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ABSTRACT: In this study, we employed data mining to
accurately evaluate the failure rate of secure computers,
providing valuable data information for our decision-mak-
ing layer. This technique is beneficial not only for our
decision-making but also for the long-term operation of
our systems. Through in-depth analysis, we discovered
inherent connections among various failure events and
their mutual impacts. These findings contribute to  a
deeper understanding of common cause failures in se-
cure computer systems and prepare for enhancing their
security. Establishing a robust information system is
essential to meet the increasing demands, especially in
the complex internet environment where secure digital
computer systems face ever-growing challenges.
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1. Introduction

With the rapid progress of technology, secure computer
operating systems have become increasingly prominent
[1]. They are the core of the business world and the
foundation of various industries such as politics, military,
and medicine. However, due to their complex architecture
and continuous risk factors, they still face severe
challenges, such as hardware damage, software crashes,
and human operational failures [2]. With the advancement
of science and technology, more researchers are
dedicated to developing more advanced, secure computer
operating systems to ensure their stability and reliability
[3]. Data mining is an important component of these efforts
as it can effectively reveal complex information and better
assess different risks. “Common cause failure” describes
a set of complex, closely related failures that significantly
negatively impact overall operations, reducing the overall
efficiency. To improve the operational status effectively,
we need to conduct  in-depth  research on all failures to
identify their root causes, make targeted improvements,
and enhance overall stability and reliability. This study
aims to develop a new approach to calculate the common
cause failure score and evaluate the security performance
by comparing the results of different systems. For this
purpose, we collected failure event data from secure
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computer systems. We used data mining techniques,
such as association rule mining and decision tree mining,
to explore the characteristics of these failure events [4],
to achieve more accurate results.

Through in-depth research, we discovered complex rela-
tionships among various failure events and established a
decision tree to describe these relationships. To better
assess the impact of failure events on system security,
we proposed a new calculation method, the common
cause failure score. Through comparative analysis, we
can identify key failure events in the system and take
effective measures to improve the security performance
for optimal operation. This study enables a profound un-
derstanding of common cause failures in secure computer
systems, providing effective decision references for sys-
tem managers. By comparing the common cause failure
rates of different systems, we can discover differences in
their security performance, offering strong guidance for
selecting systems with better performance [5]. Protect-
ing system stability and reliability is crucial, especially in
today’s complex network environment, as secure com-
puter systems face increasing threats and challenges.
By accurately evaluating and comparing common cause
failures of secure computers through data mining tech-
niques [6], their stability and reliability are greatly im-
proved, making them a new technological means. Fur-
thermore, this technology can help companies more ac-
curately identify hidden dangers and take corresponding
measures to prevent these risks, further enhancing secu-
rity.

2.  Related Work

In recent years, the research field of secure computer
systems has made considerable progress, from common
cause failure analysis to system performance evaluation,
employing various methods and techniques to significantly
enhance the stability and reliability of secure computer
systems. This section will delve into some important con-
tent related to FTA. FTA (data mining, data integration,
data modeling) is widely applied in security reliability as-
sessment, effectively identifying system problems and
providing valuable information for decision- makers [8].
Although traditional fault tree analysis methods can ex-
plore system structural  characteristics from a single per-
spective [7], they fail to capture the complexity of various
failure events. Therefore, more powerful measures are
needed to delve into these complexities, such as using
association analysis to better analyze the mutual influ-
ence of various failure events and protect network stabil-
ity. A  new study utilized association rule mining to ex-
plore the connection between hardware failures and soft-
ware defects in secure computer systems. The results
show that using this technique can discover their connec-
tions [9] and reveal their internal linkage, exposing their
common causes. Neural network technology has been
widely applied in various fields, and it is known for its
ability to  learn and process complex

information [10], which is especially suitable for dealing
with security issues. An interesting experiment
demonstrated that it can help us identify and address
various hardware issues, thus enhancing our security.
Through in-depth analysis of neural networks, we found
that it can quickly detect hidden hardware issues,
providing users with precise diagnostics and solutions
[11,12]. Through multiple-factor analysis, we can better
assess system performance and security. This method
combines multiple factors to more accurately predict the
occurrence of failure events and evaluate the impact of
each factor on system security performance. Through
multiple-factor analysis, a study found that hardware,
software, and human operational errors adversely affect
the performance of secure computer systems. Although
these studies have achieved certain results, challenges
still require further research to address. While some
methods can effectively detect failures in the system,
they lack the correlation between these events, thus
failing to comprehensively assess the security
performance of the system [13]. Additionally, these
methods require substantial human resources and
expertise, limiting their feasibility in practical applications.
This study aims to utilize data mining techniques to
construct a new common cause failure score model to
compare and analyze the security performance of
different systems and explore the correlation and
influencing factors among failure events, thus achieving
a better grasp and improvement of secure computer
system stability and reliability.

3.  Design of Classification Algorithms

This paper will introduce several common classification
algorithms and discuss their applications in secure
computer systems to provide strong support for
enhancing security performance. When building decision
trees, attribute selection is essential as it determines
the size of the decision tree and the final classification
result [14,15]. Therefore, we proposed a new algorithm
that introduces a balance coefficient to reduce the
information gain of attribute A, effectively selecting and
optimizing the testing attribute. The formula for this
algorithm is as follows:

(1)

BC(A) represents the balance (corrected) coefficient, and
n represents the total number of training samples in the
set S. The Naive Bayes algorithm aims to determine the
inductive relationships of a set of data and the relationships
between various factors in these relationships, thereby
identifying which factors play an important role in the
inductive relationship of this data. The Naive Bayes
algorithm is a useful method for identifying and predicting
security issues. By comparing different data sets, it can
effectively identify and assign certain failure information
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(2)

Let T = {(x1, y1), (x2, y2), ..., (xK, yK)} be the given data
set, where the input samples are {x1, x2, ..., xK}, and the
output classes are {y1, y2, ..., yK}, with K as the number of
samples. Each input sample consists of n dimensional
features, i.e., {{x(1)1, x(2)1, ..., x(n)1}, {x(1)2, x(2)2, ..., x(n)2},
..., {x(1)K, x(2)K, ..., x(n)K}}. Let X and Y be random vectors,
where X belongs to the feature space, and Y belongs to the
class space, and we use Y = cm to represent the m-th
class in the class space, where m = 1, 2, ..., M, and M is
the total number of classes. The fundamental concept of
the Naive Bayes algorithm is to view X and Y as a set of
random vectors, where X represents a specific set of
probabilities. Y represents a set of classes, with the size of
each class being calculated through probabilities m, 2, ...,
M, M, etc., to determine the class of the sample. When the
range of x(j) is from 1 to m, i.e., from Sj to n, i.e., from M n
j=1Sj to M n j=1Sj, such settings may lead to the number
of parameters exceeding expectations, increasing
computational difficulties. Therefore, efforts should be made
to minimize such occurrences and improve the efficiency
of the settings. Hence, when using the Naive Bayes
algorithm, we can control the possibilities through a specific
assumption, which may take the form of:

(3)

Figure 1. Changes in Health Index (HI) of Control
Center Components over Time

to a specific security risk level. This method is also widely
used in document analysis and recognition. By calculating
the premises and assumptions of the samples, we can
estimate which specific distribution they belong to based
on the Bayes formula. This formula indicates that if the
premises and assumptions of a distribution are correct, it
belongs to the characteristics of that distribution.

Although this assumption may affect the algorithm’s
classification accuracy, it helps to reduce the
computational complexity, making the model more
refined and easier to apply in various scenarios.

4. Experimental Design and Analysis

In data mining, experimental design and analysis are
vital for computing the common cause failure scores
and conducting comparative analysis of security
computing systems. Through carefully designed
experiments and detailed data analysis, we can obtain
more accurate results and better infer the root causes
of issues. Through analysis, we found that the HI (Health
Index) evaluation model of the control center can
accurately reflect the health status of the organization
[16-18]. We use random fuzzy distributions to represent
this information in order to understand their distribution
better. By analyzing the HI data from the past few years,
we used MATLAB for least squares fitting to derive the
HI distribution functions for each unit, as shown in Figure
1.

Through carefully designed technical schemes, we can
accurately assess the health status of the security host
unit and use a life prediction model to predict its
remaining life. From Figure 1, it can be observed that
the distribution of HI for the constituent units exhibits
distinct exponential distribution characteristics. Data
preprocessing can eliminate unnecessary information
from the raw data, such as missing, abnormal, and
duplicate data. Additionally, we can employ statistical
methods, transformers, and dimensionality reduction
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Figure 2 . Co-Failure Score of Decision Tree Algorithm

By introducing a large number of input and output nodes,
multiple parameters can be generated, including the
instantaneous changes in temperature, power, and other
parameters, as well as the visibility of these changes (if
the value of the previous parameter and the current
parameter is opposite, i.e., peak or valley, then the value
is true), and the stability of the parameters (initially in a
steady state, but transitioning to a changing stage
when two continuous changes are detected).
The system is switched to a stable mode if no power

fluctuations occur within 5 periods and no adjustments
are needed. Additionally, statistical analysis should be
performed on the temperature and related spectrum data
for the most recent 5 periods. The first spectrum data
should be the final reference to avoid excessive errors.
After screening, we are left with the latest information
containing the dates, status, data, pressure reports,
functionalities within the most recent 5 periods, and the
latest data for temperature and functionalities within these
dates.

Figure 3. Naive Bayes Co-Failure Data Chart

algorithms to unearth valuable information and better meet
our research needs. Before conducting computer state
monitoring, it is necessary to select the most appropriate
information from multiple parameters, including the clock,
power supply, ambient temperature, instantaneous

pressure (0 denotes normal, 1 denotes instantaneous
pressure alarm), last runtime (0), current status (0), and
final result. By utilizing the SPSS data file 1, we can
access abundant data and apply data mining techniques
to obtain more accurate results, as shown in Figure 2.
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Using neural networks and the C5.0 algorithm, we can
effectively transform complex information into more
precise, reliable, and controllable results, enabling us
to conduct effective research on complex information sets.
To better meet the requirements of different algorithms,
comprehensive and efficient information transformation is
needed for all algorithms. Figure 3 shows the prepared
steps. We used graphical tools such as ROC curves,
confusion matrices, and bar charts to present our research
results better. Furthermore, we will investigate these
results further, including their advantages and
disadvantages, the impact of key information, and their
similarities. The effectiveness of the experiments will be
verified through various effective data mining skills, such
as variance analysis, t-tests, and correlation studies. To
obtain more accurate conclusions, the sample size should
be considered fully, and all factors that may affect the
findings should be strictly controlled to achieve better
accuracy. When taking any measures to collect or
process information, attention should be paid to the
integrity, sensitivity, and completeness, and all relevant
laws and regulations should be strictly adhered to.
Through careful experimental design and in-depth research
on a large amount of information, we can better
understand the causes of computer failures and provide
better guidance for system operation and risk control.

5. Conclusions

Using data mining techniques, we can accurately assess
the failure rate of systems and identify potential hazards.
This method not only ensures the system’s stable
operation but also helps system managers identify the
causes of failures and take appropriate measures to
prevent them. This article has explored several commonly
used ranking methods, including decision trees, naive
Bayes, support vector machines, and random forests,
and how they are widely applied in secure computing.
Through detailed experimental research and data
analysis, we have determined that each method has its
unique advantages in better meeting various complex
situations for evaluating security. We can find a more
accurate solution using the decision tree algorithm. In
contrast, the naive Bayes algorithm can handle complex
multidimensional data more effectively, and the support
vector machine algorithm is better suited to solve complex
linear and nonlinear problems. The random forest
algorithm is an effective decision tree model that
combines multiple decision tree models effectively and
improves the model’s performance in a targeted manner,
making it more refined and effective in predictions.
Moreover, it can help better identify common failures and
assess the model’s effectiveness. Through in-depth
research, we can accurately measure the stability and
security of a system, enabling us to design targeted
maintenance and optimization plans. When these
indicators reach a specific level, it indicates that the
system has been influenced to some extent, prompting
managers to take decisive measures to address the
issue. Using data mining techniques, we can calculate

and compare the causes of failures in secure computing,
providing valuable assistance for system maintenance and
risk management. Furthermore, we can obtain accurate
results through carefully designed experiments and prac-
tical data analysis, providing valuable recommendations
and improvement plans for system managers. Implement-
ing these measures will significantly enhance the reliabil-
ity and stability of secure computing systems and effec-
tively reduce potential risks and losses.
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