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Abstract

economic development in the future.

Foreign direct investment could not only provide funds to host countries, but also pr
view of this, research on the effect of foreign direct investment on the regional econemi
wireless network technology is studied. Firstly, the research on the sequence d
abnormal mining model based on incomplete data and the filling algorith
filling effect analyzed. Finally, the algorithm was used, the results are analyzed, a
improved. Through the example analysis, the data mining algorithm wa
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1 Introduction
Foreign direct investment (FDI) makes up for t

ogy and technology spillover way such
of resource allocation efficiency of t
promote its economic growth [1].
conducted an empirical study on
tween FDI and China’s econogai
of the conclusion is that the la
investment has providedgs

s for China’s eco-
of foreign trade [2].
cpening up is progressing
% has attracted a lot of for-
its geographical advantage,
ilt. Moreover, the rapid develop-

his has led to a huge increase in the imbalance
between China’s regional economic developments over
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pisst 30 years. For China’s regions, FDI is an import-

ource of funds for regional economic development.
s role is not only to solve the problem of lack of funds
in regional economic development, but also to solve the
indirect effects that come with it. And with the distribu-
tion of foreign direct investment in China, this kind of
unbalance characteristics on the regional capital forma-
tion and economic growth, industrialization, and foreign
trade and the influence of regional employment and
technological innovation makes the very big difference
[3]. Therefore, the research on the effect of foreign dir-
ect investment on regional economic growth in China is
conducted based on wireless network technology.

2 State of the art

Nowadays, the world is an era of rapid information
development, and the Internet has rapidly gained access to
people’s daily life. The wireless network with its quick, con-
venient, flexible, and efficient characteristics is closely
related to people’s lives [4]. With the wide application of
802.11g/b standard, the development trend of the new gen-
eration of wireless network is larger, faster, and wider. As a
result, wireless access is coming, and the wireless network
will have a bright tomorrow [4]. The wireless network sup-
porting the communication between the computer tech-
nologies is wireless multiple access. This kind of wireless
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multi-access technology provides technical support for the
mobility, personalized setting, and application of multi-
media technology in daily communication [5]. Generally
speaking, a wireless network is a computer network system
that USES wireless transmission medium. A wireless net-
work is a combination of wireless communication technol-
ogy and computer network. At the same time, a wireless
network is an important symbol of the vertical develop-
ment of network technology in the twenty-first century [6].
The appearance of wireless network makes up for the
shortage of wired network. With its own advantages, the
wireless network has developed rapidly. The main features
are as follows: reducing the impact of the environment on
network laying: it is often very difficult to lay a wire
network in the complex regional and urban complex. The
emergence of wireless network simplifies network con-
struction and thus expands the network area. Flexible net-
work, quick economy: wired networks are difficult and
inefficient for changing workplace and field operations,
and building a wireless network is convenient for the
economy [7].

3 Methodology
3.1 An overview of abnormal mining models based on
incomplete data

It is distinguished from the traditional practice i
literature in this paper and generalized incompl
of the missing model of matrix Z = (Y, X) tha

sence analysis of the matrix or re
For example, some scholars have a

he algorithm of matrix Z
which can solve the single

, in the first place, the EM algorithm and
yorithm to deal with missing data are extended to
the situation of mixed deletion, namely Z=(Y]X).
According to the deficiency of EM algorithm and ML
algorithm, the RE algorithm is proposed according to
the incomplete data filling theory of Weisberg. Then, the
clustering analysis is carried out by the mining initial
subset of the forward mining algorithm, and the condi-
tional mean and covariance of the EM algorithm are
simplified. In this way, we can excavate the initial subset
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more quickly and obtain the improved forward mining
algorithm with good effect. The research shows that the
method of anomaly mining based on incomplete data is
effective and feasible.

3.2 Mixed missing fill algorithm
The mixture of the missing filler algorithm c

the EM algorithm, we set Y=y +¢=
Y is the n x 1 response variable, a

[ algorithm like that. Let Z = (Y, X) obey the multi-
normal distribution, namely:

)

Zi(ys) ~ No (. ) (1)
Among them:
() e

And in the matrix Z = (Y; X), Zos is the known value,
and the logarithmic maximum likelihood function of
parameter 6 = (i, ) is obtained in E steps:

Q<6/9<H)) = E[ 1ogf (Zobs, Zmis/0)/ Zobs 9(:—1)}

/ logf(ZObS7 Zmis/g)f (ZmiS7 Zobs/a(l_]))dzmis
Zmis

— [ 1080, ¥ /0)f (Zue Zu /6 ) 2o
Zomis
(3)

where is the estimation of the parameter 6
obtained by the ¢ - 1 step iteration. Q(8/6" ) represents
the logarithmic maximum likelihood function of param-
eter @ in 8“~ V. So that is the conditional expectation of
logflZobs) Zimis/0) in 6%V and Zows fU) is a probability
distribution function. In the following M steps, the
expectation function Q(0/6“ ) is maximized to obtain
the estimation 68 of the parameter @ of the ¢ step
iteration.

g(t -1)
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0% = arg maxQ(G/ﬁ(H)) (4)

And then we use the new maximum value of 8“ to up-
date the 6“*Y in the conditional prediction distribution.
By (1)-(5.2), the estimation 0%+ of the parameter 6 of
the ¢ +1 step iteration is obtained. Repeat this algorithm
until convergence. After convergence, we will converge 6
as the estimate of parameter 6. As for the convergence of
EM algorithm, there is a lot of literature on it. The follow-
ing are the specific steps of EM algorithm for matrix Z
= (¥, X): Because the EM algorithm is implemented by
iterating and updating 6 until convergence. Therefore, the
key of the algorithm is to establish the relationship for-
mula between 8¢~ and . Let us start with 6© as the
initial value of 0= (4, Y). Let us say /i, is the estimate of
the ith element of y that we get at step £. & jk, is the esti-
mated value of row j, column &, of X for step £. According
to the formula of Atkinson and Cheng, the relationship
formula between 6%~ and 6% is obtained (5)—(6). Where
(5) and (6) are the estimates of 4 and X in 6% for the ¢
step:

Hip = Zzipt—l/”h i=1,.p (5)
i=1

Among them:

Zﬂgt-l = E<Zi//Zobs,i7 G(H)) i
=27 Zik

)) Zij, Zix Unknown
n i=1.nj=1.p

(8)

tional covariance matrix i,;t,l of group I data in the
iteration of the ¢ -1 step. For (7) and (8), if the conven-
tional calculation method involves complex integral cal-
culation, it is undoubtedly very tedious. In order to
simplify the calculation, set y as the m dimension vector,
y1 as the p dimension component, y, as the g dimension
component, y~N(u,V), V>0, where y is mean, V is co-
variance matrix, and:
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]

Zikt = i (Zi/,z—l—ﬂ,v,v,t_l) (Zik,t—l_ﬁkyz-l) + 2j,/«,t—l B
=1
=1,..p
(6)
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_(n _(# _(Vu Vi

- ) - 9 V= 9
’ <3’2) “ <P‘2) (V21 V22> ®)
The conditional distribution of y; at a given y, is

normal, and the conditional mean and conditional
covariance are:

E(/y,) =ty + Vi1V (-t45)

Vi /y,) = Vi-VuVy

0

x) 1l

We apply the above results for fach observi:d value of
OQ

missing variables (i.e., each ro e matrix Z). So you
just reorder the vectors of matrix Z, and
you put the unknown ti ether as y; and the
known quantity as y¢ condjaonal expectation (7)
and the conditional ¢ova (8) can be obtained by
ements in the mean 4 and
: Set Z; , as the ith row vector

servation ange the elements of Z; , according
to the mis dition of line I. Let Z} be the compo-
ent of the\unknown vector, and Z? as the component

known vector. After finishing, we get the follow-
ula (i=1,...p):

z! 7
Zi,t = (ZzZ ) yHip = (ﬂ%ﬁ 7Zi7t
_(Zh =z
= | 21 22
X, Iy

where y; , and X; , are arranged in the order of the ele-
ments of Z] and ZZ, and the vectors obtained by the
rearrangement of 4 and X are obtained by iteration of
step t. That is:

(12)

-1
E(Z})Z2) = by + 22 (38) (Z2-42,) (13)

Cov(2}/22) = uly + 22 (22) 22! (14)

Then, the missing value will be filled into the matrix
Z, and the covariance will be rearranged in order of the
original columns. The advantage of (13) and (14) is that
the missing value of a set of data can be estimated rap-
idly each time, which is better than (7) and (8); only one
missing value is estimated at a time, and the calculation
is simple. Iterative calculation is (5), (6), (13), (14), and
until 8“ converges. In the case of convergence, we fill
the matrix with the estimated value. The conditional
covariance matrix of group i data is also represented by
C. The regression parameters 8 and s are obtained by
the following transformation:
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A B LoaT. 5 & e-le missing element of the ith row j column of search to
By = Za 2y By = Pyl 02 = 022 Dy (15) matring. Then, we look for point]Z,', « Content:

For ML algorithm, we can also extend Atkinson’s ML
algorithm to the mixed missing mode, namely the miss- R (Zi,kaZi,j) = Z‘rg‘zzix_R (Zi,l»Zi,j) (19)
ing mode of matrix Z = (Y, X). Set Z,;, as the set of the e
known values, Z,,;; as the collection of missing values,
and the posterior density of total Q can be written as
follows:

where R(Z; 1, Z; ;) is the correlation coeffici
k and j columns in matrix Z. It is generally a
R(Z;, 1, Z;, j) is better than 0.5. Establish the linea
tion between the k column and the j c

h(Q|Zobs) = /g(Q|Zobs,Zmis)f(zmis|zobs)dzmis

(16) Lj= By + Lh (20)
where f{-) is the posterior density of the missing value. L; is the j column elem n the k column
g(+) is the posterior density of the complete data of. Ac-  element. (B, 31) is the £sti ameter. According
cording to previous literatures, it is easy to obtain the to the regression eq nd th¢'’known value Z; 4, we
following formula (replace Y with ¥): get the estimate of Z; ;. is way, repeat the above
steps to fill in # her missing values, until the filling

S . .
b — (1% _lAf’,l —1,.5b= bi/s, 17 is complete. A hole matrix. Then we com-
! (Xl Xt) X Z 1/ (17) pare the_actual € st of four methods: EM algorithm,
ML algo E aigorithm, and variable. The matrix X

is generat the multiple normal distributionN(O,
Z l(/\'l X t / s,B .

6,8,10) ande;~N(0,0.51,). The matrix Y is ob-
by the linear model, and the matrix Z=(Y;X) is
ed. The sample size is n =50 and 100 respectively,
d we randomly generate two sets of data. Then, the el-

In order to obtain the estimated parameter, ments of 10%, 20%, 30%, and 40% of the matrix Z are
the covariance estimation of the paramete be o randomly missing, and the parameters and real values
tained through Eq. (16). The biggest dis f EM  obtained by various algorithms are compared. In order
algorithm and ML algorithm is that elies  to better compare the effect, we give the median esti-
on the specific distribution of obse . Accord- mate used by Atkinson. On the filling of mixed missing
isberg, we  data, the EM algorithm is undoubtedly the best, and the

(bl B) (bi-b)" /(s-1), var(b)
—LI+S+IB )

proposed that the RE algorith i ers the mixed ML algorithm is better in the estimation times. Through
missing situation. Here are the\sps algorithm steps:  computer simulation, we believe that the ML algorithm
let us say Z; = (Zobs, » A),Z; 15 the ith row vector of can achieve better results after 10 steps. Too many
matrix Z. Zgps, ; iS4 : ent of the reconstituted times, because the increase in the estimation error may
component of t alue. Z,, ; is the component  reduce the estimation effect, it is easy to see that in the
of the unkno . Sea Xh for missing values by row  above algorithm, the median estimation method is the

ost relevant points. Set Z; ; as the  least accurate. Although the RE algorithm is not as

100
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Fig. 1 1-30th observation studentized residual figure
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Fig. 2 22nd observation studentized residual figure

effective as the EM algorithm, it is easy to perform and
better than the median estimate.

4 Result analysis and discussion

4.1 The example analysis

Considering the lack of the mixture, that is, the absence
of matrix Z = (Y, X), the random deletion of 10% of th
data are studied in the previous literatures. When
searching the initial subset, the variance is estimatéd .as

62 =3.1421e-004. Figures 1 and 2 are all 30 obser

sidual error:

It can be seen from the figure th
uals of the 29 and 30 observation
from (-2, 2). In the 1-28 obsg
the twenty-second observatio
tween (-2, 2). When the

ers. From the position of
abnormal points can be

med by Atkinson and Cheng.

4.2 Improvement of an abnormal mining algorithm
When the initial subset is excavated, cluster analysis is ap-
plied to classify the observation points into several classes

Table 1 Parameter estimate and testing

Bo B B
17489 05097 —0.2959

F()
145123

Ry
02197

ing of/forward mining algorithms.

xich result can be achieved with

, then a point can be selected randomly from
ass. In this way, the number of representative point
/hich is s <m p <n (since, in most cases, s is signifi-
cantly less than n. Therefore, it is possible to combine
lustering with forward search to simplify the initial subset
of search). The new design matrix X and Y are formed
according to the selected points, and the forward mining
algorithm is used to find the initial subset. The results
below show that the improved results are surprisingly
good. According to the 100 data cited by Andrzej and
Kosinski, the first 60 observation points are the “good”
data observation points that we need for the regression,
and the mean value is the binary normal distribution of
1 = po = 0;0% = 03 = 40; p = 0.7. The last 40 observation
points are the “bad” view points of the regression, which
are the abnormal points, which are the binary normal dis-
tribution of p; = 18,4, = -18;02 =05 =1;p=0. Its
results are shown in the following Table 2: Among them,
without clustering, 1 = 1-60; 1 = 61-100 after clustering.
Figure 3 shows the residual and regression images
obtained after 1000 searches without cluster analysis. It
also show that graph of the total student’s map of 100 ob-
servations, the student’s map of the first 60 observation
points, the student’s map of the last 40 observation points,

Table 2 Contrast of parameter estimate and testing

Bo B F( R
Before clustering 2.0863 -08767 10.762 0.0238
After clustering 0.2099 0.7908 12034 09762
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time for exceptional mining, which is particularly important

10 in large databases. In conclusion, this paper generalizes the
existing methods of the literature to the situation of mixed
deletion, studies various filling algorithms, proposes the RE

E algorithm, and compares the filling effect with the simu-
.= lated method. The conclusion is very encouraging. Ja this
o paper, the process of forward mining al i
3 improved.
2 Ar 5 Conclusion
2 6t Foreign direct investment had a p
8t ployment in China, especially the ]
e with foreign investment whic
'10() 10 20 30 40 50 60 70 80 90 100 bution to China’s employ: g to the study,
Observation Number due to the “dual” char hina’s economy, the
Fig. 3 60-100th observation studentized residual figure underdeveloped mid hinterland needs more capital
of various abilities hat China needs to do in
and the regression scheme of all the data. According to  the future is ct FDIto the central and western
the judgment, the first 60 observation points are the regions and rfow Jeat a. The study is based on statis-
wrong conclusions of the observation points. tical analysis, whi hy we have chosen to rely on the

Figures 3 and 4 are obtained after applying cluster ana-  statistical
lysis. From the figure, it can be seen that the first 60 obser-  istical tech
vation points after the application clustering analysis are
good observation points and then 40 points are the correct
conclusion of the anomaly points. Moreover, the student
of the first 60 points had the scattering phenomenon
the observation subset number exceeded 60. The b
of abnormal points can also be determined by

iques’in the data mining in the field of stat-
the series excavation and the anomaly
excavation, the clustering and the visualization, the missing
d the interpolation, the risk and the prediction, and
he studies herein are based on a linear regression

71. And introducing the abnormal mining model based
incomplete data, finding that the incomplete data min-
h ng algorithm could estimate the abnormal and the actual

Look at both F(J) and Ry, although both F(J) j value is very close to the lack of outliers which can unearth
Fy95(40,100 - 40 - 2) ~ 1.58. But when [ is  them and can be used to analyze the regional economy.
bigger and R;=0.9762 is closer to 1. oints  And in this case, the filler algorithm that is going to be

after V are abnormal. Through the ali \ve 1mpr vement, it talked about is going to reduce the error value of the data.
In particular, the prediction accuracy can be further im-
nomaly mining  proved by two-step prediction and the modified algorithm
ining algorithm  based on anomaly mining.

forward mining algorithm pro
results. This is exactly what the
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30
25
20
15

Funding
The study was supported by “Hunan Innovation Platform Fund Project”(15
k112).

Author’s contributions
HYZ made a great contribution to the FDI of wireless network technology.
The author read and approved the final manuscript.

Author’s information

HY Z, Master of Economics, Associate professor. Graduated from Hunan
University in 2006. Working in Shaoyang University. He research interests
include Regional economy and low carbon economy.

-5

* 5 #F
-10¢ - Competing interests
15 ) * ) *x ) ) The author declares no competing interests.
-30 -20 -10 0 10 20
X2 Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Fig. 4 Regression




Zeng EURASIP Journal on Wireless Communications and Networking (2019) 2019:39

Received: 19 August 2018 Accepted: 23 January 2019
Published online: 18 February 2019

References

1.

2.

3.

S. lamsiraroj, The foreign direct investment-economic growth nexus. Int.
Rev. Econ. Finance 42(2), 116-133 (2016)

N. Baklouti, Y. Boujelbene, Foreign direct investment-economic growth
nexus. Acta Univ. Danubius Oeconomica 4(3), 678-934 (2016)

Y. Su, Z. Liu, The impact of foreign direct investment and human
capital on economic growth: evidence from Chinese cities. China Econ.
Rev. 37(2), 97-109 (2016)

EK. Agbloyor, A. Gyeke-Dako, R. Kuipo, et al, Foreign direct investment and
economic growth in SSA: the role of institutions. Thunderbird Int. Bus. Rev
58(5), 479-497 (2016)

P. Hlavécek, B. Bal-Domanska, Impact of foreign direct investment on
economic growth in Central European countries. Eng. Econ. 27(3), 67—
93 (2016)

M.S. Hossain, Foreign direct investment, economic freedom and economic
growth: evidence from developing countries. Int. J. Econ. Finance 8(11),
103-200 (2016)

T. Sunde, Foreign direct investment, exports and economic growth:
ADRL and causality analysis for South Africa. Res. Int. Bus. Finance 41(2),
434-444 (2017)

M. Kumar, Y. Mao, Y. Wang, et al,, Fuzzy theoretic approach to signals and
systems: static systems. Inf. Sci. 418, 668-702 (2017)

W. Zhang, K. Thurow, R. Stoll, A context-aware mHealth system for online
physiological monitoring in remote healthcare. Int. J. Comput. Commun.

Control 11(1), 142 (2015)

Page 7 of 7

y
Xe

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Introduction
	State of the art
	Methodology
	An overview of abnormal mining models based on incomplete data
	Mixed missing fill algorithm

	Result analysis and discussion
	The example analysis
	Improvement of an abnormal mining algorithm

	Conclusion
	Abbreviations
	Funding
	Author’s contributions
	Author’s information
	Competing interests
	Publisher’s Note
	References



