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Abstract: In response to the real-time requirements of resource allocation and service availability
dynamic balance in cloud service scheduling, this paper constructs an integrated Markov Decision
Process (MDP) scheduling optimization model, comprehensively analyzes the impact of scheduling
delay, load balancing efficiency, and virtual machine migration cost on service quality (SLA com-
pletion rate and average response time). At the same time, the XGBoost algorithm is used to further
mine previous business data and improve the accuracy of business service availability prediction.
The model was tested on scheduling and monitoring data for the fourth quarter of operation on a
large public cloud platform. The results showed that within a 95% confidence interval, the predic-
tion accuracy reached 93.7% and the resource utilization rate increased by 17.4%. The performance
of this scheduling method was evaluated and validated in high concurrency scenarios, and it was
found that it can effectively improve the system's availability and scheduling efficiency. This study
provides theoretical and engineering practical basis for implementing an intelligent resource sched-
uling mechanism based on learning and modeling integration.
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1. Introduction

With the rapid development of cloud computing platforms, the imbalance between
resource operation and customer service availability is becoming increasingly prominent.
The scheduling system needs to meet high-frequency and high load working conditions,
while also considering service level and resource utilization. Traditional scheduling mod-
els cannot provide optimal scheduling solutions for real-time scheduling and dynamic
load changes, and there is an urgent need for models with intelligent prediction to opti-
mize resource allocation schemes, in order to achieve dual improvement in platform per-
formance and user experience.

2. The Theoretical Basis of the Balance between Cloud Computing Platform Resource
Management and Customer Service Availability

Cloud computing platforms should achieve a dynamic balance between high effi-
ciency and high availability services within limited resources. To establish a reasonable
model, it is necessary to use MDP to model the resource status and behavior development
trajectory, and study the task queuing situation and the impact of resource occupancy on
service quality through queuing theory. This theoretical model can quantify the effective-
ness of scheduling strategies in meeting SLA success rates and average response times [1].
Simultaneously introducing reinforcement learning mechanisms to enable the system to
have adaptability and feedback capabilities, in order to achieve effective resource alloca-
tion and better service assurance in high concurrency modes.
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3. Resource Management and Customer Service Availability Analysis in Cloud Com-
puting Platforms

3.1. Key Factors and Obstacles in Resource Management

Resource management is the process of unified and dynamic management of com-
puting, storage, and network resources on cloud computing platforms. This mainly in-
cludes resource utilization, task priority, SLA constraints, and scheduling cycles. The
scheduling program needs to update the resource status in real time and respond as soon
as possible to improve the platform's operational efficiency. However, in actual operation,
there are practical problems such as incomplete resources, variable task loads, uneven
task loads, and high virtual machine migration costs, which lead to the coexistence of re-
source idle and service latency, thereby affecting the overall service quality [2]. It is urgent
to introduce a predictable and adjustable dynamic management mechanism to address
these issues.

3.2. Load Balancing and Scheduling Mechanisms in Cloud Computing Platforms

Ensuring the reliable operation and effective service of cloud service platforms
mainly relies on load balancing, with the goal of allocating computing tasks reasonably
among multiple nodes to avoid resource competition and the probability of service con-
gestion. There are currently several main allocation methods: static allocation (such as
polling allocation or maintaining a minimum number of connections) and dynamic allo-
cation (based on occupied resources and expected load allocation). The former is not flex-
ible enough, while the latter requires a large amount of computation and generates long
delay times. To improve real-time scheduling, it is necessary to combine simplified pre-
diction with timely response, complete task priority determination, timely monitoring of
resources, and intelligent allocation of strategies. A reasonable scheduling strategy can
play a significant role in improving task execution efficiency, response time, and task loss
rate.

3.3. Customer Service Availability Assessment and Its Influencing Factors

Customer service availability is an important indicator reflecting the quality of cus-
tomer service on cloud platforms, mainly including SLA completion, average response
time, task completion, etc. The determining factors that affect service availability include
resource allocation speed, task accuracy, stability of virtual machine migration, and the
system's tolerance to sudden loads. The coverage and response time of monitoring devices
directly affect the efficiency of obtaining and scheduling availability data. If the prediction
mechanism is too outdated or the scheduling method is too rigid, it is easy to cause service
interruption or response expiration, resulting in a decrease in customer satisfaction [3].
Therefore, constructing a precise and controllable availability model is the key prerequi-
site for enhancing the collaborative optimization of resource management and service as-
surance.

3.4. Balance Strategy between Resource Allocation and Service Quality

In the cloud computing platform, the contradiction between resource allocation and
service quality runs through the entire scheduling life cycle. To achieve an effective bal-
ance between the two, optimization needs to be carried out from three dimensions: intel-
ligence, dynamics and differentiation of the resource allocation strategy. On the one hand,
the platform should classify tasks based on the type of business load (such as real-time
computing, big data analysis, IO-intensive, etc.), give priority to ensuring the computing
resource occupation of core tasks, and ensure that high-priority services have stable per-
formance responses; On the other hand, during periods of resource shortage, the task
scheduling sequence should be flexibly adjusted in combination with the task completion
deadlines, historical behavior patterns and user credit systems to avoid SLA defaults
caused by resource contention.
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To enhance system reliability, multi-layer redundancy mechanisms can be deployed.
For instance, backup computing units can be configured for critical nodes, or the "hot
standby + cold migration" mechanism can be utilized to ensure the rapid recovery of
faulty nodes. Meanwhile, predictive fault perception and fault-tolerant mechanisms are
introduced. Through real-time monitoring of the operational status of resources and the
accumulation trend of tasks, potential bottlenecks are identified in advance to achieve
preventive migration and load diversion.

At the scheduling strategy layer, combined with the weight mechanism, targeted op-
timization is carried out for tasks of different SLA levels: higher resource guarantee
weights are set for high-level services, and resource occupation is appropriately com-
pressed for tasks with tolerable delays. The platform can also integrate machine learning
models such as XGBoost to predict high-load Windows and performance bottlenecks,
achieving pre-allocation of resources. This ensures resource utilization while optimizing
service quality and customer experience, ultimately achieving a win-win situation of re-
source efficiency and service reliability.

4. Balance Model between Resource Management and Customer Service Availability
4.1. Design Concept of Balance Model

The concurrent service requests from multiple tenants test the resource supply and
service availability of cloud computing platforms. Traditional scheduling strategies
overly emphasize resource utilization while neglecting service quality, resulting in task
delays or violations of SLA requirements. In order to solve this contradiction, this article
constructs a framework theoretical model that balances "benefits costs" in order to obtain
a balanced resource allocation strategy from resource allocation and service availability.
The design concept of "state discrimination decision making real-time adjustment" is
adopted to integrate resource status, task load, and SLA requirements together. The
scheduling behavior is optimized with the following utility function as the objective:

F=2A-SLA+ 2, - Util — A3 - Cost 1)

Among them, SLA represents the service completion rate, Util is the resource utili-
zation rate, Cost is the scheduling cost, and 4, is the weight coefficient. The design con-
cept is to combine service quality with platform efficiency, and to simultaneously consider
both service quality and platform efficiency in scheduling algorithms, creating a dynami-
cally adjustable unified scheduling model and achieving optimal resource scheduling and
service quality assurance.

4.2. Interaction between Resource Management and Service Availability

The feedback relationship between resource management and service capabilities in
cloud computing platforms is closely related: resource scheduling directly affects the SLA
satisfaction rate and service latency of services, and the dynamic situation of services in
turn affects the scheduling priority of resource scheduling modes. When the system load
increases, the reliability rapidly decreases, and the platform will trigger a high optimiza-
tion task guarantee mechanism; However, stable resource management systems tend to
release excess resources to maintain overall utilization. From Table 1, it can be analyzed
that there is a close correlation between the core performance status of the service platform
and the overall service availability changes [4]. Therefore, based on this relationship, the
system can freely regulate the mode of resource allocation to achieve self-tuning function-

ality.
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Table 1. Analysis of the Interactive Characteristics between Resource Status and Service Availabil-
ity.

Resource status charac- Changes in usability M t hani
anagement response mechanism

teristics performance
CPU utilization is too Response delay in-  Initiate task diversion and resource
high creases reallocation mechanism

The task queue continues SLA completionrate ~ Enhance the scheduling weight of
to accumulate decreases high priority tasks
Dynamically release resources to a

High resource idle rate SLA maintains stability low priority task pool

The coordination mechanism provides the basis for scheduling variables and objec-
tive functions in the balance model from a practical point of view.

4.3. Establishing Mathematical Models and Algorithms for Equilibrium Models

This article uses a mathematical model based on state behavior return to systemati-
cally describe the mapping relationship between resource management and availability,

with MDP as the theoretical basis. In this model, system state S represents the current

resource load, service request volume, and task queue situation; Behavior 4 represents
specific scheduling strategies, including resource allocation and task migration operations.
Minimize resource utilization and task latency while ensuring sufficient service availabil-
ity. The optimization objective function is defined as:

m" = argmax E[XZo v R(S;, Ar)] 2)

Among them, 7 is the scheduling strategy, y is the discount factor, and R(S;, A,) is
the immediate reward value for taking action A, in state S;. Based on a comprehensive
consideration of factors such as SLA completion efficiency, resource efficiency, and mi-
gration costs, the use of policy iteration algorithms can achieve optimal scheduling route
migration through continuous state updates, achieve optimal allocation of platform re-
sources and services, and maintain the best balance between platform resources and ser-
vices in high concurrency states.

4.4. Feasibility Analysis and Implementation Path of the Balanced Model

To verify the effectiveness of the resource allocation and service performance balance
model, this article analyzes it from four aspects: system architecture adaptability, compu-
tational cost, policy response efficiency, and platform compatibility [5]. The model is
based on the MDP process and can be directly integrated into existing mainstream cloud
platform scheduling engine systems. The platform can use the measured information ob-
tained from the monitoring system to automatically extract state information features and
implement real-time response using pre training methods, thereby greatly reducing de-
ployment and iteration costs.

The implementation path mainly includes five stages: state data collection, state
space modeling, strategy training, policy deployment, and system feedback optimization.
At each stage, a closed loop is formed through independent and collaborative optimiza-
tion of data and strategies. As shown in Figure 1, the complete running process of the
model is presented.
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Status data state space

collection modeling Strategy training

Figure 1. Implementation flowchart of resource management and service availability balance
model.

This model has excellent system scalability and robustness, and can establish a robust
and fast coordination management system for large cloud computing platforms, fully
demonstrating its application effectiveness and system stability under high loads.

5. Model Optimization and Practical Application
5.1. Improving the Accuracy of Service Availability Prediction through Machine Learning

In order to optimize resources in advance and avoid risks, this article uses the
XGBoost algorithm to construct a service availability prediction model, which makes pre-
dictions before scheduling resources. Select characteristic attributes such as CPU usage,
memory occupancy, workload, and request response time, and use time series data ob-
tained through sliding windows as input to predict the completion rate of SLA in the fu-
ture. XGBoost is based on gradient boosting decision tree, and the optimization objective
function is:

L =X, 1(yi, 91) + Zi=1 2(fi0) 3)

Among them, [ is the prediction error term, and 2(f;,) is the model complexity reg-
ularization term. During model training, 80% data fitting and 20% validation were used,
resulting in a prediction accuracy of 93.7% at a 95% confidence interval. From the perspec-
tive of important features, load change rate and response slope are the most important. In
contrast, compared to traditional threshold determination methods, the XGBoost method
can better distinguish the nonlinear trend of the load, thereby improving the active re-
sponse and prediction accuracy of the scheduling system.

5.2. Case Study: Analysis of Application Effectiveness of a Cloud Computing Platform

To further verify the practical effectiveness of the resource management and cus-
tomer service availability balance model, this paper selects a leading domestic public
cloud computing platform as the research object and focuses on its production environ-
ment operation data in the fourth quarter of 2024 for empirical analysis. The platform has
an average of over 80,000 active virtual machines per day, serving users in multiple key
industry scenarios such as finance, e-commerce, manufacturing, and government affairs.
It features large task volumes, high concurrent access, and complex resource states, effec-
tively demonstrating the adaptability and universality of the model in complex business
environments.

The data adopted in this experiment is derived from the historical records of the plat-
form's scheduling center and performance monitoring system, covering approximately 5
million pieces of task scheduling and resource status data. The indicators include but are
not limited to: CPU/ memory / I/O utilization rate, task queue length, average response
time, SLA completion rate, virtual machine migration frequency, etc. The data has under-
gone anonymous desensitization processing to ensure security and representativeness.
Two system environments were deployed in the experiment: the traditional scheduling
mode and the MDP + XGBoost joint optimization scheduling model proposed in this pa-
per. Each was run for two weeks as the comparison window period to ensure the stability
and comparability of the experimental data.
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During the model deployment process, the historical data is first modeled by sliding
Windows, and the service availability prediction model is constructed through XGBoost.
This model is mainly characterized by CPU utilization, load growth rate, request response
slope, etc., to predict the SLA compliance rate within the next 5 minutes and provide pre-
evaluation information for the scheduling system. Subsequently, the scheduling engine
invokes the dynamic resource allocation model based on Markov Decision Process (MDP)
in real time according to the prediction results to achieve task priority determination, dy-
namic resource reallocation and virtual machine migration optimization.

The deployment results show that the overall SLA completion rate of the platform
has increased from 85.1% before deployment to 93.7%, the average response time has de-
creased from 420ms to 323ms, and the task backlog rate has decreased by 19.6%. The re-
source utilization rate increased from 52.6% to 70.0%, with an increase rate of 17.4%. The
frequency of virtual machine migration has decreased from 15 times per day to 9 times
per day, a reduction of 40%, significantly lowering the costs of system oscillation and data
migration. The detailed comparison is shown in the following table 2:

Table 2. Comparison of Platform Core Performance Indicators Before and After Model Deploy-
ment.

Indicator Name Pre deployment Value after deploy- Change ampli-

values ment tude
SLA completion rate 85.1% 93.7% t 8.6%
Resource utilization rate 52.6% 70.0% b 17.4%
Average response time 420ms 323ms b 23.1%
Virtual machine migration 15 times/day 9 times/day V' 40.0%
frequency

From the perspective of scheduling behavior, the model effectively curbs the resource
contention caused by task accumulation and optimizes the task scheduling sequence. The
sensitive identification of sudden high loads by the prediction mechanism has also signif-
icantly improved the scheduling response speed of high-priority tasks. When resources
are tight, the scheduling system actively compresses the delay of low-priority tasks, re-
leases resources for core tasks, and ensures the continuity of critical services. In addition,
the feedback from the satisfaction survey on the user side also confirmed the practicality
of the model: the average feedback delay complaint rate of platform customers decreased
by approximately 27.5%, and the satisfaction rate of work order responses increased by
12.3%.

To sum up, the resource scheduling balance model based on the integration of MDP
and XGBoost proposed in this paper has good cross-platform portability and generaliza-
tion ability. When facing the requirements of multi-tenant, high concurrency and high
complexity resource scheduling, this model can effectively achieve the dynamic optimal
allocation of resources and the stable guarantee of service availability, providing im-
portant theoretical and engineering references for the subsequent construction of an intel-
ligent adaptive scheduling system.

6. Conclusion

This paper aims at the core problems of low resource allocation efficiency and insuf-
ficient service availability faced by cloud computing platforms in a high-concurrency en-
vironment, and proposes a resource management and scheduling optimization strategy
that integrates the Markov Decision Process (MDP) and the XGBoost prediction model.
By introducing state assessment, task priority judgment and intelligent prediction mech-
anisms, a scheduling model with real-time performance, adaptability and controllability
characteristics has been constructed. Empirical analysis shows that the deployment of this
model in the actual platform not only significantly improves the SLA completion rate and
resource utilization rate, reduces response delay and migration cost, but also effectively
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enhances the stability of the system and the continuity of customer service. Compared
with the traditional static strategies, the method proposed in this paper shows stronger
intelligence and robustness under dynamic load conditions, providing a theoretical basis
and practical path for constructing a future-oriented intelligent cloud platform scheduling
system. Subsequent research will further expand the multi-tenant adaptation capability
and heterogeneous resource scheduling mechanism of the model, and enhance the intel-
ligent autonomy level and resource collaboration efficiency of the overall system.
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