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Abstract The wide application of cloud computing technology makes network security challenges increasingly
complex, and traditional single-layer protection strategies are difficult to cope with diverse network attacks. This
study proposes a network security emergency response mechanism and data protection strategy based on multi-
layer protection for the increasingly complex network security threats in cloud computing environment.
Methodologically, a Partially Observable Markov Decision Process (POMDP) model is constructed, combined with
an attack defense tree for security strategy decision-making, and the defense strategy benefit is quantified by fuzzy
hierarchical analysis. The experiments are validated using real cloud platform data, and the results show that: in
the analysis of the attack gain matrix, the maximum attack gain value under the high-risk state reaches 14.12; after
the implementation of the optimal defense strategy, the defense gain matrix shows that the maximum defense gain
can reach 54.8, which is significantly higher than the attack gain; and the experiment of the temporal strategy proves
that, when the defense period (3DT) is smaller than the attack period (5AT), the percentage of infected nodes
accounts for ratio is only up to 34.75%, and the network system quickly tends to the steady state at t=29s. The
conclusion shows that the multilevel protection mechanism proposed in this study can effectively identify the optimal
defense strategy and improve the network security level in cloud computing environment, which provides theoretical
basis and technical support for practical application.

Index Terms cloud computing environment, network security, emergency response mechanism, multilevel
protection, POMDP model, defense gain

. Introduction
Cloud computing, as an emerging computing paradigm, has been widely used in a variety of fields, including finance,
healthcare, and education [1], [2]. However, since the services involved in cloud computing, such as information
processing as well as data storage, are realized based on the Internet, security has been one of the biggest
obstacles in its development [3], [4]. In a cloud computing environment, users' data are stored on the servers of
cloud service providers, so it is important to ensure that the data stored in the cloud are not illegally accessed and
stolen, and that the cloud computing network is protected from malicious attacks and hacking [5]-[8]. In order to
ensure the security of cloud computing network, it is essential to adopt network security emergency response
mechanism with data protection strategy [9], [10]. Network security emergency response mechanism is a kind of
emergency handling mechanism for network security threats and events, which aims to respond to network security
events in a timely and effective manner, and prevent or mitigate their damage to network systems and data [11]-
[13]. Cybersecurity emergency response mechanisms usually include incident discovery and confirmation, incident
classification and level assessment, emergency response process, information sharing and notification, and after-
action summarization and improvement [14], [15]. The establishment and improvement of cybersecurity emergency
response mechanisms are crucial to guarantee the safe operation of network systems and data security [16].
Organizations and enterprises should formulate relevant emergency response strategies and organize regular
emergency drills and training to improve the ability and level of responding to cybersecurity events and ensure that
network security is effectively protected [17]-[19]. And data protection strategy is a very important work in cloud
computing environment, data protection not only refers to data security, but also includes data backup and recovery
and other aspects of the work [20]-[22]. For data security, strict access control, encrypted storage and other
strategies are needed to protect users' data from illegal tampering and theft [23], [24].
The rapid development of computer technology and the Internet has promoted the process of global
informatization, and cloud computing, as a new computing model, has been widely used in governments,
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enterprises and individual users. Cloud computing environment is characterized by resource sharing, on-demand
service and scalability to provide users with convenient services, but it also faces unprecedented network security
challenges. Cybersecurity issues in cloud computing environments not only include traditional information security
threats, but also involve new types of security issues such as virtualization security, multi-tenant security and data
privacy protection. Once a cybersecurity incident occurs, it may lead to sensitive data leakage, business interruption
or even cause huge economic loss and reputation damage. International Data Corporation (IDC) survey shows that
more than 70% of the world's enterprises have suffered from varying degrees of network security attacks, of which
cloud platform-related security events accounted for nearly 40%, and is a year-on-year upward trend. The traditional
single protection method has been unable to meet the complex and changing network security needs, the
establishment of an all-round, multi-level network security protection system and efficient emergency response
mechanism has become the focus of the current research direction. Existing research mainly focuses on static
defense strategies and single attack models, lacking in-depth analysis of the attack and defense game process in
the dynamic network environment, making it difficult to adapt to the complexity and variability of network attacks in
the cloud computing environment. How to formulate optimal defense strategies and maximize network security
protection under limited resources is a key problem to be solved in the current network security field. In this study,
firstly, we analyze the challenges and threats of network security in cloud computing environment, and clarify the
necessity of multi-level protection; secondly, we construct a security strategy decision model based on Partially
Observable Markov Decision Process (POMDP), and portray the interactions between attack and defense through
attack-defense tree; and then, we introduce Fuzzy Hierarchical Analysis to calculate the benefit of the defense
strategy, and comprehensively consider the cost and effect of defense in order to find the optimal defense strategy.
Then, the fuzzy hierarchical analysis is introduced to calculate the benefit of the defense strategy, taking into account
the defense cost and the defense effect, in order to obtain the optimal defense strategy; finally, the experimental
validation is carried out through the data of the real cloud platform to analyze the evolution law of the network node
state in the process of the attack-defense game and evaluate the effectiveness of the proposed method. This study
combines theoretical analysis and experimental verification to explore new ideas and methods for network security
protection in cloud computing environment, and provides theoretical support and technical guidance for improving
network security level in cloud computing environment.

Il. Cybersecurity and emergency response

Il. A.Network information security

The progress of computer technology and the rapid development of the Internet have given people's work, study
and lifestyle a great convenience, and the communication between people is more convenient and wider in scope
than before. However, along with the popularization of people's life and informatization, the network security problem
has become increasingly serious, and has gradually become a major factor hindering the development of
information [25].

Generally speaking, network security is divided into two parts: information security and control security. The so-
called information security means: “the integrity, availability, confidentiality and reliability of information”. While
control security refers to authentication, non-repudiation, authorization and access control.

The Internet has the characteristics of openness, interactivity and decentralization, which makes the network able
to meet people's needs for information sharing, openness, flexibility and speed, thus creating conditions for
information sharing, information exchange and information services, and providing a great impetus to the progress
of human society. However, it is due to the above characteristics of the Internet that many security problems have
arisen.

(1) Information leakage, information pollution, information is not easy to control. For example, unauthorized use
of resources, system denial or denial of information flow.

(2)Some people due to special purposes, information destruction, information leakage, information infringement
and information infiltration, and even political subversion behavior, seriously endangering the legitimate rights and
interests of the state, society and all kinds of subjects.

(3)Due to the extensive nature of the network, it often results in the dispersion of control management, and due
to the divergence of interests and goals of various individuals, it often results in the disconnection of the
management and maintenance of information resources, thus triggering a wide range of information security
problems.

(4) Accompanied by the trend towards the electronicization of the offices of the relevant State agencies, network
security incidents can bring about serious security problems for the relevant agencies, thus causing a great deal of
negative impact.
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Il. A.1) Cyber information security objectives
The attributes of network information security are shown in Figure /1.

The goal of network information security is to ensure the security of the global network and system integrity; for
security issues, event detection can be summarized and synthesized to the monitoring center, to ensure that the
traceability is the entire system traceability. Therefore a secure computer network system should support the
following security objectives.

(1) Confidentiality: to prevent information or system processes leaked out. There is a risk of direct leakage when
information is transmitted over a communication link or recorded on a computer storage device.

(2) Integrity: Ensuring that data has not been maliciously altered or corrupted.

(3)Availability: The ability of authorized users to access and use resources for a valid period of time.

(4)Non-repudiation: Avoiding the non-recognition of all or part of the act of communication by the entities involved
in a communication.

(5) Controllability: mainly in the global monitoring, early warning capabilities and emergency response capabilities.
The so-called global warning is to establish a global security status collection system, for new security vulnerabilities
and attack methods to understand in a timely manner, to respond to security incursions and so on. From the above,
it can be seen that in a network security system, to realize the above security goals, it is crucial to establish a fast
and effective emergency response system.
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Figure 1: Seven Attributes of Information Security

Il. A.2) Network information security model
The research and understanding of network security architecture has gone through the process of: Communication
Confidentiality (COMSEC), Information Security (INFOSEC) and Communication Assurance. Among them,
academics have further divided information security assurance into four segments, namely PDRR. p refers to
protection, D refers to detection, the first R refers to reaction, and the second R refers to recovery. On the basis of
the original PDRR model, the WPDRRC model has been formed, which constitutes the framework of the macro
information network security assurance system structure through the six links of WPDRRC (warning, protection,
detection, reaction, recovery, counterattack) and the three major elements of people, policy (including laws,
regulations, systems, management) and technology. This framework gives a performance index of information
security guarantee system, namely: early warning capability, protection capability, detection capability, response
capability, recovery capability and counterattack capability. The interrelationship is shown in Figure @
Il. B.Emergency response
This section first discusses the basic concepts of emergency response from three perspectives, and then briefly
describes and analyzes the current state of emergency response and explores the possibilities for its improvement,
setting the stage for the entry of the paradigm-based reasoning (CBR) technique below. Emergency response,
usually refers to the preparations made by an organization to cope with the occurrence of various sudden and
unexpected events as well as the measures and actions taken after the events [26].

For computer system and network security, from a micro perspective, a security event is the confidentiality of data
and information on computer systems and networks, integrity and availability of information, applications, services
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and networks, etc. From a macro perspective, more and more security events are emerging with the development
of the Internet, such as e-fraud in e-commerce and malicious scanning of networks.

Warning ——— > Protect

People

Policy
Fight .
back Technology Detection

Recovery «——  — Reaction

Figure 2: Schematic diagram of the Information Assurance Model WPDRRC

The content of emergency response is actually incident response. By incident response, we mean the measures
and actions taken after a security incident occurs. These measures and actions are usually used to organize the
development and expansion of the event and to reduce the negative impact of the event.

It is impossible to guarantee the absolute safety of the network with prior warning, and there are security risks in
any network, which fundamentally determines the importance of the emergency response system for network
security.

lll. Network security strategy based on multi-layered protection

Illl. A. Methodological Framework for Security Strategy Decision Making

The field layer security policy decision-making method proposed in this paper mainly consists of two modules:
security policy decision-making and defense policy benefit quantification. The security policy decision module is the
process of constructing a POMDP model for the security policy decision process at the field layer, and solving the
POMDP model based on real-time attack evidence to obtain the optimal security policy. For the construction of
POMDP model, first analyze the system structure and protection knowledge, set the state space and observation
space; then summarize the experience to get the observation function by analyzing the historical operation data;
and then design the security state transfer probability by the system vulnerability utilization rate. Finally, the action
space and benefit function are obtained by using the defense strategy benefit quantification module, so as to
construct the POMDP decision model [27].

lll. B. Quantifying Defense Strategy Benefits

lll. B. 1) Attack defense tree construction

Attack tree model is a model that uses a tree structure to describe the security threats faced by a system and the
multiple attacks to which the system may be subjected, and is often used to analyze the attack paths present in a
system, vulnerability assessment, risk assessment etc. Attack trees provide a formal and organized way to describe
the security of a system under different attacks.The tree structure is used to describe the possible ways of attacking
a system.The root node is the final attack goal and the different attacks to achieve that goal are the leaf nodes.
Each node is a sub-goal and the children of that node are the methods to achieve that sub-goal. The branches of
the attack tree represent the various attack paths that can be taken to achieve the attack goal. An obvious limitation
of the attack tree is its inability to capture the interaction between the attacks performed on the system and the
defenses deployed, which also limits the accuracy of analyzing the best defense strategy, which can be overcome
by introducing defense strategies. The Attack Defense Tree extends the attack tree with a graph that represents the
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possible attacks that an attacker can take and the defenses that a defender can use, i.e., the graph contains two
opposite types of nodes:attack nodes and defense nodes.

lll. B.2) Calculation of Defense Strategy Benefits
Fuzzy hierarchical analysis is introduced in the attack and defense layers of the attack-defense tree to calculate the
defense strategy gains, respectively. In the attack layer, the attack node benefit is calculated by considering the
attack cost of the attack node and the severity caused by the attack, and the risk value caused by the attack node
is used as the attack node benefit. Calculate the defense node revenue in the defense layer, taking into account the
defense cost and defense effect of the defense node, and the defense effect is the mitigated risk value which is the
attack node revenue. The steps for calculating the defense strategy gain are as follows:

(1) Calculate the risk-based attack node gain

The system risk value depends on the probability of occurrence of risk in the system and the consequences of
occurrence of risk [28]. So the risk value can be obtained from the product of the probability of occurrence of an
attack event and the damage caused:

risk(4;) = p(4;)x q(4;) (1)

where p(4;) denotes the probability that the attack event 4, occurs, and ¢g(4;) denotes the loss of assets due to
A .

The three attributes of attack cost, attack difficulty and probability of attack being detected are chosen as the
evaluation metrics of the attacking node. Then the formula for the risk probability value of the attacking node is as

follows:
p(Al) = Weost XUcosy T Wdiﬁ“ x udiff + Wpossi X upossi (2)

where w denotes the weight of each evaluation metric of the attacking node, which is calculated from equation (@).
u denotes the utility value of each evaluation metric of the attack node, which can be obtained by the inverse of its
rank score.

Since the attack node in the attack defense tree is the attack event and its parent node is the attacked field device,
the asset loss due to the attack event is expressed in terms of the security importance of the field device, and the
actual value is determined by the demand.

(2) Calculate the defense node gain

The defense node gain should consider the cost of the defense strategy itself and the mitigated system risk, which
can be obtained by subtracting the cost of the defense node from the gain of the attack node:

U(Di):igj xrisk(A;)—cost(D;) (3)
Jj=1

where ¢; denotes whether the defense node D; successfully defends the attack event 4; or not, and the success
of the defense is 1, otherwise it is 0. risk(4;) denotes the value of the risk of the attack event 4;, and cos#(D;)

denotes the cost of the defense node D, .

Three attributes of the defense strategy, namely, consuming time, occupying resources and the degree of impact
on the system, are chosen as the evaluation indexes of the defense node, and the defense cost of the defense
node is calculated by the following formula:

cost(Di) = w,,, Xtime+w,

resour

X resource + Wop,.,  effect (4)

where w denotes the weight of each defense attribute, which is calculated by equation (4).

lll. C. Optimal Defense Strategy Solving

The POMDP model is an extension of the Markov Decision Making (MDP) model. The MDP model is modeled with
complete knowledge of the state of the system, and its solution process is a state-to-action mapping: z(s) > a, s

is the state of safety in which the system is located, and « is the action chosen by the policy = [29]. The optimal
policy can be computed iteratively by the Bellman equation:

0(s,a) = R(s,a)+}/maxZT(s,a,s')Q(s',a') (5)

ses’
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= argmax Q(s,a) (6)
where the @ -value function Q(s,a) is the gain value of executing the action a in the current security state, and T

is the optimal policy at the maximum gain value.

But the POMDP model is modeled under uncertainty about the state of the system, and the intelligent body can
only obtain observation information from the environment as a reference to the state, so it has to be based on all
the observations and the historical sequence of executing actions {a,,z,...,a,_,z,} to make a decision about the

next action g,. Over time, this history sequence can become long, and Astrom proposes that it can be summarized
by a belief distribution, where b is a vector representing the probability distribution over states, as follows:
b(s)=P(s; =2, 1,2 5 ) (7)

The belief point b, at the moment of Eq. ¢ can be updated according to Bayes' rule, which involves only the belief
state b,_, of the previous step, the action taken «,_, , and the observation obtained z, as follows:

O(S’ sAi_15Z; )Z T(S’ a S’ )bt—l (S)

b(s)=1(b_.a, ,,z,)= (8)

P(Zt| b_y,a,)

PGz |bsa,) = D OG,0,1,2) ) T(5,0,.1,5 )by, (5) ©)

Thus the process of solving the POMDP model can be viewed as a mapping of belief states to actions: z(b) > a,
b is the belief distribution, and « is the action chosen by the strategy = . A Bellman equation similar to solving the
MDP model can then be obtained:

0,1(b,@)= Y b($)R(s,a)+7 Y P(z|b,a)V; (z(b,a,2)) (10)
Vi (b) =max 0, (b,a) (1)
7o (b) =argmax O, (b,a) (12)

where the Q -value function Q,,,(b,a) is the value of the gain from executing a at the current belief point 5 within
the ¢ -step horizon, V,*+1 (b) is the value of the maximal gain achieved by the choice of the action Q,,,(b,a), and

z,.,(b) is the optimal at the time of maximum gain value. Strategy.

Since the belief space is continuous, the POMDP model solution cannot be solved directly and iteratively as in
MDP, in order to solve the POMDP model, Smallwood showed that the value function on any finite horizon ¢ can
be represented by a set of vectors: I't ={¢,,,,...,2,,} , with each a vector denoting a | S |-dimensional hyperplane
and defining the value function on the belief bounded region:

Vt(b) = gleagza(S)b(S) (13)

Many approximate POMDP solutions utilize specific or a small number of belief points to update the gain values
and gain computational advantage by increasing the number of iterations to ensure that the algorithm works.

IV. Analysis of experimental simulation results

IV. A. Experimental data

In this paper, some real network data of a cloud platform is collected and stored using neo4j as shown in Fig. ﬂ
Where the orange nodes indicate the attack conditions, as the necessary prerequisites of the attack action. The
blue node indicates the attack action, the process of the attacker to implement the attack, the goal is to obtain a
certain attack state. The red node indicates the attack state, which is obtained after the attacker executes the attack
action. Gray nodes denote defensive actions, for which there may be multiple defensive actions for a certain attack
action, and a single defensive action may apply to multiple attack actions. The relationships include four kinds:
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trigger, obtain, further, and defense. The relationship between orange node-blue node is trigger, i.e., a specific attack
action can be triggered by satisfying certain attack conditions. The relationship between blue node-red node is
obtaining, i.e., another state can be reached after unfolding a certain attack action. The relationship between red
node-blue node is further, i.e., the attacker can further launch other attack actions in a certain state. The relationship
between gray node-blue node is defense, which is the effective defense action corresponding to a certain attack
action.

networ
k...

Figure 3: Experimental attack and defense diagram

IV. B. Optimal Strategy Simulation

For the above experimental environment, the information needed for the game is extracted from it, including the
information of each state, the information of attack action and the information of defense action, and the overall
attack graph and the single-point defense graph are established, based on which the above optimal strategy
selection algorithm is implemented using Python. For each attribute of defense action, set dk={name, probability,
profit, cost}={defense _id, 0.46, 30.8, 1.4}. For the attack action attributes, they are obtained from the neo4j database,
and all the data in the second tuple are obtained from the database. The attack and defense gains for each state
are calculated and the attack gain matrix for each state is obtained as shown in Table m

Table 1: State/attack income matrix

S1 S3 S6 S8 S13 S15 8§32 S37
a2 0 2.79 0 0 0 0 0 0
a4 0 0 10.41 0 0 0 0 0
a7 0 0 0 9.14 0 0 0 0
a9 0 0 5.78 0 0 0 0 0
all 0 0 0 0 5.74 0 0 0
al4 0 0 0 0 0 14.12 0 0
al16 0 0 3.72 0 0 0 0 0
al18 0 0 0 0 3.69 0 0 0
a20 13 0 0 0 0 0 0 0
a22 0 0 0 0 0 0 0 0
a27 5.72 0 0 0 0 0 0 0
a31 0 0 0 0 5.28 0 11.78 0

The defense domain benefit matrix is shown in Table 2.

Based on the gain matrix, the variation of the curve for calculating the sum of attack/defense gains for each state
is shown in Fig. 4, where the horizontal coordinates represent the cloud platform in eight different states with unique
state numbers, and the vertical coordinates represent the gains of the attacker and the defender.
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Table 2: State/attack income matrix

Figure 4: Defense and benefit

S1 S3 S6 S8 S13 S15 S32 S37
a2 0 12.22 0 0 0 0 0 0
a4 0 0 13.85 0 0 0 0 0
a7 0 0 0 20.03 0 0 0 0
a9 0 0 8.02 0 0 0 0 0
a1 0 0 0 0 8.14 54.8 0 0
al4 0 0 0 0 0 0 0 0
al16 0 0 0 0 0 0 0 0
al18 0 0 0 0 0 0 0 0
a20 16.28 0 0 0 0 0 0 0
a22 0 0 0 0 0 0 0 0
a27 7.89 0 0 0 0 0 0 0
a31 0 0 0 0 0 0 8 0
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Based on the attack/defense gain matrix, the optimal attack/defense strategy for each state is calculated as shown
in Fig. H Where the horizontal coordinates are still the eight states of the cloud platform, the points of the attack
strategy correspond to the predicted optimal attack action chosen by the attacker in a certain state, and the points
of the defense strategy correspond to the optimal defense action taken in a certain state.
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Figure 5: Optimal attack/defensive action

In addition, according to the way the algorithm is designed to calculate the attack/defense success rate, the
attack/defense success rate is obtained as shown in Figure 6.
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Figure 6: Attack/defense success rate

IV. C. Numerical experiments and analysis

In this chapter, the MATLAB tool is used as the experimental platform, and the corresponding experimental
parameters are set to simulate the network attack and defense scenarios in different initial states in order to verify
the validity and scientificity of the model. First, initialize the experimental parameters, set the proportion of the
number of three kinds of network nodes in the system, namely, the normal working state S, the attack-infection state
| and the defense-repair state R, as 0.10:0.3:0, respectively, the recovery rate of the network nodes = 0.6, and the
time range of the attack-defense game is set to [0, 100s].

Without considering the time strategy, when the attacker and the defender select only the behavioral strategy for
the game, the network node state evolution of a single behavioral strategy is shown in Fig. m The state of the
network node changes in real time with the result of the behavioral confrontation between the attacker and the
defender. As can be seen from the figure, when the initial t=0s, the main goal of the attacker is to scan the system
for vulnerabilities, and the selected attack strategy is low-intensity, at the same time, the system implements passive
defense measures, so that the internal potential infected nodes are gradually transformed into repair state nodes,
and then restored to normal working nodes. When t=5s, the attacker successfully invades the Web server, and then
immediately adopts a high-intensity attack strategy to expand the damage. Due to the fast and covert attack action,
the low-intensity defense strategy cannot respond effectively in time, which leads to a sharp decrease in the
percentage of network nodes in normal working state, and the corresponding percentage of infected network nodes
rises rapidly, and the attack efficiency is highest when t=12s. When the attacker reaches the established goal with
the high-intensity attack in a short period of time, the low-intensity attack strategy is used to ensure the efficiency
ratio, while the defense system detects the attack behavior within the system, and immediately adopts the high-
intensity defense strategy to quickly repair the infected nodes. With the interactive confrontation between the
attacker and the defender, the nodes in the three states tend to be stabilized when t=50s, at which time the
proportion of nodes working normally is more than 90%, and gradually tends to be closer to 1, and finally reaches
a stable state.
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Figure 7: The network node state evolution of a single behavior strategy
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The attacker and the defender select behavioral strategies in conjunction with the time policy, and when the
defense period is smaller than the attack period, the state evolution of the network nodes is shown in Fig. 8.

The time strategy is introduced mainly to solve the problems of how long the attacker should launch the next
attack and how often the defender should defend the system. Comparing the graphs, after both sides add the time
policy, since the system adopts a fixed-period defense strategy and the internal system carries out regular detections,
even in the face of sudden hidden blitzkrieg-type attack behaviors, the system can ensure that it can effectively
defend itself against cyber-attacks and mitigate the proliferation of cyber-attacks. When t=15s, the attack efficiency
reaches the highest, at which time the proportion of infected nodes is 34.75%, and when t=29s, the state of network
nodes tends to be in steady state. The state of network nodes tends to steady state. In the two experiments, the
time for the state of the nodes to tend to the steady state is shortened accordingly, which shows that the time
strategy is an important influencing factor for the change of the security state of the network system. When the
period strategy of the defense side is determined, the influence of different attack period strategies on the change
of node security state is analyzed. In this paper, the defense period is fixed as =3DT, and the attack periods =4AT
and =5AT are taken as examples to analyze the change of the network node security state when the defense period
is smaller than the attack period. Due to DATT, it indicates that the action frequency of system defense is higher,
and the network nodes spend more time in the defense state, so when the time strategy of the defender is fixed,
the larger the action cycle of the attacker is, the smaller the fluctuation of the attack and defense confrontation is,
the smaller the number of network node state transformations are, and the time of transforming from infected nodes
to repair state nodes and restoring to normal nodes is shortened accordingly. The experimental results show that
while strengthening the network security defense capability, it is also crucial to improve the network deterrence
capability, and it is more conducive to ensure the security of the network system by reducing the action frequency
of the attacker through network deterrence.
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Figure 8: Network node state evolution

V. Conclusion
Multi-level protection network security policy shows significant defense effect in cloud computing environment. The
experimental data show that using the POMDP model for security policy decision-making can accurately identify
attack behaviors and formulate optimal defense measures. In the attack and defense gain matrix analysis, the
maximum defense gain when the cloud platform is in the S15 state reaches 54.8, which is much higher than other
states, indicating that the implementation of key protection for key nodes has obvious advantages. The experimental
results of the time strategy show that when the defense period is fixed at 3DT and smaller than the attack period
(5AT), the system reaches the steady state at t=29s, and the highest percentage of infected nodes is only 34.75%,
which is significantly lower than that in the case of no time strategy. The multi-level protection mechanism effectively
quantifies the defense strategy gains by integrating the attack defense tree and fuzzy hierarchical analysis, which
provides a scientific basis for resource allocation optimization. Validation based on real cloud platform data shows
that the method can not only cope with known attack types, but also predict and prevent unknown threats. Future
work will further explore the application of deep reinforcement learning in dynamic attack and defense environments
to improve the adaptive capability of defense strategies and extend it to more complex cloud environments and
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hybrid cloud architectures, laying the foundation for building a more robust cloud computing security protection

system.
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