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The development of e-commerce economy is closely related to the progress of computer technology, which provides an effective
data basis for the development of e-commerce economy. Support vector machines are not only used to analyze and solve the
second-class classification problems but also can analyze and solve the first-class classification problems. The rise of the
e-commerce economy is not only conducive to increasing people’s income but also conducive to the realization of income increase
in some economically backward areas and the improvement of various infrastructures, thus breaking the characteristics of
inconvenient transportation in some areas and promoting the development of regional economy. Therefore, this study introduces
the concept of Internet of Things and robust support vector machine technology, which are more advanced in computer
technology, into the e-commerce system to optimize the existing e-commerce platform and knowledge mode. From the regression
results of the fixed effect model, the e-commerce economy will have a certain positive impact on the regional economic gap,
although the magnitude of the impact is not large. From the overidentification test and the regression results of the dynamic panel,
the sign of the variable regression coefficient has been relatively stable, which means that the dynamic panel model described in

this study not only does not have the problem of overidentification but also has stability.

1. Introduction

Support vector machine is a kind of machine learning
method. Because it can realize the optimization problem, it
has not only made major breakthroughs in theory but also
advanced in algorithms. Especially, in these years, the re-
search and analysis in this field have been paid attention to
worldwide [1]. The use of support vector machines can
obtain more accurate classification results because this
method obtains the optimal partition hyperplane through
the maximum interval method. However, the traditional
support vector machine has certain drawbacks. In the
original problem, the noise will have a great influence on the
regularization term based on the L2 norm, which will cause
the robustness of the support vector machine to decrease [2].
The higher the robustness of the support vector machine, the
better the effect can be achieved in pattern recognition and

machine learning, so it is necessary to strengthen the re-
search on robustness [3]. The basic network architecture of
the Internet of Things is as follows: perception layer, which
generally collects and processes information, network layer,
whose task is to transmit information, and application layer,
which first analyzes and processes information and then
makes control and decision-making [4]. The three layers are
arranged in the order of the perception layer, the network
layer, and the application layer. The network layer in the
middle has the role of a bridge between uploads and releases
and is the information exchange center between the first and
third layers. The application layer can not only process the
transmitted information but also realize information shar-
ing, which can provide better support for the business
processing of the e-commerce economy and can also pro-
mote the informatization and intelligence of various in-
dustries to a large extent [5]. The e-commerce economy has
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injected new vitality into China’s overall economy, which is
conducive to the adjustment of China’s industrial structure
and the transformation of economic development, but it also
has the same problem as all industries [6]. We can see from
the development model of the e-commerce economy in the
current era that this is a broader economic model than the
traditional economy, which can realize the participation of
all people. So, this economic form has a great effect on
increasing the personal income of residents [7]. Literature
analysises and discusses on regional economic development
and differences, as well as the role of e-commerce in the
middle [8].

2. Related Work

Since the support vector machine method began to appear, it
has shown very good performance in pattern recognition and
machine learning, and the research on support vector ma-
chine has become more and more mature in recent years.
Standard support vector machines are good at handling two-
class classification problems, but in people’s production and
life, in addition to two-class classifications, there are also
single-class classifications [9]. Therefore, to solve this prob-
lem, a smooth support vector machine method is proposed.
This new method is correct. The standard support vector
machine has been improved. By expanding the smooth
strategy, the unsolvable constrained optimization problem in
the standard support vector machine has been turned into a
smooth unconstrained optimization [10]. The literature de-
scribes the training process of the SVM algorithm as follows:
first solve the convex quadratic programming problem (with
linear constraints) and then continue to solve the dual
problem through this result. Generally speaking, the calcu-
lation method of smooth support vector machine is used most
of the time because this algorithm can solve the optimization
problem with strong convexity and differentiability [11].
Looking at the research conclusions of various countries
around the world, it can be seen that if the parameters in the
sliding support vector machine model tend to be infinite, the
unconstrained optimal solution it solves is more convergent
[12]. The literature points out that OC-SVM, a type of support
vector machine, are also a special form of SVM. In training, it
is generally only necessary to carry out training operations on
normal data, which are mostly used in anomaly detection.
However, based on many experimental results, it can be seen
that this algorithm has the disadvantage of being very sen-
sitive to the reflection of abnormal points [13]. Therefore, in
order to overcome the influence of noise on it, a more robust
type of support has been studied and analyzed. The literature
points out that the main areas of the Internet of Things can
not only be balanced through relevant research and analysis
but also use an extended general model. So, it can be con-
cluded that it is very important to use the extended ecosystem
to improve the analysis capabilities of the device itself [6]. The
literature shows that there have been many relatively large
changes in the e-commerce economy in recent years, and
these changes may have a very large impact on the devel-
opment of the service industry in the future. For example, the
functions of the e-commerce economy in all aspects are
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becoming more and more independent, and their division of
labor is becoming more and more precise and efficient [14].
Independence and precise division of labor are more obvious
in the logistics industry and electronic payment. The scale of
development in these two fields has grown rapidly, and the
competition has become more and more fierce, which pro-
vides a strong support for the better and faster development of
the electronic economy. The e-commerce economy has be-
come an indispensable part of the current overall economic
development [15]. In recent years, various relevant depart-
ments have formulated some policies that are conducive to
the sound and sustainable development of the e-commerce
economy according to their different functions. This has made
China’s e-commerce economy more effective [16].

3. Robust Support Vector Machine

3.1. Support Vector Machine, First-Class Support Vector
Machine, and Smooth Support Vector Machine. We have
studied and analyzed nonlinearities in these situations. When
the sample set can be accurately divided by a straight line, there
will be an optimal dividing hyperplane under the condition of
the largest interval. This hyperplane will divide the two different
samples on two sides:

(w-x)+b=0. (1)

The original problem is solved first, and then, the dual
problem is obtained as
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The training sample points are mapped from the original
low-dimensional space to the high-dimensional space to
obtain a new convex quadratic programming problem:
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Using this method, we can solve some nonlinear clas-
sification problems in real life, but, at the same time, there
are difficulties in determining the mapping function. There
are many types of kernel functions, and we also have a lot of
basis in the selection process. In the actual use process, the
following are more commonly used. The linear kernel
function is shown as

K(x,y)=x-y. (5)
The radial basis function kernel function is shown as
~ Ix - yI?
K(x,y)=exp| ——5— ) (6)
20

The sigmoid kernel function is shown as
K (x, y) = tanh[v(x - y)+c]. (7)

The effect of the radial basis function among these kinds
of kernel functions is better and relatively ideal. Therefore,
this study selects the radial basis function as the kernel
function. A type of support vector machine generally only
needs to perform training operations on normal data during
training and is generally used in anomaly detection. This
algorithm is based on the establishment of the optimal
partition hyperplane to achieve classification. The decision
function is shown as

f(x) =sign((w- ¢ (x)) - p). (8)

The sample point with a value of 1 represents a normal
sample, and the sample point with a value of —1 represents
an abnormal point.

The optimization problem is solved first, and then, the
dual problem is obtained as

min - Z(x(x K (x;,x)
o

9)
st.0<a; < 7 Zi:oci =1
Finally, the decision function can be expressed as
f(x)= sign(ZociK(xi,x) —p>. (10)

It can be seen from formula (13) that if you want to solve
the decision function of a type of support vector machine,
you do not need a very accurate mapping function, but only
need to use a kernel function.

The smooth support vector machine is improved on the
basis of a class of support vector machines. It can solve the
constrained optimization problems that cannot be solved in
the traditional class of support vector machines through
smooth technology and can obtain smooth unconstrained
optimization problems.

If « and & are the normal vector and the slack variable
and C> 0 is the compromise parameter, then the nonlinear
classification hyperplane is shown as

3
K(x',A"\Da = b. (11)

& can be rewritten as
¢{=(e-D(K(A,A")Da —eb)),. (12)

The result of the optimization problem obtained by the
smoothing strategy is unique.

The function p(A,1) is introduced to replace A, ap-
proximately. When A — o0, it converges to A,. The ex-
pression of p(A,A) is shown as

p(A,)L):A+%1n(l+e"M),A>0. (13)
(16) can be expressed as
mlin %”p(e - DKDlu,/l)Hz + %Ilulli. (14)
Among 1,0 them,
K= (K(AA"),-1),D1 = (0 D),andu: (b, ).

3.2. Robust Support Vector Machine. M-estimators can be
expressed by the potential function @, and instead of the
regularization term based on the L2 norm in formula (14)
and (15),we can obtain

L(u)

= min §||p(e—DKD1u,A)||§ +%®(u). (15)

Proposition 1. Based on the theory of conjugate convex
function, potential function ® will get a conjugate convex
function ¢:

@ () = min {(u )" - ¢ (v)}, (16)

where v = (vy, v}, v,,)" is an auxiliary variable.

When different ® functions are selected, the minimum
value function v obtained by formula (16) is also different.
According to Proposition 1, it can be concluded that the
optimization problem (18) can be rewritten as
L(u,v)

1
= n}}ﬁl %"p(e - DKDlu,)L)"; + 3 [(u — ¢(v)].

(17)
We solve the optimization problem (20), make the de-

rivative equal to 0, and combine with equation (16) to get
! A

CZ au 1A, +(u; =)

P 1+e

(18)

Let the derivative be equal to 0, and the expression for u
isu = v — h. Therefore, the optimization problem (20) can be

solved through the following iterative process as
-1

6+(u"")

(19)
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TABLE 1: Parameter settings of SSVM and RSSVM on two artificial datasets.
SSVM RSSVM
Dataset
c o C 0 14
Two-Moon 0.001 0.005 0.001 107 0.25
Ripley 0.02 0.01 0.003 1072 0.25

Note. C is the penalty parameter, 8 is the parameter greater than 0, and o is the width parameter.
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FIGURE 1: Classification effect of SSVM and RSSVM on two artificial datasets. (a) Two-Moon. (b) Ripley.

where 7  represents the rth  iteration and
h = (hy, hy,...h,)", v is determined by the potential function
®@; this study selects @ (1) = VO + u? so that the potential
function @  obtains the minimum value of
v(u) = u —u/VO+ u?.u, which is obtained by deriving for-
mula (19).

Both the SSVM and RSSVM methods use Gaussian
kernel functions. The parameters of the two algorithms in
the two artificial datasets are shown in Table 1.

50% of the sample dataset is randomly selected as the
training sample, and the other 50% as the test sample. SSVM
and RSSVM, respectively, conduct 100 experiments in two
types of samples, analyze 100 experimental results, and
obtain the average accuracy of training samples and test
samples. Take this average value as the accuracy of the final
training sample and test sample, as shown in Figure 1.

In this study, the two algorithms are tested on the
standard dataset. The detailed description of the standard
dataset is shown in Table 2.

3.3. A Robust Support Vector Machine. A robust support
vector machine introduces the function p(A,A) to replace
A, approximately. When A — c0, p(A, 1) converges to A,.
The expression of p(A, 1) is shown as

1 oY)
P =A+11n(1+e ™) A>0. (20)

The optimization problem of a smooth type of support
vector machine SOC-SVM is shown as

[ omgh
(21)

M-estimators can be expressed by the potential function
®, and then, replacing the regularization term based on the
L2 norm in Equation (21), we can obtain

(-t

The optimization problem (22) is solved by the semi-
quadratic minimization optimization method.
According to Proposition 1, the optimization problem

(22) can be rewritten as
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TaBLE 2: Information about the standard dataset.

Dataset Number of samples Feature number
Banana 5300 2
Banknote authentication 1372 4
Breast cancer 263 9
Checkdata 345 7
Curie 1 data 35 25
Fertility 100 9
Titanic 24 3
Transfusion 748 4
Planning relax 182 12
Wpbc 194 33

Two sets of artificial datasets are selected to carry out
comparative experiments. The two sets of data are defined as
Line_noise and Square_noise. The experimental comparison
of OC-SVM and RSOC-SVM on the Line_noise dataset is
shown in Figure 2.

The experimental comparison between OC-SVM and
RSOC-SVM on the Square_noise dataset is shown in Fig-
ure 3. We can see from it that, on the two artificial datasets of
Line_noise and Square_noise, the generalization perfor-
mance of RSOC-SVM is better than that of OC-SVM Better.

4. The Internet of Things in the Economic
Application of Big Data e-Commerce

4.1. Big Data Technology Framework in the Internet of Things.
An agreement is a set of standard regulations and re-
quirements, which allows two electronic products to connect
and exchange information with each other. The protocol
makes corresponding specifications for the data transmis-
sion of different devices in a network connection and then
realizes the corresponding functions. They stipulate not only
how to carry out error checking but also how to carry out
other specifications such as compressing data. The main task
of the Internet of Things is to process some problematic
network signals, such as frequently interrupted network
signals and slower network signals. This study introduces a
more appropriate protocol that has been used in the IoT
world.

The AMQP model includes producer, exchange, binding,
and queue. The producer creates the message and then
transmits it to the exchange. If the exchange determines that
the received information meets the binding standards after
analysis, it is transmitted to the queue. The message queue
saves the information and transmits the message to the
consumer queue that has completed the subscription. The
specific principle diagram of the AMQP protocol is shown in
Figure 4.

Before transmitting the established message, the pro-
ducer in the model can set the attributes of the message, such
as the persistence of the message. MRG is an open standard
application message with both high-speed and low-latency
characteristics. MRG also has lasting properties, which
means that even if the broker’s hardware fails, the message
will not disappear and can be restored.

Generally, edge devices are used for data collection in the
Internet of Things. Edge devices refer to devices that often

reside at the edge of the network. Radio frequency identi-
fication is a mechanism that has been used to collect data
relatively early. At the same time, there are more and more
devices that use other mechanisms, including some devices
that use sensors, such as MEMS and mobile phones. The
Internet of Things will be driven by the economic value. At
the same time, the development of the Internet of Things will
not only promote the improvement of social and economic
benefits but also reduce production costs. M2M, or machine-
to-machine technology, refers to the communication be-
tween devices of the same type, which can be wired or
wireless, and then uses applications to capture and transmits
sensor data. M2M generally cannot achieve complex com-
munication and can often only meet the communication
requirements between an enterprise’s own devices. In the
current Internet of Things, M2M technology is widely used
and almost everywhere. It is an important part of the In-
ternet of Things. The M2M terminal bears the responsibility
of connecting the sensing extension layer and the network
layer in the Internet of Things structure. The basic task is to
collect data and process data. The system architecture of the
Internet of Things is shown in Figure 5.

The terminal of M2M technology generally has two
forms: one is a single-node terminal, which is a terminal
device that can not only be directly connected to the tele-
communication network but also has a sensing function; the
other is a sensor gateway, which generally needs to be in-
tegrated transfer data, then process, and store it.

If you want a more suitable method to obtain data on
edge devices, you must have a consistent protocol to achieve
it. However, currently, there is no fully consistent protocol in
the entire field, and only a part of the special field is
implemented. However, at the same time, more and more
IoT standardization organizations have begun to appear and
contribute to the standardization of the Internet of Things,
such as OIC and AllSeen Alliance. Some related standard-
ization organizations and the main research areas of these
organizations are shown in Figure 6

The data of the Internet of Things are obtained from
multiple directions and channels. The versatility of this data
source is also a significant feature of the Internet of Things. It
is precisely because of this universality that the task of data
quality and management becomes more onerous, and
processing heterogeneous data is a very important task.

To achieve the increase in the number of data collections,
it is necessary to have a basic technical framework that
matches it. A powerful framework can not only provide
support in storage and query but also increase the percentage
of effective data obtained. Because the data are not necessarily
in the same network or the same machine, it is very com-
plicated to collect and process the data in different networks
and machines. Therefore, we must pay attention to the re-
search and analysis of distributed data analysis, including how
to conduct high-speed and efficient search and indexing.

4.2. Current Status and Characteristics of e-Commerce Eco-
nomic Development. The beginning of China’s e-commerce
development can be said to be in 1997. Both China’s
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FiGure 2: The classification effect of OC-SVM and RSOC-SVM on the line_noise dataset.

® normal
® noise
—— OC-SVM

(a)

® normal
® noise
—— RSOC-SVM

(®)

FIGURE 3: The classification effect of OC-SVM and RSOC-SVM on the square_noise dataset.

e-commerce and China’s overall economic development are
very fast. The development of e-commerce economy has
injected new vitality into the overall economy, and the sound
development of the overall economy has also given elec-
tronics. Business provides a good development environ-
ment. China’s e-commerce transaction volume ranked
second in the world as early as 2012. Not only the volume of
transactions is large but also the compound growth rate of
e-commerce is even more impressive. As early as 2003, it
achieved a growth of 120%. Although the Internet was
developed by learning from other countries, it is very

important in people’s hearts, especially for the younger
generation. Many e-commerce websites in China are de-
veloping rapidly, such as China Chemical Network, Alibaba,
and Dangdang. Compared with other countries, it has also
achieved better growth. Basically, it can achieve a growth of
more than 30% in all years. From the economic development
in recent years, it can be seen that e-commerce occupies a
high proportion in the economic development of some
relatively backward areas. This paper conducts a study on it,
using the static panel effect model and the dynamic panel
model to carry out a comparative analysis, and found that
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the regional economic gap is not static, but dynamic. The
economic development of e-commerce also has a very
positive effect on the improvement of infrastructure in
relatively backward areas. This way can indirectly enable
some regions with relatively late economic development to
get more development opportunities and narrow the gap
between them and economically developed regions. This also
requires the government to pay attention to the industrial
cluster development of e-commerce economy, focus on
establishing and cultivating some advantageous enterprises,
and continue to strengthen regional construction. The

cooperation between them will strengthen investment in
various facilities, logistics, and distribution in the agglom-
eration area and continuously improve the competitiveness
of the agglomeration area.

In recent years, China’s e-commerce has developed very
fast, and the growth rate of transaction volume has continued
to increase. Especially, in the online retail market, it has
achieved even more gratifying results. In 2012, it has already
achieved a transaction volume of 1,311 billion yuan in the
online retail market. According to the exchange rate at the
time, it was equivalent to 206.8 billion U.S. dollars, and it
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became the country with the largest transaction volume in the
online retail market in 2013. In the online retail market,
Alibaba is an e-commerce website with a relatively large
market share. There will be large-scale promotions on No-
vember 11 every year, and consumers rush to buy. On the day
of the “Double Eleven” event in 2018, the transaction volume
was 19.1 billion yuan, and it increased every year for the next
two years. This allowed people to see the rapid development of
the online retail market. E-commerce is a new economic
situation generated in accordance with the development re-
quirements of the times. It provides an important guarantee
for the rapid and sustainable growth of the overall economy
and is an indispensable part of the overall economy.
Researching and analyzing the survey results of the National
Bureau of Statistics, we can see that, in 2011, it has reached the
level of 0.67 websites on average for an enterprise. Many
traditional retail companies in China have seen the huge
potential of e-commerce and have begun to vigorously de-
velop e-commerce. Since 2012, 60% of China’s top 100 chain
companies have begun to enter online retail. Research and
analysis of the development of e-commerce transactions over
the years shows that e-commerce has some new development
models. However, from the perspective of the retail market,
although C2C is still the main part, the market share of B2C is
also gradually increasing.

4.3. The Influence of e-Commerce Economy on Regional
Economic Development. Before the operation of regression
analysis, the stationarity verification of each variable must be
performed first, so as to ensure that the model will not have
the problem of pseudoregression. Because of the use of panel
data, it is not possible to simply use only one test method.
Therefore, the LLC and PP methods are used to test the
stationarity of the variables, respectively. The test results are
shown in Table 3.

From the stationarity test in Table 4, under the two test
methods, all variables are stable in the 5% significance test.
Therefore, this study determines that there is no false re-
gression problem based on the test results, so the data can be
processed.

According to the analysis of the results of the Hausmann
test, the model test value is 8.23, which means that the 1%
significance test can be passed, so the fixed effects’ model
should not be used. From the regression results of the fixed
effects’ model, the e-commerce economy will have a certain
positive impact on the regional economic gap, although the
impact is not large. At present, there is still a certain eco-
nomic gap between different regions in China, which has a
lot to do with the previous inter-regional economic gap,
which means that the economic gap can be self-adjusted. So,
this study will conduct a dynamic panel model regression
analysis. To obtain more accurate experimental data, this
study conducts regression analysis on the two models. From
the overidentification test and the regression results of the
dynamic panel, the sign of the variable regression coefficient
has been relatively stable, which means that the dynamic
panel model described in this study not only has no over-
identification problem but also has stability. From Table 4,
we can see that different regional economic gaps have the
function of self-regulation. It also shows from another angle
that there is no problem using the dynamic panel model for
analysis. From the regression results of the variables in the
dynamic panel model in Table 4, it can be seen that the
development of the e-commerce economy has a significant
effect on reducing the regional economic gap. According to
the analysis of the relevant regression results of the control
variables, there are many factors that can have a positive
impact on the regional economic gap, such as the level of
economic development and the rate of urbanization. Table 4
shows regression result.
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TaBLE 3: Variable stationarity test.
Variable LLC Is it stable” PP Is it stable?
Intheil —7.9602%** Yes 169.8863*** Yes
Indian —8.2476*** Yes 168.6589*** Yes
Inurban -11.7795* ** Yes 416.0828*** Yes
Ingdp -6.5019"** Yes 87.5478"* Yes
Inroad —8.3762*** Yes 72.4722** Yes

Note. ***, **, and *indicate that they have passed the 1%, 5%, and 10% significance test, respectively.

TaBLE 4: Regression result.

Static panel effect

Dynamic panel GMM

Variable Random Fixed Difference System
Lntheil, — 0.43*** (8.25) 0.37** (9.12)
Indian —0.23"** (=3.62) 0.20 (0.28) ~0.16"* (~1.98) —0.13"** (-4.14)
Inurban 0.12*** (5.20) 0.07*** (4.36) 0.08** (2.21) 0.04* (1.82)
Ingdp 0.48*** (6.83) 0.52°** (8.20) 0.23°** (4.92) 0.35"** (8.45)
Inroad 0.07** (2.46) 0.04™ (2.38) 0.03*** (4.08) 0.04*** (6.30)
Constant term 1.04* (1.87) 1.02* (1.92) 2.53*** (15.94) 2.51%** (20.06)
Hausman 8.23*** —

Sargan test —

268.29"** 424.34* "

Note. The values in parentheses in the table represent the ¢ statistic, and # %%, % %, and * represent passing the 1%, 5%, and 10% significance test.

5. Conclusion

The current Internet can be said to have changed people's
life, and people have enjoyed the convenience of the
Internet in all aspects. In the field of electronic com-
merce, the existing pattern has been relatively mature;
people can use e-commerce software to buy products for
free. However, from the perspective of economic de-
velopment, the existing model pays more attention to
services. Therefore, it is necessary to systematically an-
alyze the data of economic development and electric
power Daqu and also to take certain technical optimi-
zation. In terms of technology optimization, this study
puts forward the idea of Internet of Things and the
technology of robust support vector machine. In recent
years, the support vector machine method has not only
been widely used and promoted in machine learning but
also often used in pattern recognition. The application of
these two fields and their related research are hotspots in
the academic world. However, the traditional support
vector machine has certain drawbacks. The noise in the
original problem will have a great influence on the
regularization term based on the L2 norm, which will
cause the robustness of the support vector machine to
decrease. The higher the robustness of the support vector
machine, the better the effect will be achieved in pattern
recognition and machine learning. Therefore, the re-
search on robustness has been strengthened, and the new
method proposed has obtained a type of support through
some experiments. The robustness of vector machines
has been improved to a certain extent. In recent years,
China's e-commerce has developed very fast, with the
growth rate of transaction volume. It keeps getting
bigger, especially in the online retail market, and has
achieved more gratifying results.
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