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Public hospitals are facing the dual pressure of coping with external medical market competition and performing public health
duties. Due to the influence of various risk factors, public hospitals are facing increasing financial risks. How to effectively prevent
and control financial risks and maintain the normal operation and sustainable development of the hospital is a very important
topic that needs to be studied in the development of public hospitals. Because the traditional principal component analysis method
only pays attention to the global structural features and ignores the local structural features, a financial risk early-warning model
based on improved kernel principal component analysis in public hospitals is proposed to improve the ability of risk assessment.
*e core ideas of the method in this paper for financial risk forecasting are as follows: the nonlinear features of the financial data
are firstly extracted under different conditions, and then the feature matrix and the optimal feature vector are calculated to
construct the distance statistics so as to determines the threshold by kernel density estimation; finally the Fisher discriminant
analysis is used for similarity measurement to identify the risk types. *rough experiments on the financial data of a number of
public hospitals and listed companies, the experimental results verify the feasibility and effectiveness of the method used in this
paper for financial risk analysis. *is further shows that this research has a certain display significance.

1. Introduction

Public hospitals are responsible for the important role of
medical services and carry out medical research, cultivate
medical talents, and respond to public emergencies, which
are characterized by public welfare. With the further
implementation of themedical reform, public hospitals must
continue to expand their scale, accommodate more patients,
improve medical technology and the medical environment,
and increase patient satisfaction to meet the social and
public needs of patients. Public hospitals have the attribute
of public welfare and shoulder the task of rescuing the
wounded [1]. With the continuous entry of private hospitals,
competition in the medical market has become increasingly
fierce. *erefore, public hospitals are facing the dual pres-
sure of coping with external medical market competition
and performing public health duties. Due to the influence of

various risk factors, public hospitals are facing increasing
financial risks. How to effectively prevent and control fi-
nancial risks and maintain the normal operation and sus-
tainable development of the hospital is a very important
topic that needs to be studied in the development of public
hospitals [2].

Financial risk prevention and control is a very important
part of financial management. For enterprises, whether an
enterprise can effectively prevent and control financial risks
not only determines its costs and benefits but also directly
affects its survival and development [3]. *erefore, the re-
search on the prevention and control of financial risks has
long been an important subject, and extensive research has
been carried out from different angles, forming a relatively
perfect theory and method of enterprise financial risk
management, so that enterprises can effectively prevent and
control the occurrence of financial risk. According to the
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public welfare, nonprofit, and other characteristics of public
hospitals, there are obvious differences between public
hospitals and enterprises in the types and causes of financial
risks, as well as in the identification, prevention, and control
of financial risks [4]. In addition, due to the influence of the
long-term traditional medical and health management
system, public hospitals generally have a weak awareness of
financial risk, which not only ignores the prevention and
control of financial risk in practice but also lags behind the
theoretical research on the prevention and control of fi-
nancial risk in public hospitals.

*rough literature research, it is found that the theo-
retical research on financial risk prevention and control is
mostly focused on enterprises. By studying the capital flow
in the whole process of enterprise operation, we can classify
and effectively identify financial risks and then adopt some
effective methods to prevent and control financial risks, such
as financial index analysis method and financial leverage
coefficient method [5]. *ere are very few theoretical studies
on the prevention and control of financial risks in public
hospitals. *erefore, research on financial risk prevention
and control from the perspective of public hospitals can be
helpful to make up for the current theoretical research
deficiencies and enrich the research theories on financial risk
prevention and control in public hospitals [6].

*e content and items involved in the operation and
management of the financial system are very broad [7]. In
the past, the research focuses on how to operate the financial
system of public hospitals, how to reduce the budget, and
how to do a good job in performance management. Based on
the perspective of financial management standards, this
research will summarize the shortcomings of the current
financial system standards implemented by public hospitals
and conduct research on the optimization and reform of the
financial system in public hospitals in the new era and
provide financial support for public hospitals in the new era
[7]. Effectively carry out and provide theoretical support.
Financial risk warning is not only one of the important
means to prevent the occurrence of financial risks but also an
important measure to prevent the outbreak of financial
crises [8]. For public hospitals, before the outbreak of a
financial crisis, effective early warning of financial crisis can
prompt hospital management of financial risks, provide
financial decision support for them, and help management
find sources of financial risks and prevent financial crises.
Victor et al. analyzed the application of linear discriminant
model, multilayer perceptron neural network, and wavelet
network in the prediction of hospital financial risk and
proposed an improved algorithm to select expansion and
translation parameters to produce a wavelet network clas-
sifier with good simplicity features. *e empirical results
show that neural networks and wavelet networks may be
effective alternatives to classic linear discriminant models
[9].

From the above analysis, it can be seen that the hospital
financial evaluation model can be classified as a classification
problem in nature. Traditional classifiers are generally based
on classic statistical methods, such as logit and probit
models. *ese models have the advantages of simplicity and

practicality, but they do not have weak performance on
nonlinear problems. In recent years, the support vector
machine (SVM) [10–12] model based on the VC-dimension
theory and the minimum structural risk principle has
provided a good idea for dealing with nonlinear classifica-
tion problems [13]. For SVM, the essence of its classification
accuracy can be attributed to the kernel function type and
parameter selection. *e existing parameter selection
methods mainly include grid algorithm, performance
evaluation method, and evolutionary algorithm. *e first
two methods are slightly inadequate in dealing with complex
problems, while the evolutionary algorithm using parallel
random search technology is an improvement on the first
two methods. Since evolutionary algorithms have shown
good advantages in solving complex problems and over-
coming the weaknesses of initial value sensitivity and easy
convergence to local optimal values, their application
prospects are becoming more and more extensive. Wagstaff
et al. analyzed the annual financial data of public hospital
and developed a financial distress prediction model based on
the support vector machine with radial basis function
(RSVM) [14]. *e empirical results show that RSVM is
always better than other models in the performance of fi-
nancial risk prediction. Eckel et al. formulate a risk model for
predicting financial risk. *e estimation model combines
accounting data, hospital information, and changes in the
macroeconomic environment, with the purpose of gener-
ating prediction accuracy and practical value. *e results
show that the combination is applied to the financial risk
prediction model to estimate the performance [15].

Most of the research methods are directly based on
experience or directly select the index system, and the in-
significant indexes are not distinguished in the research. In
terms of sample selection, companies in the whole stock
market are often studied, rather than a single industry to
establish a model with stronger applicability. In addition,
these methods often use some models alone, such as logistic
model or SVM model, instead of combining them with
statistical methods. *is paper takes public hospitals as the
object to carry out in-depth research and analysis. In the
research process, a matching financial crisis early-warning
model system was constructed. On the basis of summarizing
the advances and deficiencies of domestic and foreign
scholars on financial crisis and its early-warning research,
the research results of financial crisis early warning have
been used for reference. In order to prevent the correlation
in the financial information from affecting the early warning,
the accuracy has further processed the index data and then a
public-hospital financial crisis early-warning model con-
structed was based on principal component analysis and
support vector machine methods. *en the model is com-
pared with the financial early-warning model based on lo-
gistic regression, BP neural network model, and single SVM
in the empirical research.

2. Related Works

Principal component analysis (PCA) is a technique for data
compression and feature extraction. When dealing with
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multivariable problems, there is usually more or less cor-
relation between variables. Such correlation is equivalent to
information redundancy, which will affect the accuracy of
data analysis [16]. Principal component analysis is just used
to solve such problems. It can transform the original vari-
ables into independent principal components, and each
principal component is a linear combination of the original
variables. *e mathematical model of principal component
analysis is written as follows, where it is assumed that the
sample data is denoted as matrix X:

X �

X11 X12 · · · X1p

X21 X22 · · · X2p

⋮

Xn1

⋮

Xn2

⋮

Xnp

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� X1,X2, . . . ,Xp . (1)

When using statistical analysis method to study multi-
variable problems, too many variables will increase the
complexity of the topic. People naturally expect less infor-
mation. In many cases, there is a certain correlation between
variables. When there is a certain correlation between two
variables, it can be explained that there is a certain overlap
between the two variables which reflect the information.
Principal component analysis is to delete all redundant
variables from the original variables and create as few new
variables as possible to make these new variables irrelevant.
*ese new variables are reflected as much as possible in the
subject information.

PCA is a kind of statistical model. By means of orthogonal
transformation, it transforms several overlapping observations
that are on attributes and removes the correlation between
them and then to obtain a group of variables without corre-
lation. *ese new variables are called principal components
[17]. If there are n observations with p attributes, then the
number of different principal components is min(n − 1, p).
*is transformation is defined as follows: the first principal
component has the largest possible variance, and the variability
of data is considered as much as possible, and each subsequent
component, orthogonal to the previous component, may have
the highest variance under constraint conditions. *e obtained
vector is an uncorrelated orthogonal basis set; and the principal
component analysis is sensitive to the relative proportion of the
original variables [18].

It is assumed that our research object hasm rows of data
and n characteristic dimension, and xij represents the j-th
dimension attribute of the i-th row of data; then X is a
matrix with the size of m × n. *e covariance matrix C of X
can be obtained by the following formula: C � (1/m)XTX.
So the covariance matrix C is a matrix with the size of n × n,
which is also a symmetric matrix. *e diagonal is the var-
iance of each eigenvalue. Because matrix C is a real sym-
metric matrix, it also has some characteristics of real
symmetric matrix. *erefore, we can obtain n linearly in-
dependent nonzero feature vectors e1, e2, . . . , en, which
constitute the feature matrix [e1, e2, . . . , en]. In other words,
we can have ETCE � diag(λ1, λ2, . . . λn). Suppose that the
process of eigenspace transformation can be expressed as
Z � XU; matrix D can be substituted into the expression to

obtain D � (1/m)ZTZ � UTCU. *at is to say, U � E, which
means that U is the matrix composed of feature vectors of
matrix C. Every value on the diagonal of matrix D is the
eigenvalue of matrix C. If we rank the eigenvalues of matrix
D from large to small, rank the eigenvectors from left to
right, and then take the first k of them. *erefore, after
compression transformation (Z � XU), the data matrix Z
processed with dimensional reduction can be obtained [19].

3. Improved Kernel Principal
Component Analysis

*is paper combines the advantages of both kernel principal
component analysis and kernel locality preserving projec-
tions. *e idea of kernel locality preserving projections
which are to preserve local structure is integrated into the
objective function of kernel principal component analysis.
*erefore, an improved kernel principal component analysis
is proposed in paper, so that the feature space obtained
during feature extraction can not only retain the global
structure of the original data set but also have similar local
structure with the original data set [20]. It overcomes the
shortcoming that the traditional kernel principal component
analysis only focuses on global structural features and ig-
nores local structural features. However, it is difficult for the
two objective functions to be optimal at the same time. To
solve this problem, parameter η is introduced to balance the
two objective functions. *e optimization objective of the
improved kernel principal component analysis is defined as
follows:

J(α) � ηJglobal(α) +(η − 1)Jlocal(α)

� ηmax
α

αT
Cα − (η − 1)min

α
αT

Lα

� max
α

αT
Cα − (η − 1)αT

Lα 

� max
α

αT
(ηC − (η − 1)L)α

� max
α

a
T
Mα,

(2)

where M � ηC − (η − 1)L, αTKα � 1, and 0≤ η≤ 1.
In order to optimize the above objective functions, we

must realize that different objective functions may have
different scales and convergence rates. *erefore, an ap-
propriate parameter η should be chosen to unify the scales of
the objective functions and make them have the same
convergence rate. In fact, the optimization problem of the
objective functions is finally transformed into a feature-
vector problem [21]. Since the iterative search strategy is not
adopted and the convergence rate is not involved here, only
the scale differences between two subobjective functions
need to be considered. Inspired by literature [7], the scale of
Jgloble(α) and Jlocal(α) is defined as follows:

Jgloble(α) � ρ(α);

Jlocal(α) � ρ(α),
(3)

where α is the spectral radius of the correlation matrix. In
order to unify the whole situation and keep local structures
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have different scales, the following equation is defined as
follows:

ηSglobal � (1 − η)Slocal, (4)

where the parameter η can be solved as follows:

η �
ρ(L)

ρ(C) + ρ(L)
. (5)

When the value of η is determined, the Lagrange factor
method is used to solve α. In order to maximize
αTMα − λ(αTKα − 1), α is derived and it is made equal to 0,
so Mα � λKα can be finally derived.

*erefore, the improved kernel principal component
analysis is transformed into the generalized eigenvalue of
equation (6). In order to solve the nonsingular problem, the
regularization method is introduced. *us, in equation (6),
λK + βIn will replace K, where β is a very small positive
integer and In is a unit matrix with the size of n × n.*en, the
eigenvalues λ1, λ2, . . . λn arranged by size and the corre-
sponding feature vectors α1, α2, . . . αn are obtained, and then
the projection matrix A � [α1, α2, . . . αn] is obtained.
According to the energy retention rate c (usually more than
85%) after feature extraction, 

d
j�1 λj/

d
j�1 λi ≥ c is required.

*e feature vectors α1, α2, . . . αn corresponding to the largest
d eigenvalues [λ1, λ2, . . . λn] are selected to form
A′ � [α1, α2, . . . αn]. In addition, the use of the improved
kernel principal component analysis involves the decen-
tralization of the kernel matrix K.

4. Fisher Discriminant Analysis

Fisher discriminant analysis (FDA) is a kind of pattern
classification method that can reduce the dimension of
eigenspace, which is obtained by determining the linear
transformation of the maximization of interclass dispersion
and the minimization of intraclass dispersion [22]. It can
separate all kinds of data to the greatest extent. Given that
X ∈ Rn×m is a data set composed of n samples and m
measurement variables, which includes p-type data, and nj is
the amount of j-type data, let Sa be the intraclass dispersion
matrix and let Sb be the interclass dispersion matrix. *e
intraclass dispersion matrix is Sa � 

p
i�1 Si, where

Si � xi∈xj
(xi − xj)(xi − xj)

T. xj is the set of vector xi of
class j and xj is the mean vector of class j. *e interclass
dispersion matrix is sb � 

p
i�1 nj(xi − xj)(xi − xj)

T, where
x � 1/n 

n
i�1 xi is the mean vector of the overall samples. We

used the fisher discriminant analysis method to find the
optimal projection vector for the following objective func-
tion (i.e., Eq (6)) so that different types of data can be
separated as much as possible. Its objective function can be
written as follows:

J(f) �
f

T
Sbf

f
T
Sαf

, (6)

where f is the optimal projection vector. *e following
generalized eigenvalue problem is solved: sbf � λsαf. *e
equation can get n eigenvalues and n corresponding feature

vectors. Take the feature vectors corresponding to the first s

eigenvalues as the feature matrix F, and take the feature
vector corresponding to the largest eigenvalue as the optimal
feature vector. *e greater the difference between the input
data sets is, the better the classification effect of Fisher
discriminant analysis is. Because the process data objects are
usually high-dimensional and noisy, feature extraction is
often first used to map the original input space to the feature
space, and the effect of feature extraction will directly affect
the performance of the classifier. As a feature extraction
method, the improved kernel principal component analysis
takes into account the global and local structural features of
the data sets, which can better maintain the difference in-
formation between the data sets. Taking the extracted feature
information as the input of the classifier can improve risk
assessment ability. In this paper, the improved method
extracts the nonlinear features of the financial data under
different conditions, calculates the feature matrix and the
optimal feature vector, constructs the distance statistics,
determines its threshold by kernel density estimation, and
uses the similarity measurement to identify the risk types.

5. Experimental Results and Analysis

5.1. Data Sources. Our proposed sample is from public
hospitals in Beijing. Due to the limited financial data of these
hospitals, this paper also selects the financial data disclosed
by listed companies for analysis. *e financial crisis early-
warningmodel constructed in this paper needs to predict the
future financial situation of public hospitals through the
financial data from previous years, so it needs to determine
the positive and negative samples for research. All samples
are divided into training samples and test samples. Fisher
discriminant model is trained by training samples, and
prediction ability of model is tested by test samples.
*erefore, this paper selects the financial data from 10 public
hospitals and 8 listed companies. *e data of all samples are
processed by the same preprocessing method.

5.2. Data Preprocessing. *e data needs to be processed
before it can be used. In this paper, the commonly used z-
score method is used to preprocess the data, whose specific
formula is zij � (xij − xj)/var(xj). *ere are 19 financial
indicators selected in our experiment, but, in fact, not all of
them are valuable to the early-warning model. Only those
indicators with significant differences in financial crisis
categories are worth keeping, while others should be dis-
carded.*erefore, we need to test the significance of these 19
indicators. Since the distribution of these sample data form
public hospital is not known, it should be determined by the
nonparametric test method Kolmogorov Smirnov test (K-S
test).

5.3. Qualitative and Quantitative Analysis. Before the
principal component analysis of these indicators, we need to
complete Bartlett spherical test and KMO test, which are to
test the applicability of the principal component analysis for
our financial samples. When the value of KMO is close to 1,
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it means that the correlation between variables is stronger, so
the principal component analysis is suitable. *e closer the
significance of Bartlett’s spherical test is close to 0, the more
suitable the principal component analysis is. *e test results
are shown in Table 1. It can be seen that KMO value is 0.657,
greater than 0.5; Bartlett’s approximate chi square is 765 and
the degree of freedom is 55, and the significance level is
0.000, which means that there is a linear correlation between
these indicators and the principal component analysis is
suitable for dimension reduction. *e analysis results are
shown in Table 2. We extract four principal components
from 11 financial indicators, and the cumulative contribu-
tion rate of these four principal components is about 85%,
which means that most of the information of the 11 financial
indicators is included. *erefore, this paper uses these four
principal components instead of 11 financial indicators.

*e principal component score coefficient matrix
obtained by principal component analysis using SPSS is
shown in Table 3, where the curve of contribution rate is
shown in Figure 1. According to the score coefficient of
principal components, F1 is mainly determined by fi-
nancial indicators such as return on assets, net profit rate
of total assets, return on net assets, operating profit rate,
and cost profit rate. *erefore, F1 actually measures the
profitability of the public hospital. F2 is mainly deter-
mined by such indicators as asset liability ratio, long-term
debt-to-equity ratio, and capital value preservation and
appreciation rate, which indicates that F2 mainly mea-
sures the public hospital’s debt repayment and capital
preservation ability. F3 is mainly determined by current
ratio and quick ratio, which indicates that F3 mainly
measures the public hospital’s short-term solvency. F4 is
mainly determined by the turnover rate of total assets and
the rate of return on net assets, which shows that F4
comprehensively measures the liquidity of the public
hospital’s assets and the earning capacity of its own
capital.

When the risk is successfully detected by the system, the
type of the risk needs to be judged. *is paper uses the risk
similarity measurement to identify the type of the risk. First,
the risk assessment thresholds are determined; 480 groups of
training data of each type of risk (a total of 21 kinds) are
established with assessment models to obtain the optimal
eigenvectors of each type for financial risk in public hospital.
*e optimal eigenvectors are used to establish a historical
risk evaluation database, and, based on it, the similarity
coefficient between the optimal eigenvectors of various risks
is calculated. Finally, the evaluation threshold of each risk is
calculated. *e threshold of each risk represents the mean
value of similarity except the current risk itself, which is
shown in Table 4. It can be seen that the similarity coefficient
between the optimal eigenvector of the risk in the financial
data and the optimal eigenvector of the risk in the database is
the largest, and it exceeds the risk assessment threshold, so
the risk type of the assessment system is consistent with the
actual situation.

For visualizing the proposed method that has better risk
identification effect, nine kinds of risks are selected from
Table 1. *e optimal eigenvectors of corresponding data sets

are selected from the risk database, and the similarity co-
efficient between the eigenvectors of each test data set and
the eigenvectors in the risk database is obtained. It can be
seen from Figure 1 that the proposed method can identify
various risks. Figure 2 shows risk probability for different
risk categories.

Table 1: K-S test results.

Indicators P value
Current ratio 0.010
Quick ratio 0.013
Interest cover 0.093
Current liabilities 0.346
Asset liability ratio 0.006
Long-term debt-to-equity ratio 0.034
Accounts receivable turnover 0.243
Inventory turnover 0.287
Accounts payable turnover 0.135
Total assets turnover 0.008
Return on assets 0.021
Net profit rate of total assets 0.003
Return on equity 0.001

Table 2: KMO and Bartlett test results.

Kaiser–Meyer–Olkin measure of sampling adequacy 0.65875

Bartlett’s test of sphericity
Approximation chi square 758

Degrees of freedom 56
Significance 0.00001

Table 3: Contribution rate and eigenvalue for principal
component.

Components Eigenvalues Percentage Accumulation
contribution rate

1 4.4252 45.2547 45.2547
2 3.1254 18.2452 63.4999
3 1.2589 14.2524 77.7523
4 0.8957 10.2658 88.0181
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Figure 1: Curve of contribution rate for different components.
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6. Conclusion

*is research aims at predicting the financial risks of public
hospitals. When the forecast results show that there is a risk,
an early-warning message is issued for the hospital to warn
the hospital of the financial crisis. In order to improve the
effectiveness and accuracy of financial forecasts, this paper
introduces the PCA method. Since the traditional PCA
method only pays attention to the global structural features
and ignores the local structural features, this paper proposes
an improved PCA. *e core idea of the improved PCA is to
combine traditional PCA and kernel locality preserving
projections. *e idea of kernel locality preserving projec-
tions which are to preserve local structure is integrated into
the objective function of kernel principal component
analysis. *e improved PCA method can focus on not only
global structural features but also local structural features,
thereby improving the accuracy of prediction. In order to
verify the feasibility and effectiveness of the theoretical
analysis of this article, this article uses the financial data of a
number of Beijing public hospitals and listed companies as
experimental data. *e experimental results show that the
method in this article can predict financial risks. Compared

with other forecasting methods, this method has certain
advantages in terms of forecasting accuracy. *e follow-up
work is to continue to optimize the model, improve the
accuracy of the prediction, and increase the running time.
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