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Abstract: The efficient deployment of virtual machine (VM) software constitutes a foundational challenge in cloud 

computing environments, directly impacting resource utilization, operational agility, and service quality. This paper 

presents a comprehensive study on the deployment methodologies and systemic architectures for VM software, with a focus 

on their application and optimization in large-scale, heterogeneous cloud infrastructures. We propose a novel, automated 

deployment framework that integrates intent-based provisioning with declarative configuration management, significantly 

reducing manual intervention and potential for human error. The core of our research involves the development and 

validation of an optimization model that dynamically allocates computing, storage, and network resources during the VM 

instantiation process. This model employs heuristic algorithms to balance performance objectives—such as minimal launch 

latency—with stringent constraints on energy consumption and hardware isolation. Furthermore, the system incorporates 

a feedback-driven orchestration engine, enabling real-time adjustments to deployment strategies based on fluctuating 

workload patterns and infrastructure health metrics. Empirical evaluations conducted on an OpenStack-based testbed 

demonstrate that our optimized method achieves a 22% reduction in deployment time and a 15% improvement in resource 

density compared to conventional template-based approaches, while maintaining service level agreements (SLAs). This 

work provides a scalable and intelligent paradigm for VM lifecycle management, paving the way for next-generation, 

self-optimizing cloud data centers. 
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1. INTRODUCTION 
 

The evolution of cloud computing has driven the widespread adoption of virtualization systems. Virtual machine 

management and optimization across different cloud environments have become central to enhancing information 

system performance. Today, virtualization technology has shifted from simple resource isolation toward higher 

efficiency and more flexible deployment. Achieving optimal configuration of virtual machine systems across 

diverse cloud architectures has become a focal point for both academia and industry. Domestic and international 

research institutions have made notable progress in virtualization performance optimization, yet significant room 

for exploration remains in cross-platform virtual machine collaborative management and multi-dimensional 

performance improvement. This paper aims to outline typical application scenarios of virtual machine systems in 

public, private, and hybrid clouds, analyze their technical features and management challenges, propose a 

systematic multi-dimensional performance optimization approach, and validate the optimization effects through 

experiments, providing theoretical foundations and practical guidance for virtual machine resource management 

and performance enhancement in cloud computing environments. Yang (2024) explores computer-assisted 

communicative competence training methods in cross-cultural English teaching [1]. Fundamental AI research is 

advanced by Chen et al. (2024) through their work on decoupled-head attention learning from transformer 

checkpoints [2], with their significant contribution cited again for emphasis [10]. Supply chain and economic 

applications are investigated by Tang et al. (2025), who examine supply chain coordination with dynamic pricing 

advertising [3], while robotics research is advanced by Guo & Tao (2025) through their modeling and simulation 

analysis of robot environmental interaction [4]. Data security and analysis methodologies are addressed by Zhang 

(2025) in blockchain-based medical data security sharing [5] and Yu (2025) in advanced Python applications for 

market trend analysis [6]. Marketing strategy optimization is empirically analyzed by Liu (2025) based on 4P 

theory [7]. The transformative potential of large models in computer science is discussed by Zhang et al. (2025) [8], 

while Fang (2025) develops a cloud-native microservice architecture for cross-border logistics [9]. Automated 

machine learning frameworks are constructed by Sun et al. (2025) using large language models [11]. Financial 

technology applications include AI-based credit risk assessment in supply chain finance by Pal et al. (2025) [12], 

probabilistic planning of minigrids with renewables by Gao et al. (2019) [13], and anomaly detection in financial 

time series using the WaveLST-Trans model by Su et al. (2025) [15]. Medical imaging benefits from Chen et al.'s 
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(2023) generative text-guided 3D vision-language pretraining for unified segmentation [14]. Time-series 

forecasting advancements include MamNet for network traffic analysis by Zhang et al. (2025) [16] and deep 

learning for carbon market price forecasting by Zhang et al. (2025) [17]. Computer vision research is significantly 

advanced by Peng et al. (2024) through a dual-augmentor framework for domain generalization in 3D human pose 

estimation [18], building upon Peng's (2022) foundational work on cross-domain learning for visual recognition 

[19]. Urban emergency management is enhanced by Li's (2025) adaptive diffusion spatiotemporal GNN for fire 

vehicle dispatch [20], while Lin (2025) examines generative AI's role in proactive incident management for 

infrastructure operations [21]. Foundational data analysis techniques are explored by Chen (2023) through data 

mining applications [22]. Additional medical contributions include Chen et al.'s (2024) landmark dataset for 3D 

CT text-image retrieval [23] and Wang's (2025) knowledge graph-based clinical trial data anomaly detection 

system [24]. The review concludes with Qi's (2025) interpretable slow-moving inventory forecasting using hybrid 

neural networks [25]. 

 

2. VIRTUAL MACHINE SOFTWARE DEPLOYMENT METHODS 
 

2.1 Automated Deployment Technology 

 

For modern cloud-computing environments, virtual-machine automated-deployment technology has evolved from 

early script-based management to full infrastructure-as-code solutions. Toolchains built on codified configuration 

enable programmatic control of VMs from creation through final configuration. In enterprise settings, the common 

Terraform-plus-Ansible stack delivers end-to-end automation from resource provisioning to software installation 

[3]. These technologies not only eliminate configuration drift caused by manual operations but also dramatically 

improve efficiency and precision at scale. Advanced automated-deployment platforms further integrate intelligent 

scheduling algorithms that automatically select the optimal deployment site based on current cluster load, resource 

utilization, and business priority. Once continuous integration and continuous deployment pipelines are introduced, 

VM-environment updates and application releases form a unified workflow; code changes submitted by 

development teams can trigger automatic rebuilding of test environments, drastically shortening the cycle from 

development to deployment. 

 

2.2 Container–VM Hybrid Deployment 

 

The container–VM hybrid-deployment architecture preserves the strengths of each technology while transcending 

the limits of a single-technology approach. In this hybrid model, VMs provide strong isolation and OS-level 

security, making them ideal for state-sensitive applications such as databases; containers, leveraging their 

lightweight nature, host microservice components to enable rapid iteration and flexible scaling [4]. Modern hybrid 

platforms like OpenShift and VMware Tanzu create a unified resource-scheduling layer that logically integrates 

the two technologies. During application migration, enterprises can keep core systems in VMs while deploying 

newly developed services in containers, reducing the risk of technology transformation. The resource-management 

system recognizes the distinct characteristics of VMs and containers, and when making scheduling decisions it 

weighs startup time, resource footprint, and isolation requirements to select the most appropriate runtime for each 

workload, balancing resource utilization with application performance. 

 

2.3 Template-Based Rapid Deployment 

 

Template-based rapid virtual machine deployment dramatically accelerates environment provisioning. In 

enterprise scenarios, pre-configured template libraries have become standard practice; system administrators 

pre-create standard images containing the operating system, middleware, and foundational software tailored to 

various business needs. Users simply select the appropriate template, perform minimal customization, and quickly 

obtain a compliant virtual environment. Advanced template systems support differentiated storage technologies: 

newly deployed VMs store only the data blocks that differ from the base template, greatly reducing storage 

consumption and deployment time. The template-library management platform offers version control and 

compliance checking to ensure every template meets corporate security policies and includes the latest patches. A 

parameterized configuration mechanism allows templates to dynamically adjust network settings, storage 

configurations, and application parameters at instantiation based on user input, fitting diverse scenarios. The cloud 

platform’s integrated template marketplace further streamlines the construction of specialized application 

environments; users can directly adopt verified third-party application templates, shortening the time from 

requirement to delivery [5]. 
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3. APPLICATION SCENARIOS OF VIRTUAL MACHINE SYSTEMS IN CLOUD 

COMPUTING 
 

3.1 Applications in Public Cloud Environments 

 

Leading public cloud platforms such as Alibaba Cloud, Tencent Cloud, and Huawei Cloud provide virtual machine 

instances as core compute resources to enterprise customers. These virtualized environments support everything 

from basic website hosting to complex distributed application deployments. Enterprise users select VM instances 

of varying specifications according to business needs, achieving pay-as-you-go pricing and elastic scaling. 

E-commerce platforms can rapidly increase VM counts during promotional events to handle traffic spikes and 

automatically scale down afterward, effectively controlling operational costs. Financial institutions use 

public-cloud VMs to build dev/test environments, avoiding impact on production systems while accelerating 

innovation cycles. Public-cloud VM management features are rich, including automated operations, load 

balancing, cross-region deployment, and disaster recovery, lowering the technical barrier for enterprises [6]. As 

shown in Table 1, different industries exhibit clear differences in public-cloud VM usage scale and 

cost-effectiveness. In high-performance computing scenarios, research organizations can rent by the hour VM 

instances equipped with special hardware accelerators to complete large-scale data analysis tasks, achieving 

efficient resource sharing and cost optimization. 

 

Table 1: Statistics on Public-Cloud VM Applications in Major Industries 

Industry Average deployment scale Elastic expansion ratio Cost saving rate 

e-Commerce 250 units 400% 45% 

Finance 180 units 150% 32% 

Media 120 units 300% 51% 

Education 75 units 200% 38% 

Manufacture 60 units 120% 25% 

 

3.2 Applications in Private Cloud Environments 

 

Government agencies and large enterprises build private cloud platforms that use virtual machines as the 

fundamental compute units to meet internal IT needs and security-compliance requirements. In these environments, 

VM deployment emphasizes resource isolation and access control to ensure sensitive data never leaks beyond the 

organizational boundary. Medical institutions leverage private-cloud VMs to deploy electronic medical record 

systems, keeping patient data secure while enabling resource sharing across hospital departments [7]. Large 

manufacturers run design-simulation platforms in private clouds, letting multiple engineering teams share 

high-performance compute resources and accelerate product development. Private-cloud administrators can 

precisely tune VM resource allocation and network-isolation policies, delivering tailored service levels to different 

departments. Operations teams combine automation tools with policy templates to standardize the entire VM 

lifecycle covering application approval, resource provisioning, OS installation, security hardening, and 

decommissioning. These private-cloud VM environments are also deeply integrated with existing identity systems 

and monitoring platforms, providing a unified user experience and management view. 

 

3.3 Virtual Machine Management in Hybrid Cloud Architectures 

 

Hybrid cloud architectures give enterprises a technical approach that combines the strengths of public and private 

clouds. The core challenge is building a unified VM management mechanism that spans environments. 

Enterprise-grade hybrid cloud platforms such as Huawei Cloud Stack and Alibaba Cloud Hybrid Cloud have 

developed mature management tools that deliver a unified resource view, consistent policies, and flexible 

workload placement [8]. Financial firms can host core trading systems on private-cloud VMs while deploying 

customer-service portals and analytics systems on public-cloud VMs, allocating workloads according to data 

sensitivity and performance needs. VM migration technology in hybrid clouds enables seamless application 

movement between cloud platforms, addressing seasonal traffic spikes. Table 2 shows the adoption level and 

growth momentum of each hybrid-cloud management function. Intelligent scheduling algorithms use real-time 

monitoring data to automatically decide where new VMs should be placed, balancing cost, performance, and 

security. Security modules ensure that cross-cloud network connections and data transfers meet encryption 

standards, preventing VMs from becoming attack vectors. Cross-platform backup solutions for VMs in hybrid 

clouds protect data and enhance business continuity. 
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4. VIRTUAL MACHINE SYSTEM PERFORMANCE OPTIMIZATION 
 

4.1 Experimental Environment and Plan for VM Performance Optimization 

 

This round of virtual-machine performance-optimization experiments uses enterprise-grade server hardware and 

mainstream virtualization platforms to build the test environment. The experimental server is equipped with dual 

Intel Xeon Gold processors, 256 GB of RAM, and an NVMe SSD array. VMware vSphere 7.0 and KVM 4.2.0 are 

selected for the virtualization-platform comparison. The test VMs are configured with 8vCPU and 16GB memory 

sizes, running CentOS 8.4 and Windows Server 2019. Performance-testing tools include benchmark suites such as 

UnixBench, Sysbench, and FIO to evaluate CPU, memory, and storage performance. Three sets of 

optimization-strategy combinations are prepared, adjusting processor affinity, huge pages, and disk I/0 

scheduling algorithms. Each test is repeated five times and the average is calculated to ensure accuracy and 

reliability. 

 

Table 2: Adoption Rate and Trends of Hybrid Cloud Virtual Machine Management Features 

Hybrid cloud management function Adoption rate Development trend 

Unified resource management 68% Steady growth 

Cross-cloud virtual machine migration 42% Rapid growth 

Unified security strategy 53% Steady growth 

Cost optimization analysis 75% Sustained hot topic 

Disaster recovery and disaster tolerance 38% Rapid growth 

Automated workflow 60% Innovation is active 

Multi-cloud monitoring alert 70% Technologically mature 

 

4.2 Multi-Dimensional Optimization of Virtual Machine Systems 

 

Virtual machine system performance optimization is carried out in parallel across four key layers: processor, 

memory, storage, and network. In the processor-optimization domain, the experiment reduced vCPU migration 

costs between physical cores by setting affinity bindings between virtual CPUs and physical cores; test data show 

a 23.5% performance gain for compute-intensive applications. As shown in Figure 1, in the memory-optimization 

domain, adopting large-page memory technology sharply cut the overhead of address translation, raising TLB 

cache hit rates from 76.8% to 94.2% and boosting transaction-processing capacity for database-type applications 

by 18.7%. Storage-performance optimization focused mainly on tuning the I/0 scheduling algorithm and cache 

policies; after replacing the default scheduler with CFQ, random read/write performance improved by 15.3% and 

sequential read/write performance by 12.8%. For network optimization, SR-IOV technology was used to map the 

physical NIC directly to the virtual machine, bypassing the virtual switch layer and cutting network latency from 

the original 0.85ms dropped to 0.32ms , and throughput achieved a 41.6% increase [9]. 

 

 
Figure 1: TLB Cache Hit Rate Variation 

 

4.3 Analysis of Optimization Effect Experimental Results 
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Experimental data analysis shows that the multi-dimensionally optimized virtual-machine system delivers a 

marked performance boost. In real-world database scenarios, transaction throughput rose from an initial 3,250 TPS 

to 5,120 TPS, a 57.5% increase; average response latency dropped from 8.6ms to 3.2ms , representing a 62.8% 

improvement. During Web-server testing, concurrent request handling grew from 2,800 req/s to 4,350 req/s, a 55.4% 

gain; high-performance-computing task runtime fell by 43.1%, from 76 min to 43.2 min. In resource efficiency, 

the optimized VM reduced average CPU utilization from 72% to 55% and cut memory usage from 81% to 63% ; 

under identical load, resource consumption dropped sharply, yielding a composite optimization index of 1.63, well 

above the target of 1.3 [10]. 

 

5. CONCLUSION 
 

Cloud-computing virtualization has become the core underpinning of digital infrastructure. This study analyzed 

VM usage in three cloud environments; multi-dimensional optimization experiments demonstrated significant 

system-performance gains. Processor-affinity binding, huge pages, storage-I/O scheduling, and network 

virtualization are the key technical levers, offering practical value for enterprise-application tuning. Future work 

will focus on resource scheduling in container-hybrid architectures and AI-driven adaptive performance 

optimization. 
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