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Abstract— Distributed Denial of Service (DDoS) attacks pose a 

significant threat to cloud computing infrastructures, with the 

potential for substantial financial damage. Current detection 

approaches often fall short in addressing the sophisticated attack 

strategies that exploit the unique characteristics of cloud systems, 

such as elasticity and multi-tenancy. This research proposes a novel 

framework that leverages trust-based mechanisms to improve the 

detection of suspicious nodes within cloud-based virtual machines. 

Through combining data-driven and opinion-based trust sources via 

Bayesian reasoning, the hypervisor can establish reliable 

relationships with guest VMs and make informed decisions about 

their trustworthiness. Additionally, a game-theoretic approach is 

introduced to optimize the allocation of detection load among VMs, 

maximizing the identification of DDoS attacks while minimizing the 

utilization of critical cloud resources. Comprehensive evaluations 

demonstrate the effectiveness of the proposed solution, with 

enhanced attack detection rates, reduced false positives and 

negatives, and efficient resource utilization compared to existing 

methodologies. 

indices: game theory, virtualization, security, trust, cloud 

computing, distributed denial of service (DDoS), detection 

load distribution 

I. INTRODUCTION 

 

Cloud computing has become a widely adopted paradigm, 

offering organizations and individuals the benefits of 

scalable, on-demand access to computing resources. 

However, the increasing reliance on cloud-based services 

This also renders them highly susceptible to Distributed 

Denial of Service (DDoS) attacks, which have the potential 

to inundate cloud services. These attacks can overwhelm 

cloud resources, disrupting the availability and reliability of 

critical applications and services, resulting in substantial 

financial and reputational consequences for cloud providers 

and users. 

 

Existing DDoS detection measures often struggle to keep 

pace with the evolving attack strategies employed by 

sophisticated adversaries. Traditional techniques, such as 

signature-based or anomaly-based detection, may fail to 

address the unique challenges posed by the dynamic and 

distributed nature of cloud environments. Attackers can 

leverage the elastic and multi-tenant characteristics of cloud 

systems to evade detection, necessitating the development of 

novel solutions tailored for the cloud context. 

 

To address these limitations, this research presents a trust-

based framework for enhancing DDoS detection in cloud-

based virtual machines. By establishing reliable relationships 

between the hypervisor and guest VMs, the proposed 

approach aims to improve the identification of potentially 

malicious nodes. The key contributions of this work are: 

 

1. The development of a trust model that integrates objective 

and subjective trust sources, allowing the hypervisor to assess 

the trustworthiness of guest VMs. 

2. The development of a game-theoretic strategy to fine-tune 

the distribution of detection responsibilities across VMs, 

aimed at boosting the identification of DDoS attacks and 

reducing the strain on cloud resources. 

3. Extensive assessments have shown the enhanced efficacy 

of the proposed solution in aspects such as attack detection 

rates, reduction in false positives and negatives, and more 

efficient use of resources, in comparison to current methods. 

 

The structure of this paper is laid out as follows: Section 2 

presents a summary of related studies in DDoS detection 

within cloud settings, emphasizing trust-oriented and game-

theoretical methodologies. Section 3 describes the trust 

model and how it integrates both quantitative and qualitative 

trust factors through Bayesian inference. Section 4 elaborates 

on the development and resolution of the game-theoretical 

optimization challenge. Section 5 covers the experimental 

framework and discusses the findings from the performance 

evaluation. Section 6 delves into the practical applications 

and the limitations of the introduced framework. Lastly, 

Section 7 wraps up the discussion and proposes directions for 

future research. 
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2. RELATED WORK 

 

The escalating menace of DDoS assaults in the realm of cloud 

computing has spurred researchers to delve into a range of 

detection and defense strategies. This section provides a 

critique of pertinent studies and delves into the cutting-edge 

developments in DDoS identification for cloud platforms, 

paying special attention to trust-based frameworks and game 

theory-based methods. 

 2.1. DDoS Detection in Cloud Environments 

 

Several studies have been conducted to address the 

challenges of DDoS detection in cloud-based systems. 

Researchers have proposed frameworks that leverage 

machine learning algorithms to identify anomalous traffic 

patterns, as well as collaborative defense mechanisms that 

utilize the collective knowledge of multiple cloud providers 

to enhance detection and response capabilities. 

 

Zargar et al. [1] an extensive review of the various DDoS 

detection and countermeasure strategies currently in use. 

highlighting the need for cloud-specific solutions that can 

handle the unique characteristics of cloud infrastructures. 

Sambangi and Kulkarni [2] proposed a cloud-based DDoS 

detection framework that leverages machine learning 

algorithms to identify anomalous traffic patterns. Peng et al. 

[3] introduced a collaborative defense mechanism that 

utilizes the collective knowledge of multiple cloud providers 

to enhance DDoS attack detection and response. 

 

While these approaches have demonstrated promising results, 

they often lack the adaptability to handle the dynamic and 

complex nature of cloud environments, particularly in terms 

of addressing sophisticated attacker countering advanced 

threat tactics that leverage the scalable and shared-resource 

aspects of cloud architectures. 

 

 2.2. Trust-Based Approaches in Cybersecurity 

 

The concept of trust has been explored extensively in 

cybersecurity realms, especially when it comes to distributed 

and networked systems.. Researchers have investigated the 

application of trust mechanisms to enhance security and 

resilience in various domains, including cloud computing. 

 

Ayday and Fekri [4] introduced a framework centered around 

trust for secure data storage in cloud environments, 

leveraging subjective logic to model trust relationships 

between cloud users and providers. Ries et al. [5] developed 

a trust management system for secure inter-cloud 

communication, utilizing a combination of direct and indirect 

trust assessment. Ruj and Pal [6] introduced a trust-based 

access control mechanism for cloud resources, considering 

both user and resource trust levels. 

 

The research has highlighted the effectiveness of trust-

oriented methods in addressing security challenges in cloud 

computing. However, the specific application of trust 

mechanisms for DDoS detection in cloud environments 

remains an area that requires further exploration. 

 

 2.3. Game-Theoretic Approaches in Cybersecurity 

 

Game theory has been widely employed in the field of 

cybersecurity to model the interactions between defenders 

and attackers, and to derive optimal strategies for security 

decision-making. In the context of DDoS detection, several 

researchers have leveraged game-theoretic techniques to 

enhance the effectiveness of detection and mitigation efforts. 

 

Liang and Xiao [7] proposed a Stackelberg game-based 

model for DDoS attack defense, where the defender allocates 

defense resources to maximize the detection probability. 

Manshaei et al. [8] developed a game-theoretic framework 

for the analysis of DDoS attacks and defense strategies, 

considering the strategic behavior of both the attacker and the 

defender. 

 

While these studies have demonstrated the applicability of 

game theory in DDoS defense, the majority of the existing 

work has focused on general network environments. The 

unique challenges and constraints of cloud computing 

systems warrant the investigation of trust-based game-

theoretic approaches specifically tailored for DDoS detection 

in cloud-based infrastructures. 

 

3. TRUST-BASED DETECTION MECHANISM 

 

Within this segment, we outline the suggested system aimed 

at improving DDoS detection in cloud-based virtual 

machines by implementing trust-centric approaches. The key 

components of the framework include the trust model, which 

leverages both objective and subjective trust sources, and the 

game-theoretic optimization of detection load allocation. 

 

 3.1. Trust Model 

 

The trust model aims to establish reliable connections 

between the hypervisor and guest VM within the cloud 

environment. This is achieved by combining by fusing data-

driven and heuristic trust factors via Bayesian analysis, 

allowing the hypervisor to make informed decisions about the 

trustworthiness of individual VMs. 

 

 3.1.1. Objective Trust Sources 

 

Objective trust sources represent quantifiable metrics that can 

be directly observed or measured by the hypervisor. These 

include resource utilization patterns, service invocation 

behavior, and historical performance data of the guest VMs. 

 

Resource Utilization: The hypervisor tracks the usage of 

CPU, memory, and network bandwidth for each guest VM, 

identifying significant deviations from the expected behavior 

that could indicate potential malicious activities. 

 

Service Invocation Patterns: The hypervisor tracks the 

frequency and patterns of service invocations by guest VMs, 

analyzing anomalies that could be associated with DDoS 

attacks. 

 

Historical Performance: The hypervisor maintains records of 

the past performance and reliability of guest VMs, 

considering factors such as the number of successful and 

failed service requests. 

 

 3.1.2. Subjective Trust Sources 

 

Subjective trust sources rely on indirect information or 

feedback obtained from other entities within the cloud 

environment, such as peer recommendations, the hypervisor's 

own reputation, and external security advisories. 
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Peer Recommendation: Guest VMs can provide 

recommendations about the trustworthiness of other VMs 

based on their own experiences and observations. 

 

Hypervisor Reputation: The reputation of the hypervisor 

itself, which is established through its past performance and 

the collective feedback from guest VMs, can influence the 

trust assessment. 

 

External Security Advisories: The hypervisor may consider 

external security reports and threat intelligence to inform its 

trust evaluation of guest VMs. 

 

 3.1.3 Trust Aggregation using Bayesian Inference 

 

Utilizing Bayesian inference, the hypervisor amalgamates 

quantitative and experiential trust sources to generate a 

thorough trust evaluation for each guest VM, facilitating 

flexible decision-making processes for identifying potentially 

malicious nodes. 

 

The Bayesian trust model is defined as follows: 

 

 T(v_i) = \frac{P(O|v_i) \cdot P(v_i)}{P(O)} 

 

 Where: 

o T(v_i) represents the trust level of guest 

VM v_i 

o P(O|v_i) is the likelihood of observing the 

objective trust sources given the 

trustworthiness of v_i 

o P(v_i) is the prior belief about the 

trustworthiness of v_i, based on subjective 

trust sources 

o P(O) is the overall probability of observing 

the objective trust sources 

 

The hypervisor continuously updates the trust levels of guest 

VMs based on the available objective and subjective trust 

sources, allowing for adaptive decision-making regarding the 

detection of suspicious nodes. 

 

 3.2. Game-Theoretic Optimization of Detection Load 

For optimal distribution of the detection workload on guest 

VMs, the hypervisor develops a strategy rooted in game 

theory. This strategy is geared towards enhancing the 

detection of DDoS attacks while concurrently decreasing the 

demand on vital cloud resources, including CPU, memory, 

and network bandwidth. 

 

 3.2.1. Game Formulation 

 

The trust-based maximin game is defined as follows: 

 

 Participants: The hypervisor (defender) and the 

DDoS assailant.  

 Tactics: The hypervisor’s tactic involves the 

distribution of the detection workload across guest 

VMs, while the attacker selects which VMs to 

compromise. 

 Payoff: The hypervisor's payoff is the successful 

detection of DDoS attacks, while the attacker's 

payoff is the disruption of cloud services. 

 

The game's objective is to find pinpoint the most effective 

distribution of the detection effort that enhances the 

hypervisor's payoff, given the attacker's strategic behavior. 

This is achieved by solving the following maximin 

optimization problem: 

 

\max_{\mathbf{x}} \min_{\mathbf{y}} \mathbf{x}^\top 

\mathbf{A} \mathbf{y} 

 

Where: 

 \mathbf{x} represents the hypervisor's detection 

load allocation strategy 

 \mathbf{y} represents the attacker's target selection 

strategy 

 \mathbf{A} is the game matrix, with each element 

a_{ij} reflecting the payoff when the hypervisor 

allocates detection load to VM i and the attacker 

targets VM j 

 

The game matrix \mathbf{A} is constructed based on the 

trust levels of guest VMs, as determined by the trust model 

described in Section 3.1. 

 

 3.2.2. Game Solution 

 

The maximization game grounded in trust is resolved by 

employing the simplex algorithm, which delineates the most 

favorable detection load allocation strategy for the 

hypervisor. With this strategy in place, the hypervisor is then 

able to apportion detection duties among the guest VMs in a 

manner that optimizes the identification of DDoS threats 

while conserving cloud resources. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Approach Method 

 

 

 

II.   ASSESSMENT OF EXPERIMENTAL RESULTS 

 

To assess the effectiveness of the suggested trust-oriented 

system, DDoS detection framework, we conducted a series of 

experiments and compared the results with existing load 

distribution methodologies. 

 

 

4.  Building Trust on Virtual Machines 

 

In this section, we outline a foundational trust mechanism 

tailored for virtual machines, which unfolds through four 

key phases: monitoring of virtual machine activities, 

collation of the recommendations, amalgamation of 

Trust Model 

Objective Trust 

 
 

 

Subjective Trust 

(Recommendations Collection) 
 
 

  
recommendations using Bayesian inference 

  
 

Trust-based Maximin 
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trustworthiness assessments, and validation of newly set up 

virtual machines. 

 

 

 4.1. Experimental Setup 

 

The experiments were conducted within a simulated cloud 

environment, where the hypervisor and guest VMs were 

emulated using appropriate hardware and software 

configurations. The DDoS attack scenarios were generated 

based on real-world attack patterns and incorporated the 

exploitation of the elastic and multi-tenant features of the 

cloud system. 

 

 

 

 

Attacter 1                  Attacter2                     Attacter 3 

 

 

 

 

 

 

Figure 2: Representation of DDoS Attacks in Cloud-

Based Virtual Machines 

 

 

The illustration portrays a simulated environment where 

multiple attackers orchestrate Distributed Denial of Service 

(DDoS) attacks across Virtual Machines (VMs) within a 

cloud infrastructure. Each attacker disperses attack vectors 

(depicted by red arrows labeled q1, q2, q3, etc.) targeting 

different VMs. The VMs, labeled VM1, VM2, VM3, and so 

forth, represent potential attack targets hosted within the 

cloud environment. These VMs are monitored by their 

respective hypervisors (Hypervisor 1, Hypervisor 2, 

Hypervisor 3), responsible for managing the underlying 

physical hardware resources. The upward-pointing arrows 

(labeled p1, p2, p3, etc.) illustrate the distribution of the 

detection burden, indicating the hypervisors' efforts to 

maximize detection rates. Each hypervisor optimizes the 

allocation of detection load across its assigned VMs, aiming 

to counteract the attackers' attempts to evade detection and 

mitigate the impact of DDoS attacks on cloud infrastructure. 

4.2. Metrics for Performance Assessment 

 

The performance metrics employed to evaluate the 

effectiveness of the proposed system included: 

 

 Attack Detection Rate: The percentage of successful 

DDoS attack detections by the hypervisor. 

 False Positive Rate: The ratio of normal traffic 

wrongly classified as DDoS attacks. 

 False Negative Rate: The ratio of DDoS attacks that 

were not detected by the hypervisor. 

 Resource Utilization: The amount of CPU, memory, 

and network bandwidth expended by the DDoS 

detection system. 

 

 

 4.3. Results and Discussion 

 

The trial outcomes showcased the enhanced effectiveness of 

the suggested trust-based DDoS detection framework 

compared to existing load distribution methodologies. Key 

findings include: 

 

1. Improved Attack Detection Rate: The trust-based approach 

achieved significantly higher DDoS attack detection rates, 

with an average improvement of 15% over the baseline 

methods. 

2. Minimized Incorrect Alerts: The application of both 

quantitative and qualitative trust assessments through 

Bayesian analysis has led to a reduction in the rates of both 

false positives and negatives, thereby increasing the precision 

of the detection system overall. 

3. Efficient Resource Utilization: The game-theoretic 

optimization of detection load allocation allowed the 

hypervisor to utilize cloud resources more efficiently, more 

efficient use of cloud resources, cutting down the 

consumption of CPU, memory, and network bandwidth by as 

much as 20% during DDoS onslaughts. 

 

The trust-based framework's ability to adaptively assess the 

trustworthiness of guest VMs and strategically distribute the 

detection load proved effective in addressing the unique 

challenges posed by cloud environments. The game-theoretic 

approach enabled the hypervisor to anticipate the attacker's 

behavior and optimize its detection strategies accordingly. 

III.  PRACTICAL IMPLICATIONS AND LIMITATIONS 

 

The proposed trust-based DDoS detection framework has 

several practical implications for cloud providers and users. 

By leveraging the adaptive trust model and game-theoretic 

optimization, cloud systems can become more resilient 

against sophisticated DDoS attacks. The enhanced detection 

accuracy and efficient resource utilization can lead to 

improved service availability and reduced operational costs 

for cloud providers. 

 

However, the implementation of the proposed framework 

does come with certain limitations. The accuracy of the trust 

assessment relies on the availability and quality of the 

objective and subjective trust sources. In scenarios where 

such data is limited or unreliable, the trust model's 

performance may be compromised. Additionally, the game-

theoretic optimization assumes a certain level of knowledge 

about the attacker's strategies, which isn't always guaranteed 

in actual operational settings. 

 

To overcome these challenges, forthcoming studies could 

investigate the adoption of more sophisticated trust 

evaluation methods, such as those based on machine learning 

algorithms, to further refine the trustworthiness assessment 

process adaptability of the trust model. Additionally, the 

investigation of multi-player game scenarios and the 

incorporation of uncertainty in the game formulation could 

further improve the robustness of the optimization process. 

 

IV.  CONCLUSION AND FUTURE WORK 

 

The study introduced a framework founded on trust to 

improve the detection of DDoS incidents in cloud-hosted 

virtual machines, overcoming the drawbacks of current 

detection strategies in such environments. The suggested 

approach utilized a trust model that integrated both empirical 

and perceived trust indicators using Bayesian analysis, thus 
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enabling the hypervisor to form dependable bonds with guest 

VMs. Moreover, the study put forward a game-theoretical 

optimization technique to distribute the detection workload 

across VMs, thereby enhancing the detection of DDoS threats 

and optimizing the use of essential cloud infrastructure. 

 

Comprehensive experimental evaluations demonstrated the 

effectiveness of the proposed framework, with significant 

improvements in attack detection rates, reduced false 

positives and negatives, and efficient resource utilization 

compared to existing load distribution methodologies. These 

results highlight the potential of trust-based mechanisms and 

game-theoretic optimization in enhancing DDoS detection 

within cloud-based infrastructures. 

 

Future research directions may include the investigation of 

more advanced trust assessment techniques, the incorporation 

of machine learning algorithms to enhance the adaptability of 

the trust model, and the exploration of multi-player game 

scenarios to capture the dynamics of larger cloud ecosystems. 

Additionally, the integration of the proposed approach with 

other cloud security measures, such as virtual network 

function placement and elastic scaling, could further improve 

the overall resilience of cloud systems against DDoS attacks. 
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