international competitors, and guide enterprises to
implement patent reserves and layout in a planned and targeted manner. At the same
time, promote the integration, breakthrough, and industrialization of patented tech-
nologies, promote the upgrading of the industrial value chain and maximize the value
of corporate patents. Second, use industry organizations to build patent alliances,
guide enterprises to strengthen patent applications, encourage patent concentration
and cross-licensing, strengthen technical barriers through patent pools, and enhance
the overall competitive advantage of the industry. Third, adhere to the innovation
drive, increase R&D investment from both the government and enterprises, promote
the improvement of the industry’s technological level, enhance the ability of indepen-
dent innovation, and gradually form a virtuous circle of “input→output→input”.

(3) Strengthen the training of talents and consolidate the guarantee for industrial de-
velopment. First, take colleges and universities as an essential channel for talent
training, and encourage qualified colleges and universities to add computer and
information technology-related majors. Based on the needs of the industry, build
a compound curriculum system of “general + specialty + industry”, and reserve
applied talents with comprehensive capabilities, professional knowledge, and in-
dustry experience for the industry. Second, innovate the talent training mechanism,
increase cooperation with international and domestic universities, scientific research
institutions, and enterprises, jointly build various industrial talent training bases
and training systems, and accelerate the training of intermediate and senior talents.
Third, increase the intensity of talent introduction, focusing on introducing high-end
international talents in the industry with experience in handling trade disputes, trade
negotiations, patent layout, setting international standards, and optimizing industrial
talents’ structure.

6. Conclusions

The computer information service industry is closely related to the fourth industrial
revolution and is at the core of the global value chain. It has become an essential engine for
developing industries in various countries, and its scale is constantly expanding. Using
mathematical models to predict its international competitiveness will help scientifically
evaluate its development and accelerate the adaptation to the needs of the fourth industrial
revolution. In this article, we combine Grey theory and BP neural network algorithm to
propose a GM-BP neural network model for predicting the international competitiveness
of computer information service industry and take China as an example to verify it. The
research results show that the prediction model has minor errors and excellent simulation
results, and the applicability and reliability of the model are reasonable. In order to improve
the accuracy of the long-term prediction model, our future research should introduce more
neural network algorithms, compare the simulation effects of different algorithms, and
improve the fit and prediction effect of the model. In addition, more factors affecting
the international competitiveness of the computer information service industry will be
included, and the model will be continuously optimized.
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